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In stitu tion  o f 
B ritish  F o u n d ry m en

ANNUAL CONFERENCE 
HELD AT BIRMINGHAM.

June 21, 22 and 23, 1922.

Civic Welcome.

The n ineteen th  annual m eeting and con
ference opened on W ednesday, Ju n e  21, a t 
the  Chamber of Commerce Building, the 
hall being filled w ith members from all over 
the Kingdom. The re tir in g  president, Mr. Oliver 
Stubbs, took th e  chair during th e  first p a r t of 
th e  proceedings, having w ith him  on the platform  
the  Lord M ayor of B irm ingham  (Alderman David 
Davis), the  P rincipal of the U niversity  of B irm ing
ham  (M r. G. G ran t Robertson), the P residen t of 
the B irm ingham  Cham ber of Commerce (Mr. F. 
H ickinbotham ), th e  ex-President of th e  Chamber 
(Mr. J . C. F ield), and the  Secretary  of. the In s ti
tu tio n  (M r. W. G. H ollinw orth). Among rep re
sentatives from  o th e r countries present were Mr. 
S. F lagg  and P rof. E . Touceda, Am erica; MM. 
E . Ram as and E . V. Ronceray, F ran ce ; MM. J. 
L eonard  and J . V arlet, Belgium.

T h e  L o rd  M ayor offered a hea rty  welcome to 
the In s titu tio n . R em arking th a t  B irm ingham  
was the b irthp lace  of the  In s titu tio n  in 1904, bu t 
th a t  it  had  not received a v isit from  the mem
bers collectively since 1909, he expressed a hope 
th a t  th e  n ex t in terval would no t he so long. T heir 
object, so fa r  as he gathered  from the  charter, 
was extrem ely simple—to  learn from one another.
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There was a tim e when a g re a t deal of suspicion 
existed on th e  p a r t  of m anu fac tu re rs w ith  reg ard  
to  those who desired to  see th e ir  factories and

M r .  H . L. R e a s o n  
(P resident of the In s titu tio n  of B ritish  

F oundrym en).

M r. R eason, is  g e n e ra l m a n a g e r  of th e  B irm in g h a m  W o rk s  
of th e  U n ite d  ' B ra s s  F o u n d e rs  a n d  E n g in e e rs , L im ite d , 
H o llo w ay  H e a d . ¡H'e h a s  tw ic e  occu p ied  th e  c h a i r  o f th e  
B irm in g h a m  B ra n c h  o f th e  In s t i t u t io n ,  a n d  in  1915 he 
rece ived  th e  I n s t i t u t io n ’s  d ip lo m a  f o r  a  c o n tr ib u t io n  on  
“ N o n -fe rro u s  A llo y s ."  D u r in g  th e  w a r  M r. R ea so n  w as  a  
m e m b er of a n  A ir  B o a rd  C o m m itte e  s e t  u p  to  d e a l w ith  th e  
s ta n d a rd is a t io n  o f a i r c r a f t  f it tin g s .

th e  processes carried  on in them . H e though t 
th a t  period had  passed away in favour of a free r 
exchange of learning.
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P r in c ip a l  G rant  R o b ertso n  said th a t  in the 
B irm ingham  U niversity  they  were closely asso
c iated  w ith some of th e  objects and purposes of 
the  In s titu tio n . They had  g rea t departm ents of 
applied science, above all in  engineering and in 
m etallurgy, and th e ir  Professor of M etallurgy 
(Professor T urner), who had  a  distinguished name 
in th e  science th a t  th e  In s titu tio n  represented, 
was p resen t a t  th e  C onference as one of the ir 
members. I t  was th e ir object and du ty  in the

M r. W. G. H o l l in w o r t h

(The General Secretary of the In s titu tio n  of 
B ritish  Foundrym en).

U niversity—th rough  science, through education, 
th rough  research, through  the  tra in in g  of char
acter—to  assist as fa r  as they possibly could the

b 2



prosperity  of th e  g rea t industries, p a rticu la rly  in 
the M idlands. There never was a tim e  in B ritish  
industry  when tra in ed  b ra in s were of more im 
portance for our ind u stria l fu tu re .

M r . H ic k in b o th a m , in  echoing th e  welcome, 
acknowledged the  assistance w hich had  been given 
by the  In s titu tio n  of B ritish  Foundrym en and the 
B ritish  C ast I ro n  R esearch Association tow ards 
m aking the  F oundry  E xh ib ition  a t  B ingley H all 
a  success. I t  was one of th e  desires of trad e rs  
like him self th a t  they  should be more associated 
w ith th e  work of education.

T h e  R e t ir in g  P r e s id e n t  thanked th e  Lord 
Mayor, th e  P rincipal, and th e  P re s id en t of the  
Chamber of Commerce for th e ir  welcome, and 
said he was particu la rly  gratified  th a t they  had  
th ere  an in te rn a tio n a l ga thering , and th a t  i t  had 
been the  priv ilege of th e  In s titu tio n  of B ritish  
Foundrym en to  do som ething to  b ring  abou t a 
b e tte r u nders tand ing  betw een na tions than  had 
been accomplished in political qu a rte rs . I t  had  
been h is pleasure recently , along w ith th e ir  P ast- 
P residen ts , M r. T. H . F ir th  and  Mr. F . J .  Cook, 
to  v is it th e  U n ited  S tates. They h ad  an  oppor
tu n ity  of m eeting th e ir  A m erican friends, or, as 
he should say, th e ir  American cousins, and  he 
hoped th a t  as a resu lt of th e ir  v isit they  b rough t 
the  English-speaking races very much closer 
together. H e tru s te d  all p resen t would do all 
they possibly could to  increase the  friendsh ip  th a t  
had  been so happily  in au g u ra ted . They had  a 
g rea t p ride in th e ir  In s titu tio n . They were purely 
a technical body; they  were no t dealing  w ith 
labour or commercial m atte rs, bu t w ere endeavour
ing to  help each other so th a t  they  would be b e tte r 
able to  s tan d  in  com petition and  tak e  th a t  place 
in  th e  world to  which they  were en titled , and 
which he still believed they  held, as first in  the 
foundry  industry . They were dow nright glad to  
see th e ir  visitors from  America, F rance , and 
Belgium. (Applause.) H e would beg th e  Lord 
M ayor before he le f t to  p resen t th e  O liver S tubbs 
gold m edal to Mr. F . J . Cook, who had  been 
unanim ously indicated  as the  mem ber of th e  In s ti
tu tio n  who in  th e  opinion of th e  Council had  
rendered  th e  most m eritorious service d u ring  the 
year.

4
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M r . C ook was greeted  w ith  m usical honours on 
ascending th e  p la tfo rm  to  receive th e  medal. The 
Lord M ayor m ade th e  p resen ta tion  in  a few well- 
chosen sentences.

M r . C ook, in  reply, said th e  position was the  
m ost em barrassing, h u t th e  most pleasing, he had 
ever occupied. H e had  always had  a deep in terest 
in th e  In s titu tio n  and  its  work, and had  been 
proud to  serve it.

The L ord  M ayor and those who had accompanied 
him to  welcome th e  mem bers of the  Conference 
then  w ithdrew.

Greeting to Prince of Wales.
T h e  R e t ir in g  P r e s id e n t  said, knowing they 

were a loyal body, he had  th a t  m orning sen t the  
following telegram  in  th e ir  nam e to  the  Prince 
of W ales a t  York House :—•

“ The In s titu tio n  of B ritish  Foundrym en in con
ference a t  B irm ingham  extend th e ir best 
wishes upon your safe re tu rn , and tru s t  the  
objects of your v is it have been entirely  fulfilled.— 
Ol iv e r  S t u b b s , P res id en t.”

Salutations Between Britain and America.
T h e  R e t ir in g  P r e s id e n t  n ex t read  a cablegram 

which he had  sent in the name of the  In s titu tio n  
to Mr. Cook, to  be read  a t  the American Foundry- 
m en’s Congress, as follows :—

“ Convey h ea rtie s t g reetings to  P residen t and 
members w ith all good wishes for successful con
vention and insp ira tions of In te rn a tio n a l Foundry- 
m en’s Congress in  near fu tu re .—Ol iv e r  St u b b s , 
Presiden t, In s titu tio n  of B ritish  Foundrym en .” 

Mr. Cook had b rough t home from America the  
following le tte r in  reply, addressed to  the In s ti tu 
tion  of B ritish  Foundrym en :—

“  G entlem en,—The cordial greetings and mes
sages of goodwill from the In s titu tio n  of B ritish 
Foundrym en were delivered to  us by your rep re 
sen ta tive , Mr. F . J . Cook. H is paper was a most 
helpful con tribu tion  to  our festival session, and 
caused much favourable comment. We are indebted 
to  M r. Cook and to  your In s titu tion .

“ The visits of Messrs. Stubbs, F ir th  and Cook 
have done much to  m ake us feel closer to  you,
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and i t  is our hope th a t  visits between rep resen ta 
tives of your In s titu tio n  an d  our A ssociation may 
con tinue in  th e  fu tu re . B ritish  and American 
Foundrym en have much in common, and  nothing 
b u t good can come from  personal co n tac t and 
exchange of ideas. Your rep resen ta tives have 
m ade us app rec ia te  th is, and  we hope th a t  they  
realise our friendly  feeling for you, and  will ca rry  
th is th o u g h t to  your In s titu tio n .

“ The sub jec t of an In te rn a tio n a l F oundrym en’s 
Congress is being given much th o u g h t by us, and  
we hope the  estab lishm ent of such a  congress is 
no t fa r  off.

“  Accept our th an k s  fo r your messages, o u r best 
wishes for your m eeting  and  exhib ition , and  th e  
hope th a t  you m ay succeed in all you und ertak e . 
Believe us to be, yours m ost sincerely,—A m er ic a n  
F o u n d ry m en ’s A sso c ia t io n  (C. R . M e s s in g e r , 
V ice-President).”

A fu r th e r  message from  th e ir  A m erican friends, 
da ted  Ju n e  17, was as follows :—

“ Accept h e a rtie s t cong ra tu la tions and  best 
wishes for your m eeting  and first exh ib ition . V isit 
of your splendid rep resen ta tives  has done much to 
stim ulate  genuine friendsh ip  betw een your In s ti
tu tio n  and  ou r Association, which we hope will 
grow stronger in all th ings. In  th e  fu tu re  co
operation  betw een us will m ean m uch to  both 
coun tries— Am er ic a n  F o u n d ry m en ’s A s s o c ia t io n . ’ ’

Annual Report and Balance Sheet.
The rep o r t and balance-sheet, as c ircu lated  in 

p rin ted  form, were n ex t subm itted , and passed.
The re p o r t of th e  Council and th e  balance- 

sheet which a re  presented  herew ith  were tak en  
as read.

The G eneral Council have pleasure in p resen ting  
to  th e  mem bers th e ir  rep o rt of th e  progress and 
work of th e  In s titu tio n  d u rin g  th e  p ast session, 
1921-22.

F o u r G eneral Council m eetings have been held 
du rin g  th e  session— a t Blackpool, Y ork, B irm ing
ham , and  M anchester respectively. R epresentatives 
of th e  Branches from  all p a rts  of th e  country  have 
a ttended  th e  m eetings, an d  th e re  has been an 
average a tten d an ce  of twenty-five.
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The respective B ranches have the following mem
bers a ttached  : —

M em bers. A ssociate 
M em bers.

B irm ingham  . .  47 (50) . .  96 (99) . .
C oven try  . .  29 (33) . .  64 (92) .
E a s t  M id lands . .  29 (35) . .  61 (89) .
L ancash ire  . .  85 (84) . .  139 (148) .
L ondon . .  74 (75) . .  64 (54) .
N ew castle-on-T vne 85 (77) 108 (92) .
S co ttish  . .  . . 69 (68) . .  162 (160) .
Sheffield . .  . . 8 5  (82) . .  9 6 (1 0 4 ) .
W est K . of Y orks 27 . . 1 4
G eneral . .  . . 1 7  (30) . .  12 (26) .

A ssociates. T o ta l.

20 (35) . .  163 (184)
8 (34) . .  101 (159)
9 (18) . . 99 (142)
3 (7) . .  227 (239) 
7 (6) . .  145 (135)

30 (36) 223 (205)
50 (73) . .  281 (301) 
15 (13) . .  196 (199)

—  . . 41
—  . .  29 (56)

T o ta ls . .547  (534) . .  816 (864) . .142  (222) 1505 (1620)

T he figures in b rack e ts  are  for th e  Season 1920-1921.

In  add ition  to  the  figures shown above, there  
are  seven members, th irteen  associate members, 
and four associates whose election has been con
firmed, ibut whose subscriptions have no t ye t been 
paid. E xcluding th e  la tte r , th e  to ta l num ber of 
members on th e  roll of th e  In s titu tio n  on A pril 30, 
1922, was 1,505, showing a  decrease for th e  session 
of 75. I t  is necessary to  sta te , in  p artia l explana
tion  of th e  decreased mem bership, th a t  no name is 
included in th e  list where subscription is owing 
for li)20 and onwards. F ive  deaths have been 
recorded.

W hilst a num ber of members have been lost 
du ring  th e  past year, principally  on account of 
th e  severe depression in  trad e  in many p a rts  of th e  
country, and in a  few instances th rough  th e  neces
sary increase' in  subscriptions, i t  is satisfactory  to 
your Council to  ibe able to  rep o rt th a t  th e  losses 
have been dim inished to  a  large ex ten t by the 
acquisition of new mem bers in  nearly  every B ranch, 
due m ainly to  the efforts of B ranch officers and the  
growing desire of o thers in  th e  trad e , who have 
recognised the  advan tage  of being connected with 
an in s titu tio n  like ou r own.

Subscribing F irm s .—The members will be pleased 
to  know tb a t  up to  th e  p resen t tw enty-seven sub
scribing firms have been elected. The Council feel 
assured th a t  many more could he induced to  be
come subscribing firms by a  little  effort on th e  p a rt 
of our members. The Newcastle B ranch lias eleven, 
Sheffield six, Lancashire five, Coventry four, Lon
don one, and the  W est R iding of Yorks Branch



bas subm itted  one fo r confirm ation a t  th e  n ex t 
G eneral Counoil m eeting.

N ational Iron foundinq  E m ployers' F edera tion .—- 
The offer of th e  N .I .E .F . of ¿£200 for th e  aw ard ing  
of a  gold m edal, to  be know n as th e  “ Oliver 
S tubbs M edal,”  was g ra te fu lly  accepted by your 
Council, and ru les an d  regu la tions governing th e  
g if t have Been c ircu lated  to  th e  m em bers. The 
first medal will be aw arded a t  th e  com ing con
ference.

R oyal C harter .—This has been g ran ted  by H .M . 
P rivy  Council du ring  th e  year, an d  a  copy of th e  
C h arte r m ay be had by members who have sub
scribed to  th e  special fund  fo r th is  purpose. The 
to ta l legal charges have been se ttled  fo r £500. 
The to ta l sum ob tained  by p riv a te  donations and 
bank in te re s t up  to  th e  tim e  th e  C h arte r was 
g ran ted  am ounted to  £406 14s. 10d., show ing the  
sum of £93 5s. 2d. requ ired  to clear off the  solici
to r ’s aooount. The question of ra is in g  the  balance 
w ithou t touching th e  funds of th e  In s titu tio n  was 
considered a t the  G eneral Council m eeting  held in 
M anchester in M arch las t, an d  i t  was decided to  
endeavour to  ra ise  th e  requ isite  am oun t in dona
tions from  mem bers who had n o t previously co n tri
buted. The sum of £58 7s. was prom ised o r  handed  
to  th e  G eneral Secretary  in th e  Council room , o r 
sen t since, leaving the difference still to be ob
tained  of £34 18s. 2d.

I t  is fe lt by th e  Council th a t  a  num ber of our 
mem bers wall apprecia te  th e  priv ilege of hav ing  
had  a  share  in  th e  R oyal C h arte r F u n d  and  the ir 
being asked to  help to  c lear off th e  balance w ith 
o u t its  being a  charge on th e  In s titu tio n  funds. 
This will be specially pleasing to  those who 
in itia te d  th e  p ro ject and liberally  subscribed to  th e  
same.

B ritish  Cast Iron Research A ssocia tion .— The 
Council are pleased to  rep o rt th a t  th is  Association, 
w hich was fo rm ulated  by o u r In s titu tio n  in  1919, 
has du ring  the p as t year appo in ted  a  m em ber of 
th e  In s titu tio n , M r. j .  E. F letcher, M .I.M eoh.E ., 
as th e  D irector of R esearch. Some im p o rta n t 
foundry problems have been investiga ted  for its  
mem bers and a  series of researches upon fu n d a 
m ental problems have been commenced, which wall 
be of very g re a t benefit to  th e  mem bers of ou r 
In s titu tio n  and th e  industry  generally . S ix  mem
bers of th e  In s titu tio n  Council a re  on th e  Council



of th e  Association, and  th e  In s titu tio n  is also 
officially represen ted  by M r. H . L. Reason and  Mr. 
E . H . B roughall.

B ritish  E ngineering S tandards Association .—  

Our rep resen tatives a re  Messrs. R. B uchanan, F. 
H . H urren  and  F . J .  Cook. Mr. B uchanan has 
been appointed  chairm an  of a  sub-committee to  
deal w ith grey iron castings, and Mr. Cook as 
chairm an of sub-com m ittee to  deal w ith malleable 
castings for automobiles.

S tandardisa tion  of Test B ars.—The sub-commit
tee appointed  report progress re th is . The views 
of the B ranch comm ittees have been received and 
th e  in form ation  is being tabu la ted  fo r discussion 
and fu r th e r  consideration.

The D irector of R esearch has been appointed  to 
represent the B ritish  Cast Iron  Research Associa
tion , and  the specification, when subm itted  to  
G eneral Council, will embody th e  views of both 
Associations.

The B ritish  E ng ineering  S tandards Association 
have in tim ated  th a t  ou r views will be welcomed, 
and, where possible, will be embodied in  fu tu re  
specifications, if they  m eet w ith th e  wishes of the 
com m ittee dealing w ith  th e  subject.

O ther C om m ittees.—In  addition  to  the  commit
tees previously nam ed, o thers have been formed 
during  th e  y ear to  deal w ith  new rules to  comply 
w ith th e  Royal C harte r requirem ents, and publi
cations.

General Council.—The mem bers who axe re tir in g  
in accordance w ith  th e  ru les a re  Messrs. E . H . 
B roughall, A. H ayes (both desire not to  be re
elected) and Mr. John Shaw, who is willing fu rth e r 
to  serve th e  in terests  of th e  In s titu tio n . F ive 
will requ ire  to  be elected a t  B irm ingham  to  com
plete th e  te n  mem bers as p e r rules.

N ew  Section a t B urn ley.—This was opened in 
the au tu m n  of last year, and is m aking  satisfac
to ry  progress.

N ew  Branch a t B radford.— This has now been 
opened under th e  t i t le  of th e  W est R id ing  of Yorks 
B ranch, and is progressing satisfactorily .

N ew  London Office..—A new cen tral office has 
been taken  a t 38, \ i c to r ia  S tree t, London, S .W .l, 
which is qu ite  satisfactory  for our requirem ents.

The General Council have pleasure in  recording 
th e  v is it of vour P residen t. M r. Oliver Stubbs, and 
P ast-P residên t, M r. T. H . F ir th , to  the  U nited
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S ta te s  of America. During; th e  v is it they  were 
th e  guests of th e  A m erican Foundrym en’s Associa
tion , and were g iven a  very en thusiastic  and 
generous reception . M r. F . J .  Cook, a  P ast-P re- 
sident, is presen ting  a  P ap e r to  the A m erican 
Foundrym en’s A ssociation a t  th e ir  an n u a l Con
vention in  June , and, as you w ill see by ou r Con
vention  program m e, we a re  to  have a P ap e r by 
Professor E . Touceda, who will p resen t th e  same 
on behalf of th e  American F oun d ry m en ’s Associa
tion . We are  also being favoured w ith papers by 
members of th e  F rench  and B elgian foundrym en s 
societies. Y our Council a tta ch  very m uch im por
tance  to  the  in terchange of papers , and hope in  
th e  fu tu re  much more progress will be m ade in th is  
direction.

The accounts and  balance-sheet of th e  In s t i tu 
tion  are presen ted  herew ith  : —

IN C O M E  A N D  E X P E N D IT U R E  A C C O U N T ,
F ro m  1st J a n u a r y  to  31st D ecem b er, 1 9 2 1 . _______

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

P o s ta g e s  ...........................................  -, • • • £ ■ '  ' I
P r in t i n g  a n d  S ta t io n e ry ,  in c lu d in g  P r in t i n g  of

P ro c e e d in g s  ..........................................
C ouncil, F in a n c e  a n d  A n n u a l M e e tin g  E x p e n se s  •.
B r a n c h  E x p e n s e s  ‘

L a n c a s h ire  
B irm in g h a m  ..

£
70

s. d. 
9 7

380 8 10 
45 13 10

S co ttish  
Sheffield 
L ondon
E a s t  M id la n d s
N ew cas tle
C o v en try

I l lu m in a te d  A d d ress
A u d it F e e ..........................
In c id e n ta l  E x p e n se s  
S a la r ie s —S e c re ta r ia l  S taff 
R e n t  d f  Office 
B a n k  C h a rg e s  a n d  I n te r e s t  
D e p re c ia tio n —F u r n i tu r e ,  etc .
B a la n c e  o f In co m e  over E x p e n d itu re

351 17 
6 6 
6 

11 
300 

50 0 
1 17 
8 4 

283 17

7 
0

6 0 
3 10 
0 0

I n c o m e .

S u b sc rip tio n s  R eceived  
S a le  o f P ro c e e d in g s , e tc . . .  
I n te r e s t  on  W a r  L o a n  
R e n t  R ece iv ed , H e a t in g

E n g in e e r s  ..........................
Incom e T a x  R e fu n d e d

a n d

£1,516 4 6

£ s. d.
........................  1,421 4 6
........................  5 10 0

22 10 0
V e n ti la t in g  
......................... 25 0 0
......................... 42 0 0

£1,516 4 6
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L i a b i l i t i e s .
£  s. d.

S u b sc r ip tio n s  p a id  in  a d v a n c e ...........................................155 18 6
S u n d ry  C re d ito rs  ..............................................................  250 0 0
R o y a l  C h a r t e r  F u n d ^

B a la n c e  p e r  la s t  A ccoun t . .  . .  £251 4 4
I n te r e s t  on D ep o s it to  d a te  . .  . .  5 10 6

255 14 10
L ess  : P a y m e n t to  S o lic ito rs  . .  200 0 0

--------------- 55 14 10
S u rp lu s  a t  31st D ecem ber, 1920 . .  . .  255 14 4

A d d  : E x cess  o f In co m e  o v er E x 
p e n d i tu re  fo r th e  y e a r  
ended  31st D ecem ber, 1921 283 17 6

----------------  539 11 10

£1,002 5 2

A s s e t s .
£ S . d. £

C a s h  i n  H a n d s  o f  S e c r e t a r i e s , v i z .
L a n c a s h ire  ...................................... 6 8 2
B i r m i n g h a m ...................................... 2 12 11
S c o t t i s h .................................................. 15 4 7
Sheffield ...................................... 42 10 3
L ondon  .................................................. 5 2 1
E a s t  M id la n d s  .......................... 9 6 8
N ew cas tle  ...................................... 22 4 10
C o v en try  ...................................... 5 18 7

£109 8 1
G e n e ra l S e c re ta ry , P e t ty  C ash 3 15 1

 :  113 3 2
L ondon  J o in t  C ity  a n d  M id la n d , B a n k , L td .—

G e n e ra l A c c o u n t   326 1 11
R o y a l C h a r te r  F u n d  A ccoun t . .  . • 56 14 10

--------------- 382 16 9
In v e s tm e n t A ccount—

5 p e r  ce n t. N a tio n a l  W a r B onds a n d  
5 p e r  c e n t. W a r L o a n  a t  co st   432 10 1

F u rn i tu re ,  F ix tu r e s  a n d  F i t t in g s —
P e r  la s t  A c c o u n t  81 19 2

Less : D e p re c ia tio n  10 p e r  ce n t. . .  8 4 0
--------------- 73 15 2

£1,002 5 2

W e h a v e  p re p a re d  a n d  a u d ite d  th e  above  B a lan ce-S h ee t 
w ith  th e  B ooks a n d  V ouchers o f th e  I n s t i tu t io n ,  a n d  c e rt ify  
sam e  to  be  in  a c c o rd an ce  th e re w ith .

J .  & A. W . S U L L Y  & Co.,
C h a rtered  A c c o u n ta n ts , A U D IT O R S .

19/21, Q ueen  V ic to r ia  S tre e t, L ondon , E.C .4.

A p ril 24, 1922.



Election of President.

M r. S tu b b s n ex t proposed t h e  election o f  M r.
H . L . Reason as  h is successor in  th e  presidency, 
rem ark ing  th a t  w ith M r. R eason a t  th e  head  of 
affairs they  would be in  safe hands.

D r . L o n g m d ir  (Sheffield), as a P ast-P res iden t, 
seconded th e  nom ination , and  in  endorsing M r. 
S tubbs’s encomiums, said th ey  liked  to  have m en 
of M r. R eason’s ty p e  to  d irec t th e ir  destinies.

M r . M . R id d e l l  (F a lk irk ), as an o th er P ast- 
P residen t, supported  th e  m otion, w hich was u n a n i
mously carried . T he new P res id en t w as ha iled  w ith  
g re a t en thusiasm  when M r. Stubbs, hav ing  
divested him self of th e  chain  of office, m ounted a 
chair to  place i t  on th e  hercu lean  shoulders of 
h is successor.

Presentation to Mr. Riddell.

Between th is  cerem ony and the  P re s id en t’s reply 
th e re  was in terposed  th e  p resen ta tio n  of an illu 
m inated  address in  album  form  to  M r. R iddell in 
recognition  of h is em inent services in  th e  chair 
and in o th e r ways. M r. S tubbs handed  over th e  
testim onial.

M r. R iddell, in response, said some people did 
n o t look w ith  favour on th e  fo u n d ry m en ; they 
th o u g h t th e irs  was a r a th e r  low s ta tu s , b u t he 
in tended  to  uphold the  d ign ity  of th e  In s titu tio n  
as long a s  he had  b rea th .

T h e  P r e s id e n t , th an k in g  the  Conference for 
th e  honour conferred  upon him  in  his election to 
th e  chair, said  he looked upon i t  as an  honour done 
also to  th e  B irm ingham  B ranch of the  In s titu tio n , 
which had  rendered  yeoman service to  th e i r  cause. 
H av ing  regard  to  th e  nom inations th a t  were 
coming forw ard for the  fu tu re , th e re  was every 
hope and prospect of th e  n e x t C onference being 
held in  N ewcastle. H e paid  a tr ib u te  to  the  work 
of his im m ediate predecessor, observing th a t  they  
would all connect w ith M r. S tubbs’s year of office 
his p ropaganda  efforts w ith th e  N ationa l Iron- 
founders’ F edera tion  and  th e  cem enting of th e  
friendsh ip  betw een th is country  and the  U n ited  
S ta tes  by th e  v is it he paid  to  th e ir  A m erican 
cousins.

12
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Election of Officers.
M e. T. F i r t h  (Sheffield), proposing Mr. H . 

Jew son (E ast Dei'eham) as senior V ice-President, 
said M r. Jewson had  been associated w ith them  
for a large num ber of years, and had heen a 
reg u la r a tte n d a n t a t  th e  Council m eetings. He 
was sure th a t  in him  they would find a  very 
capable P res iden t when h is tu rn  came to  occupy 
th e  chair.

M r . M. R id d e l l  (Falk irk) seconded, an d  said 
M r. Jew son was one of th e  oldest members of the 
In s t i tu t io n ; in fact, he was one of th e  five original 
members who were p resen t th a t  day.

M r. J e w s o n , hav ing  been unanim ously elected, 
re tu rned  thanks, and said th e  In s titu tio n  had his 
h ea rtie s t sym pathy and  support. H e loved the 
work of th e  In s titu tio n , and, so fa r  as he was able, 
he would in every way do all he could during  the 
coming year to  support th e  P residen t. A t the 
same tim e, he hoped they would understand  the 
difficulty he had to  face in  the  fac t th a t , being 
s itu a ted  in  the  cen tre  of N orfolk, i t  took him a 
whole day to  g e t to  B irm ingham .

M r . O l iv e r  S tu bbs proposed Mr. R . 0 . P a t te r 
son (Wylam-on-Tyne) as ju n io r V ice-President. 
M r. P a tte rso n  was P res iden t of th e  Newcastle 
B ranch, which was one of the strongest in the 
In s titu tio n , and  they  were all aw are of the  good 
work he had  done.

M r . F. J .  Cook (B irm ingham ) seconded, rem ark
ing th a t those who had had any connection w ith 
the  Newcastle B ranch would know th e  valuable 
work M r. P a tte rso n  had done there . H e was sure 
Mr. P a tte rso n  would leave noth ing undone to 
make th e  efforts of th e  In s titu tio n  successful.

The proposition being carried , M r . R. 
B u c h a n a n  (B irm ingham ) proposed th a t  M r. F . W. 
F inch (Gloucester) be re-elected H on. T reasurer, 
which M r . H . S h e r b u r n  (W arrington) seconded. 
This was also carried  unan im ously ; M r . F i n c h ,  
in reply, acknowledged th e  vote by saying i t  would 
give him the g rea tes t pleasure to  continue in 
office.

T h e  P r e s ib e n t  n ex t in tim ated  th a t  five members 
were to  be elected on the Council. There were 
eight nom inations, and he wouid ask Messrs. F ir th  
and R iddell to  act as scrutineers. The resu lt of
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th e  ballot was subsequently  announced as fol
low s:—Messrs. A. R. B a rtle tt , L ondon; J . Shaw, 
Sheffield; H . Pem berton, E a s t M idlands; H . Sher- 
burn , L ancash ire ; E . H . B roughall, C oventry.

T h e  P r e s id e n t  moved th a t  M essrs. R . 
B uchanan, P . J .  Cook and W . M ayer (D um barton) 
be re-elected tru stees , which was agreed t o ; and  
also th a t  Messrs. J .  & A. W . Sully & Company 
be re-appointed  audito rs, which was carried .



The Presidential Address.
G e n t l e m e n ,—

I t  is th ir te en  years ago since our Convention 
was held in B irm ingham , th is  being our n ine
te en th  Convention, and on behalf of th e  E ast 
M idlands, Coventry and B irm ingham  Branches, 1 
extend to  you all a very h earty  welcome. I t  is 
extrem ely pleasing to  the  Conference Committee 
th a t  in  th e ir  arduous work under the  guidance ol 
th e  R eception Com m ittee all classes of citizens 
have partic ip a ted  to  make the  Conference both 
enjoyable and in teresting .

The progress ou r In s titu tio n  has m ade and con
tinues to  m ake m ust be very g ra tify ing  to  every 
m em ber. H ad  i t  no t been for th e  m oulders’ strike, 
which was followed by th e  te rrib le  slump in trade , 
I th in k  our mem bership would have been doubled.

Subscribing Firms.
A lthough i t  is only ju s t over two years ago since 

we added subscribing firms to our membership, we 
have already enrolled 27 firms, and as tim e 
goes on and firms recognise and appreciate  th e  
valuable work our In s titu tio n  is doing for the 
industry , we shall not be counting them  in tens, 
b u t hundreds.

Royal Charter.
The fac t th a t  th e  K ing, a fte r m aking  the  fullest 

investigations in to  th e  n a tu re  of our work, has 
seen fit to  g ra n t th e  In s titu tio n  a Royal C h arte r 
in  recognition of the  g rea t work we are  doing, 
should be sufficient recom m endation for all tim e 
to  convince anyone of th e  im portance of our work. 
In  connection w ith th is  we should place on record 
our indebtedness to  our P a s t P residen t, Mr. T. H . 
F ir th , whose efforts to  raise  th e  In s titu tio n  to the 
level of our o ther g rea t In s titu tions have been 
crowned w ith success.

Position of the Institution.
I t  should give th e  members much pleasure to 

know th a t  th e  In s titu tio n  is now in  a stronger 
position os regards mem bership and finance th an



i t  has ever been in its  h istory . As soon as th e  
funds of the  In s titu tio n  perm it we have still a 
large field for extending the  scope of ou r work, 
and  I  would like to  m ake two suggestions, th e  first 
of which is th a t  we should p resen t every member 
upon jo in ing  th e  In s titu tio n  w ith  a hook con ta in 
ing formulae and  useful in fo rm ation  on foundry  
work such a s :— A ir requ ired  in cupola m elting. 
W eight of castings from  w eight of p a tte rn . W eight 
of m etals. P ouring  tem pera tu re . A pproxim ate 
m elting  points. A nnealing tem p era tu res . There 
is a good deal of tab u la ted  in fo rm ation  th a t  when 
p u t in to  hook form  for easy reference would be of 
invaluable help to  th e  s tu d e n t of foundry  problems. 
I  believe th a t  th e  effect of such a book on new 
mem bers who wish to  m ake a study  of foundry  
work and improve th e ir  technical knowledge would 
be fa r  reaching, and th e  in fo rm ation  would form  
the basis for th e ir  fu tu re  studies.

The second has reference to  th e  pub lication  of 
Papers . I  consider all P ap ers  read  before th e  
In s titu tio n  should be circu la ted  in full, w ith  dis
cussions to  every m em ber, in s tead  of th e  p resen t 
method of issuing th e  proceedings once an n u 
ally w ith a selection of Papers. A comm encement 
should be m ade by hav ing  two publications, the 
first mid-way in  ou r Session, say, Ja n u a ry , and  
th e  o ther as soon as possible a f te r  th e  sessions a re  
closed. These could be supplem ented by m onthly 
bulletins g iving a short sum m ary of c u rre n t 
developm ents, sim ilarly  to  th e  A m erican Foundry - 
m en’s Association.

Diplomas and Medals.
D uring  the  p ast year im p o rtan t developm ents 

have tak en  place in  th is  d irection  to  encourage 
mem bers to  w rite  P apers . In  add ition  to  th e  
diplom as which are  p resented  for th e  best P ap e r 
read  a t  each B ranch annually , our P as t-P res id en t, 
M r. M ayer, has invested  a sum of money, th e  
in te re s t from  which will p rovide a gold and  silver 
medal, to  be presented  for th e  best P a p e r read  
each year a t  th e  Scottish and N ewcastle B ranches 
a lte rna te ly . In  order to  p e rp e tu a te  th e  nam e 
of Mr. John  Surtees, of N ewcastle, who did im
p o rta n t pioneer work in  connection w ith  loam and 
dry  sand m oulding, th e  m edals a re  to  be called 
th e  Jo h n  Surtees M em orial Medals.
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Oliver Stubbs Medal.
In  add ition  to  these medals th e  N ational Iron- 

founding E m ployers’ F edera tion  have invested a 
sum of money, th e  in te re s t of which will provide 
a gold m edal to  be competed for by th e  whole of 
th e  members of th e  In s titu tio n , andi i t  has been ■ 
our privilege and pleasure to  see th e  Lord M ayor 
p resen t the first medal. This m edal has a th ree 
fold purpose. I t  is a token  of appreciation  from 
th e  members of th e  N ationa l Iron found ing  Em 
ployers’ F edera tion  for th e  g rea t services Mr. 
S tubbs has rendered, and  i t  is th e ir wish th a t  his 
nam e shall for all tim e  be associated w ith the 
industry .

I t  gives those who do im portan t work for the 
industry  th rough  our In s titu tio n  a token of re 
cognition.

I t  shows th a t  th e  employers recognise and appre
c iate  th e  im p o rtan t work our In s titu tio n  has done, 
and is doing, for th e  ironfounding industry .

British Cast Iron Research Association.
As there  appears to  be some m isunderstanding 

in connection w ith th e  work and functions of the  
Association and our In s titu tio n , I  propose to  ex
plain th a t  w hilst th e  work of both is to improve 
foundry productions, there  is a d is tinc t line of 
dem arcation. The In s titu tio n  of B ritish  Foundry- 
men enables all foundry workers, w hether they are 
moulders, forem en, m anagers or proprietors, to 
a tten d  m eetings a t  which valuable Papers a re  read 
and discussed. The th ree  im p o rtan t fea tu res in 
connection w ith th is  a r e :—The w rite r of the 
P ap er derives g re a t benefit from  his research work. 
Every  mem ber has th e  privilege of jo in ing in  the 
im portan t discussions which follow the  read ing  of 
all Papers. By th e  exchange of views, and mem
bers keeping themselves posted up w ith th e  most 
up-to-date methods of production both as regards 
m ateria l and finish, it  will readily  be seen by th is 
m eans th e  In s titu tio n  does some of its m ost valu
able work.

W ith  a  body of men determ ined and anxious to 
tak e  advan tage  of every modern development 
th e re  a re  bound to  be num erous instances where 

om lack of funds, ap p ara tu s or laboratories i t  has 
been possible to  carry  im p o rtan t research
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work forw ard to a  successful conclusion. I t  is  a t  
th is  p o in t where th e  em ployers, assisted by th e  
Governm ent, come in and ta k e  an  equal share  as 
th e  B ritish  C ast-Iron R esearch A ssociation, w ith 
a view to  carry ing  forw ard  valuable research  work 
th a t  would benefit th e  industries, an d  to  organise 
an In fo rm ation  B ureau  con ta in ing  all existing 
d a ta  in  connection w ith foundry  work carefully  
indexed for th e  use of all its  m em bers.

T h e  in fo r m a tio n  t h a t  is  b e in g  c o n t in u a lly  r e 
q u ested  v a r ie s  from  w h a t  so m e  w ou ld  c a ll  e lem en 
ta r y  to  t h e  m ost d ifficu lt p r o p o sit io n s  w h ic h  r e 
q u ire  resea rch , b u t i t  w ill be a p p r e c ia te d  t h a t  from  
th e  q u estio n s  a sk ed  th e  g r e a te s t  d iff icu ltie s  in  th e  
in d u s tr ie s  can  b e  lo c a te d  an d  ea rm a rk ed  fo r  
resea rch .

W hilst we realise th e  im p o rtan t research  work 
th a t can be done to  im prove the  iron founding  
industries i t  is very  g ra tify in g  to  know th a t  w hilst 
th e  G overnm ent were exploring every avenue to  
effect economy they  realised th a t  to  w ithdraw  the  
g ran ts  to  in d u s tria l research  would be a  step  in  
the  wrong direction , and  they  would be fa iling  in 
th e ir  du ty  if  they  did no t assist ou r in d u stries  to  
keep first position am ong th e  lead ing  in d u s tria l 
nations of th e  world.

Research Work.
I f  an  example was needed to  po in t o u t th e  

necessity of research  work a splendid illu s tra tio n  
is given by S ir R obert H adfield, who, in  a recen t 
Paper, s ta ted  th a t  th e  w orld’s o u tp u t of steel was 
ab o u t 1,860 million tons, of which 660 m illions 
were lost by ru s tin g  in  use. F o r th e  year 
1920 th e  loss by ru s tin g  du rin g  use has been 
estim ated  a t  29 million tons, th e  an n u a l cost being 
probably over 700 million pounds sterling . Mem
bers v isiting  th e  E xh ib ition  will be in te rested  to  
see D r. J .  N ew ton F r ie n d ’s exh ib it showing th e  
effect of ru s t in  its various stages in connection 
w ith  various m etals.

Seeing th e  developm ents th a t  have recen tly  
taken  place in  connection w ith rustless steel i t  is 
only reasonable to  assume th a t  in th e  n e a r  fu tu re  
developm ents will also occur w ith reg ard  to  cast 
iron.

F rom  th e  foregoing rem arks I have endeavoured



to make i t  clear th a t  th ere  is am ple room for both 
th e  B ritish  C ast-Iron  Research Association and 
the In s titu tio n  of B ritish  Foundrym en in  th e  iron- 
founding industry . I t  is n o t generally  u nder
stood th a t  practically  all industries owe th e ir  b irth  
and sustenance to  th e  iron and steel foundries.

International Foundry Trades Exhibition.
In  th e  exhibition th ere  a re  1,000 tons of the 

most m odern foundry  equipm ent, w ith between 
300 and 400 h.p. to  exhib it sam e u nder w orking 
conditions, together w ith pig-iron, alloys, sands, 
refractories, also fine examples of foundry produc
tions. One of th e  ou ts tand ing  fea tu res  of the  
E xhib ition  is the  a ir  drying oil sand core, which 
disposes w ith  th e  necessity of core drying stoves, 
in  fac t th ere  is almost everything to  assist the  
foundrym an to  produce sound castings.

You will be in te rested  in  an  ex trac t from a  
le tte r  we have received from  S ir R obert Hadfield 
in connection w ith th e  E xhib ition  : —

“ As one of th e  H onorary  Members of th e  In s ti
tu tio n  of B ritish  Foundrym en, and a member of 
the  B ritish  C ast-Iron  R esearch Association, I 
should like to  offer my h earties t good wishes for 
th e  success of th is  im p o rtan t Exhibition. E xhibi
tions of th is  n a tu re  fo r several years have been 
arran g ed  in  th e  U nited  S ta tes and have proved 
of g re a t educational value. I  sincerely t ru s t  th a t  
th e  same resu lts will follow here.

“ The foundrym an is  often given a  secondary 
position in th e  technical world. Ju s t  why th is  is 
I  do n o t know. The g rea te s t possible skill, 
patience, and  h igh  technique a re  required  by 
those conducting foundry  operations, w hether 
m aster or m oulder. Some of th e  g rea test technical 
achievem ents to-day depend upon the  skill shown 
in th e  foundry , w hether as regards cast-iron, cast 
steel or non-ferrous alloy castings.

“  I  hope a special effort will be m ade to  in terest 
the  workmen themselves by those conducting the  
Exhibition so as to  increase th e  value of th e  work 
of the foundrym an, which is a  fascinating  a r t . ” 

The E xhib ition  is th e  resu lt of a  g rea t en te r
prise u nder m ost difficult conditions, and i t  should 
be placed on record th a t  i t  is th e  outcome of pro
paganda work by th e  M idland branches of the
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In s titu tio n  of B ritish  Foundrym en. I  am led to 
believe th e  splendid E xh ib ition  in connection w ith  
foundry  equipm ent will be such an education  th a t  
from  now onw ards there  will be a  rap id  decline in 
obsolete methods of production.

Before concluding I  should like to  say how 
pleased we a re  th a t  our 1922 C onvention should be 
held when peace is  again  re ign ing  in  ou r indus
try . W ithou t being unduly  op tim istic  I  sh are  th e  
view of m any o thers th a t  w ith the  lock-out ended 
it  is th e  earnest desire of both  employed and em
ployers to  ta k e  fu ll advan tage  of th e  rev ival th a t  
has begun to  show itself in  trad e , and  I  hope a t  
the  end of my year of office we shall be able to  
look back upon a  year th a t  has been freed  from  
both in d u s tria l and  political anx ie ties o f th e  last 
few years, and  th e  peace and  p ro sperity  we are  
longing for will have reigned  in its  place.

D r . L o n g m u i r  ('Sheffield) proposed th a t  a h ea rty  
vote o f th an k s be given to th e  P res id en t fo r his 
splendid address, which he said  h ad  supplied them  
w ith a good deal to  th in k  about, and the  m otion, 
a f te r  being seconded by M r . J e w s o n ,  was carried  
w ith acclam ation.

Charter Fund.
T h e  S e c r et a r y  announced in reg a rd  to  th e  

special fund  fo r m eeting  the changes in  connec
tio n  with th e  R oyal C h a rte r  th a t  th e  previous 
n ig h t 17 gu ineas was subscribed by th e  Council, 
which le ft a balance of 7 gu ineas more to  ra ise  
in o rder to  clear them selves. To th is  s ta te m e n t 
T h e  P r e s id e n t  added th a t  mem bers of th e  Council 
were particu la rly  anx ious th a t  the  whole of th e  
fund  should be subscribed vo lun ta rily , and  as a 
re su lt of fu r th e r  subscriptions th e re  and  th en  i t  
was announced th e  following day  th a t  only 7 
guineas m ore were requ ired  to  close th e  fund.

THE ANNUAL DINNER.
University Efforts to Aid Industrial Prosperity.

The annual d inner of th e  In s titu tio n  was held a t  
th e  G rand H otel, on W ednesday evening, th e  P re 
siden t (M r. H. L. Reason) being supported  by a dis
tinguished  company. The function  was a complete 
success. A special item  in  th e  m usical p ro 
gram m e which a ttra c te d  general a tte n tio n  was



th e  appearance of M adam e S. H . T ring , the  Presi
d e n t’s daugh ter, who sang in charm ing style. 
T h e  P r e s id e n t  proposed th e  loyal toast, and re 
ferred  appreciatively  to  th e  P rince  of W ales’ visit 
to  In d ia . H e also asked P ro f. T urner to  remedy 
an omission in  th e  earlie r proceedings by propos
ing  a  h ea rty  vote of thanks to  th e  re tirin g  P res i
d en t and th e  officers for th e ir services during; 
the  year.

P r o f . T u r n e r  said th e  work M r. Oliver Stubbs 
had done called for th e ir  special recognition. H e 
had, am ongst o ther th ings, done all th a t  was pos
sible to  prom ote in te rn a tio n a l understand ing  
among found rym en ; th e  foundrym en of America, 
F rance, Belgium , and o ther p a rts  of th e  world 
who were associated w ith them , not only in compe
titio n  and friendly  rivalry , b u t also in  m utual 
help. The vote was carried  w ith  enthusiasm .

M r . Ol iv e r  S t u b b s , who proposed th e  to a s t of 
“ The City and Commerce of B irm ingham ,” 
pleaded for a p ractical in te rest in  education. If  
they  had paid  g rea te r a tten tio n  to education they 
would probably be tak in g  a g rea te r p a r t in the  
w orld’s commerce to-day. In  America th e  main 
p a rt of th e  business population would, in th e  course 
of no very d is ta n t tim e, be educated a t  th e  u n i
versities. W hile M anchester was known for its  
cotton, B radfo rd  for its  wool, and Sheffield for its 
steel products, B irm ingham  had  a rep u ta tio n  for 
its brass w are; b u t B irm ingham  was also rem ark
able in th a t  i t  was the cen tre  of a g rea te r varie ty  
of industry  th a n  any o ther town could boast. He 
urged th a t  th e  im provem ent of th e  canal for traffic 
would help to  reduce freigh ts, and finally m en
tioned th a t  th e  dies for the  m edal presented to 
M r. Cook were made in th e  city.

T h e  L ord M ayor (A id . D avid D avis), in reply, 
rem arked th a t  th e  F oundry  Trades Exhibition  a t 
B ingley H all was one of which th e  city  m ight well 
be proud ; and re fe rrin g  to the U niversity, said it 
was working iri harm ony w ith th e  commercial and 
industria l com m unity to  raise th e  s tandard  of 
education.

M r . F . H ic k in b o th a m  (P residen t of the  Chamber 
of Commerce) also responded, and a fte r expressing 
the  view th a t  trad e  was gradually  im proving and 
giving reasons therefore ventured to  say th a t  the
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cry they had heard  abou t G erm any cap tu rin g  th e  
trad e  of th e  world was m ere m oonshine. F rom  
reports which they  had  read , and which m any of 
them  had received from p riv a te  sources, i t  would 
appear th a t  th ings were no t always w hat they  
seemed. I f  they  could only keep th e ir  heads and  
avoid any fresh  difficulties in the  way of strikes or 
lock-outs, he saw no reason why th e  im provem ent 
which had  se t in  should n o t continue.

M r .  C. G rant R o b er tso n , P rin c ip a l of B irm ing
ham U niversity , gave th e  chief to as t of “ The In 
stitu tio n  of B ritish  F o u n d ry m en ,” and  in  a 
humorous opening leading up  to  a serious essay 
on in dustry  an d  education , re fe rred  to  th e  im 
p o rta n t position held by th e  In s titu tio n  in th e  
in dustria l and com m ercial life  of th e  country . How 
else th e  read ing  of P apers , inexhaustib le  in th e ir  
application , how otherwise a  rising  m em bership, 
and how else th e  tack ling  so seriously of those 
problems w ith  which th e ir  In s titu tio n  was con
cerned. The large a ttendance  th a t  n ig h t and th e  
success of th e  exhibition proved th is  im portance. 
H e sincerely congra tu la ted  them  on th e  exhibi
tion , and  hoped th e  consequences to  them  of its  
success would be a la rge  num ber of orders. P ro 
ceeding, he pointed  to the  close re la tio n  betw een 
th e  efficiency of h igher education  and th e  pros
perity  of industry , and spoke of w hat B irm ingham  
U niversity  and M anchester U niversity , am ong the  
modern seats of learn ing , were doing to  prom ote 
in d u s tria l and commercial progress. H e th ere fo re  
though t th a t  the  U niversities were en titled  to  ge t 
full support of th e ir  ally in  th e  g re a t strugg le  to  
m ain ta in  th e  in d u s tria l suprem acy of G rea t 
B rita in . In  the  U nited  S ta te s  and  in  G erm any 
the work th a t  had been done and th e  money spen t 
on universities, a p a r t from  th e  ethereal, political 
or civic consequences, had  b ro u g h t in large indus
tr ia l dividends. They, in  E ngland , w hatever th e ir  
shortcom ings in  th e  past, were now; alive to  th e ir  
needs, and they  did w an t th e  en lightened leaders 
of industry  to  keep in  close touch  w ith  un iversity  
life. I t  was p a r t  of th e  B irm ingham  U niversity  
policy to  become associated w ith  th e  best indus
tr ia l though t and ac tiv ities in  th e  c ity  and  the  
M idlands, and he g ra te fu lly  acknowledged the  
help which he had received from  th e  leaders of



industry  and those connected w ith  th e  business of 
the  city  du ring  th e  la s t two years. One of th e  
functions of the  universities was to tr a in  and pro
duce th e  research w orker, and  in discussing the  
value of research as a p rim ary  essential in  pro
gress, he said th a t  he was delighted to  see th a t  
th e  In s titu tio n  was giving cordial support to  re 
search in  th e  proper sense of th e  term  in the 
in te rests  of th e  g re a t trad es and industries they 
represented .

T h e  P r e s id e n t , in response, reviewed the  his
to ry  of foundry  work, and said they  had now 
arrived  a t  a stage when they  made autom atic 
machines, fitted  w ith  magazines, which had to  be 
charged w ith castings which m ust be regu lar in 
shape and size. The ironfounder had  now to  pro
duce castings no t only perfect in shape, bu t sound 
in every detail, and  such as to  stand  severe tests 
and conform to  th e  most rig id  specifications. In 
deed, th e  iron  industry  to-day had  arrived  a t  a 
stage  when i t  was going to tak e  its proper place 
in the  engineering world. F o r a long tim e past 
engineers had  come to  them  for castings of this 
n a tu re , and almost expected th e  m ach ine; they 
did n o t w an t to  do any work a t  all in  fitting  a 
casting, and if they  had to  p u t a file on a  casting 
they  were a p t to grum ble, so th a t  to-day they had 
really to  produce in  th e  foundry the  finished 
a rtic le ; and hence w ith the minim um am ount of 
g rind ing  or shaping, th e  various p a rts  could be 
assembled, and th ere  was th e  complete machine. 
H e thoroughly  endorsed w hat P rincipal G ran t 
Robertson had  said in  regard  to  holding the ir 
place in  th e  in dustria l world. They had now to 
work more closely in  accordance w ith th e  scien
tific control of the  foundry by tak in g  full advan
tage  of th e  research work and facilities offered by 
universities, chemists and m etallurgists . 'Conclud
ing, th e  P res iden t expressed very g re a t pleasure 
th a t  th e ir  g a thering  was of such an in ternational 
character—F rance , Belgium and America being 
represen ted  by some of its  forem ost men—and com
plim ented th e  C onvention Com m ittee on th e  splen
did arrangem ents which had been m ade for the 
Conference m eetings.

M r. C. R e ta ix a c k  p roposed  th e  h ea lth  o f “  The 
G u e sts .” and  S i r  H e r b e r t  A u s t in  and  M r. S . G.



F lagg  (America) responded. S ir  H e rb e rt said 
th a t  th e  engineering world had aw akened to  the 
fac t th a t  “  any th ing  would do in  th e  foundry  ” 
was no' longer possible. Given im proved accom
m odation and equipm ent, foundries would tu rn  
o u t b e tte r work. W hile th e  A m erican foundrym an 
could make malleable castings to  very fine lim its, 
he supposed they  in G reat B rita in  w ere able to  
m ake steel alm ost as fine. The exh ib ition  a t  
B ingley H all proved th is. A t L ongbridge they  
could obtain  much b e tte r  resu lts  from  steel th an  
from malleable castings, perhaps because they  had  
gone in to  the  m a tte r  a  li t t le  more.

SECOND DAY.
W hen th e  C onference was resum ed on T hursday 

m orning th e  a tten d an ce  was n o t so large as on 
the opening day, b u t th e re  was a  big m uster of 
members, who m anifested  a keen in te re s t in the  
technical problems in troduced  for discussion by 
specialists a t  home and abroad. P recedence was 
given, on th e  in itia tiv e  of th e  P res id en t, to  the  
Papers by th e  F rench  and B elgian v isitors.

A Newcastle Convention.
D uring  an  in te rv a l in th e  second session on 

T hursday th e  P res id en t m entioned th a t  an  exhi
b ition  was on view a t  B irm ingham  Technical 
School, which had  gone to  a lo t of tro u b le  to  
a rran g e  i t  fo r th e ir  inspection. The n e x t Conven
tion , he announced, would be held in  Newcastle 
owing to circum stances over which they  had  no 
control. D r. Johnson had  asked him  to  m ake the  
announcem ent, and  he was doing so a t  th is  early  
stage for two reasons ; first, th a t  m em bers of the  
London B ranch would know th e  exact position, 
and, secondly, th a t  the  gentlem en of th e  N ewcastle 
B ranch would know th a t  from  th a t  day they  would 
have to  tak e  steps to  m ake th e  necessary a rra n g e 
m ents.

Foreign Visitors Honoured.
T h e  P r e s id e n t  nex t proposed th a t  the  Conven

tion  elec t Mons. E. ftam as, Mons. J .  L eonard , M r. 
S. F lagg, P ro f. E . Tonceda, Mons. J .  V arle t, and 
M r. D. M cL ain 'as honorary  members. H e coupled 
M r. M cL ain’s nam e w ith  the  o thers because th a t  
gentlem an was to  have read  a P ap er, b u t  i t  could 
not be got th rough  in tim e to  include in th e  pro-



gram m e. H is motion was in the  n a tu re  of a token 
of friendship  and  of appreciation  of the  v isit to  
th e ir  Conference of these gentlem en, .a v isit which, 
to  all in ten ts  and  purposes, m ade i t  au in te r
nationa l ga thering  ; and they desired to  show in 
a p rac tica l way how much they  did appreciate  
th e ir  presence, which had gone a long way to  
m aking a  success of th e  Convention. (Applause.) 
M r. F lagg an d  Mons. Ronoeray, he added, were 
a lready members of th e  In s titu tio n , h u t would be 
changed to  honorary  mem bership.

M b . F . J .  Cook seconded, and  in tes tify ing  to 
the  desire of th e ir  A m erican friends for closer 
touch w ith them , said he was looking forw ard to  
a la rg er in te rn a tio n a l m eeting  in two or th ree  
y ears’ tim e. The proposition was carried  with 
acclam ation.

M o n s . R a m as then  acknowledged th e  honour, 
Mr. F au lk n er in te rp re tin g  th e  speech by saying : 
T he P res iden t of th e  F rench  F oundry Association 
thanks you very sincerely, in th e  nam e of the 
F rench F oundrym en’s Technical Association, and 
also on behalf of Belgium and America, for the 
g rea t honour you have done to his In s titu tio n  and 
to  them . H e thanks his English comrades for the 
very k ind  reception  accorded to  him  and for the 
enjoyable tim e they  have given him. The sen ti
m ents of f ra te rn ity  which existed betw een us 
during  th e  w ar will, he has no t th e  slightest hesi
ta tio n  in  saying, be developed ; and as they have 
already div ided the  sacrifices of war, they  will go 
fo rth  in to  th e  fu tu re  w ith exactly the  same con
fidence as has existed in th e  past.

The various P ap ers  were then  read  and dis
cussed.

A t th e  close of T hursday’s session a resolution 
was proposed by T h e  P r e s id e n t  th a t  the  hearties t 
thanks of th e  Convention be passed to the  authors 
of th e  P ap ers  for th e  valuable inform ation placed 
before them . So fa r  as the  character and  quality  
of the P ap ers  and  th e ir  num ber were concerned, 
he said they  could safely tak e  c red it to  themselves 
for having th e  best Convention in  th e ir history.

M r . H a r ley  (Coventry) seconded, and the  vote 
was carried  w ith  acclam ation.

T h e  P r e s id e n t  obtained th e  ready consent of 
the m eeting to  despatch messages of sym pathy w ith
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Mr. C harles Jones, M r. M ayer and M r. Gimson, 
whom he described a s  th ree  past-p residen ts of th e  
In s titu tio n , on account of th e ir  enforced absence 
through  illness.

Subsequently, in  closing th e  technical session, 
th e  P res id en t expressed the  indebtedness of the  
In s titu tio n  to  T h e  F o u n d ry  T r a de  J o u r n a l , 
which was th e ir official o rgan , and  to  its  E d ito r in  
connection w ith  th e  ed iting  of th e  Papers an d  
doing so much to  give publicity  to  th e ir  work. 
H e should like to  say, on behalf of th e  ■ members 
assembled, how very much th ey  ap p rec ia ted  th is  
valuable help, and  he therefo re  proposed th a t  th e ir  
very best th an k s  be accorded to  T h e  F o u n d ry  
T r a d e  J o u e n a l , and p a rticu la rly  to  th e  E d ito r, 
Mr. F au lkner, for th e  extrem ely valuable work 
they  did on behalf of th e  In s titu tio n .

M b, J .  E l l is  (P as t-P residen t) said he had  g re a t 
p leasure in seconding, and in  s ta tin g  th a t  he was 
cognisant of th e  very  useful w ork w hich T h e  
F o u n d r y  T rade  J o u rn a l  had  done fo r them  in 
the in au g u ra tio n  of the  In s titu te . H e doubted  very 
much w hether they  would be in  the  proud  position 
they were to-day b u t for the  help and  assistance 
of th a t  paper. In  coupling th e  nam e of M r. 
F au lkner w ith th e  vote of thanks , he could assure 
them  th a t  no one worked more energetically  for 
the  In s titu tio n  th a n  M r. F au lk n er, p a rticu la rly  
in reference to  the London B ranch , and  especially 
for th a t  Conference.

The proposition  was carried  by loud applause.

NEW METHODS OF TESTING CAST IRON. 
By E. V. Ronceray, M.I.Mech.E. (Paris).

Presented on behalf of the French Association Technique 
de Fonderie.

In  o rder to  comply w ith th e  in v ita tio n  of the  
In s titu tio n  of B ritish  Foundrym en to  p resen t a 
P ap e r a t  the  B irm ingham  m eeting, th e  F rench  
A ssociation Technique d e  F onderie  has th o u g h t it  
advisable to select a subject of world-wide in te re s t 
— one re fe rrin g  to  the research of tw o F rench  
scientists on new m ethods of te s tin g  cast iron. 
Both of them  are  well know n in  E ngland . One of 
them , M. F rem ont, received th e  Bessemer M edal 
a t  th e  P a r is  m eeting  of th e  Iro n  and S teel In s t i 
tu te  in Septem ber la s t;  th e  o ther, M. A. P ortev in ,



is a C arnegie M edallist, and  has sent qu ite  a num 
ber of papers to  th e  Iro n  and S teel In s titu te .

I t  seems as if a g rea t deal of advancem ent can 
be expected in the  foundry from th e  system atic 
use of such m ethods. They deserve to  (he care
fully considered and tr ied .

In  early  tim es, the  transverse  te s t was used. As 
fa r  back as 1790 th e  Ram us testing  machine, known 
as th e  Monge m achine, is described in the 
“ Annales de C him ie.” * The g rea t scientist, Monge, 
described th e  m achine an d  used it , and  he was 
considered as the inventor. M. Oh. F rem ont's 
research showed th a t  th e  real inven tor was Michel

F i g . 1 . A ppa r a tu s  u se d  f o r  T e s t in g  C ast I ron at t h e
C r e u so t  R oyal F o u n d ry  in  1790.

Ramus, m anager of the  Creusot Foundry . The 
bars were 80 mm. square and abou t 50 cm. long. 
They were supported  by one end and loaded a t 
the o ther end.

F ig . 1, taken  from M. F rem on t’s memoir, shows 
the  Ram us machine. This same m achinef is 
described by Monge, who was though t to be its 
inventor, though Monge m entions th e  Creusot
machine. _________

* Ch. F rem ont, “  Nouvelles M éthodes d ’essais M écaniques de la

D escrip tion  de l’A rt de F ab riq u e r les Canons, P aris  an I I  
1794,” p. 18.
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I t  is a very curious fac t th a t  though M. F rem ont 
and  m any o thers consider a t  th e  p resen t tim e  th a t  
th e  transverse  te s t is th e  ideal one, an d  th a t  
Monge te s t is still described in  m ost F rench 
specifications, i t  has been prac tica lly  abandoned 
and replaced by two stup id  tests, th e  tensile  and 
the  im pact tests.

Colonel P rache, in h is P a p e r before th e  French
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F ig .  2 .— G r a p h  s h o w in g  t h e  r e l a t i o n s h i p  
b e tw e e n  S h o c k  a n d  S h e a r  T e s t s .  T h e  
a b s c i s s a  g iv e s  h e i g h t  o f  d r o p ,  a n d  t h e  
o r d i n a t e s  t h e  c o r r e s p o n d i n g  r e s i s t a n c e  t o  
s h e a r i n g .  M,  S h e a r  T e s t - p ie c e s  t a k e n
FROM CENTRE OF SHOCK T e S T -P IE C E . B ,  SHEAR 
T e S T -P IE C E  TAKEN FROM  THE EDGE OF THE

S h o c k  T e s t -p i e c e .

and B elgian A ssociations C onvention a t  Liège, 
October, 1921, said “ W h a t has stopped th e  
im provem ents being m ade w ith sem i-steel d u rin g  
the war are  the  te s ts  imposed by th e  W ar Office. 
Those who have m ade semi-steel shells know th a t  
these tests had a  very d is ta n t re la tion  to  th e  cas t
ings th a t  were to  be p roduced .”

In  A m erica transverse  te s ts  have been made in 
the p a s t on square or rec tan g u la r bars of all sizes



and lengths. G reat efforts have been m ade recently 
in th a t  country  to  come to an agreem ent for a 
s tan d a rd  bar, and to  impose i t  on o ther countries. 
A round  b a r  1J in. dia. was selected, and i t  was 
to be broken on supports 12 in. ap a rt. B u t the

F i g . 3 .— (Se c t io n  t h r o u g h  F r e m o n t ’s T r a n s v e r s e  
T e s t in g  M a c h in e  fo r  S m all  S a m p l e s .

pipe industry  o f U .S.A. uses a b a r 2 in. x 1 in. 
placed fla t on supports 24 in. ap a rt, and th e  car- 
wheel men generally  use th e  same, w hilst many 
works re ta in  th e  old 1-in. square bar broken on 
supports 12 in. a p a rt. B ars have been used with
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supports 3 ft. and  even 5 ft . a p a rt , while K eep 
experim ented  on bars  J  in . dia.

In  E ngland  th e  s tan d a rd  te s t  piece is usually  a 
casting  3 ft. 6 in. long x 2 f t . deep x 1 in. wide, 
broken on supports 3 f t .  a p a rt .

In  F rance, as m entioned, M onge te s ts  have been 
p rac tica lly  superseded by the  tensile  and  im pact 
tests.

The im pact te s t is m ade on a b ar 40 mm. x 
40 mm. x 200 mm. long. A w eigh t of 12 kg. is 
raised  and dropped on the  b ar, which is se t on 
supports 160 mm. a p a rt. The in i t ia l  h e ig h t of 
w eight is no t th e  sam e in all specifications, nor 
the increase in h e igh t a f te r  each blow.

The tensile  te s t is m ade e ith e r on te s tin g  pieces 
16 mm. o r 25 mm. dia.

To dem onstra te  th a t  th e  im p ac t te s t  is of no 
value, M. F rem on t m ade tran sverse  experim ents 
w ith b roken  im p ac t test-pieces, th e  re su lts  of 
which are  shown in  F ig . 2. F o r each se t of bars 
having 'broken a t  a given figure, he m ade shear- 
te s ts  on pieces tak en  on th e  m iddle and  on th e  
edge of th e  bars. The dots re fe r to  sh e a r- te s ts ; 
M is for m iddle, and B fo r th e  edge of th e  bar. 
I t  can be seen th a t  some of th e  bars which broke 
a t  a small he igh t gave excellent tests , w hile th e  
reverse happened w ith bars broken a t  a g re a t 
height.

This is sufficient to  condemn th is te s t a p a r t  from 
o ther reasons.

Everybody is convinced th a t  th e  tensile  te s t is 
of no' value fo r oast iron on account of i t s  sensitive
ness to an oblique pull. In  fac t, M. P o rtev in  has 
dem onstrated  bv th e  m ethod of m irro rs  th a t  i t  is 
en tire ly  valueless when i t  is m ade u nder o rd in a ry  
conditions. The sam e happens for hardened  steel, 
which possesses sim ilar characteristics.

Tensile tes ts  are accepted b u t not recom m ended 
in A m erica ; they  a re  very li tt le  used in E ng land  
and c u t o u t of G erm an specifications. The best 
F rench  experim enters a re  of th e  opinion th a t  i t  
m ust n o t be used under o rd in a ry  conditions.

Casf^iron s tru c tu re  varies w ith th e  r a te  of cool
ing, and  consequently th e  th ickness of sam ple and 
condition of pouring . I t  seems alm ost unbeliev
able th a t ,  even in th is  tim e of progress and science, 
th e  qualities o f cast .iron have been observed on
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separately-cast tes t-bars  which a re  entirely  
different in  s tru c tu re  from  castings. I t  is cer
ta in ly  very difficult to  g e t from  th e  sam e ladle of 
m olten iron test-bars g iv ing th e  same results, b u t 
w hat can  be expected from a test-piece cast 
separately , of a thickness en tire ly  d ifferen t from 
th e  casting  considered and generally  cast a t  a 
different tim e.

Colonel P rache  was qu ite  justified  in  s ta tin g  
th a t  “  W ar Office te s ts  p revented  foundrym en from 
m aking b e tte r  shells,” and M. P ortev in  th a t  “ On 
the  p o in t of view of th e  quality  of m etal for pro
jectiles, i t  was difficult to  make a worse choice of 
tes ting  methods.'"’ I t  is quite  easy to  understand 
th a t  to get the  best resu lts on different shell thick-

F ig . 4 .— D ia g r a m  as pr o d u ced  and  t h e n  c o r r ec t ed .
A b s c is s .*  g iv e s  t h e  lo a d , and t h e  o r d in a tes
THB CORRESPONDING D EFLECTION.

nesses d ifferent thicknesses of tes t-bars should be 
used.

B u t th e  best way would certa in ly  be to  ascertain  
the  quality  of castings on themselves ra th e r  than  
on tesb-bars more o r less different from them , or 
n ex t to  th a t, on a small sample taken  on one ou t 
of a  lo t of castings.

The work of M. F rem ont and  M. P o rtev in  refers 
to  such methods, which in th e  au th o r’s opinion 
are  th e  incen tive to  considerable progress in the  
foundry. T heir methods will enable foundrym en 
to  select th e  best composition of m etals and the 
best foundry  m ethods; they  will enable the 
designer to  a lte r  his draw ings according to the
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resu lts shown by num erous readings taken  in 
d ifferent p a rts  of the  castings.

The resu lt will probably be to  b ring  fu rth e r 
confidence in cast iron, the products being more 
regu lar and reliable.

I t  would !be a  g re a t advantage if such methods 
were subm itted  to  a Com m ittee composed of 
members of the  various foundry organ isations, in 
order n o t only to  decide on the  tes ts  to  be recom-

IR 0N  THE RESISTANCE TO SHEARING IS  PROPOR
TIONATE TO THE DEFLECTION. A B SC ISS/E  TRANS
VERSE BREAKING LOAD, AND ORDINATES CORRE

SPONDING SHEAR BREAKING LOADS.

mended, b u t also on the  size of test-pieoes, so 
th a t results of all foundries o r investigators can 
be compared.

Fremont’s Transverse Testing Machine.
To study the  quality  of a oast iron  in the labora

tory, M. F rem ont recommends the  s ta tic  tra n s
verse tes t. B u t considering th a t  th e  te s t had to 
ibe made on a sam ple taken  from the  castings, he 
designed a m achine to  deal w ith small samples. 
H e also though t th a t  it was necessary to record 
the condition of th e  tes t. H e selected the  size of

o
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10 mm. w idth  x 8 mm. th ick  x 35 mm. long, so 
th a t a sam ple could be cu t out of any  po rtion  of 
any casting  in o rd e r to  study  all p a r ts  of i t  and  
arranged  th e  m achine w ith a recording appara tu s.

This m achine is shown in  F ig . 3. To 
verify  th e  p rac tica l value of th e  m achine he m ade 
tes ts  on 110 samples, for m ost of which he knew 
th e  p rac tica l value.

The size of test-p iece selected determ ined  the  
maximum power of th e  m achine. I t  is of 1,000 to 
1,500 kgs. capacity , b u t th is  power m ust be applied 
gradually  w ithou t any shock. T he best device was 
th o u g h t to  be a  screw driven by a h an d  wheel, 
w ith the  insertion , betw een the  screw and th e

F ig . 7 .— F rom  l e ft  to r ig h t  : T r e p a n n in g  T ool— S am ple  
T r e pa n n in g — S q u a re  and  R o u n d  T e s t -p ie c e s — C h is e l  

and  it s  A d ju s t a b l e  B l a d e .

punch, of a large sp ring  which tra n sm its  g radually , 
and  w ithou t shock, th e  power of the  screw.

T he w eigh t of moving equipm ent is balanced 
by a  spring, re s tin g  in  a  groove of th e  m achine- 
fram e. The sp ring  yields p roportionally  to  th e  
power applied a t  th e  ra t io  of 1 mm. fo r 43 kgs. 
The b reak ing  of test-pieces tak es place when the  
screw has m ade from  3 to  8 revolutions, according 
to th e  s tren g th  of th e  sample, which allows of a 
very sim ple and easy read in g  of the  applied  load. 
To m easure th e  elastic  lim it and  elastic coefficient, 
a recording a p p a ra tu s  is provided.

By a convenient a rran g em en t a drum  is moved 
by a  m etallic w ire in  connection w ith th e  la rge



spring , so th a t  1 mm. corresponds to  3.4 kg. The 
deflection of the test-piece being very small, i t  
m ust be amplified about 200 tim es.

F ig . 4 shows the  d iagram  produced. The le ft 
p a r t  shows a. curve, which is th e  re su lt of the 
con tac ting  a test-piece w ith th e  recording finger. 
The rea l s ta r tin g  po in t is x ' , x 'y ' being con
sidered as th e  zero line. W here the  line ceases to 
be s tra ig h t, a t  C, th e  elastic lim it is a tta in ed , 
and  th e  angle C, x ' y ' gives th e  m easure of the 
e lastic  coefficient.

The b reak ing  is always sudden, on account of 
the  n a tu re  of cast iron. To protect th e  recording

F i g . 8 .— L e v e r - a c t u a t e d  M a c h in e  f o r  S h e a r -  
t e s t i n g  C a s t - I r o n .

ap p ara tu s  from accident, two Belleville washers 
a re  placed under th e  tool h o ld e r; the  stroke of 
the  punch is th en  lim ited to  2 mm., and, in  add i
tion , a special a rrangem ent is provided for the 
horizontal levers to avoid trouble when breaking 
of sample occurs.

The m achine is gauged by m easuring the  denec-
c ^
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tion  of th e  sp ring  for a  given load or by pressing 
w ith i t  on a  scale. A sim ilar process is used for 
the deflection of th e  test-piece, in  using a Palm er 
caliper for pushing th e  levers.

Fig. 5 shows th ree  typ ical d iag ram s correspond
ing to  different qualities of cast iron a rran g ed  to  
p e rm it com parison betw een them .

The first gave a  b reak in g  load of 316 kg. asso
c iated  w ith  an angle of 24 deg., 30 secs.; th e  
second, a b reak ing  load of 724 kg. w ith an angle 
of 10 deg ., 30 secs .; w hilst th e  th ird  was 833 kg. 
w ith an angle of 9 deg.

I t  shows th a t  th e  deflection has varied  in  the  
ra tio  of one to  th ree . The elastic coefficient can 
be determ ined from  th e  deflection record. The

F i g . 9 .— A r r a n g e m e n t  of  M e c h a n is m  a n i> R ec o r d er  o f  t h e  
M a c h in e  s h o w n  in  F i g .  8.

num erous experim ents made by M. F rpm on t show 
th a t  th e  s tronger th e  iron  th e  sm aller is th e  deflec
tion , while i t  does no t vary  much for th e  steel.

M. F rem ont recom m ends th is  m ethod for the  
study of the m eta l and conditions of specifications. 
F o r th e  inspection  of castings he recom m ends th e  
shearing tes t.

Shearing Tests.

The shear te s t has been devised in view of daily  
inspection of castings produced. In  a  previous 
work on steel, M. F rem o n t had  been able to  demon
s tra te  th a t  the  phenom enon of shearing  or punch
in g  was of th e  n a tu re  of tensile  and  n o t of 
slipping, as was supposed, each fibre of m etal ac t
ing as a  sep a ra te  te s tin g  piece, w hich elongated



under th e  pressure of the  tes t.*  H e  was able to 
show th a t ,  for steel, th ere  was a d irec t relation  
betw een shearing  and  tensile  s treng th .

To ascerta in  w hat was th e  case for cast iron he 
m ade experim ents on th e  110 samples he h ad  used 
for th e  transverse  tests . H e found th a t  shearing 
s tren g th  is in  proportion  to  th e  transverse 
s tren g th , as is shown in  F ig . 6. j- O ther experi
m ents have shown th a t  tensile  s tren g th  is equal 
to  shearing s tren g th  fo r  cast iron. Consequently, 
a shearing  te s t  is qu ite  sa tisfac to ry  for inspecting

F i g . 10.—T e n s i l e  T e s t  o n  a  155 m m . 
S e m i - S t e e l  S h e l l  a t  i t s  N o s e .

purposes, and, moreover, is no t liab le to  th e  errors 
of tensile  tests.

To judge  the  casting  on itself, M. F rem ont p u t 
forw ard the  te s ting  of e ither a square piece, 5 m /m  
x 5 m /m , cu t o u t of th e  casting , or a round piece
5.64 m /m  dia. drilled out of it , th a t  is  in every 
case 25 sq. mm.

This method was presented  by him  to  the  In te r 
national Congress for T esting  M ethods, N .T ., 
1912, and , criticising  it , D r. Moldenke s a id :!  
“  S hearing  pressure is applied to  th is  rod , cu ttin g  
off litt le  pieces every g in. and the  average taken.

* See M em oir on  “  L e  K iv e ta g e  S te . d 'E n c o u ra g e m e n t p o u r 
l’I n d u s tr ie  N a tio n a le , 1906.”  

t  T h is  h a s  been  con firm ed  by  fu r th e r  e x p e rim e n ts  o t M. 
P o rte v in  o n  S em i-S tee l. See “  R evue d e  M é ta llu rg ie , p . 761, 

1921
t P r in c ip le s  o f I ro n  F o u n d in g ,”  M oldenke , p . 163.
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The proposal is exquisite  in its  novelty and 
in g en u ity .”

I t  is o ften  possible to  cu t off, on finished pieces, 
li tt le  prism s th a t  can be m achined to  the  size of 
5 x 5  mm. B u t when th is  is n o t possible the 
sam e results a re  obtained  by d rilling  w ith a hollow 
drill, a hole in  some p a r t  where there  will be la te r  
on an assembling hole, o r to  d rill a  hole in  an  un 
im p o rtan t p a r t  to  be plugged a fterw ards, or else 
by sacrificing a  casting .

The hollow drill is 10.5 mm. d ia . w ith  a hole
5.64 mm. d ia ., so th a t  th e  small cy lindrical piece 
rem ain ing  has 25 sq. mm. The detach ing  of tes t- 
piece is ob tained  by using a small special tool 
(Fig. 7) made up of two eccentric tubes fitted

F i g . 11.— T e n s il e  T e s t  on  T w o  S a m p l e s
TAKEN FROM 220 MM. SHELLS SWOLLEN 

AFTER FIRING.

together, th e  inside of sm all tu b e  being 5.64 mm. 
d ia ., and  ou tside of la rg e  one 10.5 mm. d ia . 
W hen th e  eccen tric ities are  com pleting each o ther 
they a re  pushed inside the  c ircu lar groove form ed 
by th e  hollow d rill, th en  tu rn in g  th e  lever of 
ex te rn a l tube, while th e  inside one is held firmly, 
th e  piece is broken ou t.

The test-pieee, e ith e r square o r round , is then  
sheared, a figure being ob tained  by m easuring the 
required  load every J in. to ascerta in  th e  s tren g th  
of cas t iron a t  d ifferent thicknesses. A test-piece 
20 mm. long ( |  in .) , w eighing 4 g r., is sufficient 
to  tak e  four read in g s; th a t  is, 1 g ra m m e p er



r e a d in g  in ste a d  o f  se v e r a l p ou n ds. T h e  sh ea r in g  
is  e ffected  th r o u g h  p a ra lle l and  n o t ob liq u e  b lades. 
T h er e  is on e sq u a re  an d  one rou n d  h o le  in  th e  
blades.

The m achine for u tilising  th e  method is 
shown in F ig . 8. I t  will ¡be slightly  altered  
for rendering  its  use easier in practice. I t  
is sim ply composed of a  lever hav ing  a  fixed 
point, w ith an a rran g em en t to  press on the  blade 
by a w eight moved alongside th e  lever. The 
w eight is moved1 by a handle, pulling on the 
w eight-roller, th rough  a s tr in g  (F ig . 9), b u t a 
hand-wheel and screw arrangem en t will be pro
vided in  fu tu re  machines. Pow er is increased in  
re la tion  to  leverage; when th e  power corresponds 
to  s tren g th  of sample, b reak ing  occurs.

D uring  th e  testing , a pencil is moving along a 
sheet of paper, g iving a d iagram  sim ilar to  the 
one shown in F ig . 9. A table p repared  accord
ing  to  th e  constan ts of th e  m achine gives the 
s tren g th  of sam ple tested .

Of course, th is  shear te s t can be m ade on tensile 
testing-m achines of corresponding power fitted 
w ith a shearing device, b u t i t  is though t th a t  the 
little  special m achine described will be preferred  
by foundrym en on account of its sim plicity and 
low cost.

I t  may be in te re s tin g  to m ention some results 
obtained by M. F rem ont on an autom obile engine 
on which he m ade numerous te s t s : —

Tons p e r sq. in.
Inside of cylinder (tensile strength by

shearing) . .  . .  . .  . .  12-7— 17-8
Outside of W ater Jack et . .  . .  12-0— 14-6
P isto n .. . .  . .  . .  ... •• 10*6— 13*0
Piston Rings . .  . .  . .  ■■ 17-8—25-1

Of course an outside te s t piece would not have 
shown d ifferent streng th  for th e  same casting.

M. Portevin’s Test.
D uring  the  war M. Portev in  had  th e  opportun ity  

to  te s t num erous defective semi-steel shells. H is 
opinion on the  value of W ar Office te s ting  methods 
has been given above as the conclusion of his work. 
However, he tr ie d  to  find b e tte r  and  quicker 
methods to  ascerta in  th e  value of cast iron. 
Though his observations were entirely  on semi
steel, they  can be of service to  the  foundry , for
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many of th e  defective shells he exam ined were no 
better th a n  o rd inary  eastings of low phosphorus 
contents. H is m ethods would have to  he investi
gated in  re la tion  to  high phosphorus castings 
before draw ing definite conclusions from  them .

P ortevin , hav ing  noticed th a t  ba ll-tests gave 
an  ind ication  on th e  value of shells, s ta r te d  ex
perim en ts  to  find the  re la tion  betw een ball im pres
sion and carefully  m ade tensile and  compression 
tests. These la s t te s ts  were considered as im por
ta n t ,  n o t only because cast iron  is o ften  used on 
compression, b u t because one of th e  m ost im por
ta n t  po in ts  for shells was th a t  they  had  to  resist

F ig . 12.— T e n s i l e  T e s t  o n  T h r e e  S a m p le s  
o f  S e m i-S te e l  S h e l l s .  A,  C o n t r a c t e d ;
B,  S w e l l e d  ; a n d  C,  B r o k e  d o w n  o n  
F i r i n g .

an  enormous compressive force when th e  gun was 
fired. M ost of th e  defective shells tes ted  swelled 
on the firing tes t, which was system atically  m ade 
on a few shells being tak en  a t random  from  each 
lot.

K now ing th e  im portance of oblique pulls on 
tensile te s t resu lts , P o rtev in  took special p re
cau tion  to  avoid all chances of e rro r by using the  
very long and  tedious, b u t only reliable, method 
of m irrors.

Elastic Limit.
H e found th a t  i t  was very difficult to  de term ine
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a value for the elastic  lim it of cast iron. The 
curves ob tained  by observing the deform ations in 
re la tion  to load, F igs. 10, 11 and 12, do n o t show 
any s tra ig h t portion . The properties of m etal can 
thus only be defined by th e  en tire  curve. F igs. 13, 
14 and 15 give the curves for other samples. The 
n ine samples employed vary between 4 and 17.1 
tons per sq. in. tensile  s tren g th , and Tables I. 
and I I .  ou tline respectively th e ir  chemical and 
physical characteristics, i t  being understood th a t 
th e  “  lim it of p roportionality  ” used by Portev in  
instead of e lastic  lim it is only given where a 
s tra ig h t p a r t  can be more o r less seen a t  the 
beginning of th e  curves.

A tten tion  is called to  th e  fac t th a t  where i t  has 
been th o u g h t possible to  ind icate  a “  lim it of pro
p o rtiona lity  ”  i t  is generally less th an  one-th ird  of 
break ing  streng th .

T a b l e  I.—-Chemical Composition of Samples Used.

Fig. No.

Chemical analysis.

T.C.
Ct.

Gr. C.
Cg. Si. Mn. P. S.

0//o % °//o 0//o % °//o
10 3.82 3.25 1.50 0.75 0.13 0.14
12 (curve A) .. 3.65 2.95 1.46 0.77 0.11 0.15
11 (curve B) . . 3.67 2.98 1.48 0.64 0.10 0.16
12 (curve CN2) 3.48 2.86 1.47 0.64 0.06 0.12
13 3.71 3.30 1.30 0.78 0.16 0.19
12 (curve CN1) 3.50 2.87 1.44 0.70 0.06 0.12
14 3.23 2.70 1.13 0.62 0.09 0.19
11 (curve C) . . 2.97 2.35 1.27 0.65 0.07 0.22
15 3.44 2.73 1.24 0.76 0.16 0.14

Modulus of Elasticity.
These curves enable one to  determ ine Young s 

modulus from  the indication  on th e  axle of loads 
of th e  s tra ig h t p a r t of surve when such exists, or 
the  ta n g e n t to  th e  origin of th e  curve in o ther 
oases. I t  can im m ediately be seen th a t , con trary  
to  w hat happens w ith  steels, th e  modulus varies 
considerably. I t  passes from 2,500 to  7,300 tons 
per sq. in ., and i t  varies, roughly, proportionally 
to  the  tensile breaking-load R t, as can be seen by 
F ig . 16.
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I t  can be expressed by th e  em pirical form ula 
M t =  385 R t + 1150.

The strongest irons have th e  h ighest m odulus of 
e lasticity . They a re  less deform able, and conse
quently more influenced by oblique pulls. T h a t is 
one more reason in favou r of p ro h ib iting  o rd inary  
tensile tes ts  for oast-irons.

Sounding Tests.
The sounding of pro jectiles d u ring  the  w ar was 

tr ied  by a special com m ittee as a m eans of investi
gation . I t  was found th a t—(a) F o r steel shells it 
can give a useful ind ica tion  by observing th e  leng th

F i g . 13.— T e n s il e  T e s t  o f  155 m m . S e m i -S te e l
S h e l l  w h i c h  s w e l l e d  o n  F i r i n g .

of tone to  disclose cracks, (b) F o r  sem i-steel shells 
the  heigh t of tone gives an ind ica tion  of th e  value 
of m etal. F o r a same size of projectile, th e  lower 
was the  tone th e  worse was the  m etal. Conse
quently  th e  sound was re ta in ed  so as to  give an  idea 
of the value of th e  m etal of sem i-steel shells, and  
no t of steel shells.

The above conclusions abou t m odulus of e lastic ity  
explain why. I t  is known th a t  th e  h e igh t of sound 
given by a solid depends on th e  speed of p ropaga
tion  of sound in it, and  th a t  th is  speed increases 
as the  square ro o t of th e  m odulus of e lastic ity .

For o rd inary  carbon steels, th e  m odulus is abou t 
the same, an d  therm al tre a tm e n ts  do n o t change it  
more th a n  10 per cent., w hilst fo r sem i-steels i t  
varies from. 1 to  3. The differences in  semi-steel



are  100 per cent, each way from th e  average, and 
i t  is very easy to  find, by th e  sound only, w hat are 
the  best shells of a  lot. T his rem ark  may be oi 
considerable p rac tica l in terest.

Compression Tests.
As fa r  as possible, cast-iron is used in compres

sion in daily practice. The powder explosion com
presses th e  back of shells, so th a t the  siwelling a t 
th is  tim e may be very serious; in fac t i t  is the 
only im portan t deform ation to  consider for esti
m ating  th e  value of p ro jectile  du ring  firing. This, 
i t  appears im p o rtan t to determ ine th e  properties 
of m etal under compression. The compression tes t 
only requires simple and short te s ting  pieces, so

F i g . 14.—T e n s il e  T e s t  on  293 m m . S e m i-S te el  
S h e l l .

th a t th is  is still a  fu r th e r  reason for scrapping the 
tensile and, in  preference, using th e  compression 
test.

M. P o rtev in  made experim ents on cylinders 
16 mm. d>ia., by 16 mm. h igh  w ith  a  recording 
appara tus. The break ing  load and elastic lim it 
were observed. Shortening and swelling were 
measured afterw ards, h u t on account of th e  short
ness of samples i t  was not though t advisable to 
ascerta in  th e  modulus of elasticity  from th e  com
pression. I t  is one of th e  advantages of th e  tra n s 
verse te s t, as i t  gives an evaluation  of th e  co
efficient of elasticity .
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In  the  cast-irons examined (see Tahle II .)  the 
tensile b reaking load, R t, is about 1-4 to 1-5 of 
compression breaking load, Rc.

The approxim ate em pirical formulae of com para
tive results could be w ritten —•

Rc =  2.5 R t +  18.

S t e e l  S h e l l s .

From  a much larger num ber of readings (about 
100) i t  was shown th a t  the  ap p aren t ra tio  of elastic 
lim it to  compression can be expressed by following 
em pirical form ula for samples 16 mm. high—

Eac =  0.2 Rc -  20.
Elastic L im it and Modulus of E lastic ity  for Ten

sile and Compression .—I t  would be absurd to  com
pare tensile and compression elastic limits^ of 
Table I I . ,  th e  experim ental conditions n o t being 
sufficiently accurate, and also because th e  defi
n ition  is too conventional. The size of tensile and 
compression te s tin g  pieces being very different, M. 
Portevin  th o u g h t i t  advisable to  m ake new tests, 
so as to  be able to  get accurate d a ta  for shell 
firing.

S im ilar sized te s t pieces were selected (Fig. 17) 
and sim ilar accurate  te s ting  methods used. I t  was 
necessary to  use short pieces on account of the  
tendency of compressed samples to  b en d ; th e  length  
is twice th e  d iam eter for tensile, as well as for 
compression samples. The m irro r m ethod was
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used, the  distance between th e  supports being 50 
to  55 mm. The samples were taken  as round  bars, 
60 mim. d ia ., cast from  the same ladle, th ree  of 
each. The am plification of long itud inal deform a
tion  was 700, while the  accuracy of m achining was

kg/mm'
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F i g . 16.—S h o w i n g  t h e  R e l a t i o n  b e t w e e n  
t h e  M o d u l u s  o f  E l a s t i c i t y  a n d  t h e  
T e n s i l e  S t b e n g t h .

w ith in  1-100 of a m m .; the  varia tio n s in  leng th  
observed on two opposite g en e ra trix  noted every 
500 kgs., and  th e  test^speed ab o u t 1,200 kgs. 
(2,640 lbs.) p er m inute . A t th e  beg inn ing  th e  ob
servation  of deform ations u nder small loads 
enabled to  in terpose lead cushions to  reduce oblique 
pulls to  m inim um . The accuracy of read ings was 
1-50,000 of lengths m easured.

The m ate ria l used was of average  quality  (about 
R t =  25 kg.mim.2, o r 15 tons per sq. in .).

The resu lts of experim ents a re  shown in Table 
I I I .  and F igs. 18 and  19.

I t  can be deduced th a t  th e  lim it of p ropor
tio na lity  to  tensile, B p t =  3.5 kg.m m .2, o r 2.2 tons 
per sq. i n . ; th e  lim it of p ropo rtionality  to  com
pression E pc =  12 kg.m m .2, o r 7.6 tons per sq. in.

F rom  Table I I I .  th e  following rem arks can be 
m a d e :—

(a) The tensile and compression b reak ing  loads 
are, roughly, to  th e  ra tio  given by em pirical fo r
m ula—

Rc =  2.5 R t +  18.



(b) Previous form ula would give for th e  values 
of R t and Rc found an  ap p aren t elastic lim it 
E ac =  50 kg.tmm.2 (31 tons per sq. in .), w hilst the 
experim ents only give 32 kg.mim.2 (20.2 tons per 
sq. in.). The reason is th a t  test-pieces were five 
tim es longer, and also th a t  th e  accuracy was 
g rea ter. I t  can be seen by th e  shape of th e  curves 
th a t  th is  miay m ake a g re a t difference.
- (c) The rule, often  used, th a t  th e  compression 
e lasticd im it is th ree  tim es g rea te r th an  tensile is 
en tire ly  w rong; th e  ratio ' can vary  between 1 and 
4 according to th e  conventional definition adopted 
and th e  accuracy of read ings on account of the

p IG  1 7 .— T h e  C y l i n d r i c a l  P a r t  M u s t  b e  
E x a c t l y  P a r a l l e l .

fac t th a t  te s t pieces for tensile and compression 
a re  vastly d ifferent in leng th , consequently no com
p a r iso n  i s  o f  any value.
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(d) As fo r siteel, th e  m odulus of e lasticity  to  ten 
sile and compression are  practically  equal, the 
average value being 12 by 103 kg.m m .2 (7.6 by 
103 tons per sq. in .).

There is a large difference between the values 
found for the  lim it of proportionality  
Epc =  12 kg.m m .2 and th e  ap p a ren t lim it of elas
tic ity  E ac =  32 kg.m m .2, which, on account of the 
condition of th e  te s t, can be said to  be th e  lower 
and upper lim its of th e  real e lastic  lim it. So th a t  
i t  can be said th a t  for a cast-iron (semi-steel) 
breaking a t 25 kg.m m .2 a t  the tensile tes t, th e  lim it 
of deform ation to  compression is between 10 and

30 kg.m m .2 In  fac t, under a load of 20 kg.m m .2 
there  is a sligh t perm anent contraction  of 0.013 
per cent, (the to ta l con traction  under th e  load 
being th en  0.16 per cen t.), b u t to  show i t  the  
readings m ust be made w ith  an approxim ation of 
1-50,000 of the  length.

Ball Test.
I. Comparison -with Tensile T es t.—The ball tes t 

has no t ye t been used for th e  qualification of cast 
irons. Moreover, th e  roughness of the  tensile test 
as usually practised  renders a comparison value
less.* However, the  accurate  te s ts  m ade by M. 
P ortev in  are  of considerable in te rest in order to

* See P o rtev in , “ R evue de M étallurgie,”  Dec. 1921, p . 775
F . W ust and  K . ¿ e tte n b a c h . F . W ust and  R . M eissner Tests.
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find o u t w hether th e  ball te s t gives reliable d a ta  on 
the  tensile, e tc ., s tren g th  of cast iron.

From  Table I I .  d a ta  has been ob tained  which 
shows a rem arkable agreem ent betw een tensile 
s tren g th  and  ball num ber. The em pirical form ula 
g iv ing the re la tion  is —•

R  T =-- 0.2 area  — 13.
I I .  Comparison w ith  Compression T e s t .—H ere 

there  is a  much la rg e r num ber of read ings to  work 
upon, and they  show th a t  th ere  is a fa ir  agreem ent 
between ball num ber, compression b reak ing  load 
and compression elastic lim it, determ ined , as pre
viously m entioned, on cylinders of 16 mm. d ia . by 
16 mm. length , which can be expressed by em pirical 
formulae—■

Ro =  0.5 a rea  — o.
Ec =  0.4 a rea  — 25.

F ig . 20 shows graphically  th e  re la tio n  between 
the  fou r values of ball a rea  R t. Ro. and  Ec.

F ig .  19 .— C o m p r e s s i o n  T e s t s  o n  S e m i -  
S t e e l .

I t  m ust be rem em bered th a t  these ball tes ts  have 
been m ade on m achined shells, and  i t  may be th a t  
some care  m ust be taken  to  avoid m istakes when 
th e  p r in t is made on th e  skin.

H owever, th is , so simple a  tes t, is m ost in te re s t
ing  if i t  is proved th a t  i t  applies, as i t  is  probable, 
to  common cast iron . I t s  advan tages a re  th a t  i t  is 
very simple, quick, cheap, indestructib le , in d i
vidual, and indelible.

Conclusion .— In  conclusion th e  w rite r, on behalf 
of th e  F rench  A ssociation Technique de Fonderie ,
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calls th e  a tten tion  of p a ren t societies to  the im
portance of th e  methods here set ou t for the 
fu tu re  advancem ent of th e  foundry trade . Up to  
now the  methods used were costly and uncertain . 
I t  can be said th a t , providing an  agreem ent is 
made between th e  in terested  societies to  s tan 
dardise th e  test-pieces and  condition of tests, a 
considerable am ount of d a ta  can be obtained in  a 
com paratively short tim e, if all foundrym en are 
willing to  use such reliable, cheap, and simple 
methods.

I t  canno t be questioned th a t  a t  present, in order 
to determ ine in te rn a tio n a l specifications for cast
ings, i t  is too early, b u t th e  A .T .F . strongly recom
mends th a t  a  com m ittee is im m ediately formed 
between th e  in terested  societies to  decide if the 
sizes of te s tin g  pieces proposed by MM. F rem ont 
and Portev in  canno t be adopted by all foundrym en 
with a view to  render com parable tes ts  m ade in

F i g . 20. — S h o w in g  t h e  R e l a t io n s h ip
BETW EEN THE B R IN E L L  N U M BER, THE
T e n s il e  S t r e n g t h  (T o p  L in e ), t h e  Co m 
p r e s s io n  E l a stic  L i m i t  (M id d l e  L in e ), 
and C o m pr e ssio n  B r ea k in g  L oad (B ottom 
L in e ) , all in  K il o s  p e r  s q . m m .

different countries, and, when decided, to  investi
gate th e  value of th e  sounding test, and to  carry 
ou t experim ents and collect d a ta  from  members, 
wiith a  view to  repo rting  resu lts a t  a J o in t Foun- 
dryimen’s M eeting.
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Discussion.
Tensile Tests Criticised.

P r o f . T u r n e r , who was called upon to  open 
the discussion, said they  had  b rought before them  
in the  paper a  system of te s tin g  which was novel, 
and  which m ight be revolutionising in its  effects. 
One realised a t  once th a t  i t  was a g re a t  advan 
tage to  be able to tak e  a piece of th e  ac tu a l cast
ing and te s t th a t  in stead  of depending on o u t
side tes ting , which m igh t o r m igh t n o t corre
spond w ith the  cha rac te r of th e  m ain  casting . 
They had had- m ethods of te s tin g  th e  hardness of 
th e  in te rio r of a casting  by d rilling  holes under 
su itab le  conditions, b u t though  those drillings 
m ight be analysed they  did n o t give an  oppor
tu n ity  of te s ting  th e  physical ch a rac te r of th e  
m etal. In  th is  m ethod of te s tin g , a  cy linder was 
drilled  and  pieces could be c u t oif and  exam ined, 
by compression o r shearing te s t. H e gathered  
th a t  the  au th o r did n o t approve of tensile  tes ts  
for cast iron, and he (P ro f. T u rner) knew some 
of th e  objections raised  to  it , b u t he m u s t say 
his own experience h ad  been th a t ,  provided one 
could get a s tra ig h t pull, which was th e  essen tia l 
po in t for cast iron, th e  tensile  te s ts  were of very 
g rea t value. They m ust rem em ber, however, th a t  
they  used cast iron for purposes which w ere q u ite  
d ifferent in m any cases from  th e  purposes for 
which they  used steel. I f  they  requ ired  th e  pro
perties of steel obviously they  should use s te e l; if 
they  requ ired  o ther p ropertie s th en  th e  cheaper 
m ateria l, cast iron, could be used w ith  ad v an tag e . 
They had  been too much in  th e  h a b it of te s tin g  
cast iron by m ethods which w ere applicable to  
steel. I t  m igh t be advisable, as suggested in  th is  
paper, to  consider toge ther (he th o u g h t th e  idea 
of a  jo in t com m ittee was an adm irab le  one) w hat 
were th e  best te s ts  on such occasions. H e was 
in te res ted  in  th e  sounding te s ts  described by M. 
R onceray, because those m ethods had  been used 
for steel. They gave a ready  m ethod w ith  rods 
of sim ilar charac te ristics of d iscerning th e  
am ount of carbon : th e  h igher th e  percen tage  of 
carbon th e  h igher would be the  no te  when th e  rod 
was struck . B u t th e  g rea te s t fu n d am en ta l fac t 
in  th e  te s t was th a t  th e  casting  should be of a 
su itab le  shape, because th e re  were so m any cast-
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mgs th a t  were no t su itab le  for th e  sounding test. 
In  many o ther cases, however, by h it tin g  the 
casting  w ith a ham m er and listening to  th e  note 
i t  gave one could ge t a considerable am ount of 
inform ation  as to  th e  elastic p roperties of the 
m ateria l. The paper would, a t  all events, cause 
them  to  th in k  seriously, and  would, he believed, be 
of considerable benefit to  th e  industry .

Impact Test Recommended.
Mr. S h a w ,  in  th an k in g  M. Ronceray for his 

paper, said th a t  all were pleased to  lea rn  how 
foundry  m a tte rs  a re  conducted in  F rance. M. 
R onceray had been a  member for th e  la s t 13 years, 
yet th is  year he gave his first con tribu tion  to  the  
Proceedings. I t  was to  be hoped th a t  now th e  ice 
was broken th a t  e ither he or his com patriots would 
often favour them . The au tho r had  taken  for his 
subject one th a t  was full of in te re s t a t  the  p re
sent tim e, when th e  question of tes ts  were before 
the In s titu tio n . H e (the speaker) agreed w ith  M. 
F rem ont th a t  th e  transverse  te s t was th e  best one 
for grey cast-iron . H e also agreed th a t  th e  tensile 
was no t a tru e  index of th e  qua lity  of th e  metal. 
This m ight ibe in  p a r t  due to  th e  difficulty in  ob
ta in in g  tru e  a lignm ent in  th e  m achine, 'but more 
from th e  fac t th a t  th e  tensile te s t was a m easure 
of the  s tru c tu re  of th e  iron ra th e r  th an  its  quality . 
Mr. F ield  had  unw itting ly  m ade a s ta tem en t 
th a t  tended to  bear th a t  out, when he s ta te d  he 
could ob ta in  a 15 per cent, semi-steel th a t  would 
give 17 tons tensile, b u t could no t g u aran tee  the 
transverse. This was also borne o u t in M. F re 
m ont’s paper, given before th e  In te rn a tio n a l Con
gress in  1912. W ith  regard  to  th e  im pact te s t with 
the  F rench m achine, a fte r  two years’ daily use he 
found i t  gave th e  best indications of th e  quality  
of the iron.

There was no doubt M r. F re m o n t’s idea was the  
co llect one; no te s t would enable one to  say a cast
ing was a strong one. b e tte r  th an  te s ts  taken  from 
the ac tua l casting. W hether th e  sm all bars usecl 
(roughly 5-16th in . x  f  x I f  in .) were large 

enough to give a  tru e  indication of the  transverse 
streng th , and more particu la rly  the  deflection, was 
open to  serious doubt. I t  m ust also be remembered 
th a t  in  d rilling  w ith  th e  hollow drill, th e  re su ltan t 
te s t piece would be closer in  g ra in  a t  the  begin



ning  and  ending of th e  operation , as they  consisted 
of th e  ou ter skin of th e  casting . The cen tre  of the 
bar would be of a m ore open s tru c tu re . As th e  top 
V-piece of th e  m achine would ex e rt p ressure a t 
th is  point, th e  re su lta n t te s t would be lower.

W ith  regard  to the shearing  te s t, he understood 
th a t  a  co n stan t was found from  a  com parison of 
th e  resu lts of th e  110 tran sv erse  te s ts  w ith  th e  
resistance to  shearing of these sam e bars. This 
m igh t hold good for th e  m etal u nder considera
tion. I f  they  took i t  th a t  resistance  to  m achin ing  
bore some re la tio n  to  shearing , they  all knew  how 
much h a rd e r to  m achine some te s t  b a rs  were th a n  
others giving th e  same tran sverse  te s t. The very 
fac t th a t  these  m ethods which h ad  been advocated 
since 1909, and  seemed so ideal, had  m ade so li tt le  
progress, even in  F ran ce , po in ted  to  a weakness 
somewhere.

Commercial Aspect of Testing.
M e . J .  I t . H yde  welcomed th e  paper as po in ting  

ou t th e  position th a t  te s ts  of cast iron  occupied 
to-day. The In s titu tio n  of B ritish  Foundrvm en 
were tak in g  steps to  p u t th e ir  house in  order. 
A lthough M. R onceray m igh t u n d ers tan d  som ething 
of th e  complex n a tu re  of cast iron , and  th e  v a ria 
tio n  in  mass, and th e  influence mass had  on 
streng th , they  had  to  give a te s t to  th e  engineer 
th a t  he could reasonably u n d ers tan d , and  he (Mr. 
Hyde) would subm it th a t  th e  tensile  te s t  w as one 
of th e  th in g s they  m ust carefully  study . I f  th e  
defect was in  th e  te s tin g  m achine, th en  le t them  
p u t i t  to th e  engineer th a t  he m ust give th em  a 
te s tin g  m achine which would co rrec t th e  defect, 
so th a t  th e ir  m a te ria l should n o t suffer. H av ing  
got th a t  they  were provided w ith  an  in te res tin g  
te s t which would help them  to  study  th e  t ru e  
n a tu re  of cast iron . W ith  reg ard  to  th e  o ther 
te s ts  m entioned by M. R onceray, th ey  w ere dis
tin c tly  in te resting , and  mem bers m ust hope th a t  
in th e  n ear fu tu re  some research  would be u n d e r
tak en  to  compare th e  various te s ts  and  draw  some 
conclusion.

Composition Difficulties.
M r. Y o u n g  rem arked  th a t  M. R onceray  had said 

som ething th a t  nobody in th is  coun try  seemed to

54
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have th e  pluck to  say. H e s a id :—“ I t  seems 
alm ost unbelievable th a t ,  even in th is tim e of pro
gress and science, th e  qualities of cast iron have 
been observed on separately-cast test-bars which 
are  en tire ly  d ifferent in s tru c tu re  from  castings.’’ 
N ot only did they  no t adm it th a t  in th is  country, 
b u t they  had  apprentices in the In s titu tio n  of 
B ritish  Foundrym en who were ta u g h t th a t  test- 
bars should be cast separately  from castings. T hat 
m ean t to  say th a t  they  w anted to im ita te  the 
a rb itra tio n  bars. Y et here was M. Ronceray say
ing i t  was alm ost unbelievable people could make 
tests like th a t . H e (M r. Young) had m ade a g rea t 
many of these a rb itra tio n  tests, and he had no 
account of any b ar cast separa te ly  from the  cast
ing hav ing  the same composition as th e  casting 
itself. Therefore they  were up  aga in s t th is, no t 
only th a t  the  te s tin g  was different b u t th a t  the 
composition itself was different. In  his own recent 
experience they  had  been cu ttin g  bars ou t of the 
castings.

The Author’s Reply.
M. R on ceray , replying, said th e  elongation in 

cast iron was exceedingly small, and th e  slightest 
defect in a te s t m ade a vast difference in  th e  re 
sult. T ha t was a difficulty w ith  regard  to  th e  te n 
sile tes t. One m ight have a very good casting  yet 
the tensile te s t m ight seem to! prove i t  was no good, 
The sounding te s t was very sensitive. Of course, 
th e  results of a  te s t depended no t only on the 
analysis and  th e  quality  of th e  iron, but on the  
way i t  poured in  the  casting, on th e  way 
i t  was cooled in th e  casting , and on th e  way 
it  was handled  afterw ards. Sometimes i t  could be 
left’ in  the  sand, sometimes i t  was got ou t quickly. 
H e had often, by way of experim ent, cast two te s t
ing pieces in  th e  sam e box from th e  same ru n n e r 
and got very different results. I t  was surprising  
w hat differences of s tren g th  th ere  were in m etal 
bars of th e  same composition. The speed of cool
ing  was of th e  first im portance, and also the 
method of tak in g  o u t th e  gases. H e th o u g h t the 
g rea test im provem ents to  be expected in th e  foun
dry  would come not from  small differences of com
position, b u t from th e  tre a tm e n t of th e  m etal in 
the  cupola, an d  afterw ards u n til th e  casting  was 
delivered.
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SAFETY WORK IN FOUNDRIES.
By R. W. Patmore (London), of the Industrial Welfare 

Society.

The Need for Safety.
A ccording to  th e  “ L abour G azette ” and  o ther 

sources of in fo rm ation  i t  is shown th a t  d u rin g  th e  
last twelve m onths an average of th ree  men have 
been killed each m onth, and  5 per cent, of th e  
workers engaged in  foundry  w ork a re  in ju red  
annually  in  th e  foundries of G rea t B rita in . W hile 
the  percen tage of accidents in th is  p a rtic u la r  
branch of in d u stry  may no t be so h igh as in some 
o ther branches (and i t  m ust be rem em bered th a t  
th e  figures and  percen tage  quoted only re fe r  to  
m olten m eta l and  does n o t include conversion of 
m etal), they are  high enough to  w a rra n t serious 
consideration , and th e  au th o r hopes th e  subject 
of his paper w ill lead no t only to  a m ere discussion 
by th e  F oundrym en’s In s titu tio n , b u t an  ac tua l 
cam paign which will n o t cease u n til i t  has m ade 
th e  foundry  th e  safest occupation in  any industry .

N ever was th e re  a tim e in  ou r in d u s tr ia l h is to ry  
when i t  w as so necessary to  e lim inate  acciden ts; 
from  now on th is  coun try  will have to  face a 
severe com petition  to  secure th e  m ark e ts  of th e  
world, and  every u n it in  th is  coun try  will have 
to  u tilise  all its resources, a ll its  s tre n g th , to 
secure and m a in ta in  its  position in  th e  in d u s tria l 
world. N ot by force of arm s will any  na tio n  g a in  
suprem acy, h u t by using  to  th e  full all th e  man- 
productive power (both b ra in  and  braw n) of its  
c itizen s ; G rea t B rita in  can n o t afford to  be u n 
necessarily handicapped  in  th is race, because of 
accidents o r lack of in d u s tria l co-operation.

Employers’ Responsibility.
For m any yeaTs employers have been ta lk ing  

abou t accident p reven tion , and  in  1912 th e  In s ti
tu tio n  se t up a  com m ittee to  fo rm u la te  certa in  
rules in o rder to  avoid accidents. No doubt m any 
employers have m ade up th e ir  m ind as to  w hat 
shall co nstitu te  safety  precautions, and  some have 
not, h u t we m ust all a t  leas t th in k  abou t it. 
There is a tendency, due perhaps to  some psycho
logical action  of th e  m ind, am ong some engaged 
in th e  m etal industry , to  th in k , because of the
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n a tu re  of the work, th a t  i t  is impossible to  elim i
n a te  accidents. W hile i t  is n o t yet possible to 
opera te  a  foundry  on a  100 per cent, record w ith 
o u t accidents for an indefinite period, i t  should 
be the  aim  and object of every m anaging director 
of a company operating  a foundry  to  a tta in  th is 
happy condition.

One of th e  hum an instinc ts (inheren t in every 
person) is to  avoid pain  and suffering. The spring 
of hum an  sym pathy is ju s t as deep and pure among 
employers as i t  is among th e  employees, therefore  
surely every member of th e  In s titu tio n  of B ritish 
Foundrym en is seeking th e  best methods, and the 
best way, to  place his p lan t among th e  100 per 
cent, record of no accidents.

Analysis of Foundry Work.
A t th is ju n c tu re  i t  should be understood th a t 

the au th o r is n o t a  m oulder by trade , or connected 
with th e  foundry  by profession; his only d irect 
contact w ith a foundry was when he was appren
ticed to  th e  engineering  branch of the  m etal in
dustry. H e then  spent six m onths of th a t  appren
ticeship in th e  foundry, which was connected with 
the works. However, in his experience as a pro
duction engineer he has had  to  lay o u t operation  
sheets—therefore , in  order th a t  th e  subject can 
be understood b e tte r i t  is proposed to  ou tline the 
ord inary  operations which tak e  place in  a foundry, 
from th e  tim e th e  p a tte rn  is received un til the  
casting leaves th e  foundry , a fte r which th e  na tu re  
of accidents th a t  sometimes occur in connection 
with each operation  will be dealt w ith, and sug
gestions p u t forw ard as to how they  m ay be 
avoided.

Operations in the Foundry.

In  th e  o rd inary  way these may be se t ou t as 
follows :— (1) L aying  surface board and p a t te r n ; 
(2) placing d rag ; (3) ridd ling  sand for facing and 
set na ils; (4) shovelling in heavy sand, ram m ing, 
venting drag  and s trik ing  off; (5) clam ping and 
rolling over; (6) m aking jo in t o r jo in ts, and 
riddling  sand  for fa c in g ; (7) placing cope o r to p ; 
(8) se ttin g  gaggers; (9) ridd ling  sand and tuck
ing b ars ; (10) liftin g  off and finishing cope o r to p ; 
(11) draw ing pa tte rn  from drag , finishing and set
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tin g  cores; (12) closing m ould; (13) clam ping 
m ould; (14) bu ild ing  ru n n e r ; (15) pouring  m eta l; 
(16) tak in g  o u t castin g ; (17) cleaning casting ; 
(18) d ispatch ing  casting .

Causes of Accident (Major and Minor).
Placing drag .— The fingers m ay be tra p p e d  o r 

foot squeezed because th e  m en a re  w atch ing  to 
place th e  drag  square w ith  p a tte rn .

R iddling  sand fo r  facing  and set n a ils .—W hen 
ridd ling  sand the m oulder is a p t to rub  h is hand  
over th e  sand ; very o ften  slugs a re  h idden  in  th e  
sand which cu t th e  flesh.

Shovelling in  heavy sand, ram m ing , ven ting  
drag, and strik ing  o f f .—G rea t care  m ust be taken 
to  have a  p roper vent. A poor v en t n o t only 
c reates bubbles and blow-holes, b u t  m ay be the  
cause of an  explosion.

Clamping and rolling over .—W hen th is  opera
tion  is being carried  o u t by use of the crane, men 
should s tan d  clear, even though  th e  box m ay be 
properly  sw ung, as the handles, owing to  c ry s ta l
lisation , m ay snap. I f  ro ller chains a re  used 
hands m ust be k ep t clear of th e  chain.

Placing cope or to p .—F in g ers  ge t tra p p e d  owing 
to w atching th e  gu id ing  m arks.

R idd ling  sand and  tuck ing  bars.— Same acci
den ts as operation  No. 3.

L iftin g  o ff and fin ish in g  cope.—Same as No. 5.
D raw ing p a tte rn  fromi drag, fin ish ing  and set

ting  cores.—I t  is a  common p rac tice  among 
moulders to  use an old file and  drive th e  tan g  
end in to  th e  p a t t e r n ; if a file is not handy  a 
spike is used. U sing a file is very dangerous, 
and  th e  cause of m any in ju rie s  to  th e  e y e ; the 
file is a p t to  pull out, or in  d riv ing  i t  in to  the  
p a tte rn  pieces of file fly. W ood screws w ith  p roper 
handles should be supplied  to  each m oulder, 
and i t  insisted th a t  th ey  be used.

Clamping m ou ld .—In  clam ping m ould i t  is 
necessary to  see th a t  bolts or clam ps a re  used 
instead  of co tter p ins, to  exam ine the bolts, and 
to  see th a t  th e  th read s  a re  n o t stripped .

Build ing R u n n er .— A bad ru n n e r will n o t only 
m aking a bad casting , b u t if too w et it  will blow.

Pouring m e ta l.—This operation  is th e  cause of 
the g rea te s t num ber of m ajor accidents, therefo re



too much caution  and care cannot be exercised. 
B urns from  m olten m eta l can be reduced by the  
use of leggings w ith flaps to  cover th e  eyelets of 
th e  shoes, also by w earing  asbestos boots. Goggles 
should be worn when pouring. I t  is very im por
ta n t  th a t  th e  fum acem en be equipped w ith  p ro
tective clothing.

W hen h and  shanks a re  used th e  executive in  
charge of th e  foundry  should m ake i t  h is special 
duty  to see th a t  th e  gangw ays a re  clear, and 
pathw ays as level as possible.

C are m ust be tak en  to  p reven t foot p lates, when 
used as pathw ays, from  ra ising  u p ; if  they  do 
men a re  liable to  catch th e ir  toe  and  tr ip . They 
should be sprinkled  w ith  d ry  gravel when pouring 
takes place.

All cranes should be fitted  w ith  gongs so th a t 
when m olten m etal is being carried  over th e  heads 
of th e  m oulders th ey  will be w arned.

All chains should be tested  every twelve months, 
and the  m axim um  load stam ped in p lain  figures.

Taking out casting .—Same as No. 5.
Cleaning casting .—The foundry  cleaning room 

is one of th e  most difficult departm ents in the  
elim ination of m inor accidents. E ye trouble  and 
deep scratches a re  th e  m ost common. I t  is not 
w ithin the province of th is P aper to deal w ith 
dust. I t  is very im p o rtan t th a t  methods should 
be applied in  everv fe ttlin g  shop to  e lim inate dust, 
because of th e  in ju rious effect upon th e  resp ira 
tory organs of those employed as fe ttle rs. Poor 
health  is so often  th e  cause of d iscontent and 
inefficiency.

The difficulty of g e ttin g  workmen to  w ear goggles 
is largely overcome when they a re  m ade to  su it 
the sight of th e  operator. A m an cannot be ex
pected to  wear goggles which, a fte r w earing  for 
about ten  or fifteen m inutes, m ake th e  eyes ache, 
anv more th a n  one would w ear glasses to  read 
w ith th a t  m ade th e  eyes ache. M anufacturers of 
goggles, especially in the  U nited S tates, a re  pay
ing particu la r a tten tio n  to  th is problem, and when 
speaking to  represen tatives, before m aking p u r
chases they  have been w illing for me to call men 
in and try  o u t several lenses before th e  sale took 
efEect.

I t  is also recommended th a t  a man be allowed
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to  re ta in  in  his possession while employed w ith  
the  company th e  p a ir  of goggles th a t  su i t  him 
best.

The steam ing  of th e  lenses is also ano ther pro
blem which is receiving care fu l a tten tio n . The 
au th o r unders tands th is  is being overcome, and  a 
m etal pencil is now on th e  m arket.

Danger of Emery Wheels.
E very possibility of danger can n o t be 

elim inated  from  g rind ing  wheels when re 
volving a t  a h igh speed. The wheel may 
be chosen w ith  g rea t care, and  be sound in every 
respect, y e t th e re  a re  m any th in g s th a t  can hap 
pen to cause a wheel to  break— a sudden jam  will 
sometimes cause a wheel to  burst. To m inim ise 
th e  resu lts of a b u rs tin g  wheel is to  have  th e  safe
guards properly  a ttach ed  to  th e  m achine.

Machine Operation.
There is no doubt in  th e  a u th o r ’s m ind th a t  the  

use of m achines in foundry  m oulding is as perm a
nen t and  evolu tionary  as the m achine is in  o ther 
spheres of ind u stria l ac tiv ity , and  as fa r  as he 
can discern th e  m oulding m achine can n o t be 
classed as hazardous, b u t care w ill have to  be 
tak en  by th e  operatives in  seeing th a t  th e  box is 
firmly and properly  secured, so th a t  th e  ja r r in g  of 
m achine w ill n o t loosen th e  bolts. Lock o r sp ring  
washers being used besides th e  n u t a re  to  be recom 
mended.

Safety and Accident Prevention.
The m anaging d irec to r who would ren d e r con

scientious safety  service m ust first of all m ake 
his p la n t as reasonably safeguarded  and  v en ti
la ted  as his resources perm it. H e m ust also get 
th e  best illum ination  possible. I t  has been th e  
au th o r’s priv ilege to  v is it some foundries since 
his re tu rn  to  th is coun try , and  he is  su re  from  
w hat he has seen th a t  foundrym en a re  alive to  
these factors, b u t no doubt th e re  a re  m any 
foundries existing  in  G rea t B rita in  to-day where 
i t  is possible to  m ake changes th a t  will n o t only 
be beneficial from  th e  view point of a safety  
engineer, b u t from  the  production  eng ineer as 
well. H owever, i t  m ay n o t be possible for the



company to  change th e  p resen t conditions p revail
ing, but i t  is possible for every m anaging director 
to  enthuse in to  his organ isation  the  sp ir it of 
safety.

Safety and Personnel.
Successful safety  work is no t based upon p re 

tence, and i t  is of v ita l im portance th a t  every 
effort, and oppo rtun ity , be taken  of proving to 
the  employees th a t  the  company is sincere; ju s t 
posting a few bulletins on safe ty  does n o t bring 
results. E xperience in  th is  work convinces those 
who have been actively engaged in accident p re
vention th a t  success does a tten d  if e ternal vigi
lance is kept, as well as a de term ination  to con
cen tra te  every energy, every resource necessary to 
minimise th e  num ber of accidents, or reduce them  
to  th e  vanishing point.

I t  is very essential th a t  th e  m anaging d irector 
sets him self the  task  to  ensure th a t th e  policy 
of opera ting  a safe foundry perm eates rig h t 
th rough  his o rganisation . H e  m ust, as i t  were, 
te s t every link  of th e  chain, see th a t  i t  is sound 
and im bued w ith  th e  same sp ir it and enthusiasm , 
in order th a t  i t  be effectual. H e m ust give the 
lead, especially to  th e  foremen.

Foreman the Keystone of the Shop.
In  any in d u s tria l establishm ent th e  foreman 

is th e  keystone of the  struc tu re , and too much 
care cannot be taken  in the  r ig h t selection of 
foremen. The a u th o r’s experience has ta u g h t him  
th a t  th e  men in  th e  dep artm en t gauge the  m an
agem ent by th e  actions of th e  forem an. Many 
boards of d irectors, m anaging directors, and 
general m anagers have received a  shock when they 
realise th a t  the  policy, which had been the  in ten 
tion of th e  company, had failed to m aterialise, 
owing to the  wrong in te rp re ta tio n  being tra n s
m itted  to  the  employees by the  forem an. How 
could i t  be otherwise, unless th e  forem an has had 
the policy of the company explained to  him  instead 
of having to  guess a t  it, or perhaps only learns 
i t  a f te r  he has been on th e  carpet?  I f  the  com
pany has any labour policy, incorporating  welfare 
and safety , th e  forem an should know of the  policy, 
so th a t he can tran sm it i t  in te lligen tly  to  those 
under his control.



The Foreman of To-morrow.

Industry  is passing through m any changes ; one 
of th e  most im p o rtan t is th e  s ta tu s  of the  forem an.

The forem an of th e  fu tu re  will be th e  produc
tion  m anager of h is d ep artm en t. H e will he 
expected to secure the best resu lts  from  th e  labour, 
m achinery and  m ateria l placed in  h is keep ing : 
he will have to  be a leader of men, display  ta c t, 
diplomacy and patience. M any of our presen t-day  
mechanics, who may be thoroughly  capable of 
doing good work, a re  slow in ad ap tin g  them selves 
to  th e  new conditions and  new su rround ings. I t  
will be the d u ty  of the  forem an to  secure for 
each m an a square  deal, and  in s tru c t th e  new 
employee in  the  li tt le  pecu liarities of th e  shop, 
for i t  m ust be noted, and  records of accidents 
prove, th a t  a la rge  percenatge  of acciden ts occur 
among new employees. I f  th e  forem an insp ires 
confidence he w ill be successful.

A nother du ty  for which th e  forem an will have 
to be made responsible is the  proper tra in in g  of the  
boys. How mlany employers ta k e  th e  tro u b le  to  see 
w hether th e  boys, o r appren tices, to  th e  tra d e , a re  
ta u g h t to  avoid doing th in g s  in  th e  w rong way? 
Is i t  n o t th e  common expression to say, “  H e 
will g e t h is usual num ber of bum ps. I  got m ine, 
and  h e  will lea rn  b e tte r  some d a y ,” b u t th a t  
some day m ay be too la te . The forem an should 
see th a t  each boy learns of th e  dangers of the  
work on which he is engaged, especially th e  occu
pational dangers which are  in h e re n t and  pecu liar 
to  th e  trad e . The au th o r is of th e  opinion th a t  i t  
will be beneficial to  th e  em ployers if in s tru c to rs  
w ere employed to  teach  th e  boys in th e  foundry , 
instead  of leaving th e  boy to  pick up  th e  tra d e  
u nder th e  presentadav system. E very  boy should 
know w hat he is doing and  why he is doing i t .

Co-operation of the Worker.
H aving  secured th e  co-operation of th e  m anag 

ing d irec to r and  th e  forem an tow ards th e  
elim ination  of accidents, th e  problem is how to  
g et th e  w orkm an to  co-operate. This is no easy 
task , and cannot be accomplished overnight, b u t 
by pers is ten t education  and  patience.



Safety and Education.
Besides th e  usual method of having a safety 

com m ittee i t  would be beneficial to  explain to the 
w orkers th a t  an accident has a threefold  effec t:—
(1) Suffering to  th e  in ju red  person, causing dis
tress of m ind, no t only to  the  person in ju red , bu t 
to  those of his im m ediate re la tiv e s ; (2) loss of 
tim e and wages to the  in ju red  person; (3) loss 
of production  to  th e  employer— (a) inab ility  of the 
in ju red  person to  perform  his usual duties, (b) 
breaking in  a new employee.

Suifering and Discomfort.
The economic wastes resu lting  from careless

ness is appalling , b u t those who stop for a 
moment to  consider th e  sorrow and desolation 
which is b rough t in to  th e  home of the  in jured  
person by the  lapse of thoughtfulness feel th a t 
they are  spurred  on to  redouble th e ir efforts in 
the work of accident prevention.

Loss of Time.
Methods should be devised to bring  home to the 

in ju red  person w hat accidents cost in the  loss 
of wages. I t  m ay be im agined th a t  th is  will be 
resented, and appear to  be adding insu lt to  in ju ry , 
but when you tell a workman in a tac tfu l, diplo
matic way, perhaps by le tte r , th a t  he has lost 
so much wages because of a m om entary lapse of 
thoughtfulness, he begins to th in k  twice before 
tak ing  risks and hazardous chances.

Loss of Production.
W hen an accident happens th e  hum an instinc t 

is n a tu ra lly  aroused. N ot only is th e  in ju red  per
son unable to  perform  his duties, b u t his nearest 
workmates a re  in terested  to  ascertain  the ex ten t 
of th e  in ju ry , and also to  render assistance. If 
the in ju ry  is severe, and will p reven t the  in ju red  
person from following his usual occupation for a 
period, he will have to  he replaced, or the  o rgan isa
tion rearran g ed  to  fill the gap.

Accident Costs are Production Costs.
Assuming th a t  this is correct, th e  cost of each 

accident, w ith  its  subsequent loss of o u tpu t, should 
be charged up  to  th e  departm en t. Surely there  
is no more logical and  b e tte r  way of bringing
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safety  to  th e  a tten tio n  of th e  su p erin ten d en t or 
forem an th a n  by add ing  to th e ir  o p era ting  costs 
the  cost of all accidents th a t  happen  in th e ir 
departm en t.

I f  you reduce accidents you inevitab ly  reduce 
replacem ent of men, and any in d u s tria l engineer 
knows th a t  th e  replacem ent of ab sen t men and 
tem porary  d isorganisation  m eans decreased p ro 
duction.

Every in d u s tria l problem, and especially the  
accident problem , when boiled down to  th e  la s t 
analysis is th e  man problem. No m a tte r  how we 
analyse th e  accident o r inven t safety devices, have 
general cam paigns on “  Safety  F ir s t ,”  we are  
forced to  come back to  th e  ind iv idual—th e  hum an  
factor. W e m ust win him , body and  soul, to  th e  
cause and  enrol him  under th e  banner of safety  
scouts; therefo re  the  au th o r is a  firm believer in  
securing th e  co-operation of each ind iv idual 
w orker, and for th is purpose he subm its a pledge to  
which th e  w orker should be asked to  subscribe h is 
bond when employed.

The Individual Pledge.
Believing th a t  a careful m an is th e  best safe ty  

device, a w orkm an on jo in ing  a firm should be 
asked to  pledge him self to  (1) keep him self fit, good 
health  being the  essential requ isite  for all things-, 
(2) rep o r t to  th e  am bulance room for tre a tm e n t 
upon th e  rece ip t of th e  sm allest w ound or scratch , 
th e  neglect of which m ay resu lt in blood-poison
ing and d ea th  ; (3) use all safe ty  appliances, clo th ing 
and guards which have been provided fo r him  and 
his fellow-workmen, and  to  see th a t  they  a re  
taken  care of, k ep t and  used in  th e ir p roper 
places; (4) n o t to  w ear loose clo th ing  around  
moving m achinery ; (5) n o t to  use unsafe  tools, 
b u t to  rep o r t such to  his fo rem an ; (6) to  
w ear goggles when pouring , g rin d in g  and ch ip
ping, o r perform ing  any  opera tion  w here m ate ria l 
may fly and  cause in ju ry  to  th e  eye; (7) to  keep 
th e  floor space in the  im m ediate v ic in ity  of his 
work clear of objects over which he o r o thers 
m ay fall ; (8) to  be carefu l in h and ling  and  p iling  
m ateria l so th a t  no serious in ju ry  m ay resu lt to  
passers-by; (9) to  be ju s t as carefu l of a fellow- 
w orkm an’s life  as he is of his own, rem em bering 
th a t  he, too, m ay have dependen ts; (10) to  repo rt
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to th e  forem an a t  once all unsafe conditions and 
practices which may come to  his knowledge.

Education and Safety.
In  add ition  to th e  ind iv idual pledge, g re a t suc

cess has resu lted  th rough  th e  cinem a. The au thor 
recalls one film which h is fr iend  M r. T enner, one 
of th e  safety  engineers of th e  U.S. Steel C orpora
tion , used to  exhibit, called “ Steel Tow n.”  W hile 
the  condition and  types of employees a re  different 
in A m erica from  those of G rea t B rita in , it  is a 
psychological fac t th a t  th e  b ra in  records a more 
lasting  im pression on any subject o r object when 
tran sm itted  th rough  th e  m edium  of th e  eye th an  
th a t  of th e  ear, so i t  is to  be hoped th a t  a  tim e 
will come when those responsible for m an u fac tu r
ing films, and those conducting cinem a thea tres , 
will co-operate w ith those responsible for industry  
to  exh ib it a  film hav ing  for its purpose th e  neces
sity  of using cau tion  and  th ough t in  daily 
occupation.

The day m ust come—and sooner th e  b e tte r— 
when education ists will see th e  necessity of in
cluding in th e  cu rricu la  of th e  schools some simple 
lectures on accident prevention, in order to tr a in  
the  boys and g irls in  the  elem entary principles 
of safety, so th a t  when they  go o u t in to  th e  world 
they  will be b e tte r  equipped m entally  to  avoid 
the  common dangers connected w ith th e ir  voca
tion.

First Aid.
A P ap er on safety would n o t be complete unless 

reference was m ade to  the  rendering  of F ir s t  Aid 
to th e  in ju red . W hen an accident happens every 
facility  should be a t  hand  to  relieve as quickly 
as possible th e  p a in  and distress of m ind. I t  
would be of g re a t advan tage  if every w orker would 
voluntarily  tak e  a course of in s truc tion  in  F irs t 
Aid to th e  in ju red , so th a t  they would be prepared  
to render efficient he lp  in  tim e of need.

W hile i t  may no t be w ith in  th e  province of th is 
P aper to  ou tline w hat should constitu te  a well- 
equipped first-aid sta tion , th e  au tho r takes the 
liberty  of calling  a tte n tio n  to  th e  Home Office 
regu lation , d a ted  1917, No. 1,067, “ F ir s t  Aid 
and Ambulance S ta tion  in F o u n d rie s” :—-

“ In  every foundry  to  which th is O rder applies,
D
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and in which th e  to ta l num ber of persons employed 
is 25 or more, th e  occupier shall provide, in  readily  
accessible positions, ‘ F ir s t  Aid ’ boxes or cupboards 
in  the p roportion  of a t  least one to  every 150 
persons.

“  The num ber of ‘ F ir s t  A id ’ boxes or cup
boards required  u nder th is  provision shall be cal
culated  on th e  la rg est num ber of persons employed 
a t  any one tim e, and any  odd num ber of persons 
less th a n  150 shall he reckoned as 150.

“ Provided (1) th a t  an am bulance room m ain
ta in ed  in  conform ity w ith  pa rag rap h s 6, 7, and  
8 of th is  O rder m ay be counted  as one of th e  ‘ F ir s t  
Aid ’ boxes or cupboards requ ired  by th is  O rder;
(2) th a t  the requ irem en t of ‘ F ir s t  Aid ’ boxes or 
cupboards shall n o t apply to  a b last fu rnace  if an 
am bulance room is provided and  m ain ta in ed  as 
aforesaid.

“ E ach ‘ F ir s t Aid ’ box o r cupboard  shall con
ta in  a t  least :— (1) A copy of th e  1 F ir s t  Aid ’ 
leaflet issued by th e  F ac to ry  D ep artm en t of th e  
Home Office; (2) th ree  dozen sm all size sterilised  
dressings fo r in ju re d  fingers; (3) one dozen 
m edium  size sterilised dressings for in ju red  hands 
or f e e t ; (4) one dozen large size sterilised  dress
ings for o ther in ju red  p a r ts ;  (5) one bo ttle  of eye 
drops; and  (6) sterilised  cotton wool.

“ E ach  ‘ F ir s t  A id ’ cupboard shall be d is tinc
tively m arked, and  if  newly provided a f te r  the  
d a te  of th is  O rder shall be m arked p lain ly  w ith  a 
w h ite  cross on a  red  ground.

“ N othing except appliances or requ isites for 
‘ F ir s t  Aid ’ shall be k ep t in  a ‘ F ir s t  A id ’ box or 
cupboard.

“  E ach  ‘ F ir s t  Aid ’ cupboard  shall be k ep t 
stocked and  in  good o rder, and  shall be placed 
u nder th e  charge of a responsible person who shall 
always be read ily  available du rin g  w orking hours.

“  A notice o r notices shall be affixed in  every 
workroom, s ta tin g  th e  nam e of th e  person in  
charge of th e  ‘ F ir s t  A id ’ box o r cupboard  pro
vided in  respect of th a t  room.

Ambulance Room.
“ In  every factory  to  which th is  O rder applies 

and in  which th e  to ta l num ber of persons em
ployed is 500 or more the  occupier shall provide 
and m ain ta in  in good order an  am bulance room.
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“  The am bulance room shall be a separa te  room 
used only for th e  purpose of tre a tm e n t and rest. 
I t  shall have a floor space of no t less th a n  100 
sq. f t .  and  smooth, h a rd  and im pervious walls and  
floor, and  shall be provided with ample m eans of 
n a tu ra l and  artific ia l ligh ting . I t  shall contain 
a t  leas t :— (1) A glazed sink  w ith  h o t and  cold 
w ater alw ays available; (2) a tab le  w ith  a  smooth 
to p ; (3) m eans fo r sterilis ing  in s tru m en ts ; (4) a 
supply of su itab le  dressings, bandages, and sp lin ts; 
(5) a  couch; (6) a  stre tcher.

“ W h ere  p erso n s o f  b oth  se x es  are em ployed  
a r r a n g e m e n ts  sh a ll b e  m a d e  a t  th e  am bulance  
room  fo r  th e ir  se p a r a te  tr e a tm e n t.

“  The am bulance room shall be placed under 
th e  charge of a qualified nurse, or o ther person, 
tra in e d  in  * F ir s t  A id ,’ who shall always be readily  
available du rin g  w orking hours, and shall keep a 
record of all cases of accident and sickness tre a ted  
a t  th e  room.

Ambulance Carriage.
“  At every foundry  to which th is Order applies, 

and in which the  to ta l num ber of persons employed 
is 500 or more, th e  occupier shall, for the  purpose 
of the  rem oval of serious cases of accident o r sick
ness, provide on th e  premises and m ain ta in  in 
good condition a  su itab ly  constructed ambulance 
carriage, unless he has m ade arrangem ents for 
ob tain ing  such a  carriag e  when requ ired  from  a 
hospital or o th e r place in  telephonic comm unica
tion  with th e  fac to ry .”

I t  is recom mended th a t every member of th e  In 
s titu te  will look upon these regu lations as the  m in i
mum and no t th e  maxim um  requirem ents.

H aving  outlined some of the causes of accidents 
in a foundry , and in  a brief way suggested methods 
as to  how they may be avoided, th e  au thor hopes 
th a t  as th e  resu lt of th is  session th e  num ber of 
accidents in th is ind u stria l occupation will no t 
only be reduced, b u t e lim inated  altogether. I t  has 
been said th a t  “  no th ing  is impossible, b u t i t  takes 
litt le  longer tim e to  do i t .”

T his no  doubt applies to  th e  problem of acci
d en t p revention. L e t each and  every one engaged 
in industry  make as his slogan, “ No accidents 
to-day."

-  d  2
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Discussion.
M r . A. R. B a r t l e t t  (London) poin ted  out th a t  

a m an who was tem porarily  disabled th rough  an 
accident was frequen tly  a d irec t loss to  h is em
ployer in  regard  to production , because th e re  was 
n o t only delay, b u t in  finding a m an to  ta k e  his 
place they  m ight no t secure one so efficient o r so 
well acquainted  w ith th e  conditions of th a t  p a r
ticu la r job. H e favoured a m achine ridd le  fo r 
sand, and w herever possible using  m echanical 
means and  having them  properly  safeguarded . H e 
suggested th a t  employers should t r y  to  in te re s t 
th e  men in  safe ty  m easures, and  i t  m u s t neces
sarily  s ta r t  w ith  th e  m anagem ent. A t th e  sam e 
tim e i t  was very  difficult to  g e t th e  m en to  w ear 
goggles. L ig h tin g  and  v en tila tin g  were g re a t 
points in safety, b u t the  first essential was cau tion .

THE MANUFACTURE OF LIGHT STEEL CASTINGS. 

By H. Bradley (Sheffield).
In  th is P ap e r, which has reference  to  th e  prac

tice of ligh t steel castings, any reference to  aca
demic o r laboratory  p rac tice  has been purposely 
om itted . I t  is d ea lt w ith  from  th e  a u th o r’s p rac
tica l experience of a genera l jobb ing  steel foundry , 
m aking all classes of steel castings from  a few 
ounces up to  14 tons in th e  rough, and  w ith  m etal 
of carbon con ten t v ary ing  from  0.08 to  1 per cent, 
and over, and  add itionally  in  chrom e and 
m anganese steels.

The Plan of the Foundry.
To run  a foundry  successfully, th e  la rg es t o u tp u t 

w ith tlip m inim um  am ount of hand ling  m ust be 
a tta in ed . Tb carry  o u t th is  successfully, th e  shop 
should ibe p lanned fo r th e  p a tte rn  to  e n te r a t  one 
end (where th e re  should lie shelves o r pockets to  
receive it) and th e  core boxes w ith  card  a ttached , 
w ith works order num ber, descrip tion  and  q u a n tity  
off. The card  is ru led  a t  back, so th a t  each day ’s 
cast may be en tered  thereon . W hen th e  p a tte rn  
and core boxes are  given to  th e  m oulder th e  card  
should have th e  m a n ’s check num ber m arked  on, 
toge ther w ith  th e  date.

W hen possible th e re  should be a  separa te  bay for 
dry-sand moulds. The work for d ry  sand  should be
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commenced a t  the  end of the  shop, then  carried  
down to the  dry ing  ovens, then  to  th e  closing and 
casting  floor, where the  moulds should be arranged  
in s tra ig h t lines, and all ru n n e r 'bushes should be 
as n ea r one heigh t as possible, so as to  avoid hoist
ing o r lowering th e  ladle. The steel p la n t should 
th en  be fixed as n ear as convenient, u tilising  the 
floor nearest to  i t  for the  ereen-sand moulds, as 
these a re  generally of the  ligh test section of cast
ings, and, therefore , requ ire  th e  steel when in its 
most fluid sta te , to  avoid short- or fa in t-ru n  cast
ings.

W hen the  steel is a li tt le  on th e  stiff side i t  can 
be used for the th icker section castings. The boxes, 
a f te r  casting , should th en  pass on a  litt le  fu r th e r 
to  be knocked o u t and  exam ined, and a note taken  
of th e  good and defective castings and recorded on 
the  back of th e  above-m entioned card . W hen the 
job is completed th e  ca rd  should then  be handed in 
to  th e  foundry office, th e  castings going forward 
to the  cleaning o r dressing shop, which should be 
a t  r ig h t angles to  th e  m oulding shop, w ith tram  
lines runn ing  from  one to th e  o ther.

The fe ttlin g  o r dressing shop should be equipped 
with shot-blast p lan t, oxy-acetylene burn ing  p lan t, 
and bo th  c ircu lar and band  saws, according to  size 
and class of work and  ou tp u t. The castings should 
th en  go to  the  m achine shop and  despatch shed.

The Making of Castings.
The first th in g  to  consider is th e  p a tte rn  m aking, 

which depends, firstly, on th e  q uan tities  of cast
ings requ ired  from  each. A good wood p a tte rn  will 
w ithstand th e  m aking of 500 castings from, it, 
e ith e r by hand o r machine. I f  rep e titio n  work is 
carried  ou t, th en  e ither brass o r w hite-m etal p a t
te rn s  a re  necessary, which should be on th e  m a
chine for small castings. 'The au th o r p refers the 
hydraulic m achine for boxes up to  24 in. round or 
square, and fo r deep-lift p a tte rn s  the  roll-over m a
chine. F o r any th ing  over 24 in. th e  ja r r in g  m a
chine can be used to  b e tte r advantage.

The difference in  m aking a p a tte rn  for machine 
moulding -and h and  m oulding is th a t  i t  is always 
necessary to  fix core-prin ts to  th e  p a tte rn  fo r the 
form er under any p a rts  th a t  a re  undercu t, as the 
sand is ja r r in g  downwards, therefore , i t  n a tu ra lly
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p a rt.

Tackle .—The boxes should be s trong , ligh t, and 
made of steel. They should a ll be interchangeable 
according to  th e  various sizes e ith e r fo r hand  or 
machine. The double lug  box is best, g iving a 
tr u e r  a lignm ent. T he double lug can be e ith e r a 
slot and hole o r two holes.

F o r  p a tte rn s  w ith  small q u an titie s  off and  in t r i 
ca te  jo in t, a  p laster oddside should be m ade, as 
they  a re  easy, cheap, and durable.

F o r la rge  orders o r rep e titio n  work, m achines a re  
a necessity. They do good in two ways, i.e ., by re
ducing costs, and  increasing  o u tp u t on  th e  jobs 
they  a re  w orking. They also speed th e  w ork up 
generally in th e  shop. Two boys w orking a  m achine 
w ith  boxes 10 in . by 10 in. by in. have produced 
180 complete m oulds in th e  day w ith  from  tw o to  
four cores in  each. Two youths, 17 to  18 years of 
age, have produced 62 moulds, 1 8 | in. by 16 in. by 
5 in . deep, pa in ted  and blacked. The q u an titie s  
vary  according to  size of boxes and  design of cast
ings. To g e t th e  full advan tage  from  th e  la rger 
m achine i t  is essential th e re  should be an electrio 
c rane  specially for its  use.

F o r large q u an titie s  of lig h t castings th e  Tro- 
penas vessel o r electric fu rn ace  is to  be recom 
m ended.

To ensure sound steel castings i t  is essential to 
have in th e  first place a good steel, th a t  is, steel 
con ta in ing  th e  co rrec t composition fo r th e  work 
required , and  p roperlv  “ k illed ,”  in  o rd e r to  ensure 
i t  ly ing quietly  in  th e  mould. I t  is also as essential 
th a t  th e  sand foe su itab le ; if being used green, i t  
should have ju s t th e  co rrec t m oistu re , and ju s t 
sufficient bond to  work it . Sand, in th e  first place, 
should alw ays be dried  before m illing  in  o rd e r to  
ge t th e  requ ired  m oisture by add ing  w ater, and  th e  
necessary b ind ing  m ateria l. The au th o r p refers to  
use th e  n a tu ra l sands w henever possible. The 
sands generally used in E ng land  fo r steel castings 
are  B elgian loam, used e ith e r by itself o r w ith  a 
small am ount of silver sand, C ornish loam w ith  
silver sand, and  Y orkshire sand  w ith silver sand. 
Of the  th ree  m entioned, th e  au th o r p refers Y ork
shire, as i t  is easy to  work, is tough, b u t n o t1 too 
close, gives a good skin on e ith e r dry- o r green-
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moulded castings, and does no t oake in the  mill as 
much as th e  first two. F o r cores, th e  au th o r’s 
practice is to  mix e igh t p a rts  of silica to one of 
Y orkshire and up  to  4 to  1 for moulds, varying, 
of course, according to  weight and design.

Running and Feeding.
W here possible the best system is bottom  runners, 

and in one of th e  th in n e r sections of the  casting. 
C areful judgm ent is requ ired  for feeding heads to  
have th e  required  size and in  th e  r ig h t place in 
order to  ge t a solid casting  and  avoid w asting 
steel.

V ery soon a f te r  casting  all runners and  feeding 
heads should be released so as to  enable th e  con
trac tion  to  tak e  place and avoid having a pull in 
the casting .

W hen th e  p a tte rn  is made, i t  should in the  first 
place be tak en  in to  consideration as to  whether 
the casting  is to  be m ade green o r dry, and the 
decision generally arrived  a t  is biased on how much 
m achining is to  be done on the  casting, and 
w hether th e  difference in th e  two methods of mould
ing is w orth th e  risk  of m aking an unsound casting 
by m aking it  in  green sand. A fu r th e r  considera
tion  depends upon design of th e  casting. In  such 
cases i t  is essential to  m ake i t  green to  allow 
for th e  con traction  s tra in s  tak in g  place and pre
venting  th e  casting  pulling  in to  pieces. In  some 
cases th e  w eight and design m ust be taken  into con
sideration  in deciding these points. I f  th e re  is no 
danger of th e  casting  pulling  w ith a dry-sand 
mould owing to  design, i t  is always much safer to  
produce a sound casting  from  dry-sand work th an  
from green-sand work, owing to th e  properties of 
the  steel used for casting. Of course, th e re  are 
m any different designs of castings to  be contended 
with, and th e  g rea test troub le  given to  a steel 
foundry  m anager is often caused by th e  designer 
not having had  any steel foundry  practice. To 
produce good, sound steel castings i t  should always 
be th e  aim  to  have th e  thicknesses of th e  m etal as 
much alike as possible. W herever th ick  o r bulky 
pieces of steel a re  joined to g e th er w ith ligh ter 
sections, m eans have always to  be found (if the 
design cannot he altered) to  overcome th e  diffi
culties encountered. This can be achieved e ither by 
using chills or causing th e  th ick  portion  to  freeze
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sections. In  some cases, however, a re inforcem ent 
is used, b u t th is  is n o t always a  wise policy, owing 
to  th e  possibility of a m ishap, a f te r  the  casting  is 
p u t to  work, disclosing th e  re in fo rcem en t in  any 
frac tu re . N a tu ra lly , th e  blam e would s tra ig h t
away be p u t down to  th is  m ethod. This can be 
fu r th e r  illu s tra ted  By a  la rge  mill p in ion casting  
of, say, 2 f t . 6 in. too th  face by 3 f t . d iam ete r in 
th e  too th  portion , reduced down to , say, 18 in. o r 
so on th e  neck portion . The best m ethod of p ro
ducing th is class of casting  is to  have i t  cored out. 
A t tim es, however, i t  is found th a t  engineers object 
to  th is  m ethod of coring  o u t. They s ta te  they  
m ust have a  solid casting . In  o rd e r to  m eet th e i r  
views, as fa r  as possible (which steel founders, of 
course, have to  do), i t  isi endeavoured to  produce 
a  solid casting . This, however, is an  im possibility 
w ithou t some m ethod of re inforcem ent, as i t  is 
impossible to feed th e  body p o rtion  of th e  casting  
of the  dim ensions m entioned, th ro u g h  th e  size of 
th e  neck and  th e  wobbler. T herefore, th e  m ethod 
of re inforcem ent has to  be used. T his is accom
plished by p u tt in g  in  w hat is called locally a 
“  dum m y,”  sufficiently la rg e  to  p rev en t th e  p ipe 
form ing th rough  th e  top  neck and  wobbler, which 
would ta k e  p lace unless som ething of th is  descrip
tion  was carried  out.

A gain, in th e  case of hydrau lic  cylinders, in 
m ost steel foundries th e re  does n o t seem to  be 
any  set way in  which to  cast them . This is done 
e ith e r m outh  dow nwards o r upw ards, b u t in  any 
case th e re  should be ta k e n  in to  consideration  th e  
location of th e  la rg e  bulk  of th e  steel, and  th e  
best m eans of feeding it . As will be realised , i t  
is necessary to  feed all steel castings from  th e  
head. In  iron foundries, a  w rought-iron  o r  m ild 
steel feeding rod is used, and  sm all shanks of 
m etal a re  poured in  tim e  a f te r  tim e  u n til i t  is 
set. This method can n o t be adopted  in a steel 
foundry, as i t  would pull o u t th e  steel in stead  of 
causing i t  to  become m ore solid, as in th e  case of 
iron castings.

A nother useful illu s tra tio n  is th a t  of locom otive 
castings. The various p a r ts  of these  a re  ra th e r  
troublesome to m ake, owing to  th e  vary ing  th ick 
nesses of th e  s tren g th en in g  b rackets, and  i t  is 
necessary to  give much consideration  before s t a r t 
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ing work, otherw ise much trouble  is certa in  to 
resu lt. These castings a re  very often m ade as 
lig h t as possible, and th 'c k  and th in  sections are  
m ore usually  encountered in th is  class of casting 
th an  in m ost o ther classes of work.

Core Making.
The core shop should be self-contained, w ith 

special d ry ing  ovens, as these play an im portan t 
p a r t  in  th e  m aking of good castings. The stoves 
should have facilities fo r e lim inating  th e  
m oisture, as most cores a re  m ade e ither w ith oil- 
sands of B indsandrite , which under the  slow 
baking throw s off much steam  o r m oisture. The 
sand fo r cores should be very carefully  regulated  
for d ifferent classes of w ork; should be very 
refrac to ry , w ith  ju s t sufficient bond to  stand  up 
to- th e  steel, as th e re  a re  so m any castings which 
if th e  core does n o t collapse very quickly would be 
w asters, especially in m anganese castings such as 
tram w ay points and  crossings, owing to  th e  con
trac tio n . A m achine for m aking stan d ard  cores 
is a g re a t help, as o rd inary  s tan d ard  round cores 
can be stocked and k ep t in  dry  places. Obviously 
i t  produces a be tte r core, as wooden boxes g e t out 
of shape.

Fettling.
C leaning plays a  very im p o rtan t p a r t in the 

costs, and is always a  g rea te r speculation th an  
any o ther process, owing to  so many contributory  
causes. I t  may be th e  sand, or th e  “ compo,” 
b u t generally, in th e  au th o r’s opinion, i t  is owing 
to  casting  th e  steel a t  wrong tem pera tu res. 
I t  will be realised th a t  w ith a ladle of steel, vary 
ing from , say, 36 cwt. to  56 cwt., i t  is alm ost 
impossible to  have sufficient moulds on th e  floor 
a t  one tim e  to  ta k e  i t  a t its vary ing  tem pera tu res 
to  su it all castings. B u t m any of th e  troubles in 
th is  d ep a rtm en t can certa in ly  be overcome w ith 
a good shot-blast p lan t, pneum atic  ham m ers, and 
swing grinders. There a re  th ree  methods of 
rem oving th e  feeding heads—burn ing , sawing, and 
cu ttin g  by th e  la the, and obviously th e  choice will 
be determ ined by th e  design of th e  casting.

Annealing.
I t  ig obvious th a t  th e  question of annealing  

depends largely upon th e  size of th e  foundry , and
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opinion, is th e  gas-fired stove, b u t fo r general 
jobbing work, w here all classes have to  be dealt 
w ith, th e  movable top  is as cheap as any for 
fa irly  la rge  q u an tities . F o r quick  and  u rg en t 
work—say where i t  is requ ired  to  cast one day 
and  deliver th e  nex t— a  sm all handy  fu rn ace  of 
abou t 8 f t .  by 5 f t .  w ith  a  door a t  th e  fro n t of th e  
fu rnace  can be bu ilt, and  operated  w ith  lever and  
balance w eight.

In  conclusion, th e re  a re  m any o th e r po in ts 
a p p erta in in g  to  th e  m an u fac tu re  of steel castings, 
b u t those enum erated  should be sufficient to  
provoke an in te re s tin g  and profitable discussion.

Discussion.
M r . B r a d l e y  em p h a sised , in  in tr o d u c in g  h is  

P a p e r , t h a t  h e  w as sp e a k in g  from  a. jo b b in g  s te e l-  
fo u n d e r ’s s ta n d p o in t , d e a lin g  w ith  th e  sa n d  prob
lem  an d  p o u r in g  te m p e r a tu r e , a n d  w ith  o b ta in in g  
a g o o d , so u n d  c o m p o sit io n . H e c o n tr a s te d  th e  d if 
f e r e n t  r e q u ir e m e n ts  fo r  r e p e t it io n  a s  d is t in c t  from  
jo b b in g  w ork , p o in t in g  o u t  t h a t  in  th e  la t te r  ca se  
i t  w a s m o re  d ifficu lt t o  m a k e  g ood  s te e l  c a s t in g s ,  
a n d  r e m a r k in g  t h a t  i t  w a s e s se n t ia l th e y  sh o u ld  
h a v e  m a c h in e s  fo r  d o in g  c e r ta in  c la sse s  o f  r e p e t i
t io n  w ork .

Research on Sand Necessary.
M r . F . M elmoth (B rain tree) observed th a t  an 

enorm ous am ount of m eta llu rg ica l investigation  
had been expended on steel production , and they 
had  to  adm it th a t  th e ir  knowledge of steel was 
infin itely  g rea te r th a n  th e i r  knowledge of sand. 
I t  was a  sim ple m a tte r  to  tu rn  o u t stee l p er
fectly su itab le  fo r lig h t castings, b u t i t  was more 
difficult to  tu rn  o u t su itab le  lig h t steel oastings. 
A fte r th e  steel le f t  th e  fu rn ace  i t  was su b jec t to  
various influences of e ith e r  inco rrec t m ethods of 
casting , speeds of casting , o r inco rrec t sand . As 
to  th e  card  system, he th o u g h t i t  was in  o p era tion  
in  every m odern foundry , b u t th e  p o in t he had  
noticed was th a t  i t  appeared  to  be very o ften  over
done, and in some cases th e  card  system  cost nearlv  
as much as th e  casting. The ru n n e r  bushes should 
be abou t th e  sam e heigh t, so th a t  th e  ladles 
would n o t have to  be ra ised  o r lowered. L ig h t 
steel castings as a p roduction  a rtic le  were usually
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m ade in th e  mass production shop. W ith  regard  
to  th e  po in t of p u tt in g  green sand castings n earer 
th e  source of th e  steel because they  were ligh ter 
sections, in Am erica the  oonviction was th a t  light 
castings required  d ry in g  more th a n  the 
heavier ty p e ; th a t  was, w ith in  reasonable lim its. 
H e had  ca rried  o u t a  g re a t deal of work on ligh t 
castings, and he was ra th e r  coming round  to  th a t  
Way of th ink ing . M r. B radley had  m entioned 
electric w elding, and there  was no doubt, electric 
welding was considerably cheaper th an  acetylene 
welding. H ad  th e  au th o r found ou t any appre
ciable difference in  fluidity  in th e  m anufactu re  of 
steel oastings by th e  pneum atic  processes as com
pared1 with th e  electric fu rnace?  H e appreciated  the  
rem arks on design, and said th a t  they would secure 
cheaper and b e tte r  castings if th e  designer would 
consult the foundrym an before he made his design.

Temperature Queries.
M r. D arley  asked w hat was th e  correct casting  

tem pera tu re , seeing th a t  th e  speaker alluded to  
th e  difference i t  made in  the casting . H e found 
th a t  he  could n o t definitely ascertain  w hat the  
correct tem p e ra tu re  was. The reason why steel 
was m ore difficult to' handle th a n  cast-iron was 
because of con traction . M r. Bradley did n o t give 
any idea of w hat tem pera tu re  he annealed the 
castings, and he would like to' know w hether he 
annealed all small steel castings, because with 
d ifferent carbons they required  d ifferent tem pera
tu res  for annealing.

M r . W il k in s o n  said th e  whole question was an 
extensive one, and one hardly knew where to  begin 
to  discuss it. As to  th e  pouring tem pera tu re , 
th e re  was only one, and th a t  was th e  highest to 
which they  could g e t th e  m etal. H e said th is 
w ithout any reservation  w hatever from long expe
rience, and obtained oastings en tire ly  free from  
cracks. C racks occurred d u ring  th e  se ttin g  or 
freezing of th e  m etal, he said  in describing an 
experim ent in  which th e  m etal was poured a t  differ
en t tem pera tu res and  the  mould was a ltered  so 
th a t  th e  casting  con tracted  in  th e  sand. H e 
advised th a t  moulds should be constructed so th a t 
contraction  could properly tak e  place. Anyone 
having trouble w ith lig h t steel oastings, he recom
mended th a t  they should cast them  w ith a small 
ga te  and m ake th e  mould SO' as to allow for con-
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t ra c tio n ; good resu lts would follow. In  his 
opinion there  would be no lig h t steel castings in 
g reen sand moulds in fu tu re  year®. B u t he should 
n o t oare to  t r u s t  th ree  to> four to n s of steel in 
green, sand moulds. I t  was cheaper to  m ake a dry 
sand mould th a n  a  green one, and  th e re  was th e  
advan tage  of th e  elem ent of safety  in th e  d ry  sand 
mould which was en tire ly  absen t in  th e  green sand. 
I f  i t  cam e to  a question of w hich was th e  best 
green sand, i t  was possible to  m ake sand m ix tu res 
w ith alm ost any o rd in a ry  iron founders’ sand th a t  
would give m oderately successful surfaces on  green 
sand castings. W here m ost foundrym en w ent
w rong on green sand w as in  m ak ing  i t  too  dam p. 
The difficulty was to  work th e  sand  rvell on th e  d ry  
side, y e t sufficiently s trong  to  res ist th e  m etal, bu t 
i t  was possible to  ge t sand w ith a f a i r  am o u n t of 
bond and  y e t dry  enough to  perform  its  function  
properly.

Temperature Variations from Bottom Pouring Ladles.

M b. F a u l k n e r , a f te r  th a n k in g  th e  lec tu re r, re 
m arked th a t  in  discussing th e  question  of ligh t 
steel castings they  w ere up ag a in s t a  difficult pro
position. W ith  th e  exception  of a  few leading 
firms, th ey  were much behind th e i r  C on tinen tal 
com petitors. And some of th e  less-known m etal
lu rg ical coun tries knew  more abou t lig h t steel cast
ings th a n  they  d id  ; indeed, he believed, th e  best 
steel castings w ere m ade in  I ta ly , w ith Sw itzerland 
a good second.

W ith  reference  to  th e  casting  te m p e ra tu re  it  
should be poin ted  o u t th a t  th e  first drop of m etal 
o u t of a  bo tto rm pouring  ladle h av ing  been in 
d irec t co n tac t w ith  th e  bottom  of th e  ladle would 
be cold. The m eta l followdng would he h o tte r , 
being draw n from  th e  body of th e  ladle u n ti l such 
tim e  as th e  “ tim e  fac to r ’ ’ began seriously to  ope
ra te . The flu id ity  of electric steel had  been ad 
versely critic ised , due, no doubt, to  the  fa c t th a t  
opera to rs, used to  hand ling  tool steel, had  been 
called upon to  m ake steel fo r castings, and  con
trived  to  give to  th is  m etal th e  sam e “ deadness ” 
as th a t  necessary fo r tool steel. This, th e  speaker 
affirmed, is n o t necessary, for, according to  D r. 
Desch, exceptional deadness e lim inates all exo
therm ic  reactions such as one associates w ith  steel 
made by the  older processes.
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Dry or Green Sand Moulds ?
M e . H a e l e y  (Coventry) rem arked th a t  he had 

been concerned w ith  ligh t steel castings in enor
mous q u an tities  for th e  p a s t twelve or fourteen 
years, ran g in g  from, 1 oz. to  3 cwt. One speaker 
had said no green  sand steel moulds would be 
m ade, and  he was n o t sure w hether to  support th a t  
o r not. H e had m ade hundreds of thousands of 
lig h t steel castings, including lorry wheels, and 
they  had  cast these lorry wheels in  green sand en
tire ly  and w ith  satisfactory  re su lts ; in fac t, they 
had never had  a steel lorry wheel re tu rned . T h a t 
would prove th a t  th ere  was n o t much wrong w ith 
th e  method of m anufactu re . In  theory casting  in 
green sand was the  best. In  his opinion a g rea t 
deal of th e  troub le in m aking steel castings arose 
from  casting  them  in dry  sand moulds. In  w eights 
such as he had  given th ere  was, perhaps, no choice 
in th e  m atte r , and up to  those w eights he cer
ta in ly  should n o t advocate d ry  sand. They had 
sufficient to  contend w ith  in th e  “ pulling ”  of mild 
steel, which had  abnorm al con traction  com pared 
w ith oast s te e l; b u t they intensified th e ir  difficul
ties by u tilising  h ard , re s is tan t dry-sand moulds. 
They m ust so design th e ir1 p a tte rn s , and m ust help 
th a t  by hav ing  a  soft, un resisting  sand mould, to  
allow th e  n a tu ra l con traction  to  tak e  place. If 
con traction  took place to  th e  full ex ten t, then  they 
would no t have th e  annoying trouble of cracking. 
W hen they  s ta rted  on road wheels they  w ent in to  
th is m a tte r  and they  allowed too little , because the  
final wheels contracted  m ore and became too email. 
C ontraction  was caused in ano ther w a y ; i t  was 
very essential in m aking  any castings th a t  the  
m etal should not be too h igh  in  phosphorus, 0.07 
per cent, being th e  m axim um . H e favoured 0.05 
per cent, for both  su lphur and phosphorus. Re
specting pouring  tem pera tu res, i t  was no use a t
tem p ting  simply to  reach a  li tt le  above th e  m elting 
point. The m etal m ust be tak en  above th e  m elting 
po in t by 300 deg. C., and even w ith th a t  m argin  
no tim e m ust be w asted in  g e ttin g  th e  boxes cast.

Facing Sand.
As to  sand, he a t  one tim e th o u g h t he should 

have to send to  Sheffield for special m ixtures, which 
were, of course, fa irly  expensive. B u t he soon
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dropped them , because he found th a t  w ith in  the  
lim its of w eight he h ad  m entioned they  could 
m ake perfectly  good sand  m ix tu res w ith  o rd in ary  
red  m oulding sand, and m ix ing  i t  up to  a  vary ing  
ex te n t w ith  o rd in a ry  floor sand and  silica  sand. 
B u t th e  basis of all sand m ix tu res was red  sand, 
which he ob tained  from  anyw here round  B irm ing 
ham  o r T ipton. H e  would' like to  em phasise one 
point, th a t  they  m ust n o t tr y  to  g e t on fac ing  sand 
th e  m axim um  refrac to riness . Everybody seemed 
to  in s ist in steel castings th a t  th e  m axim um  of re
frac to riness wag an essen tial cond ition  upon being 
able to  m ake a good castin g  surface. B u t b is ex
perience was th a t  th e  m ix tu re  should be so regu 
la ted  th a t  i t  ju s t  nearly  reached  th e  p o in t of 
fusion, in  co n tac t w ith  th e  m olten m etal. I f  th a t  
was done, they  would find th e  sand  caked, and th a t  
th e  cake came off very easily and  le f t  a  beau tifu l 
su rface on th e  casting . H e  m ust s ta te  also th a t  
he did n o t give way to  th e  I ta lia n s ’ steel castings, 
o r those of any  o th e r C o n tinen ta l coun tries in  th e  
finish of such castings by th e ir  E nglish  converter 
process. H e found th a t  for every day-to-day 
work th e  converter process gave the  most reliable 
results .

The Author’s Reply.
Me . B r a d t . e y ,  whom th e  P re s id en t said would 

deal w ith  th e  questions ra ised  in  w riting , briefly 
and hu rried ly  replied on account of th e  lateness of 
th e  hour. C erta in ly  they  requ ired  th e  card  system 
as a gu ide and  a record. G enerally  speaking, in 
the  rep e titio n  shop they  would expect to  use green 
sand. They all p re fe rred  e lec tric  w elding where 
possib le; i t  was m uch quicker and  cheaper than  
the  o th e r  processes. A question  was asked as to 
oxy-acetylene being much b e tte r  because i t  took 
longer to  genera te  th e  h ea t so a s  n o t to  in te rfe re  
w ith  th e  y ield-point. B u t i t  w as n o t th e  yield- 
po in t, b u t th e  cooling process which caused th e  
hardness. R egard ing  fluidity  in T ropenas, he 
considered b e tte r  flu id ity  was ob ta ined  from  them  
th a n  from  electric furnaces, b u t they  could secure 
good flu id ity  from  th e  la t te r , and  they  could shank  
every ounce of m etal. As to  annealing , th ey  a n 
nealed all castings unless they  were in  a re a l hu rry . 
G enerally, thev annealed according to  th e  carbon ; 
the low er th e  carbon th e  h ig h er th e  tem p e ra tu re



required. As regards casting  tem pera tu re , he did 
no t believe th ere  was any in s trum en t m ade which 
would record th e  d ifferent proper tem peratures, 
taken  from  fu rnace  to  .mould ; he should say some
where between th e  region of 1,560 to  1,660 deg. C. 
In  reference to  sand, they  would find a t  th e  exh i
bition a green sand casting  2 to  2 |  in. th ick  which 
was equal in  sk in  to  a  good m any oast-iron cast
ings. H e d isagreed th a t  i t  was cheaper to  make 
a  dry-sand th a n  a  green-sand mould. A good deal 
depended on th e  class of casting  and  o n e’s expe
rience of sands. They m ust ge t the  sand to  w ith
stan d  th e  m eta l. H e m ust say th a t  he had  tr ied  
all up to  4 in ., b u t had never found anyth ing  to  
stand  up like th e  Yorkshire sand. Belgian was 
all r ig h t, h u t when they  reached 1 in. and over 
th ere  wras no th ing  like Y orkshire sand, from  which 
they  obtained  a much b e tte r  sk in . Also a good deal 
depended on th e  way a m an ram m ed the  mould ; 
th is  was where th e  skilled m oulder cam e in. I t  
was much m ore difficult to  m ake a good green sand 
mould and g e t a  good casting  th an  a  d ry  sand 
mould on th a t  account. R eferring  to  Mr. H arley ’s 
com m ent about wheels, they had m ade them  with 
green sand and dry , and also w ith th e  outside chill 
for th e  outside rim , an d  had  found the  best results 
from green sand.

SEMI-STEEL. 
By J. Cameron (Kirkintilloch).

In  m aking reference to  “ Semi-Steel ”  i t  has 
to  be ad m itted  th a t  th e  nam e is m isleading and 
th a t  i t  is desirable th a t  proper specifications should 
be prepared  for th e  various classes of th is  m aterial. 
The nam e is  popularly  applied to  th e  m etal resu lt
ing from th e  use of m ild steel added to  th e  pig- 
irons and  scrap m elted in th e  cupola or furnace. 
The w riter wishes to  m ake i t  clear from  th e  first 
th a t  th e  semi-steel described in th is P ap e r is pro
duced in  th e  cupola, using coke as fuel an d  the 
usual a ir-b last. H is experience is confined to  th is 
p ractice, and th e  resu lts obtained  and  conclusions 
p u t forw ard  a re  th e  resu lts of over tw elve m onths’ 
continual experience on a fa irly  large scale, and 
since then  in  g rea te r varie ty  of subject b u t on a 
sm aller scale. The percentage of steel used varied 
from  15 to  40 per cen t., th e  lower figure for ligh t
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and th e  h igher p roportions for heav ier 
¿ings.

Sem i-steel does n o t displace e ith e r steel o r malle- 
/ble east iron. The steel scrap in its  passage down 

the  cupola by absorbing carbon g radua lly  loses its  
id en tity  as steel and becomes iron . T he m etal 
re su ltin g  is simply a h igh-grade cast iro n  w ith  
fewer im purities and b e tte r  physical s tru c tu re .

T est-bars when pulled show no elongation , and  
th e re  is p rac tica lly  no ductility .

I t  is  th e  p rac tice  of some firms to  m elt steel 
scrap  in th e  ladle and  call th e  p ro d u c t sem i-steel, 
b u t th is  m ethod is  seldom of any p rac tica l use. In

F i g . 1 .— T h e  M ic r o -s t r u c t u r e  of 
P r o pe r l y  M a d e  S e m i -  S te e l  
M a g n if ie d  100 D ia s ., b u t  r e d u c e d  
m ore  th a n  50 P e r  C e n t , on 

R e p r o d u c t io n .

th e  first place, th e  p ropo rtion  of steel tak en  up 
by th e  m olten iron is  very small, n o t muoh over 
5 per cent, in  favourab le  cond itions; th e  steel 
does n o t have th e  chance of being  properly  mixed 
and  has a tendency to  show in patches of uneven 
g ra in  and hardness.

Sem i-steel is now being largely  w orked and  its  
use steadily  m aking headw ay, and  th e  tim e  has 
come now for th e  B ritish  C ast Iro n  R esearch 
A ssociation, in co-operation w ith th e  In s ti tu te  of 
B ritish  Foundrym en, to  fo rm ulate  a m ore co rrec t 
and scientific nam e fo r th e  m a te ria l and, if 
possible, p repare  specification^ and  s tan d a rd  tests.



Iron founders to d a y  are  being called upon to 
produce castings of b e tte r  quality  which will 
m achine sa tisfactorily , to  m eet the  developm ents 
of h igher speeds and  g re a te r  efficiency in  th e  engi
neering  industries. They are  asked to  reduce 
w eigh ts; th e  s tan d a rd  of tes ts  is being raised in 
m any qu a rte rs , an d  all round  more is being 
dem anded. To m ain ta in  the  use of cast iron for 
eng ine cylinders, tu rb ines, compressors and  in
num erable classes of engineering  and electric 
castings, th e  claim s of semi-steel are  well deserv
ing of th e  most serious consideration.

Properties.
Sem i-steel is stronger th a n  usual grey cast iron 

as Tegards transverse, tensile, compression and 
im pact tests. I t  is superior in regard  to  e lasticity  
toughness, resistance to  shock and wear. Properly 
made, i t  is close g rained, homogeneous, free from 
ha rd  spots, blowholes or defects. The g raph itic  
cartoon is finely broken up, th e  phosphide eutectic 
small, well d is tr ib u ted  and frequently  in well 
defined mesh form ation. Semi-steel is much 
superior to  grey iron for m achining. I t  takes a 
finer polish, while two very strik in g  characteristics 
are its faculty  for tak in g  a clean-cut screw thread  
and a clean punch impression.

Owing to  its  good physical s tru c tu re  resulting  
from  the  close g ra in , the form ation  of the g raph ite , 
combined w ith its  h igh tensile streng th , semi-steel 
has proved sa tisfac to ry  for such castings as 
cylinders, pistons, gear wheels and castings called 
upon to  w ithstand  w ear and friction . M r. M cLain 
claims th a t  i t  is a self-lubricating  m etal, and  from 
general experience a t  home and abroad i t  has been 
found ian excellent m etal for th e  castings men
tioned and1 for m any o ther purposes.

From  experience it  has been found th a t  when 
semi-steel has been supplied for various castings, 
the  buyer soon finds o u t its  qualities, and in some 
cases asks for th is  m ateria l in all his castings.

Munitions.
T he w rite r’s in troduction  to  semi-steel was in 

connection w ith m unitions. E arly  in 1917 he sub
scribed to M cL ain’s system, and tow ards the end 
of th a t  year, when approached by th e  M inistry , 
was able to  undertake  the  m anufacture of aerial

O l
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bombs in  th is  m ateria l. One cupola had been lined 
to 40 in. dia. on lines la id  down by M cLain and 
sam ples subm itted . These proved sa tisfac to ry , and

F i g . 2.— M ic r o - s t r u c t u r e s  o f  S e m i-
S t e e l .  T h e  u p p e r  i s  E t c h e d  a n d  M a g n i 
f i e d  a t  250 D ia s ,  a n d  t h e  l o w e r  U n 

e t c h e d  a n d  M a g n i f i e d  110 D ia s .

in  a sho rt tim e h is firm was tu rn in g  o u t sem i-steel 
on a large scale. On one p a rticu la r ty p e  of bomb 
1,400 castings were produced daily . O ur own



G overnm ent were com paratively la te  in using semi- 
steel, a lthough  it  had been proved satisfactory  by 
o u r Allies, th e  F rench  and by the  enemy. In  
America tow ards th e  close of th e  war a huge pro
gram m e for th e  m anufactu re  of semi-steel shells 
and  bombs had been arranged . The specification 
for these called for a tensile stren g th  of 32,000 lbs. 
on a  b a r cast 1J- in. d ia . m achined to  1.128 in ., 
and also for an im pact te s t as follow s: —

“ The te s t specimen, 1§ in . square and  not ex
ceeding 1.52 in. on any side, shall be cast w ith a 
length  of 8 in. and a rise r of 4 in. A fter removal 
of th e  riser, the bar will be placed on two knife- 
edge supports 6 in . a p a rt, which in tu rn  a re  sup
ported by a n  anvil weighing a t  least 1,750 lbs. 
A w eight of 25 lbs. will be caused to  fall exactly 
on th e  m iddle of th e  test-bar. The te s t will begin 
w ith th e  w eight a t  a heigh t of 12 in ., and the  te s t 
■will be repeated  w ith  the  heigh t of the  weight 
increased by J-in. in tervals u n ti l the  b a r breaks. 
The h e igh t of fall for causing ru p tu ro  will n o t be 
less th a n  18 in ., th is  he igh t being m easured from 
th e  upper surface of th e  b a r to  the  lowest p a r t  of 
the  te s tin g  w eigh t.”

Special a i r  te s ts  w ith soap solution for gas-shells 
and hydraulic te s ts  of 4,500 lbs. per sq. in. for 
6-in. calibre and  under were also applied.

The resu lts of ac tua l use and experim ental tr ia ls  
proved th e  usefulness and1 efficiency of semi-steel 
in shells and bombs, particu la rly  as regards frag 
m entation . In  view of th e  enorm ous dem and for 
steel tow ards th e  close of th e  war, th ere  is no doubt 
th a t  semi-steel would have displaced steel in  many 
instances.

Tests.
On over 400 te s t bars subm itted1 to  M inistry  

officials and  tes ted  by them  th e  average resu lt on 
a b ar cast f  in ., d ia. x 5 in. long was over 18 
tons per sq. in . The average resu lt on a  b a r tu rned  
from 12 in x 1 in. X 1 in. section gave 15 tons. 
I t  was an tic ip a ted  th a t  a fa ir  num ber of bars  sub
m itted  would fa il to  reach th e  m inim um  of 14 tons 
specified, b u t th e  results proved much more sa tis
factory th a n  were hoped for.

The firs t b a r  to  fail was No. 140, followed by 
a second fa ilu re  in th e  same week. On investiga
tion  it tran sp ired  th a t  the forem an had changed
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the  usual moulder, who understood th e  oorreci 
ga ting , and when th e  bars were again  , m ade by 
him .no o th e r fa ilu re  was recorded u n ti l  a f te r  the  
arm istice. The h ighest re su lt yielded 21.9 tons, 
b u t th is  was (beaten by Messrs. A. U re & Company, 
of Glasgow, who a tta in e d  22.9 tons from  a  b ar 
cast w ith 50 per cent, h em atite  pig.

Messrs. D iam ond F oundry  Com pany, L uton 
using sem i-steel on aeria l bombs, had  a w onderful 
ru n  of 17 consecutive tensile  te s ts , y ield ing an 
average of over 21.1 tons, m axim um  22.8; m in i
mum 18 tons.

Special Report, Technical College, Glasgow,
In  A pril, 1918, th ree  bombs an d  th ree  test-bars, 

15 in. x 1 in. x 1 in ., were sen t to  th e  Technical 
College, Glasgow, for fu ll rep o r t and  criticism . 
Those m arked A and D  were from  usual m ix ture , 
while B, C, F  and  G contained  50 per cent, hem a
t i te  pig. The re p o r t is as follows:

T h e  R oyal  T e c h n ic a l  C o l l e g e , G l a s g o w .
■July 23, 1918.

M e s s e s . C a m e e o n  & R o b e e t o n , L im it e d , 
K ie k in t il l o c h .

S P E C IA L  R E P O R T  ON S E M I-S T E E L  A E R IA L  
B O M BS.

D e a e  S i e s ,—
The following a re  the  resu lts of exam ination  of 

th ree  sam ples of ae ria l bombs and th ree  samples 
of semi-steel tes t-bars  received from you, m arked 
as u n d e r : —

A ER IA L  BOMBS.
R ef. N o.......................... 358 349 357
M ark ... A B C
T otal carbon... 3.251 3.270 3.279
G raph itic  carbon 2.766 2.820 2.822
Combined carbon ... 0.485 0.450 0.457
Silicon 1.820 2.230 2.380
Sulphur 0.062 0.040 0.040
Phosphorus ... 0.730 0.390 0.500
M anganese ... 0.820 0.800 0.920
The general analyses suggest th a t th e  m etal

should be of m edium  hardness w ith h igh tensile  
s tren g th , .although th e  combined carbon m igh t 
perhaps w ith  ad v an tag e  have been slightly  h igher. 

The castings were very m inutely  exam ined for



soundness and  found1 to  be good, solid m etal 
th ro u g h o u t and singularly  free  from blow-holes 
o r flaws.

M icroscopical exam ination  showed th a t  in  all 
cases th e  m ate ria l was good, close-grained m etal 
w ith small g rap h ite  regularly  d is tribu ted .

In  th e  case of B some segregation of th e  phos
phide eu tec tic  is shown, due probably to  some 
accidental cause, such as high casting  tem pera
tu re , w ith  quicker cooling, as, strangely  enough, 
th is  sam ple is much lower in  phosphorus conten t 
th an  th e  o thers. In  A and C the  phosphide 
eu tec tic  is well d is trib u ted  in  a mesh work 
form ation.

The m a trix  in all cases is pea rlite  of small 
s tr ia ted  varie ty  w ith some fe rrite , ind ica tive  of 
considerable stren g th  w ith  good flexibility.

M achining tests were carried  ou t, and in all 
cases no difficulty was experienced in m achining 
a t  a speed1 of 120 ft. per m inute, a speed ra th e r  
h igher th a n  is commonly given for soft cast iron. 
P ractically  no difference could bo detected  in the  
m achining qualities of A, B or C.

This m ateria l is some of th e  best th a t  the  
w rite r has ever seen, and th e  small tensile bar 
cast on C gave a resu lt of 20.7 tons per sq. in.

Transverse Test Bars.

»5

15 in. X 1 in. x 1 in.
Analyses.

R ef. No. 354 355 356
M ark ... D F G
T otal carbon... 3.409 3.426 3.279
G raphitic  carbon 2,899 2.848 2.690
Combined carbon 0.510 0.578 0.589
Silicon 2.450 2.120 2.380
Sulphur 0.052 0.038 0.058
Phosphorus ... 0.600 0.550 0.570
M anganese 0.810 0.520 0.680
The analytical resu lts a re  ;such as to suggest

la t  th e  m ateria l would show maximum streng th
for tensile and transverse  combined, and a t  the  
same tim e  show good’ flexibility. T his view is con
firmed by Professor L ongbottom ’s results, which 
show an average tensile s tren g th  of 15 tons per 
sq. in. and an  average transverse of 26i cwt. 
w ith a  deflection of 0.12 in. under 2,500 lbs. 
(on 1 in. x 1 in. b a r  a t  12 in. centres).
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Microscopically, a ll b ars  show a s tru c tu re  ind ica
tiv e  of s tren g th  and  re liab ility . The g rap h ite  is 
in very small and' uniform ly d is trib u ted  partic les, 
w ith  phosphide eu tec tic  in an even mesh work 
form ation .

The m atrix  in  all cases is p ractioally  wholly 
pearlitic .

The (bars were in every case perfectly  sound and 
free from gas or blow-holes, and broke w ith a  very 
fine close-grained stru c tu re .

Y ours tru ly ,
(S ig n e d )  A. C a m p io n ,

Professor o f M eta llurgy.

Pig-Irons.
In  1918 ironfounders had  to  accept such 'brands 

of p ig-iron as were available. A t th is  tim e  m ost 
b rands were e rra tic  in analyses, p a rticu la rly  as 
regards silicon. The Scotch irons were found very 
suitab le . C ontain ing  as th ey  do to ta l carbon 
abou t 3.60 per cen t., m edium  phosphorus and m an
ganese fa irly  high, they  oonfirmed th e  popular de
pendence on th e ir  capacity  fo r ca rry ing  scrap and 
blended well w ith  m ild  steel scrap . The No. 1 
quality  was genera lly  used, as m achinab ility  was 
m ost desirable. W hen a  choice was available, 
p reference  was given to  h ighest m anganese. Some 
of th e  b ran d s  showed excellent flu id ity , and when 
o ther b rands were used th e  tensile  s tren g th  
invariab ly  w ent up . H em a tite  iron  used w ith  
steel scrap give very good resu lts , and some 
rem arkab le  tes ts  have been a tta in e d  by using 
50 p er cen t, h em atite . The steel scrap may be 
reg u la ted  to  co u n te rac t the  h igh  to tal-carbon in 
h em atite , which is frequen tly  a source of trouble 
in grey-iron castings. H em a tite  was n o t available 
in 1918, or i t  would have been m ore largely  used. 
W ith  a view of ob ta in in g  b e tte r  tests, tr ia ls  were 
frequen tly  m ade of high-class irons, including 
oold-tblast, special brands, and special cylinder 
pigs. The resu lts , so fa r  as te s ts  were concerned, 
were invariab ly  d isappo in ting , as no increase 
resu lted , b u t occasionally very fine m eta l was 
obtained.

One of th e  strongest argum ents in favour of 
semi-steel is th a t  a founder can use th e  common 
’rons in everyday use, and by jud icious m ixing 
w ith  steel scrap  can ob ta in  resu lts only otherw ise



p ossib le  b y  th e  u se  o f  co ld -b la st or  ex p en siv e  
sp ec ia l iro n s .

Scrap.
M ild -s tee l b o ile r -p la te  or se c tio n s  used  for  stam p 

in g  o f  th ic k n e s s  v a r y in g  from  f  in . u p w ard s in  
fa ir ly  la r g e  p ieces m ay be used . T h ere  a re  b rands  
o f  m ild  h ig h  te n s ile  s te e l  an d  h ig h  m an g a n ese  
s te e l from  w hich  m a n y  v a r ie t ie s  o f  s ta m p in g s  are  
m ade t h a t  g iv e  ex c e lle n t resu lts . S te e l p u n ch in g s  
8 in . d ia . o f  1 in . th ic k n e ss  h a v e  b een  su ccessfu lly  
tr ie d .

Borings, tu rn in g s  and small punchings under 
1 in. dia. should be avoided, as they  lead to  
troubles occasioned by ox idation , and frequently  
very small pieces drop in to  bottom  of bed before 
being thoroughly m elted—a  frequent cause of hard 
spots.

Analysis.
The average analysis of ae ria l bombs referred  to 

reads as follows :—
Si 2.13, S 0.065, P  0.60, GC 0.520, G r C 2.55,

Mn 0.624.
This is n o t claim ed to- be an ideal analysis, but 
proved to  be satisfactory  for th e  castings in ques
tion. I t  could be im proved by lowering the  silicon 
and increasing  combined carbon and  manganese. 
The above analysis yielded excellent tensile tests 
and was found to  be easily machined. I t  may be 
s ta ted  th a t  i t  was n o t possible to  procure the  
pig-irons available in  norm al tim es and th e  best 
had to  be m ade of th e  brands obtainable.

I t  will be noticed th a t  to ta l carbon is  low, sul
phur and phosphorus w ith in  safe lim its. There 
is no doubt th a t  g rea te r s tre n g th  would have been 
obtained by a closer approxim ation  to  Mr. F . J . 
Cook’s silicon-carbon form ula enunciated  in  his 
valuable P aper on Diesel engine castings or to 
th e  C ontinen tal em pirical form ula (to ta l carbon 
plus silicon = 4.50), b u t i t  m ust be borne in mind 
th a t semi-steel freezes more quickly th an  grey- 
iron, and the  problem was to  cast very large quan
titie s , the  thickness being under |  in.

In  semi-steel some in te resting  results in regard  
to  silicon were noted. The analysis of th e  te s t 
b a r illu stra ted  in Fig. 3 was Si 2.35 per cent., 
CC 0.802 per cent. This bar was a ttached  to  the 
bomb and moulded in green sand. A gate  about

8/
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1^ in . dia. was tak en  away by an official of th e  
M inistry , analysed and  tested . A lthough th e  sili
con was in  th is  case over 3 per cen t., th e  b a r  
actually  yielded a  tensile  s tren g th  over 18 tons. 
Silicon over 2 p er cent, was frequen tly  used in 
m uch heav ier castings w ith  good resu lts . W hile

F i g . 3 .— S e .u i - S te e l  M a g n if ie d  100  
D ia s , b u t  R ed u c ed  on  R e p b o d u c t io n . 

I t c o n t a in s  1 .03  P e e  Ce n t . P .

a w ide range of silicon was found harm less, sem i
steel seems sensitive to  phosphorus an d  sulphur. 
C leveland iron is largely  used by Scotch founders 
for th e ir  ligh t work, and  w as tr ied  for semi-steel. 
The resu ltin g  castings con ta ined  over 1 p er cen t., 
and w ere invariab ly  b rittle  and  lower in  tensile 
streng th .

The su lphu r in analysis given is low, and  was 
assumed as ind ica ting  good m elting  and  good coke.

R ecently in  endeavouring to  ge t h a rd e r sem i
steel, h a rd e r  irons and  scrap w ere used. The coke 
ob tained  was du ring  th e  m iners’ s tr ik e , and  th e  
hardness was obtained, b u t the  m etal was so slug
gish th a t  a K eep’s tes t-bar, £ in . sq., would no t
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rutl, and  a 1 in. sq. bar was not machineable. The 
analysis of two days’ resu lts w as: —

Si, 1.938 and 1.074; S, 0.150 and  0.143; P , 
0.740 and 0.320; CC, 1.060 and 1.390; 
G-rC, 1.82 and  2.04; and Mn, 0.260 and  
0.340.

Two test-bars, 15 in . x 1 in. x 1 in. a t  12 in. 
centres, resu lted  in transverse  s tren g th  of 36.8 and 
40 cwt.

M r. F ield , in his P aper “ W h a t is Semi-Steel? ”* 
gave his su lphur con ten t with. l'O per cent, steel 
as 0.110 per cen t., w ith  20 per cent, steel 0.125 
per cent. The firm w ith  which he is connected 
were tu rn in g  out successfully the same bombs.

F i g . 4 .— S h o w in g  t h e  R e s u l t  of R et a r d 
in g  t h e  P o u r in g  o f S e m i-S t e e l .

W ith th is  percentage of su lphu r i t  would have 
been impossible for the  w rite r’s firm even to  pour 
the  castings. A nother “  Perp lex ing  F oundry  
Problem .”

Mr. W . J . E vans, in  a  P ap e rf given to  th e  E ast 
M idland B ranch gave th e  following analysis :—

Si, 2.35; S, 0.051; P, 0.63; CC, 0.64; GrC, 
2.66; and Mn, 0.76.

He s ta ted  th a t  his semi-steel was used for in 
tr ica te  th in  castings involving m achining w ith 
expensive m illing cu tters. H e rem arks, “ This is

* A ppeared  in  “  T he F o u n d ry  T rad e  J o u rn a l,”  M arch 3, 1921. 
t  A ppeared  in  “  T he F o u n d ry  T rad e  J o u rn a l,”  A p ril 13, 1922.



practically  iden tica l w ith th e  Scotch analysis. The 
tensile s tre n g th  of th is  m a te ria l is alm ost always 
over 16 tons per sq. in .”

Semi-steel does n o t owe its  qualities to  chem i
cal analysis so much as to  its  physical s tru c tu re , 
and  in  its  s tru c tu re— alm ost iden tica l w ith  cold- 
b last iron—is revealed , th e  secret of its  s tren g th  
and  properties.

I t  is essential to ensure co n tinu ity  of good 
resu lts to m ake frequen t microscopic exam inations, 
or consult com petent m etallu rg ists . A nalysis is 
excellent in  itself, b u t m ust be considered in  con
junction  w ith the  physical s tru c tu re  and  cupola 
practice.

Difficulties.

Semi-steel canno t be p roperly  m ade under the 
too common “  ru le  of thum b ” methods. Consider
ably more care  and organ isa tion  is necessary, and 
constan t supervision essential. The cupola p rac
tice  and fuel m ust be good, and every th ing  e n te r
ing th e  cupola m ust be accura te ly  proportioned 
and weighed, especially air.

C orrect g a tin g  is very  essential. The gates and 
ru n n ers  m ust be la rg e r th a n  fo r iron . Special 
skill and  care  and  repeated  tr ia l  should be given 
to  th e  g a tin g  of every sem i-steel job, particu larly  
when requ ired  in  large q u an titie s  and  when several 
castings a re  in  a flask.

I t  m ust be m elted  h o t and  poured quickly. F ig. 
4 shows th e  resu lt of re ta rd in g  th e  pouring .

One d isadvan tage  in  reg a rd  to  sem i-steel is th a t  
while i t  is com paratively  easy to  m a in ta in  good 
resu lts when w orked daily  on a large scale, the 
w rite r has to  adm it, a f te r  considerable experi
ence, th a t  to  ensure th e  best resu lts i t  has to  be 
handled  on a  fa irly  large scale. W hen only one 
or tw o charges a re  required , they  can  certa in ly  
be produced and  o rd inary  iron  reverted  to , b u t 
th e  resu lts  a re  never so good, so fa r  as te s ts  a re  
concerned, as when m elted on th e  la rger scale.

Semi-steel is m ore sensitive to  dam p sand th a n  
grey iron . Sand should be as d ry  as possible, and  
th e  “  swab ”  used w ith  discretion. A develop
m en t on th e  lines of very d ry  sand , sufficiently 
open, hard-ram m ed, is probably an im provem ent 
in the  n ear fu tu re .

90
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Cupola Practice.
This is a subject on which foundrym en hold 

varied  opinions. Good resu lts a re  sometimes 
ob tained  by unorthodox methods, and i t  is im 
possible to  lay down ha rd  and fa s t rules. W hether 
th e  bed be h igh o r low, w hether one row of 
tuyeres or more should be used, depends on indi
v idual experience, on th e  n a tu re  of th e  blast, 
and th e  chem ical and physical p roperties of the 
m etal and  fuel used. Each cupola should be 
m ade a special study in  itself and  persevered 
w ith u n til i t  gives regularly  from  day to  day 
its proper q u an tity  of good ho t m etal and is clean 
a t end of its day’s work.

The w rite r in  reference to  cupola work can only 
speak from his own experience.

For semi-steel, a cupola about 36 in. to  42 in. 
inside lin ing  is p referred . In  th is  size control 
is easier and  the  a ir  can be forced to  th e  cen tre  
with com paratively li tt le  pressure. One row of 
tuyeres was used, placed as low as th e  fe ttling  
door perm itted . To ensure soft b last, th e  tuyere 
area  was increased to  a  1 to  4 ra tio , th e  tuyeres 
form ing p ractically  a continuous belt. All m etal 
and  fuel charges w ere weighed, and a t first a ir 
regu la ted  by counting th e  revolutions of a positive 
blower, la t te r ly  by a blast volum e-m eter. The 
charges w ere small—10 cwt. of m eta l; each charge 
draw n by itself in to  bogie ladle and  taken  away 
for im m ediate pouring . These sm all charges, 
evenly d is tribu ted , seem to  fac ilita te  th e  free 
working of a cupola and m ain ta in  th e  m elting 
zone a t  its  proper level. C are should be taken  
w ith semi-steel to  ensure clean m eta l scrap and 
fuel.

In  more th a n  one instance, when th e  bombs 
were cast from m etal m elted w ith high-blast and 
small tuyere  area, the  resu lting  castings were 
h a rd  and difficult to  machine. On a lte ring  th e  
tuyere  area  as indicated  th is  defect was a t  once 
pu t righ t.

Melting of Steel.
From  observation i t  was noticed repeatedly th a t 

when one or two charges of semi-steel were in 
the  cupola the charge of o rd inary  grey-iron imme
diately  in  fro n t when tapped  gave indications of 
the  presence of steel. From  th is i t  was con-





t J U

eluded th a t  th e  steel scrap, although invariably 
placed on top  of charge, was m elting  before the  
pig-iron. Confirm ation of th is  was obtained  on 
A rm istice D ay when th e  cupola contain ing semi
steel charges was draw n ju s t before blast was p u t 
on. Pieces of the  steel scrap  in  th e  first charge 
had  m elted round  the  edges while the  pig and 
iron scrap showed no signs of fusion.

R ecently experim en ts have been carried  o u t 
w ith  a view of ascerta in ing  the  am ount of carbon 
absorbed by mild steel when i t  melts. B ars of 
mild steel were placed in con tac t w ith incandescent 
coke under air-b last u n til fusion took place. 
D rillings were taken  as near fusion po in t as pos
sible, and a t  even distances of about. 1 in. The 
resu lts gave su rprising ly  low figures, th e  highest 
percentage being 0.648 of carbon, the  average per
centage of fou r bars being 0.530 carbon. The 
experim ent was th en  repeated  in  a m in ia tu re  
cupola, filled w ith  coke. M ild steel bars were 
inserted  a t  6 in. in tervals, and  each in tu rn  
brought down to  the  “ m elting zone.”

The first results from  tr ia ls  in a 7-in. dia. cupola 
on 15 bars gave an  average carbon con ten t of
0.386 p er cent, carbon. W hen repeated  in 12-in. 
dia. cupola th e  average was reduced on six bars 
to 0.25 per cent, carbon. In  th e  la rger cupolette 
sufficient tem p era tu re  was a tta in ed  to  procure 
masses of m olten m etal in th e  bed, and on analysis 
the to ta l carbon absorbed in  th is case was 1.97 
per cent.

An in te resting  fea tu re  was th a t  in every case 
the m elting took place on top  of the bars. There 
were no facilities available for recording tem pera
tures of cupolas, b u t th e  steel bars m elted easily. 
The results were unexpected in the low am ount 
of carbon absorbed a t  th e  m elting stage, much 
larger figures being an ticipated .

In  actual practice th e re  is doubtless fu r th e r 
absorption of carbon un til, in the  w rite r’s opinion, 
about 2 per cent, is a tta in ed . This figure varies 
w ith heigh t of bed and  cupola practice generally.

Heat Treatment.
From tr ia ls  i t  has been ascertained th a t  when 

semi-steel is annealed a t a tem pera tu re  from 760 
deg. to 800 deg. C. i t  loses considerable streng th ,



94

in tensile s tre n g th  the  reduction  vary ing  from  25 
to 33^ per cent., b u t th e  re su ltin g  m eta l was 
found to  be very soft w ith  a c e rta in  am ount of 
m alleability  and  ductility . Fig- 5 shows m icro
photographs of a te s t b a r as cast, heated  to  760 
deg. C. for tw o hours, th en  slowly cooled, re 
heated  for a  fu r th e r  four hours a t  760 deg. C., 
and  slowly cooled in  muffle. M r. M cLain, in  one 
of his pam phlets, shows a b ar cast from  w hite  iron  
and  steel scrap , which, a f te r  a prolonged hea tin g , 
could be tw isted .

W ith  semi-steel of th e  average analysis given 
the  best resu lts seem to  be ob tained  by one anneal
ing and slow cooling. S tren g th  is reduced, and 
deflection slightly  increased. To ob ta in  m ore 
m arked  resu lts low silicon and  phosphorus w ith 
th e  carbon mostly in  th e  combined s ta te  would be 
necessary.

In  th e  P ap e r p resen ted  by Messrs. Campion 
and  D onaldson some in te res tin g  and rem ark
able resu lts have  been a tta in e d  by h e a t t r e a t 
m en t of sem i-steel a t  low tem p era tu res , th e  loss 
of s tre n g th  a t  tem p era tu res  up  to  700 deg. C. 
being considerably sm aller th a n  shown by ordinary  
cast iron.

Literature.
In  th is  coun try  M r. J .  E . H u rs t and Mr. M. 

R iddell were tw o of th e  early  investigators. In  
M r. H u rs t’s  P ap er, Tead a t  th e  1915 Conference, 
he had  n o t m uch to  say in  favou r of semi-steel, 
except to  a d m it its  g re a te r  s tren g th , b u t as he 
adm itted ly  used steel borings, in  th e  lig h t of la te r  
experience he could only expect h a rd  spots and 
o ther troubles. M r. R iddell w ent fu lly  in to  the  
theory  of th e  m elting of steel scrap, th e  necessity 
for thorough  m ix ing  and  enuncia ted  th e  p r in 
cipal ru les to  be observed. H e  has gone fu r th e r  
in to  th e  m a tte r  since th en  in a  num ber of Papers 
to  B ranch m eetings and  elsewhere on th is  subject, 
and in  connection w ith  i t ,  on cupola prac tice  and  
fluidity .

M r. F ie ld ’s P ap er, a lready  re fe rred  to , con tains 
some valuable in fo rm ation  on th e  subject of sem i
steel slags, and on th e  h ea t tre a tm e n t and  anneal
ing effects and results .

The veteran  D r. S tead, in  h is p residen tia l 
address to  th e  Iron  and  Steel In s ti tu te  in 1920,



made reference to  two g re a t advances in  foundry 
practice du ring  th e  last twenty-five years; first, 
th e  researches of P ro f. Thomas T urner on the 
influence of silicon ; and to  th e  production of cast
ings by m elting m ix tures of steel scrap and blast
fu rnace m etal in the  cupola, for they were much 
superio r in  toughness and  streng th  to those made 
from  furnace m etal alone.

In  the  S ta tes Mr. M cLain has given many in 
structive lectures, ahd published pam phlets show-

yo

F i g . 6 .— T y pic a l  S tr u c t u r e  o f  
S trong  S e m i-S te el  a ft er  E tc h 
in g . M a g n ifie d  100 D ia s ., but  
R ed u c ed  m ore th a n  50 P e r  Ce n t , 

on R e p r o d u c t io n .

ing types of eastings made from  th is m ateria l, 
w ith analyses and micro photographs. The la te  
W. J .  Keep repeatedly  advised th e  use of steel 
scrap, and  m any in te resting  P apers have been 
published by Messrs. J .  A. Dyer, W. J .  Mulcahy,
H . B. D iller, and  m any others. The American 
R adiator Co. did splendid service, and the record 
of th e ir  p ractice is well described in  “ The 
F oundry ,”  December, 1918.

M. E . R onceray’s able P aper, 11 How Semi-steel 
Shells are  being M ade in F ran ce ,” * is worthy of 
special a tten tion . I t  describes how “ fonte 
acieree ”  was carefully  considered, then  adopted 
on a  la rge  scale in  F rance for shells and o ther 
m unitions. The tes ts  and analyses a re  given, the

* “  T he F o u n d ry ,”  M arch , 1918.



composition of th e  final product, w ith th e  effects 
of the  various elem ents, p articu la rly  silicon, sul
p h u r and  phosphorus and  fu ll de ta ils  of cupola 
practice.

In  connection w ith  F rench  methods, th e  pre-w ar 
experim ents on semi-steel shells by Col. P rach e  
and th e  P ap e r read  by L ieu t. L au ren t*  a t  th e  
Milwaukee Convention of 1918 should he specially 
m entioned.

The fine record of achievem ent and  resu lts  in 
m unitions m ade d u ring  th e  w ar will undoubtedly  
lead to  fu r th e r  developm ents in semi-steel both 
in respect to  increased dem and and  in increased 
knowledge as to  how ironfounders may g e t even 
b e tte r  resu lts th a n  have h ith e rto  been recorded. 
Cost is an im p o rtan t fac to r, b u t th is  is one of 
the m ain  points in its  favour.

W hen th e  conservatism  of th e  average B ritish  
founder will yield to  acquiring  th e  necessary scien
tific details, and  become w illing to  u n d ertak e  th e  
care and supervision which th is  m ate ria l calls for, 
the w rite r feels sure th a t  sem i-steel will n o t be 
confined to  a  com paratively  sm all num ber of 
m akers, b u t will become m uch m ore widely used 
and  apprecia ted .

Addendum.
M r. J .  E . F le tcher, M .I.M .E ., has been good 

enough, in an unofficial capacity , to  subm it some 
notes on semi-steel p rac tice  based largely  on his 
own experience and  on C o n tin en ta l experience. 
These may be sum m arised as follows: —
(A) Suggested  Analysis to E nsure B est Physical 

Properties in  C ylinder, H ydraulic Valves and 
P airly H eavy M u n ition  Castings.

P e r cent.
T otal carbon ... ... 2.8 to  3.2
Silicon ... ... ... 1-0 to  1.5
M anganese ... ... ... 0.6 to  0.9
Phosphorus ... ... ... u n d e r 0.30
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_  . G raph itic  carbon . _ . , „ „
R a t io  ^ — j------ ;  [ = 3 . 0  to  3 .2

C om b in ed  carbon
|= 3 . 0

(71) R ela tionsh ip  of Total Carbon to Silicon.
F o r castings 2 in. th ick  and above, th e  to ta l 

carbon per cen t., p lus Si per cen t., should be 4.2;

* “  T he F o u n d ry ,”  N ovem ber, 1918.



between 1 in. and I f  in. th ick, i t  should be 4.3;
between ^ in. and f  in. th ick  i t  should be 4.5;
and between f  in. and ^ in. th ick  th e  figure 5.0 
is given.

(C) Cupola Practice.

1. H o t and rap id  m elting is necessary so th a t1 
the  steel does not oarburise too rap id ly  in its 
descent th rough  the  cupola.

2. The charges of steel scrap, pig-iron and  coke 
should be light, th e  m etal charge having a m axi
mum depth  of 4 in. to 5 in. when the  coke used
is in ra tio  of 1 to 10 of m etal melted.

3. The coke used should be of the best, low in 
ash, h igh in canbon and of strong, physical char
acter and reasonably porous.

4. The am ount of a ir used should n o t exceed
30,000 cubic feet or, say, 2,300 lbs. w eight per ton 
of m etal melted.

5. The b last pressure should not exceed 8 oz. for 
24 in. to 36 in. cupolas, 9 oz. for 36 in . to 48 in. 
and 10 oz. for 48 in. to  60 in.

6. The following figures, being th e  to ta l tuyere
area per cent, of th e  cupola area inside lin ing  are  
suggested ; for a cupola of 20 in. d ia . th e  tuyere 
area should be 30 per c e n t.; for 40 in. dia. 25 per 
c e n t. ; for 50 in. dia. 22 per c e n t . ; for 60 in. d ia. 
20 per cent.

7. The dep th  of well or h ea rth  of cupola below 
the tuyeres should not be too great, 15 in. to 18 in. 
being good practice.

8 . The steel scrap should not be too thick or too
thin  (f in. m inimum and |  in. maximum is a good
rule). Yeiry short pieces a re  unsuitable, as these 
tend, as in' the case of turnings, punchings and 
the like, to segregate and prom ote irregu la r fusion 
and carburisation .

9. The am ount of a ir  supplied per sq. in. of 
tuyere area p er m in. should no t exceed 12 cub. f t ., 
and the tuyeres should be well flared o u t a t the  
inside of the  cupola to  a t  least tw ice th e  in le t 
area a t  wind belt. F la t  rec tangu lar shaped open
ings are be tte r th a n  circular ones.

10. From  the  above it  is evident th a t  h igh velo
city  of b last accompanied by high blast-pressures 
is p rejud icial to  good results. In  actua l practice, 
if each tuyere  has an area (a t in le t from wind 
belt) of 1 / 30th of the cupola area  a t th e  tuyere
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level, satisfacto ry  resu lts  a re  obtained. A single 
row of tuyeres gives good uniform  m elting  and 
generally b e tte r w orking th a n  two o r more rows 
of sm aller tuyeres.

11. Such design as ind icated  in  th e  foregoing 
fixes the velocity of th e  b last a t  about 28 ft. per 
sec. when traversing  the tuyere inlet. (This in 
the  case of 48 in. cupola.) 1 'or small cupolas th is 
velocity may be reduced to , say, 22 f t . ,  and  for 
la rger (60 in. and  upw ards) increased to  34 ft . per 
sec., being influenced by th e  am ount of b la s t 
penetra tion  necessary.

12 . The height from  tuyere level to bottom of 
charging door, governing th e  d ep th  of stock 
column, is of im portance, and for sem i-steel p rac
tice  may be given as 20 to  24 tim es the  square 
root of th e  cupola d iam eter a t  tuyeres—

H =  20 to 24 d in ins.
Thus a 36 in. cupola would have a he igh t from 
tuyeres to charg ing  door of—

20 to  24 tim es N/ 36=120 in. to 144 in.
T he h igher figure is p referab le  as assisting  rap id  
m elting  and economical working.

Mixtures.
The p rac tice  of m aking a semi-steel pig from  a 

40 per cent, (or 30 per cent.) steel m ix tu re , and 
of using th is  in conjunction  w ith  pig-iron ana 
scrap w ith or w ithout a fu r th e r  10 per cent, or 15 
per cent, steel scrap  yields good resu lts , th e  m etal 
being more homogeneous. I t  is bad  practice  to  
mix h igh phosphorus pig-iron w ith  steel scrap 
owing to the d ifferen t fusion po in ts of low and 
high phosphorus m etals.

Low to tal-carbon  co n ten t in  th e  pig-irons used 
is essential, otherw ise the semi-steel will be too 
high in the to tal carbon, and  weak in consequence.

The oxidation  losses a re  g re a te r  rvhen using 
high carbon pig-irons, and  ten d  to  the production  
of porous, oxide-charged m etal.

Too much em phasis cannot be placed on the  
necessity fo r h igh-tem peratu re  m elting  and  cas t
ing. Obviously th e  h igher fusion tem p e ra tu re  of
3.0 per cent, carbon iron calls for considerable 
superheat if fluidity  is to  be obtained .

Moreover, th e  quicker th e  m elting  the  less will 
be the  degree of carbu risa tion  in th e  steel por



tion  of th e  m elted charge, and the lower the  final 
carbon co n ten t of the  m etal produced.

H em atite  pig-irons adm ittedly  give, the best 
resu lts in  semi-steel m ixtures. I f  th e  to ta l car
bon content is 4.3 per cent, m inus, say, 0.29 per 
cent, for each per cent, of silicon content, a lim it 
is reached. I f  the  to ta l carbon exceeds th is the 
pig-iron is of th e  high-carbon type  and indicates 
high tem pera tu re  b last conditions. Below th is 
the g raph itic  condition is less coarse, and th e  pig- 
iron physically stronger. Thus the  upper lim it of 
to ta l carbon for a hem atite  contain ing 3 per cent, 
silicon is 3.43 per cen t. I f  h igher th an  th is the 
g raph itic  s tru c tu re  of th e  pig-iron will be nor
mally coarse, and Mr. F le tcher believes th is 
coarseness persists in th e  semi-steel m ade there
from, th e  worse as the  silicon conten t is higher 
in th e  semi-steel.

The h igh total-carbon evil is more pronounced 
w ith phosphoric irons. Mr. F letcher has shown 
elsewhere th a t  each per cent, of phosphorus dis
places about 0.39 per cent', of carbon. H ence the  
basis lim it in a pig contain ing 3 per cent, silicon,

C. Si P. 
per cent, phosphorus is 4 .3—(3x .29) — (1.5 

x .39) or 2.9 per cent, to ta l carbon. In  some hot 
blast furnaces such a pig may reach 3.5 per cent, 
to ta l carbon, and i t  is exceedingly difficult to  keep 
the carbon low in  such irons except in small fu r
naces using low tem pera tu re  blast. H ence the 
common fact'thatthigh-silicon,,!high-phosphorus irons 
absorb carbon rap id ly  in  th e  b las t furnace 'hearth 
and in cupola m uch more rap id ly  th an  do hem a
ti te  irons. Mr. F letcher has always agreed w ith 
the au thor in his view th a t  phosphorus in semi
steels should be kep t low—for th e  reason given. I t  
is not im probable th a t  th e  h igher lim it for carbon 
in hem atites, by reason of the  absence of phos
phorus, helps the  fluidity  by ra ising  the  propor
tion  of the 4.3 per cent, carbon eu tectic in  the 
m etal when ho t m elting is practised.

Discussion.
In tr o d u c in g  h is P a p er , M e . C a m e r o n  sa id  th e  

resu lts w ere far  b e tte r  th a n  ex p ec ted  w ith  regard  
to  th e  t e s t  bars. T h a t th e r e  w ere on ly  tw o  fa ilu r e s  
w as very  su rp r is in g , an d  th e  m a ter ia l tu r n e d  o u t  
day a fte r  d ay  g a v e  sa t is fa c t io n  to  th e  p eop le w ho
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were using it. H e m ust say th a t  they  had  the  
unique experience in th is  work of hav ing  the 
hea rty  co-operation of every m an, woman, and 
youth  in th e  place. H e also* acknowledged th e  
g re a t help he had received from  M r. M cLain, 
Prof, Campion, ex -P residen t R iddell, M r. F le tcher 
for his valuable add ition , and  M r. Shaw fo r his 
p rac tica l a id  when A ssistan t D irector a t  the  
M inistry  of M unitions.

M r . S . F lagg (U n ite d  S ta te s )  o p e n e d  th e  d is
cu ssio n  by a sk in g  w h eth er  in  co n ju n c t io n  w ith  th e  
cu p o la  th e  le c tu rer  used  a m ix er  or  rece iv er .

Tensile Test for Cast Iron Unsuitable.
M o n s . E . R o n c e r a y  (P aris) re fe rred  to  certa in  

te s ts  m entioned in  th e  P ap e r for which he
appeared to  be in  some way responsible, b u t several 
tests had  been tak en , an d  those te s ts  had  been 
found en tire ly  wrong ; some of the  worst tes ts  gave
good tensile re su lts  and  some of th e  best tes ts
gave th e  reverse. T he tensile  te s t was no t fit 
for cast iron , b u t he fancied th a t  th e  tests
m ade in  F rance  were more reliable. H e 
th o u g h t w hat Mr. Keep had  done was wonderful. 
M r. K eep, he believed, had , in  A merica, m ade 
several thousand  tes ts  of h igh  silicon iron, and 
while on th is  po in t he m igh t say th a t  h is own ex
perience was th a t  an am ount of silicon between 2 
and 3 per cent, d id  n o t appreciably  change the  
s tren g th  of th e  m etal. H e had used 3.25 to  3.50 
per cent, and had n o t found any  trouble. I t  was 
an in te restin g  problem to  find o u t w hether more 
silicon th an  th a t  would do any harm . H e did not 
th in k  i t  advisable always to  use it , b u t in  the  
case of la rge  and  small castings i t  would be useful 
to  know th e  differences th a t  resu lted , and  th a t  
they could safely p u t more silicon in to  the  la tte r .

Size of Test-Bar Important.
Mr . J .  S h a w  said he was indebted  to  M r. C am eron 

for p u tt in g  before u s th e  m ethods employed by 
his firm in a tta in in g  the  rep u ta tio n  th ey  have in  
m aking various castings in  semi-steel. T here are  
th ree  poin ts on which he would like to  have fu r th e r  
inform ation. One of the chief claims for semi
steel is th e  small size and  fine d is trib u tio n  of the  
g raph itic  carbon, th is  p roperty  m aking the  m etal
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so useful to  resist pressure. In  view of th is fact, 
one would no t expect a drop of about 3 tons when 
the tensile bar was increased from |  to  1 sq. in ., 
tu rn ed  down to  0.564 in. In  th is  respect i t  would 
seem to  be li tt le  b e tte r  th an  o rd inary  iron. H e 
noted, however, th e  A m erican R ad ia to r Company 
p u t forw ard tes ts  up  to  21 tons on a b a r  cast 
1£ in. d ia., tu rn ed  down to  1.128 in. dia. The 
m ix ture  was m ade up of, roughly, |  steel, i  pig,
£ rem elt, and th e  analysis was TC, 3.02; GC, 2.36; 
CC, 0.66; Si, 1.28; S, 0.123; P, 0.104; and Mn, 
0.6 per cent. I t  m ust he rem em bered th a t  most 
of the tests m entioned by M r. Cameron were made 
on the f-in . bar.

Low Sulphur Queried.
The second po in t noted was the  very low S 

obtained by M r. Cameron. To keep the  S down 
to even 0.058, his m axim um  figure, denotes prac
tice n o t usually  a tta in ed . W hen i t  is rem embered 
th a t  th e  gain  of S in good cupola p ractice is 
about 0.035 per cen t., add  to  th is  the  effect of 
ex tra  fuel o ften  used and  th e  greediness of steel 
in a  red-hot pasty  condition to  absorb S, i t  is 
rem arkable. From  some hundreds of tes ts taken 
by one p rom inen t firm, th e  average S was 0.112 
per cent. This is round about the  figure men
tioned in the  P ap er as being obtained by o ther 
workers.

A Carbon Absorption Query.
M r. Cameron, on page 93, gives details of 

several experim ents th a t  tend  to  show how little  
C is absorbed during  the  m elting stage. On the 
o ther hand , i t  is difficult to  understand  when i t  
can be picked up afterw ards, when we rem ember 
cupolas, w ith tuyeres as low as possible, running  
all day and hardly  ever botted up , th e  m etal 
running  in to  a large receiving ladle. There can 
be practically  no contact with th e  bed in th is case 
once th e  m etal is  melted. Y et the lowest recorded 
in th a t works was 2.81 per cent. The only record 
of a low TC th a t  he knew of was one m entioned in 
th e  Ja n u a ry  issue of T h k  F o u n d r y ,  where a firm 
using 50 p e r cent, steel, w ith the rem aining half 
made up of an  8 per cent, ferro-silicon w ith 2 per 
cent. C. This m etal was stated  to  get down to about 
1.8 per cent, carbon in the  middle of th e  blow, 
w ith 3 per cent, a t  the s ta rt.



High Phosphorus Considerations.
M r. H . F i e l d  (B irm ingham ) described th e  P aper 

as excellent. There was a trem endous fu tu re  for 
th is h igh  tensile m etal—so-called semi-steel. 
A lluding to  Mr. F le tch e r’s comm ents, he 
believed th a t  gentlem an recom mended them  to 
make a high-steel m ix tu re  of 50 per cent, steel, 
perhaps, and  to  use i t  in  fu r th e r  work for th e  
purpose of m aking a low-steel m ix tu re . T h a t 
would seem to  suggest th a t  the whole of th e  bene
ficial p roperties of th is  m ateria l was re ta in ed  on 
constan t m elting. H e would like M r. Cameron 
to confirm or otherw ise as to  w hether, when a 
sem i-steel m ix tu re  was constan tly  rem elted , i t  
re ta ined  th e  p roperties which i t  had  originally. 
H e qu ite  agreed w ith  th e  lec tu rer as to  th e  neces
sity  fo r a  high-m elting tem p era tu re , and  th e  very 
g rea t possibility of g e ttin g  chilled m eta l if they  
were no t extrem ely care fu l in th is  respect. This 
m eta l was much m ore prone to  chill th a n  o rd inary  
cast iron of app a ren tly  sim ilar analysis. B u t on 
one po in t he was n o t in  agreem ent w ith  M r. 
Cam eron, and he said  th is  fo r th e  encouragem ent 
of any mem ber who was th in k in g  of launching 
o u t in  the use of th is m ix tu re . E xcellent resu lts 
could he ob ta ined  w ith a high-jphosphorus m e ta l; 
he had  worked considerably w ith  m ixtures of th is  
kind, and th e re  was in  his experience very little  
difference except in  one p a rticu la r between the  
h igh  and  th e  low phosphorus m etals. T h a t one 
difference was in  reg ard  to  the tran sverse  tes t. 
B u t if one w anted a h igh-tensile s tren g th  w ith 
1.5 per cent, phosphorus in  a  f- in . b a r  i t  was an 
easy m a tte r  to  g e t 18 to  19 tons tensile. On 
transverse te s ts  certa in ly  liigh-phosphorus m etal 
d id  n o t give such good resu lts . H owever, if one 
required  a close g ra in , w hich was one of th e  p rin 
cipal purposes of m aking th is m ix tu re , high-phos- 
phorus m etal gave i t  equally as well as low.

Properties of Remelted Semi-Steel.
P r o f e s s o r  T u r n e r  (B irm ingham ) said th ey  all 

fe lt how im portan t the  subject was. H e was in 
terested  in  the comm ents of Mons. R onceray  in 
reference to  th e  proportion  of silicon which was 
recorded by th e  experim ents in  1885. I t  was 
definitely s ta ted  in th a t  P aper th a t  the conclu-
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sions re la ted  only to  m ateria l of a certa in  com
position and cast a ce rta in  size, and th a t 
fac t was sometimes om itted. H e was very pleased 
to hear th e  references to Mr. Keep and his work. 
I t  was his pleasure to  have had  him as a personal 
friend  for a num ber of years, and his work in 
re la tion  to  silicon in  cast iron was of the very 
highest value. The question had  been raised  as 
to  th e  nam e which they should give to th is  m a
terial. H e did no t know a better nam e th an  th a t  
originally  given to i t  by Sterling 80 years ago 
when he in troduced th is  m eta l; he called it  
toughened cast iron. H e made i t  by mixing
w rought iron w ith cast iron, and then  combining it 
w ith a ce rta in  .amount of pig-iron. As to  the ques
tion  raised  how fa r th e  properties of the  m etal 
would he re ta in ed  on repeated  m elting, he did 
no t th in k  they  would be re tained . H e suggested 
an explanation years ago in  a discussion on the 
m ixing of two different kinds of iron. They 
found w ith varying silicon properties which did not 
correspond w ith the  chemical analysis. He sug
gested th a t  th e  beneficial effect in the one case 
was due  to  the  p recip ita tion  of th e  carbon in 
m atte r and form ; he used then  th e  language of 
the  tim e. H e  should say now th a t  it was due to 
the p recip ita tion  of the carbon—graphitic  carbon 
—in the  solid m ateria l. I t  produced a fine s ta te  
of division, and did not have th a t  b rittleness and 
weakness which they associated w ith larger 
flakes. The question of th e  proportion  of silicon 
was no t so im portan t as th a t  of th e  am ount and 
character of the  carbon. Silicon, su lphur, and 
phosphorus, and so forth , produced a certa in  
balance, and i t  was the  ne t resu lt w ith which 
they were concerned. They w anted first of all 
the  maximum am ount of combined carbon the  
m aterial would contain or sustain  w ithout having 
free cem entite. So fa r  as carbon was concerned, 
they w anted as much as i t  would stand , and the  
am ount i t  would stand  depended on the  quan
ti ty  of silicon and o ther elements. The next 
th ing  required  was th a t  the  carbon should be of 
the rig h t to ta l q u a n tity ; it m ust no t he too high, 
and i t  m ust be in  the finest possible s ta te  of 
division -which they  could obtain . If  they could 
get those th ings together then  they obtained the
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best quality  of iron . H e though t the  P ap e r was 
a valuable contribu tion  w hich they  should read  
with pleasure, no t only im m ediately a f te r  the con
ference, b u t for years to  come.

Type of Pig-Iron Important.
Mb . J . E . F l e t c h e r  (Dudley), speaking of the  

to ta l carbon in  th e  use of various k inds of pig- 
iron in  m ix tu re , said he th o u g h t they  had  some 
very valuable suggestions in  th e  P aper. Those 
who had  m ade sem i-steel were constan tly  finding 
th a t  th e  type  of iron being used was of th e  h ighest 
im portance. M r. Cam eron, in  m ention ing  th e  
su itab ility  of high-carbon irons, said they  m ight 
w ith advan tage  use those h igh  in m anganese, and 
referred  to  hem atite  irons and steel scrap 
generally  as g iv ing good results . T heir American 
friends w ere using th a t  ty p e  of high-carbon irons 
and  were reap ing  th e  advan tage . The rem arks 
of th e  lec tu re r about th e  efficiency of th e  Scotch 
type  of irons corresponded w ith h is own ex
perience, which was th a t  they  gave rem arkably  
good results . H is  own experience in  try in g  to 
mix steel scrap w ith  cold b last iron  w ith a low 
carbon con ten t was th a t  the  resu lts were very 
disappoin ting . H e  th o u g h t th e  whole th in g  
seemed to  p o in t to  th e  fac t th a t  th e  iron is car- 
burised m ore efficiently when they  had  iron of a 
fa irly  h igh carbon of th e  h em atite  type.

M r . F . J . Cook (B irm ingham ) said  he would like 
to  draw  a tten tio n  to  one p a rag rap h  of general 
in te re st in  regard  to  o b ta in ing  b e tte r  tes ts  by 
using high-class irons, including cold blast, 
special b rands and special cy linder pigs. He 
had  been using sem i-steel and high-class 
cylinder irons for the  la s t 15 years, and he could 
confirm w hat th e  lec tu re r had to  say in  respect of 
the  bad effects on th e  tensile s tren g th  of th e  m etal. 
B u t in  dealing w ith Diesel engine work and  liners 
for h igh superheated  steam  he had  found a dis
tin c t advan tage  in  th e  w earing p ropertie s of th e  
m etal which seemed to counterbalance th e  loss in 
s treng th .

Application of Semi-Steel.
M r . Y o u n g  (Newcastle) said th a t  Mr. C am eron’s 

paper was one th a t  they  had  all been w aiting  for 
over a long period, and i t  could scarcely have been
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placed before them  more lucidly. However, be 
considered care needed to  be taken  as to how they 
applied th is  so-called semi-steel. H e did not th ink  
i t  was universally  applicable to  any and every 
casting, and as Mr. Shaw had h in ted , th e  th ick 
ness of a casting  was of very g rea t im portance as 
well as silicon. Going in to  the  exhibition recently 
he was tackled in ternationally  upon th is semi-steel 
question, b u t he m ust confess th a t  he only used it  
when he w anted it , and one did no t w ant i t  
always. The au tho r had  referred  to  the  effect 
of su lphur, giving two analyses, and stated  
th a t  good m etal could not be made w ith the 
am ount of sulphur shown. I f  they looked back 
th rough  th e  P a p e r they  would find another 
analysis contained a  low sulphur and high m an
ganese, b u t here  when condemning sulphur there  
was no manganese. He though t th e  fau lt in th is 
iron was w ith the manganese, no t w ith  the  su lphur; 
and generally  they  could n o t m ake good cast iron 
with a low m anganese content.

Melting Troubles.
P r o f e s s o r  C a m p i o n  said th a t  the  key to success 

with semi-steel was the  cupola practice. H ap 
hazard, unorthodox methods were useless. I t  was 
essential th a t  everyth ing en te ring  the furnace be 
weighed or m easured, and th is was especially the  
case w ith th e  a ir. The early troubles w ith semi
steel were n o t caused by th e  steel being difficult 
to  m elt, b u t owing to unsuitable m elting conditions 
and a fa ilu re  to appreciate w hat really  took place 
during  the process.

As a m a tte r of fac t, steel m elted very easily, and 
usually in advance of the  iron in a properly 
designed and operated  cupola, w ithout necessarily 
first becoming heavily carburised. R ecent experi
m ents showed th a t  carburisation  did n o t tak e  place 
un til a fte r the steel had fused, and the am ount 
of carbon absorbed depended upon the dep th  of 
bed through  which the  molten m etal passed.

An all-steel charge (mild steel 0.12 carbon) 
melted and passed th rough  a coke bed having a 
dep th  equal to 12 per cent, of the cupola diam eter 
absorbed between 1.9 and 2.0 per cen t, of carbon. 
W ith  deeper beds th e  am ount was g rea ter, as, for 
instance, when i t  equalled 23 per cent, of the 
d iam eter, the carbon was 2.37 per cent., and with
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depths equal to 70 and 110 per cent, th e  m etal 
contained 2.60 per cent, and 2.^6 iper cent, ot 
carbon respectively. These resu lts appear to  con
firm the  sta tem en ts in M r. F le tch e r’s addendum  
th a t  “  h o t and rap id  m elting  is necessary, so th a t  
the  steel does not carburise too rap id ly  in_ its 
descent th rough  the cupola,”  and also t h a t  “  th e  
dep th  of well or h ea rth  below the tuyeres should 
no t be too g r e a t .”

The question of th e  size of test-bair in re la tion  
to casting  size had been raised, and some of the 
previous speakers seemed to  th in k  th a t  h igh  ten- 
siles could only be obtained in sm all cast bars, hu t 
he had recently  tested  bars cast I 5 in. d ia ., tu rn ed  
down to 0.798 in. d ia ., and ob ta ined  18 tons tensile, 
and occasionally even h igher resu lts had been 
secured.

The Author’s Reply.
M r .  C a m e r o n ,  i n  reply, answ ering Mr. F lagg, 

said they  had n o t used a receiver. They used 
an o rd inary  cupola. W ith  a m ixing ladle they 
could tak e  every charge by itself, which would be 
impossible w ith a receiver. R egard ing  Mons. Ron- 
ceray’s rem arks, which w ere always in teresting , 
he agreed th a t  some of th e  tes ts  and analyses 
given by G overnm ent d epartm en ts  were, to 
pu t i t  m ildly, capable of im provem ent. He 
was pleased to  hear from Prof. T urner and 
Mons. Ronceray th a t  a h igh  silicon con ten t was not 
the  d readful th in g  th a t  some of th e  ironfounders 
ra th e r  th o u g h t i t  w7as. As to Mr. F ie ld ’s question 
w hether sem i-steel re ta in ed  its  p roperties a f te r  re
m elting, he believed some firms were using refined 
iron by a process of p u tt in g  large q u an titie s  of 
steel chain in to  th e  blast furnaces. The practice 
of m elting semi-steel m ixtures in th e  cupola and 
rem elting  i t  had been followed w ith very good re 
sults, b u t probably if i t  was rem elted too fre 
quently  i t  would de te rio ra te , as P ro f. T u rn e r 
said, and th e  su lphur would be absorbed. B u t to 
a lim ited ex ten t rem elting  was useful in  h is ex
perience. No doubt P ro f. T u rn e r’s rem arks about 
cast iron would go to the  proper q u arte rs . T u rn 
ing to  M r. F le tch e r’s comments, he wished to  
emphasise th a t  in 1918 ironfounders took w hat
ever iron  they  could g e t; they  were n o t allowed to  
use hem atite . The g re a t difficulty was th a t  i t  was



practically  impossible to  work to  a uniform  
analysis; the  chief th in g  being to  produce these 
m unitions a t  the  necessary tensile streng th , which 
was th e  G overnm ent tes t, and, he m igh t also say, 
th e  u ltim ate  te s t of these castings was fragm en ta
tion , as to  which th is  m etal gave excellent results. 
The Scotch irons used worked splendidly with 
steel scrap. Com m enting on Prof. Campion’s re 
m arks, he hoped in  th e  n ea r fu tu re  to  make some 
real system atic research in regard  to  th is m aterial, 
particu la rly  w ith  respect to  the  relation  of carbon 
to  silicon, and so fo rth .

R egard ing  com m unication received since the 
Conference, th e  nam e semi-steel is likely to  rem ain  
in general use u n til officially dealt with by the 
C ast Iron  Research Association and the In s titu tio n  
of B ritish  Foundrym en.

The control of carbon w ithin the  lim its indi
cated by M r. F letcher and Mr. S. G. Sm ith cannot 
be uniform ly obtained in the  cupola. Some other 
method of m elting or a fte r-trea tm en t would be 
necessary.

The w riter repeats th a t  in his experience semi
steel gives superior results, both in ease of m achin
ing and finish, to  any k ind of cast iron he has 
made. I t  is adm itted  th a t  th e  finish on a casting 
made from a perm anen t mould is superior to  
o rd inary  oast iron.

The w riter agrees w ith M r. Sm ith  th a t  physical 
s tru c tu re  is quite as im p o rtan t in  cast-iron  mix
tu res as in semi-steel. W hen cold-blast irons are  
used, the physical s tru c tu re  is practically  identical 
with good semi-steel, and the  benefit of th e  la t te r  
is th a t  equal s tru c tu re  and streng th  may be 
obtained a t  a much lower cost.

R egarding M. R onceray’s la te r  con tribu tion , 
Mr. Cameron agreed th a t  the tensile te s t was a 
very delicate one, subject to unexpected variations 
and requ iring  th e  g rea test care with th e  test-bars. 
These had  to  be poured from the best of the  m etal 
when cupola was thoroughly heated  and the  bars 
accurately m achined and polished.

W ith  reference to phosphorus, th e  idea of a 
medium percentage was taken  from 0.5 to  0.6 per 
cent. W hen the  m unitions in question were made 
hem atite  iron was no t available, and i t  was some
tim es difficult to  keep to these figures. W hen
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phosphorus was over 0-8 p e r cent, th e  castings were 
inclined to  be b r i tt le  under a severe te s t m ade by 
an official by try in g  to  break  them  by throw ing 
them  on a steel ra il.

The high sulphur bars re fe rred  to  were found 
to  be low in  m anganese. M r. Young m ade clear 
reference to th is  in his rem arks and in  his P aper 
published on th e  subject.

T he g rad u a l de te rio ra tion  in  the se t of four 
test-bars poured a t  in tervals of 2-J m inu tes was 
fully  investiga ted  and described by Mr. R iddell in 
one of h is P apers . S im ilar (results would occur 
w ith ca s t iron, b u t sem i-steel seems to  be more 
sensitive to  these holes and  to  o ther defects when 
pouring  is unduly  re ta rd ed  in lig h t castings. 
M. R onceray  has correctly given the solution of 
th e  steel scrap m elting  first. T his scrap, in  the  
w rite r’s p ractice , was always placed on th e  to p  of 
the  charge nex t th e  coke, and  was in  sm all pieces 
seldom over ha lf an  inch in  thickness.

In  conclusion, th e  w riter has to  express his 
th an k s and appreciation  to  th e  speakers a t  the 
C onference and to those who sen t w ritten  con tribu
tions la te r . The friend ly  recep tion  and  criticism s 
from  em inent scientists and  p rac tica l foundrym en 
of world-wide rep u ta tio n  have placed semi-steel in 
a  position i t  had  not previously been accorded in  
th is  country, and have undoubtedly  led to  increased 
in te re s t and in m any cases to tr ia l  and  system atic 
research, which i t  is hoped will benefit th e  iron- 
founder’s c ra f t.

Written Contributions.
Mb . S. G. S m i t h ,  in  a w ritten  con tribu tion , con

g ra tu la ted  M r. J .  Cameron upon the  very able 
P ap e r dealing  w ith  added mild steel to  grey cast- 
iron m ix tures, and s ta ted  th a t  the  use of such 
m ix tures is  by no m eans modern. I t  is ju s t 48 
years ago during  his foundry  appren ticesh ip  th a t  
his firm poured such castings as guides fo r wire 
mills and gu ide p la tes for sm all m erchan t mills. 
These castings were sub ject to  very h igh fric tiona l 
wear, and if m ade from  o rd inary  cast-iron  m ix tu res 
as was then  used th e ir  life  of service was very 
short indeed. The steel in  th e  form  of ra il ends, 
p late  scrap , etc., was p u t in to  th e  cupola w ith th e  
las t charges of m etal. No record  of percentages 
was k ep t a t  th a t  tim e, as foundrym en in those
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days d id  th ings and said nothing, and he still had 
g re a t adm iration  for foundrym en who were elderly 
when he was a hoy for w hat was accomplished hy 
them .

M r. C am eron’s opening s ta tem en t tru ly  says th a t 
the  appellation  “  semi-steel ” is m isleading. He 
agreed w ith him . I t  is h igh  tim e th a t  th is  product 
should have a su itab le  name and specification. 
T ex tbooks in fer th a t  iron contain ing  more th an  
2 per cent, carbon is oast iron. The unsu itab ility  
of the nam e semi-steel b rought an  incident to  his 
mind which occurred about five years ago. The 
engineers in a  large engine-building concern, who 
had heard , or read , som ething about semi-steel 
being a good m ateria l for resisting  superheated 
steam , inquired  w hat should be the  analysis 
of semi-steel. W ithou t giving a though t for 
w hat purpose th is was required, the  analysis 
given was based upon the  percentages of con
s titu en ts  of an  average steel, and an average 
foundry iron p u t together and halved.

Shortly afterw ards, a specification came from 
the engineers’ office to th e  foundry  th a t the 
analysis of ce rta in  castings m ust comply w ith the 
specification, which gave th e  to ta l carbon a little  
above 2 per cent. N othing more need be said, 
as i t  is common knowledge th a t  i t  is very rare , 
regardless of percentages of steel p u t th rough  a 
cupola, th a t  to ta l carbon will be less th a n  3 per 
cent.—more often i t  is well above th a t  figure.

W hilst Mr. Cameron sta tes th a t  semi-steel does 
not displace steel or m alleable cast iron, he 
thought there  may be exceptions to  th is. There 
is a m ixture of cast iron called “ steel-alloy ”— 
a much b e tte r nam e th an  “ sem i-steel.”  He 
knew of castings which were form erly m ade in 
steel and are now made in steel-alloy, th e  results 
being most favourable in every way. The cast
ings referred  to a re  com paratively th in —about 
half-inch section, and pass through an annealing 
process.

In  the  P ap e r i t  is sta ted  th a t  semi-steel is much 
superior to  grey iron for m achining. To th is he 
could no t agree. H is experience w ith m any mix
tu res  of cast iron was th a t  castings poured in to  
iron perm anent moulds (when not chilled) gives a 
perfect surface, regardless of the fineness of the



th read . Also, th is  perfect surface can  be obtained 
from  su itab le  m ixtures of cast iron n o t poured  in to  
perm anen t moulds. A dditionally, a claim  is 
quoted th a t  semi-steel is a self-lubricating  m etal. 
This, he thought, was too good to  be tru e . l h e  
quality  of self-lubricating  is m ore probable in  cast
ings contain ing  a high to ta l carbon, say 4 per 
cent., and a low combined carbon, say 0.04 per 
cent.

On page 90 th e  au th o r s ta te s  th a t  semi-steel 
does n o t owe its  qualities to  chem ical analysis so 
much as its  physical s tru c tu re . Surely Mr. 
C am eron will agree th a t  those rem arks apply  to 
most m ix tu res of cast iron  equally as well as steel- 
added m ixtures.

R egard ing  th e  tests, he hoped th a t  foundrym en 
were n o t m aking  a lash  to  be w hipped w ith. I t  
is not o ften  th a t  th e  physical qualities of a test- 
b ar clearly ind icate  th e  su itab ility  of m etal for 
castings they  are  supposed to  rep resen t. H e would 
like to  enlarge a little  upon th is  aspect, b u t as 
th e  m a tte r  is now under consideration, and  th a t  
he was serving on a branch com m ittee, he did not 
propose to  pu rsue  the  m a tte r  a t  p resen t.

On page 94 referenoe was m ade to  a b ar cast 
from  w hite iron  and  steel scrap being tw isted  
a f te r  prolonged hea ting . H e th o u g h t th is  was 
qu ite  common in  m alleable-iron foundries.

The in fo rm ation  given upon cupola prac tice  he 
was quite  in  agreem ent w ith. S tran g e  to  say, the 
m a tte r  coincided in a  rem arkable  way w ith an 
artic le  p repared  by him self uipon th a t  subject for 
T h e  F o u n d r y  T r a d e  Jo  u r n  a d ,  and  appeared  in 
th a t  paper tw elve years ago.

The following a re  fou r resu lts  ta k e n  from 
num erous m ix tu res of cast iron  and steel.

M ixture  No. 7.— Steel 90 per cen t., and  No. 3 
hem atite  pig 10 per cent. This gave a m eta l of 
the  following analvsis: —

C.C., 3.98; G r.C ., n il ;  S i., 0 .13; M n., 0.45; 
P ., 0.034; and  S., 0.171 p er cent. The d iam ete r 
of th e  cupola was 72 in . The steel scrap was com
posed of borings, tu rn in g s , b ille t ends, and  mis
cellaneous m ateria l. The fra c tu re  w as white.

No. 2 M ix tu re .—Cold-blast iron, 25 per c e n t . : 
No. 3 foundry  pig, 25 per c e n t.; foundry  scrap, 
25 per cent. ; and steel shells, 25 per cen t.



On analysis th is  m ix ture gave C.C., 0.705; 
G r.C ., 2.80; Si., 2.031; M n., 0.62; P ., 0.23; 
and S ., 0.124 per cent.

The transverse  te s t gave 3,430 lbs. breaking 
load associated w ith a deflection of 0.09 in ., whilst 
the tensile tes t reg istered  8.84 tons per sq. in. In  
th is case th e  d iam eter of cupola was 60 in.

The ob ject of th is  te s t was to a ttem p t to  m ini
mise th e  grow th and p ittin g  in  castings due to  
im pinging of superheated  steam . I t  should be 
pointed out th a t  the  low tensile te s t was probably 
due to  th e  addition  of steel to  a strong iron, how
ever the  m ateria l was su itab le  for the  purpose 
desired.

Nos. 3 and  4 M ixtures.—No. 3 foundry pig, 50 
per cent. ; steel scrap, 50 per cent. In  th is case 
the  analyses were respectively: C.C., 1.58; Gr.C.,
1.45; Si., 1.29; M n., 0.36; P ., 0.89; and S., 0.25 
per cent, for No. 3, and  C.C., 0.61; G r.C ., 2.70; 
Si., 1.90; M n., 0.56; P ., 1.05; and S., 0.13 per 
cent, for No. 4. Seventeen and eighteen tons per 
sq. in. were registered  by Nos. 3 and 4 respec
tively, whilst1 th e  frac tu re  of the form er was steely 
and th e  la t te r  dense.

Of course, castings from  No. 3 m ix tu re  would be 
unmachinable, due to  high sulphur, which influ
enced the  combined carbon to rise to  1.85 per cent., 
caused probably by fau lty  cupola operation  and 
condition.

Economy in steel m ixtures will depend upon the 
price and availability  of suitable steel scrap.

H e th o u g h t no doubt existed th a t  th e  addition  
of steel scrap  strengthens denseness and toughens 
a soft, weak p ig-iron; yet i t  should n o t be con
sidered th a t  for all p ractical purposes satisfactory  
results cannot be obtained w ithout the  addition 
of steel scrap. I t  has been shown m any times 
th a t  these results can be obtained  w ith pig-iron 
m ixtures w ithout the  use of steel scrap.

In  connection w ith M r. C am eron’s P aper on 
“ :Semi-Steel.” M r. Thomas Bell w rote th a t  he was 
very sorry so little  tim e could be allowed for dis
cussion of th e  very excellent P apers presented 
to the  Conference. H e had expected to  hear some 
rem arks from some of th e  p rac tica l men regard ing  
the use of semi-steel for th e  heavy class of cast
ings, and he was anxious to g e t some inform ation



as to  its use fo r same. In  th e  addendum  some 
useful in form ation  is given ; still, he could have 
wished for some in fo rm ation  as to  th e  m ethod 
adopted in keeping the m etal hot in the  ladle 
when a large q u an tity  is requ ired  and  can only 
be draw n off in  th ree  or fo u r tap s . A nother po in t 
which is always well discussed is th e  form  of the 
g rap h ite  for h igh-tensile tes ts. I t  would have 
been of g re a t in te re s t to  the  p rac tica l men to  
have had  some in fo rm ation  how to  g e t th e  g rap h ite  
in  th is  fine divided form . H e  supposed casting  
tem p e ra tu re  would have som ething to do w ith  it. 
Could th is  be regu la ted?  H e  was delighted  w ith 
M r. C am eron’s P ap er, and  if he o r any of th e  
mem bers who took p a r t  in the  discussion can offer 
any fu r th e r  in form ation  on these po in ts he, as 
one o f the  p rac tica l men, would w atch T he  
F o u n d r y  T r a d e  J o u r n a u  w ith in te re s t fo r same.

M r. J .  M cEachen w rote in  rep ly  to  M r. B ell’s 
query about heavy castings : —

“ As a p rac tica l m an, the  m ethods I  recently  
employed when m anufac tu ring  a 4-ton cast of 
semi-steel may be of in te re s t to  members.

“ C onsidering th a t  a good tem p e ra tu re  is essen
tia l, I  first ran  th rough  4 tons of grey iron . This, 
of oourse, provided a good h o t cupola. Then 
2 tons of 20 per cent, semi-steel was p u t th rough , 
followed by a fu r th e r  2 tons of 10 per cent, 
m ate ria l. The casts were handled  by four 12-cwt. 
bogie ladles. Though the  w eight of the  castings 
ranged  from a few lbs. up to 2 cwts., th e re  would 
not have been th e  sligh test difficulty in m aking  a
5-ton casting, as th e  m etal cam e down as quickly 
as i t  could be handled , and  a t  a w'hite h ea t. 
U nder such conditions i t  does no harm  to  allow 
th e  cast to  stand  for a short tim e, b u t obviously 
i t  m ust be done w ith discretion. The cupola used 
is 52-in. d ia. and provided w ith e igh t tuyeres. 
The sem i-steel was all poured w ith in  20 m ins. and 
the moulds all cast up w ith in  30 m ins.”

From  M r. E . Adamson, Sheffield: —
“ M r. Cameron is to  be co n g ra tu la ted  on 

his paper on semi-steel as much for th e  negative 
as the  positive resu lts which he gives. No doubt 
so-called sem i-steel, or otherw ise a m ix tu re  of steel, 
p ig-iron and scrap gives a close g ra ined  m ateria l, 
and  if m elted under p roper conditions th e  iron
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will give all th e  beneficial results claimed, bu t 
w hat adds to  the  value of M r. Cam eron’s P aper 
a re  the  difficulties connected w ith the  use of semi
steel enum erated  on page 97 of th e  P aper, for it 
is tru e  to  say th a t  to ensure th e  best resu lts it 
has to  be handled on a fa irly  large scale, and when 
only a  small q u a n tity  is required  in, say, a  job
b ing foundry, th e  resu lts are  never so good, for 
in  fac t the  steel does n o t g e t properly melted. 
I t  is chiefly because of these difficulties in small 
foundries th a t  I have consistently  advocated g e t
tin g  close g ra ined  castings from  orig inally  close 
g rained  metal.

“  'On page 86 M r. Cameron sta tes th a t  No. 1 
pig-iron was generally used as m achinability  was 
most desirable. No. 1 is, of course, a h igh to ta l 
carbon and high g raph ite  m etal, b u t on page 98 
it  is s ta ted  th a t  low carbon contents in pig-iron 
used for semi-steel is essential. In  my opinion 
Mir. Cameron is r ig h t if i t  is in tended  to  use a 
large percen tage of steel scrap, one of the  chief 
reasons being th a t  the lower combined carbon with 
the No. 1 iron will make i t  difficult to melt, and 
consequently g rea te r .superheat will be required  in 
melting, thus b ringing th e  tem p era tu re  required 
nearer to th a t  which would be necessary to  pro
perly m elt th e  steel used.

“ In  spite of care in using steel, difficulties still 
sometimes arise, and  in one case I  m et w ith two 
large hard  places on the  flange of th e  exhaust end 
of a  tu rb in e  casing, giving the impression th a t 
punchings had been used as steel scrap, and two 
of them  had  no t become thoroughly liquid, but, 
in the ir p lastic condition, had  got into th e  ladle 
and from th e  ladle lodged in th e ir  n a tu ra l position 
on the  flange a t  th e  top  p a r t  of the casting, 
which unfo rtunate ly  had  to be m achined a t  th is 
spot. The m etal was made from a m ix tu re  of 25 
per cent, steel, w ith pig-iron and scrap ru n  first 
into pigs.

“  I t  is delightful to h ea r men of p rac tica l experi
ence m aking definite statem ents, th a t  a t  one tim e 
were no t believed. On page 88 an instance is 
given of 18 tons tensile w ith over 3 per cent, 
silicon, and fu r th e r  on i t  is s ta ted  th a t semi-steel 
does no t owe its qualities to chemical analyses so 
much as to physical stru c tu re , th a t  analyses are



excellent in  themselves, b u t m ust be considered in 
connection w ith physical s tru c tu re . W ith  these 
sta tem en ts I  have for m any years been in  e n tire  
agreem ent.

“ I t  is fu r th e r in te restin g  to  note on page 91 
th a t  M r. Cam eron recom mends soft b la s t and a 
tuyere  area of 1 to  4. F if teen  years ago I  in 
creased my tu y e re  ra tio  to  1 to 3^, and  ^with a 
10-oz. pressure a tta in ed  excellent re su lts .”

A French Opinion of Semi-Steel.
M o n s . E . R o n cer a y , of P a ris , in  a w ritten  com

m unication  on M r. J .  C am eron’s P a p e r on semi
steel, s ta ted  th a t  he cong ra tu la ted  M r. Cameron 
for his very in te restin g  P ap er, and thanked  him  
for his too k ind  appreciation  of his (M r. Ronce- 
ra y ’s) P ap e r on a  sim ilar subject given to  the  
A .F.A . d u ring  th e  war.

H e (the w riter) was no t very proud  of his P aper, 
as he fell in a good m any points in to  accepted 
erro rs of th a t  tim e. H is excuse was th a t  i t  was 
then  more u rg en t to  help m aking shells th an  to 
argue.

Mir. Cameron considers the nam e of “  semi
steel ”  as m isleading, and  he suggested th a t  some
tran s la tio n  of th e  F rench  nam e, “  fon te  acieree,” 
be used. P erhaps “  steely cast iron ”  would 
answ er th e  purpose.

So fa r  as he could unders tand , th e  te s ts  im
posed by th e  B ritish  W ar Office were simply those 
of the  F rench  W ar Office tran s la ted  in English 
m easurem ents. T he sam e criticism  th a t' he made 
in his P ap er, “ New M ethods of T esting  C ast
Iro n ,”  applied. Those te s ts  weire valueless.

Colonel P rache  m entions: “ W h a t has stopped 
possible im provem ents w ith  semi-steel du ring  
the  w ar are  the  tes ts  imposed by the  W ar 
Office. Those who have m ade semi-steel shells 
know th a t  these tes ts  had  a very d is ta n t re la tion  
to  the  castings th a t  were to be produced ” ; and 
also “  W ar Office tests p revented  foundrym en from  
m aking b e tte r  shells.” P ortev in  w rites: “  Op the  
po in t of view of the quality  of m etal for projectiles, 
i t  was difficult to  m ake a worse choice of te s tin g  
m ethods.”

The reasons were fully explained in his P ap er, 
and he only wished to w arn those who have no t 
had  a long experience of these tests n o t to p u t
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F i g . 2 .— C u r v e s  M ade U n if o r m .
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the  sligh test confidence in them . A nother proof 
of th e ir  un re liab ility  is given by M r. Cameron 
when he m entions th a t  fa ilu res happened when 
the forem an had changed the  moulder m aking the 
tes t bars. In  fact, i t  is quite common th a t  two 
bars cast in  th e  same m oulding box from  the  same 
gate  give qu ite  d ifferent results.

High Silicon in Cast Iron.
A po in t of M r. C am eron’s P ap e r which in terested  

the w riter considerably is his s ta tem en t about high 
silicon te s t pieces. I t  refers to one of the  w riter's  
hobbies. Professor T urner did w onderful pioneer 
work when he investigated , more th an  35 years ago, 
the influence of silicon on cast iron. H e called 
a tten tio n  to  the im portance of silicon on the con
dition of carbon, and gave a ch a rt showing the 
influence of silicon on s tren g th  of cast iron . From 
th is tim e th e  behaviour of silicon has been studied, 
and we are indebted to  him  for the considerable 
progress th a t  has been made in the  foundry  in 
following th e  inform ation given. About same 
tim e, on different lines, G autier in F rance  used 
silicon in  cast iron to a g re a t ex ten t.

Professor T u rn e r worked on w hat m ust he called 
artificial cast iron contain ing  about 2 p er cent, 
carbon, and used te s t pieces of only one size. 
U nfortunately , though Professor T u rner m entions 
th is po in t very clearly, m any false ideas have been 
derived from th e  insufficient knowledge of these 
details.

A fter Professor T u rner, K eep, the adm irable 
American experim enter, made very im portan t 
researches on the same question, dealing w ith com
m ercial iron and using various sizes of tes t pieces, 
bu t he tested  transversely, the  most reliable of all 
tests for cast iron. H e ventured  to say th a t  Keep 
was ra th e r  influenced by th e  results published by 
Professor T urner, for i t  seems th a t  he did not 
dare to draw  th e  fu ll lesson from  his tests. F ig. 1 
shows the orig inal diagram  of pages 120-121 of 
“  C ast I ro n ,” by W . J .  K eep, amended only in 
showing th e  zero line th a t  K eep le ft out, begin
ning his d iag ram  a t 160 lbs. This was done only 
to save space, b u t i t  was irather misleading. 
Alongside of it  (F ig . 2) is shown the  diagram  cor
rected by him to  m ake nice curves, and amended 
by the  w riter in the  same way as th e  preceding



one. I t  is qu ite  clear th a t  in  th e  first d iagram  
there  is a  kno t of all curves betw een § in. and
2 in. thickness, which th e  w rite r should tra n s la te  
by saying th a t  between in. and 2 in. thickness 
a percen tage  of silicon betw een 1 in . and 3J in. 
makes no difference in th e  s tren g th .

The w riter has poured castings of about 1J in. 
thickness and even m ore w ith cast iron in tended  to 
be used for th in  work, and con ta in ing  m ore th a n
3 p er cent, silioon, and  th e  work was qu ite  sa tis
factory . H e has done th is  now fo r m ore th an  
four years, w ith th e  resu lt th a t  a h a rd  casting  is 
alm ost unknow n when o ther conditions a re  norm al 
in th e  foundry.

T a b l e  I .— Composition o f the Iroqxiois Iro n  used in  ex 
perim ents detailed in  F ig. 1.
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Series

Per
cent.
nom
inal

silicon.

Per cent, of silicon.

k" sq- 1" sq.
l" x
2" 2"sq. 3" sq. 4" sq.

Si.
av.

1 1.00 0.83 0.79 0.78 0.82 0.72 0.88 0.81

2 1.50 1.09 1.14 1.70 1.33 1.10 0.88 1.20

3 2.00 1.73 1.73 1.70 1.50 2.17 2.50 1.88

4 2.50 2.13 1.69 1.60 1.80 2.17 2.07 2.01

5 3.00 2.42 2.65 2.40 3.36 3.67 4.67 3.19

6 3.50 2.74 2.69 2.70 2.62 4.30 3.22 3.04

O ther conclusions could be draw n of a carefu l 
exam ination  of K eep’s d iagram , b u t th is  is n o t the  
place to  exam ine them . H e hoped to be able to  
re tu rn  to  th e  sub jec t la te r, b u t he was pleased to 
read in  Mr. C am eron’s P a p e r full support of w hat 
lie had found when Mr. Cam eron m entions th a t  
a ga te  l j  in. d ia ., con ta in ing  over 3 per cent, 
silicon, yielded a  tensile s tren g th  over 18 tons. 
A t th e  sam e tim e, he m entions th a t  semi-steel 
seems sensitive to  phosphorus and sulphur.

Phosphorus in Semi-Steel.
R eferring  to  phosphorus, he believed th a t  we do 

no t seem to speak the  same language when we
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speak of high phosphorus in semi-steel in F rance 
and in G reat B rita in , In  M r. C am eron’s P aper, 
in semi-steel analysis the P  is from  0.39 to 0.73. 
I t  is when th ere  is 1 per cent, phosphorus th a t  
one considers phosphorus high. In  F rance, semi
steel for shells has always been m ade w ith hem a
ti te , and th e  question is to know if th e  lim it of 
from  0.06 to 0.07, o r exceptionally 0.12 peir cent., 
can be passed. H e sincerely believed th a t i t  would 
be a g rea t m istake to insist upon such low figures, 
for up to  0.30 th e  streng th  and probably the b r i tt le 
ness of cast iron is no t altered.

Colonel P rache  is a fra id  th a t  it  will probably be 
b rittle . C areful experim ents m ust be made to 
determ ine if such is the  case, for the price  of com
m ercial .semi-steel would considerably rise if the 
lowest figures a re  insisted upon.

The Limit of Sulphur Content.
The sulphur in analyses given in Mr. 

C am eron’s P ap er (0.150 and 0.143 per cent.) 
was no t balanced by a p roper am ount of m an
ganese ; th is  is probably the  reason why the  iron 
would no t ru n  in small bars. The manganese 
ought to  have been a t  least 0.50 to  0.70 instead 
of 0.26 and 0.34. Thousands of tons of semi-steel 
shells have been made in F rance with such per
centage of su lphur (see analysis in the  w rite r’s 
P aper on “ New M ethods of T esting  C ast I ro n ,” 
where the sulphur varies from 0.12 to  0.22). These 
high percentages of su lphur are n o t to be recom
mended, b u t th is  resulted  from the  poor m ateria l 
available du ring  the  war, and it  is com forting to 
know th a t  they  can  be occasionally accepted.

Blow Holes.
Mr. Cameron shows test-pieces w ith blow-holes 

due to re ta rd in g  th e  pouring. M any reasons can 
be the cause of such blow-holes, e ither w hat the 
w riter calls “  C uster effect ”  (a ir en tra ined  w ith 
iron in pouring), o r slag inclusions, or gas from 
either the  mould o r th e  m etal. So i t  is of no use 
to  discuss th is point, so long as no more de tails are  
available about the condition of pouring , b u t th is 
is not special to  sem i-steel; under sim ilar con
ditions common cast iron would behave sim ilarly. 
Damp sand, when used for o rdinary  cast iron, will 
produce the same result.
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Cupola Practice.
H e quite  agreed w ith M r. Cam eron as to the  size 

of cupolas to be used and th e  general a rran g e 
m ent w ith only one row of tuyeres and  th e  ra te  
of 1 to 4, b u t he differed w ith him  abou t the  
in te re st o f small charges. H e was a t  one tim e  of 
th is opinion, and he had  a ltered  it, because, when 
th e  charges are  sm all—th a t  is, corresponding to  
4 in. thickness of coke as recom mended by D r. 
M oldenke—the coke takes fire th rough  the  charges 
of iron too easily, and  a f te r  a short tim e  th e  flame 
appears a t  th e  top of the  cupola, which th en  is 
w orking as a gas producer b u rn ing  a large am ount 
of coke for no th ing  and rendering  th e  working of 
the  cupola very h a rd . H e had come to  th e  belief 
th a t  a thickness of 6 to  8 in. of coke and a corre
sponding thickness of m etal are  to  be recom 
mended. I t  m eans th a t  in  a 40-in. cupola he 
would n o t use charges less th a n  14 cwts. iron for 
12 per cent, coke ra tio .

R eferring  to th e  m elting of steel, Mr. Cameron 
says th a t  steel m elts quicker th a n  iron, pig and 
scrap. H e was very su rp rised  to  read  th a t  i t  is 
a fa c t th a t  th e  m elting  of succeeding charges takes 
place more or less sim ultaneously, especially when 
the charges a re  small.

Dr. M oldenke gives evidence of such fac t in 
his P a p e r of th is  year presen ted  to the  R ochester 
C onvention of the  A .F .A . B u t to  adm it w hat Mr. 
C am eron m entions needs moire evidence th a n  he 
gives. V ery  likely the  pieces of steel m elted first 
were of sm aller section th an  the  p ig  o r scrap th a t  
he used. This would be a sa tisfac to ry  exp lana tion .

AMERICAN METHODS OF MANUFACTURE OF 
MALLEABLE IRON CASTINGS AND SOME 
DATA IN CONNECTION WITH THE FINISHED 
PRODUCT.

By Enrique Touceda (Albany, New York).
The au tho r of th is P ap e r would assure you th a t  

he feels highly fla tte red  in having received your 
k ind in v ita tio n  to  p repare  an exchange P ap e r 
to  be read  before your body a t This m eeting , and 
deeply g ra te fu l as well in  hav ing  been asked to 
appear in person as your guest. H e has read  w ith 
g rea t in te re s t and profit m any of th e  valuable con
tribu tions w ritten  (by your countrym en th a t  have
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served so g reatly  to enrich  th e  lite ra tu re  of the 
m etallurgy and m etallography of iron and steel, 
and he -well rem embers particu larly  du ring  the 
early days of his career how profoundly he prized 
and  was im pressed by S ir Low thian Bell’s classic,
“  The M anufactu re of Iron  and S teel,”  which a t  
th a t  tim e he continually  read and studied w ith 
indefatigab le  zeal and enjoym ent. I t  served as a 
constan t source of in sp ira tion , and for it  the 
au tho r has an affection th a t  has in  no way been 
tem pered w ith the  passage of time. The au th o r’s 
one reg re t is th a t , hav ing  received so much from 
you, he has so litt le  to  offer in  re tu rn . In  the 
le tte rs  received from  the  S ecretary  of the  
C onference Com m ittee, and th e  Secretary- 
T reasurer of th e  A m erican Foundrym en’s Associa
tion, M r. C. E . H oyt, i t  was requested th a t  the 
subject of the P aper cover the  m anufactu re  of 
m alleable cast iron as conducted in th e  S tates. 
T heir suggestion was n a tu ra lly  prom pted in large 
p a rt by th e  knowledge th a t  th e  au thor has had  a 
very close association w ith th is  industry , p a rticu 
larly du ring  th e  p as t ten  years, and in p a r t perhaps 
by sharing  in th e  in te re st th a t  has suddenly 
awakened in o th er countries in reg ard  to  th is sub
ject. D uring  th e  p ast year inquiries p erta in ing  
to the  p rac tica l de ta ils of th is  process have been 
received from France, Belgium, Ita ly , A ustralia , 
and Jap an . The au tho r has had  the pleasure of 
receiving v isits from  a num ber of engineers from 
abroad who have seemed g reatly  in terested  in the 
practical ra th e r th a n  the  m etallurgical details of 
th is industry . These facts have been en tered  in to  
principally, because i t  is the  au th o r’s though t th a t 
if he took as a guide the  character .of these 
inquiries and the  various questions th a t  have been 
asked him by th e  visitors referred  to, he would n o t 
miss by much the ground th a t  mem bers would 
p refer to  see covered, ra th e r th an  a ttem p t to  en ter 
into an academic discussion in regard  to the  
mechanism of g raph itisa tion  and o ther contro
versial m atte r concerning which so much has been 
w ritten  of la te , or in  dwelling on o ther stric tly  
m etallurgical details th a t  have been so ably covered 
by m any others, and particu larly  by Mr. H . A. 
Schwartz, whose book, compiled from articles he 
has w ritten  for T h e  I ron  T rade  R e v ie w , is about 
to be issued. The author is assum ing therefore that



for the most p a r t  i t  is th e  purely p rac tica l end of 
the  proposition th a t  will prove of g rea te s t in te re s t 
to  y o u ; th a t  w hat you desire m ainly is a  more 
or less b rief reference to  those points concerning 
which inquiry  has ¡been m ade both  in th e  lay-out 
and operation  of a  m alleable-iron p la n t of average 
capacity , an d  supplem ent th is  w ith some o ther 
m a tte rs  th a t  in  some cases has no t been touched 
upon by others.

The Lay-out of a Malleable Plant.
S ta rtin g  w ith  the lay-out of the  p lan t, th e  deta ils 

of which should have most serious consideration, 
i t  is obvious th a t  its co rrec t p lan  will be dependent 
upon th e  p lan t-capacity  specified, and th e  shape 
of the  building site. In  connection w ith the la t te r  
high ground should be selected, if possible, while 
low ground th a t  is n a tu ra lly  w et and cannot be 
successfully d ra in ed  should be shunned as w orth
less, fo r if  annealing  ovens a re  erected  in such a 
locality annealing  difficulties will prove to  be p e r
petual. W hether th e  p la n t is  to  consist of one 
or various w orking u n its , and even if th e  raw  
m ateria ls  a re  to  be handled  by m eans of a crane, 
i t  is desirable th a t  each k ind be stored as n ear to 
th e  m etallu rg ical ap p a ra tu s  in  which i t  is to  be 
used as is both convenient and  possible. I t  is 
advisable th a t  a t  the  sidings where th e  raw  
m ateria ls a re  to  be discharged, th e  track s be 
elevated on trestles  of a he igh t and leng th  th a t  
will adm it of th e  rap id  and cheap discharge of 
tru ck  contents.

In  the case of the m oulding, face and  core-sand, 
a saving will resu lt if  th e  roof of the  bu ild ings in 
which they  are  to  he stored is flush w ith  th e  tracks 
on th e  trestle , in o rd e r th a t  th e  tru ck s  can be d is
charged d irec tly  th rough  roof openings in to  the  
build ing o r sheds, which should be constructed  w ith 
th is  end in  view. Irrespective of th e  size of th e  
p lan t, th e  various d epartm en ts  in  each u n it 
should b ea r such a  re la tion  to  each o ther th a t  the  
product from th e  very  s ta r t  of operations and a t  
each step  in the  process should be continuously 
approaching th e  sh ipp ing  room in  the  m ost d irect 
m anner possible, in o rder to  avoid th e  re tra c in g  of 
steps. Economy in  construction  will resu lt if each 
separa te  d epartm en t is dim ensioned s tric tly  on 
the  basis of providing not much room in excess
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of th a t  which will occasion qu ite  serious conges
tion  when fu nn ing  a t maximum capacity. 
Experience has convinced th e  au thor th a t, in ra re  
instances only, a re  malleaible-iron p lan ts ever run  
a t  m axim um  capacity , for when business is boom
ing  labour is scarce and inefficient, and when 
labour is plenty and men are willing to do a fa ir 
day’s work th e re  is a d ea rth  of business. A little  
crowding therefore in  th e  various departm ents 
can be to le ra ted  a t tim es th a t  prove exceptional. 
The one-storey stra igh t-line  p lan t of fa ir  capacity 
(25 to  35 tons of castings per day) w ith core room 
and shipping rooms a t  extrem e ends, and foundry, 
hard -iron  shops, trim m ing  room, g rind ing  and 
sand-blast room, annealing  room, and soft shops in 
between and located in th e  o rder nam ed, will be 
found convenient, and can be arranged  as to 
perm it of considerable economy in construction, 
while ad m ittin g  of considerable flexibility as to  
expansion. The character of building u n it, very 
popular a t  the  p resen t tim e in the S tates, is the 
one-storey steel-skeleton type w ith cu rta in  walls, 
brick p ilasters, and concrete foundations, with 
e ither 'a saw-tooth roof, or one of usual construc
tion  w ith sufficient pitch, and 30 ft. wide, a 
m onitor runn ing  the full length  of th e  building 
with window sashes hinged a t  the  top  to  swing 
inw ard, and sashes- in the  cu rta in  wall pivoted a t 
the centre, the  roof covering being of slate, slag, 
fab ricated  cement-asbestos tile , or o ther fireproof 
m aterial. The one-storey building of th is  type 
with e ither style roof possesses many advantages, 
in th a t  maximum visibility  w ithin is _ assured, 
ventilation is facilita ted , and fire risk  minimised.

Ventilation.
One of the most im portan t items to be considered 

is th a t  of efficient ventilation , particu larly  in the 
foundry building and core room. W ithou t a  con
s ta n t supply of fresh a ir , energy of body and a le rt
ness of mind are  gradually  deadened as the day 
progresses, and when activ ity  and vigour are 
lowered th e  effect is always noticeable in increased 
foundry loss on la te  heats, while th e  hazard , due 
to accident, is augm ented.

For effective ventilation  dependence should not 
be placed wholly upon th e  m onitor, b u t i t  should 
be supplemented .by well-designed ventilators, posi
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tioned in such a m anner th a t  a steady discharge 
of a ir  is assured. A popular and very efficient 
make ro ta te s  on hall bearings—the direction  and 
ex ten t of ro ta tio n  being controlled by a vane— w ith 
the  resu lt th a t  the ex it for used a ir always faces 
away from  the  wind, which, in passing, creates an 
active suction. These ven tila to rs, when installed 
by those who unders tand  the  ven tila tin g  problem, 
have proved to be w orth m any tim es th e ir  cost.

Heating.
The efficient and uniform  h ea tin g  of th e  foundry 

proper is a problem rep lete  w ith difficulty, owing 
to the  variab le  conditions th a t  m ust be m et. 
D uring  th e  n igh t th e re  is th e  n a tu ra l fa ll in  tem 
p e ra tu re , coupled w ith th e  condition  b ro u g h t about 
by the  w etting  and  cu ttin g  of the  sand, th a t  pro
duces a clammy dam pness ra th e r  h a rd  to  remove 
by th e  tim e the men rep o rt fo r work in th e  m orn
ing. In  con trast to th is  condition is the  s ta te  of 
affairs th a t  ex is t a f te r  a h ea t, when th e  a ir  is 
filled w ith h o t steam  and a g re a t am oun t of hea t 
is rad ia tin g  from th e  stripped  castings. 'Some 
foundries of even fa ir  size s till use th e  salam ander, 
which while very cheap to  in sta ll is expensive to 
run , takes up space of value, in te rfe res  somewhat 
w ith crane service, and occasions loss of tim e due 
to th e  men congregating  around i t  if they feel 
slightly cold. One of the  best and most approved 
systems is to force warm a ir  in to  th e  bu ild ing  
th rough  pipes properly spaced to yield un iform  
heating  by one of the  m any blower system s now 
on th e  m arket. Live and exhaust steam  from  the  
power house or from a  sep a ra te  steam  source 
designed for h ea tin g  only, or from  such a p la n t 
supplem ented by steam  from w aste-heat boileis. 
is used in some p lan ts  in  m anifolds hung  in  such 
a m anner as to be out of the  way b u t as n ear as 
prac tica l to  leakages of cold a ir  from  windows, 
entrances, etc., in o rder to  h e a t th is  a ir as i t  filters 
in to  th e  build ing. The au th o r has seen m any 
p lan ts where a w aste-heat bo iler-installa tion  has 
proved to  be a  m istake. A w aste-heat boiler has 
n o t been designed to  da te  in  such a m anner th a t  
a fte r  fu rnace  operations have ceased i t  can be 
hand-fired economically. In  ru n n in g  b u t one hea t 
per day, any saving would be offset by th e  huge 
am ount of coal required to  keep u p  steam  for the

124



125

balance of the  tim e, when power o r h ea t was 
required , while if the  boiler is allowed to cool off 
and electric power and steam  for heating  derived 
from a  sm all aux iliary  heating  p lan t substitu ted , 
the m aintenance cost, due to  the stra ins set up, 
would prove disastrous. The scheme works out 
very nicely in o ther cases, especially where the cost 
of e lectric  power or coal is h ig h ; where two heats 
per day  are  run  from  the same fu rn a c e ; where one 
boiler is used in common w ith two furnaces, and 
p articu la rly  when a g rea t am ount of power is 
requ ired  fo r sand-blasting purposes. Reference 
should be given to  th a t  type of boiler least affected 
by quick changes in tem perature .

Foundry Floor.
The foundry floor is ano ther item th a t  is deserv

ing  of some thought. Some favour the  concrete 
floor, b u t th e  w riter believes th a t  if a vote were 
tak en  of the  m oulders th e  decision would he in 
favour of alm ost any o ther type. The concrete 
floor is unquestionably h a rd  to th e  feet, and d an 
gerous in  some particu lars. W hen spills occur an 
eye can he lost o r serious iburns sustained  due to  
the  instan taneous generation  of steam from the 
m oisture on th e  floor surface, which invariably is 
more o r less wet. Serious accidents have 
occurred in the carry ing  of iron through the 
moulder slipping on the  rounded particles of m etal 
th a t  have been occasioned by spills. Even when 
the floor has been properly laid, it subsequently 
can be ru ined  through  carelessness on th e  p a r t of 
the  m oulder in  shaking ou t th e  castings too hot. 
However, the  w orst fea tu re  of the concrete floor is 
its  g re a t tendency to  tran sm it v ibration. W hen 
bum pers or v ib ra to rs a re  used, the probability  of 
shaking down d ir t from the cope or th e  cope itself 
is g reat. A floor of hard-wood blocks properly 
laid  on a sand foundation  yields be tte r all-round 
service, and is equally good for the  gangways or, 
if protected w ith a li tt le  packing where the  pots 
a re  dumped, for the annealing room ; h u t when 
used in the  annealing  room a strip  paralleling  the 
fron t of the oven and 6 ft. wide should consist of 
square annealed iron p late about 18 in. by 18 in ., 
w ith lugs on the  under side, and  set in concrete, or 
smooth g ran ite  block, se t in concrete and  well 
g routed. M olten iron has no o ther effect on wood
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block th a n  to  produce a surface char, which defects 
a re  very shallow, and when p resen t become filled 
and well p rotected  by sand. Black-gum , maple, 
beech, southern  yellow pine, if  well creosoted, give 
splendid wear. The blocks should be la id  in 
s tra ig h t paralle l courses, w ith th e  g ra in  of the  
wood vertical, care being taken  to  keep s tra ig h t 
courses and  close jo in ts . All courses should break 
jo in ts  a lte rna te ly  by a  lap of a t  least 2 in ., and 
filled w ith a ho t, low-<melting-point p itch  of a  con
sistency th a t  will flow like w ater, to  th e  end th a t  
all crevices will be completely filled. A gainst the 
sides of the  bu ild ing  and  around all foundations 
expansion jo in ts  should be made by placing a  1-in. 
by 4-in. tap ered  board  on edge a g a in s t th e  sides 
of th e  bu ild ing  and  around foundations, which 
boards subsequently should be removed a f te r  the  
blocks a re  laid  and  rolled in order th a t  th e  void 
can be filled w ith h o t aspha lt to w ith in  \  in. of 
th e  w earing surface of the  floor. The d ir t, or clay, 
foundry floor is th e  safest, and th e  one th a t  is 
most popular w ith th e  m oulder. I t  is  com para
tively  inexpensive, and, if given proper a tten tio n , 
can be k ep t level and in excellent condition, while 
if a s tan d ard  travelling  sand-cu tte r is used, th e re  
will be no  danger of th e  floor being cu t, provided 
precau tion  is tak en  to  see th a t  th e  tre a d s  of the  
wheels a re  made sufficiently wide to  p rev en t th e ir  
sinking in to  th e  ground.

Sand Cutting.
T he au tho r believes th a t  i f  th e  m oulder was 

asked w hat constitu tes  a t  th e  p resen t tim e  his 
hardest an d  m ost exacting  task , if casting  surface 
is a  v ita l proposition, he would sta te , “  cu ttin g  
sand .”  In  th e  S ta te s  i t  is g e ttin g  increasingly 
difficult to  employ moulders owing to  the  all-round 
disagreeable n a tu re  of th e  work and th e  condi
tions under which the  work is done, coupled w ith 
th e  fac t th a t  an equal wage can  be ea rn ed  in 
o ther occupations where th e  work is much less 
arduous as well as m uch cleaner. I t  is very 
noticeable a fte r  a leng thy  shut-dow n th a t  in 
general those moulders who have secured jobs in 
o ther lines refuse to  re tu rn  to  the  foundry  on the  
resum ption of operations. The fac t is being recog- 
ised th a t  som ething m ust be done to  ligh ten  
g reatly  h is labour and make his liv ing  conditions
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w ithin th e  p lan t equal as fa r  as possible, both in 
wage and com fort, w ith w hat obtains in  the case 
of o ther industries, or, failing  which, a very 
h igh  prem ium  will have to  be paid  to  secure such 
labour. T h a t th e  s tandard  type of travelling  sand- 
c u tte r  h as  no t been more generally used is due to 
the  fa c t th a t  m oulding conditions in the  malleable- 
iron foundry a re  different from those existing in 
foundries where o ther types of castings are  made. 
As in m alleable-iron practice, there  a re  usually 
moulds on the  floor between heats, i t  has been 
found im practicable in  most instances to ru n  the 
m achine from pile to  pile owing to  th e  very short 
tim e available and th e  confusion th a t  would result 
if th is  was attem pted . I n  o rder to  overcome th is 
difficulty, a cu tting  m achine has been devised to 
operate as a  u n it with a  mono-rail hoist, to  which 
i t  is a ttached  by two hoisting cables, and by means 
of which i t  can  be lifted  to  clear th e  ground. I t  
also differs from others in th a t  the operator rides 
on th e  machine, where he can easily control the 
cu tting , piling, and traversing . Through th is 
arrangem ent the  opera to r can raise the en tire  out
fit, him self included, and hop the machine from 
floor to  floor w ithout in any way d istu rb ing  the 
line of moulds already in place and located to  one 
side of th e  pile to  be cut, or encroaching in  any 
way on th e  gangway space or in te rfe rin g  with the 
progress of o ther operations.

Lighting.
I t  would be difficult to  over-estim ate the im por

tance of providing th e  foundry and other d ep a rt
ments with proper and effective n a tu ra l and a r t i
ficial ligh t. If  the  roof is of the saw-tooth type, 
the  longitud inal axis of the bu ild ing  preferably 
should point to the  north , while if the roof is pro
vided w ith a m onitor, the longitudinal ax is of the 
building preferab ly  should lay east and west. Not 
only should there  be plenty of window space, b u t 
equally im p o rtan t means should be taken  to  secure 
a maximum am ount of ligh t from the space avail
able. I t  is often  found to be the case th a t  con
siderable money will have been spent for the secur
ing of ample window light, and is nullified in 
large p a r t  through  subsequent neglect. Ribbed 
glass will tran sm it much more ligh t per u n it of 
area th an  will plain glass, while i t  will lessen,
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g lare. I t  .is perhaps sligh tly  more difficult to  keep 
clean th a n  p la in  glass, b u t if  given system atic 
and in te lligen t a tten tio n , no troub le  will be 
experienced in  th is direction .

I f  accum ulations of d i r t  are allowed to  rem ain  
on glass of any k ind for undue lengths of tim e 
the surface will become p it te d  and  eventually  more 
or less opaque. The m a tte r  of a rtific ia l lig h ting  is 
one th a t ,  to  be handled  correctly , should be placed 
in the  hands of an expert. In  th e  S ta te s  th e  
problem is simplified by reason of th e  fa c t th a t  
all one has to  do is to  avail oneself of th e  
oppo rtun ity  offered by th e  G eneral E lec tric  Com
pany, who, upon receip t of p lans of build ings and 
working conditions w ithin, will advise, free of 
cost, th e  most su itab le  in sta lla tion . W hile the  
New York S ta te  In d u s tria l Commission have rules 
re la ting  to  the artificial ligh ting  of factories, 
these cannot be accepted as a guide, as th e ir  
requirem ents fall short of w hat is recognised as 
being really proper and efficient illum ination  for 
th e  pa rticu la r character of work covered in th e ir  
specification. They have had  in  m ind, for the  
most p a r t , th e  safeguard ing  ag a in s t accident 
ra th e r  th an  a scientific consideration  of th e  illu 
m inating  problem. The G eneral E lec tric  illu
m inating  engineers, depending upon th e  character 
of work to  be done, recom mend from  3 to  6 foot- 
candles, corresponding to a power requ irem en t of 
0.5 to  1.0 w a tt per sq. f t . of floor area, which is 
more than  double th a t  required  by the S ta te . The 
dom inan t object to be a tta in ed  is th e  securing of 
uniform ly diffused lig h t free from  flicker, and  in 
which both shadow and glare  will be reduced to  the  
minim um. In  the  h igher bays, a more concentrated  
d is tribu tion  of ligh t is desirable, an d  should 
obtain , th a n  in  th e  lower bays. These should be 
located a t  a h e ig h t above the  crane ca rriag e , in 
th e  event th a t  a crane is used, such as will adm it 
of th e ir being relam ped and  cleaned from it. The 
equipm ent th a t  has given general sa tisfac tion  in 
the S tates for ind u stria l ligh ting  is th a t  which 
is known as the  R .L .M . s tan d ard  dome reflector, 
howl-enamelled incandescent-lam p, b u t a study of 
local conditions and build ing  design and in te rio r 
surface is essential in o rder to  ob ta in  the  most 
efficient location and com bination of overhead sus
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pended and w all-braeket suspended un its . All 
lights should ¡be a rranged  as for quick re-lam ping 
and cleaning, and for economio reasons too much 
a tten tio n  canno t he given to  the  la tte r , and  for 
th e  same reason th e  u n its  should be so controlled 
th a t  as few or as m any lights can be tu rn ed  on 
as a re  required' a t  any tim e.

Handling Materials.
The following h in ts  may prove of some value in 

tlie  layout of a s tra ig h t line foundry of medium 
capacity . A m ono-rail c rane so located th a t  i t  
passes from end to  end of th e  foundry  building 
and d irec tly  over two a ir furnaces sym metrically 
distanced as to  m oulding space an d  set crosswise 
of the  building, in  com bination with an elec
trically -driven  2 or 3-ton tra n sfe r  bridge of 30 to 
40 ft . span  th a t  will adm it of easy and rap id  ex it 
ou t of and en tran ce  in to  the foundry, will pay for 
itself w ithin a reasonable period. Through the 
la t te r  a rrangem en t th e  air-fu rnace  charges can be 
placed on th e  floor space beneath  the  bridge a t  its  
en trance  to  th e  ¡building, to  be subsequently taken  
to  th e  furnaces as needed. Such a scheme yields 
fairly  com plete crane service to  both  yard  and 
foundry, while for a  sligh t add itional expenditure  
th e  m ono-rail can he extended  to  the  o ther depart
m ents if, as should be th e  case, a uniform  over
head clearance of a t  least 15 f t .  has been provided 
th roughou t th e  en tire  building u n it. W hile the  
shortcomings of the  mono-rail c rane  are  due to its 
lack of flexibility in th a t  th e  carriage  is confined 
to  one track , still, th rough  appropria te  special con
trivances, i t  can he used to  handle m ateria l su r
prisingly d is ta n t from its  line of travel.

If  i t  is deemed expedient to  have a  w aste-heat 
boiler, th e  two air-furnaces can be placed in  the 
m iddle of th e  foundry about 20 ft. between centres, 
the ir longitud inal axes lengthwise with th e  build
ing and in  th e  p a th  of the  tran sfe r bridge, in order 
th a t  they can, th rough  th is arrangem ent, be 
charged d irectly  by it. One w aste-heat boiler and  
stack can then  be used in common by the two fu r
naces. In  th is  design, however, the  mono-rail can 
conveniently cover b u t one-half th e  length  of the 
foundry building, owing to  in terfe rence  occasioned 
by the boiler and stack.

In one type of mono-rail a novel fea tu re  consists
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in  the  ab ility  of th e  operator to  ra ise  or lower 
him self th rough  m eans of a  telescopioal a rrange
m ent. The cables connecting th e  controllers for 
th e  various motors a re  all a rran g ed  w ith  a flexible 
connection in o rder th a t  a t  all tim es th e  opera to r 
has control of th e  trave l and ho ist m otor and th e  
m otor for hoisting  him self.

Through th is a rrangem en t i t  is possible for th e  
o pera to r to  pick up any charac te r of load in  the  
yard  w ithout th e  aid of an ass is tan t and  b rin g  i t  
in to  th e  foundry , or, if in  the  foundry , do much 
work th a t otherw ise would requ ire  th e  use of an 
add itional m an. In  la rg e r foundry  u n its , i t  will 
be found th a t  a more am bitious system of crane 
service n o t only should be adopted, b u t is dem anded 
by conditions. The travelling -b ridge  crane service 
for the m alleable-iron foundry  differs in th e  
m ajo rity  of cases from  w hat should ob ta in  in the 
case of the grey-iron foundry , for i t  is rarely  
used for draw ing patterns' or for hand ling  finished 
moulds. In  sam e m alleable-iron foundries, how
ever, such as those m aking heavy railw ay work, 
while th e  requ irem ents a re  q u ite  sim ilar, i t  is for 
a different reason. T h e ' large bottom -pouring  
ladle is now being qu ite  generally  and successfully 
used fo r th e  pou ring  of moulds fo r th is  class of 
work. The la t te r  and form er condition  call for a 
creeping speed of from 1 to  5 f t . per niin . P o u r
ing m etal th rough  a  nozzle from  a large ladle sus
pended from a  crane and passing from mould to 
mould necessitates quite  careful control of the  
speeds. Consequently, th e  creeping and hook speed 
particu la rly  should be adap ted  to  th e  charac te r 
of work to be done. In  th e  absence of a specific 
design of build ing, i t  is n o t possible to  ind icate  
th e  best a rran g em en t of trave lling  crane and 
supplem ental crane insta lla tion . Such d e ta ils  a re  
fam iliar to  th e  s tru c tu ra l eng ineer, and are  n o t 
as serious as those to  which reference has been 
made, if to  these be added the  fac t th a t  any crane 
should have a  positive system of m echanical 
brakes, have electrical equipm ent as simple as pos
sible, and so constructed  as to p rev en t the  adm is
sion o f dust or d ir t.

W hile, some few years ago, d irec t-cu rren t for 
crane service had  num erous advantages over a lte r
n a tin g  cu rren t, electrical control equ ipm en t has 
been developed to such an  e x te n t th a t  e ith e r D.C.
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or A.O. cu rren t can be used with satisfactory 
resu lts on slow speed. In  the  case of D.C. cu rren t, 
dynam ic-braking is used for lowering, and with 
A.C. c u rre n t regenerative-brak ing  with solenoid 
load-brakes ,for creeping-speeds are used.

Lifting Magnets.
The lifting-m agnet, used in connection w ith the 

crane, in  th e  w rite r’s opinion, is an indispensable 
accessory when the  present labour situa tion  is con
sidered. Those who have seen labour sw eat and 
to il in hooking-out ho t castings from steam ing 
sand, need n o t be told th a t  th is  constitu tes a very 
disagreeable task , and one, for reasons already 
cited, the  men should ibe relieved of. Aside from 
th is, when the  castings are hooked-out and piled, 
m uch b u rn t sand is left in a  heap on each floor 
th a t  subsequently m ust be collected from all the 
floors in use. By m eans of th e  m agnet not only 
can the castings be quickly removed, h u t the  core 
wires, the cores themselves for the most part, and 
the chills a re  removed a t  the  same tim e, and the 
en tire  mass deposited a t  one, or a few convenient 
places, from which the b u rn t sand can be easily 
and quickly taken  to  th e  dum p, and th e  wire and 
chills recovered. Also, much tim e can be saved 
the moulder, particu larly  in the  rap id ity  with which 
th e  sand c u tte r  can get to work. I t  is needless 
to  dwell on th e  many o ther uses to  which the 
m agnet can be p u t;  in quickly loading the cast
ings on to  the trucks, th a t  a re  pushed by hand, 
handled by the shop-mule or tra c to r , as the case 
may be, to the hard-iron  mills, while its use for 
handling of p ig  and scrap  is obvious.

In  the  event th a t  th e  plot of ground is some
w hat square, a ra th e r  convenient layout of build
ing is in  the shape of a very deep channel, one 
leg consisting of the foundry building, mainly, say, 
300 ft. long by 136 ft. wide (1,300 to 1,500 sq. ft. 
of m oulding space per ton  of castings, the sq. ft. 
depending upon w hether th e  work is heavy or 
light), the  o ther leg contain ing, for the  most part, 
th e  annealing  room, say, 300 ft. long by 95 ft. 
wide, while the web, a build ing 300 ft. long and 
50 ft. wide, connecting and opening in to  the two 
buildings th a t  form the legs of the  channel. The 
situa tion  can be easily understood by reference to 
the arrangem ent of th e  departm en ts as given for

r  2
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th e  s tra ig h t line p lan t by simply considering th a t  
th e  s tra ig h t line is ben t in th e  form of a channel, 
the various d epartm en ts  following in th e  same 
order as in  th a t  construction . T hrough  th is  
design there  would be a cou rt abou t 70 ft. wide to 
provide lig h t and ven tila tion , and in which a wash 
room can be bu ilt, easy of en tran ce  from  any  of 
th e  m ain buildings.

Large Plants.
F or a som ewhat la rg er p lan t w ith m ore furnaces, 

where the  shape of th e  p lo t approxim ates the  
le tte r  “ T ,”  th e  en tire  found ry  bu ild ing  can be 
b u ilt like a ra th e r shallow, short-legged, long- 
webibed channel, the  annealing  room and  o ther 
departm en ts being contained in a  build ing  in  the  
cen tre  of th e  cou rt a t r ig h t angles to  an d  open
ing  in to  the  web an d  ex tending  considerably 
beyond it, th u s  g iving the  build ings as a whole 
th e  shape of th e  le tte r  “  T .”  The foregoing lay
outs a re  simply cited  as cases th a t  have proved to 
be convenient in  operation  and  flexible fo r e ith e r 
low o r m axim um  production .

B oth  th e  hard  an d  soft m ills should be so 
installed  th a t  they  can easily be filled by h an d  or 
poiwer, an d  h igh  enough to  c lear a tru c k  if placed 
d irectly  under them  to  receive th e ir  contents.

Black-Heart Malleable Iron.
A description of the  h lack -heart m alleable-iron 

process has appeared  in  so m any papers th a t  have 
been w ritten  w ith in  the  p as t few years th a t  th e  
au th o r feels certa in  m em bers m ust all be very 
fam iliar w ith it. On th is  account a very b rief ex
p lanation  only will be given. The castings, as 
cast, w hether made in  the  cupola, a ir-fu rnace , 
open-hearth  or electric-furnace, m ust no t only con
sist of w hite iron in  which no tra c e  of p rim ary  
g rap h ite  exists, h u t in order th a t  th e  finished p ro
duct, a f te r  h ea t- trea tm en t, be of norm al f ra c tu re  
and  superior in m echanical p ropertie s its  composi
tion  m ust lie between ce rta in  definite lim its. The 
w hite-iron composition th a t  th e  au th o r would re 
commend for best all-round conditions, embody
ing fac ility  of conversion, flu id ity , sh rink , s ta tic  
and dynam ic s tren g th , and  d u c tility  in final p ro
duct, is of necessity and for obvious reasons a 
compromise. Such a composition i s : — Silicon,
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0.90; phosphorus, 0.20; sulphur, 0.060; m an
ganese, 0.25; and comb, carbon, 2.35 per cent.

L a te r , some rem arks will be made concerning 
permissible lim its, b u t while a t  th is  point, th e  
au th o r desires to  explain th a t  the recom menda
tions he will give in  regard  to  both m elting and 
conversion are  based upon works conditions and 
no t upon w hat can be accomplished by a scientist 
in  laboratory  ap p ara tu s  of easy and positive con
trol. In  th e  S ta tes  th e  cupola is little  used except 
for castings for fittings. M elting  th e  charge in 
the presence of coke in  the  o rd inary  cupola means 
not only high-sulphur b u t high-carbon. The mix
tu re  is one in which sprue and malleable scrap 
predom inate; -some steel may be used, and enough 
pig added to b ring  th e  silicon to  the  required 
point. The m ix tu re  as i t  en ters the  cupola will 
run  from 0.70 to 0.95 per cent, silicon; the  to ta l 
carbon from 2.50 to  2.75 per cent. ; th e  manganese 
in the  neighbourhood of 1.00 per cent., th e  phos
phorus under 0.18 per cent. The loss in silicon 
is b u t little , rarely  as much as 0.12 actual, th e  loss 
in m anganese about 2 /5  th e  original co n ten t; car
bon will be picked up  to an am ount th a t  will pro
duce an  average of 3.00 per cent, in  th e  product, 
while the  am ount of su lphur in the product will 
be a function  of th e  fuel ra tio , th e  quality  of the  
coke, the  am ount in the o rig inal m ix tu re  and the 
size of th e  scrap. The sm aller th e  scrap th e  larger 
will be th e  gain  in sulphur. In  th e  fittings 
examined by the au th o r th e  sulphur will average 
around 0.25 per cent. While such iron, when an 
nealed a t  a high tem pera tu re , will produce a free- 
cu ttin g  product, and while i t  is acceptable as a 
m ateria l for fittings, it  would show a very abnor
mal s tru c tu re  in sections a t  all heavy, while it  
would be very low in elongation.

The Reverberatory Furnace.
The reverberatory , or a ir fu rnace as i t  is called 

in the S tates, is th e  m elting ap p a ra tu s mostly 
used fo r th e  production of w hite-iron castings. I t  
is, as is well known, a very w asteful appara tus, 
having an  efficiency ordinarily  under 10 per 
cent. As num erous inquiries have been received in 
regard to its  design the  following rem arks will 
prove pertin en t. U nder th e  assum ption th a t  b itu 
minous coal and forced d ra f t are to be used and
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th a t  the  fu rnace  capacity  is to be 15 tons, th e  first 
dimension to establish and lay-off is the  length  of 
h earth , th a t  is, th e  inside distance betw een bridge- 
walls. Theoretically  th is should be such a d istance 
th a t  th e  charge will have absorbed all of th e  
h e a t from  th e  combustible gases ju s t  as these leave 
th e  h ea rth  on th e  way to  th e  stack. Such condi
tions are  im practical, for th is  would im ply an ex
ceedingly long, narrow  h ea rth  w ith dep th  of m etal 
so shallow th a t  i t  presum ably would be badly 
oxidised long before i t  became h o t enough to  pour. 
In  order to  obtain  prac tica l w orking conditions, 
therefo re , th e  d istance betw een th e  bridges m ust 
be such th a t  a proper ra tio  of w idth , leng th  of 
h ea rth  and dep th  of ba th  m ust ob tain , the  form er 
to  provide for a workable hearth -size  and  the  
la t te r  to  avoid excessive ox idation . F or th is  capa
c ity  fu rnace an  inside d istance betw een bridges of 
22 ft. and an inside w idth of 6 f t . 6 in . will pro
vide a m ean dep th  of b a th  of 7 in ., which will he 
about r ig h t. T he top  of th e  f ro n t  b ridge  
theoretically  should be level w ith  th e  m olten m etal, 
b u t if  th is  were th e  case th e  fu rnacem an  in 
rabb ling  th e  b a th  to  hasten  th e  m elting  of pig still 
p a rtly  solid and  p ro tru d in g  above i t  would splash 
m olten m etal in to  th e  fire-pot. To p rev en t th is  
th e  b ridge should be some 6 in. h ig h er th a n  th e  
level of th e  m etal a f te r  th e  charge  has en tire ly  
m elted down. The top  of th e  re a r  b ridge  should 
preferab ly  be 3 in. lower th a n  th e  to p  of th e  o ther. 
In  o rder to  lay off th e  h e a rth  bottom , draw  a 
horizontal line 6 in. below th e  to p  of th e  fro n t 
bridge, which will h it  th e  re a r  bridge 3 in. lower 
than  its  top. Draw  ano ther horizontal line 9 in. 
under th is, and  betw een these two lines, and lim i
ted  by th e  bridge walls, lay off the  bottom  on a 
curve such th a t  its  lowest po in t, locating  th e  ta p  
hole, will be about 8 f t .  from  th e  fro n t bridge. 
This is shown in  F ig . 1. The curve or s lan t on 
each side of th is p o in t should have a p itch  no t 
much more th a n  sufficient to  d ra in  p roperly  the 
iron from the  h ea rth , and such th a t  as th e  m etal 
is w ithdraw n, feathered  edges of m etal a re  n o t p ro 
nounced, th a t  is, th e  average m ean depth  of m etal 
should be as g re a t as possible when th e  h e a rth  is 
full, and as i t  is being em ptied. A tendency is to 
get the  ta p  hole too n ear th e  fro n t bridge. I f
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th is is done th e  brick surrounding  the  ta p  hole 
will w ear unduly , owing to  th e  wash of th e  m etal 

'  and slag produced by cu rren ts induced by the 
action of the overhead blast used to provide a ir 
for secondary combustion. N ext lay off the  th ick
ness of th e  bridge top which we will place a t 15 in. 
Theory calls for th e  level of the  coal bed to  be 
flush w ith th e  top  of the bridge, bu t if th is  were 
done, th e  forced d ra f t would blow some coal into 
th e  h ea rth  and recarburise  the bath , which is  p a r
ticu larly  a m a tte r  th a t  i t  is desirable to  avoid.

F o r the general character of coal used in the 
S tates, i t  has been found th a t  if the distance from 
top  of bridge to  the  level of th e  coal is 15 in ., 
th e re  is little  danger of th is  happening, which 
distance also will locate the bottom of the  fire door 
or stoke hole. The nex t step  to  decide upon is the 
depth of fire bed, bearing  in mind th e  fac t th a t 
the use of bitum inous coal is actually  equivalent 
to the employment of two separa te  and distinct 
fue ls ; one consisting of coke an d  the o ther of gas. 
For th is reason it  has always been th e  w rite r ’s 
p rac tice  to approach as near to  gas producer p rin 
ciples as possible, no t only for the  sake of economy, 
bu t for subsequent un iform ity  of operations as 
well. In  his designs, therefore , he has provided 
for a deep bed of fuel. In  the  case of a th in  bed, 
the  burn ing  of the  fixed carbon le ft a f te r  the vola
tile  m a tte r  has been distilled off, serves to  hea t the 
fire pot intensely and locally ra th e r  th an  the 
hearth  where the hea t is desired, while i t  has been 
the w rite r’s effort to  discourage th is action and 
bring about as little  combustion in  the fire pot 
and as much in th e  h ea rth  as is p ractically  pos
sible. I f  th e  fixed carbon on the  g ra tes  can be con
verted in to  CO, then  th is combustible gas can be 
burned in  the  h earth , and we a re  tran sfe rrin g  
carbon from  a location w here its  combustion does 
m inim um  good to  the  place where i t  is of maximum 
benefit. F o r th is  reason if a  th in  bed of fire is to 
be used, th e  percentage of volatile m a tte r  in  the 
coal should be as high as possible, while in the 
case of a th ick  bed the  volatile m a tte r should pre
ferably n o t exceed 25 per cent. I t  happens, also, 
th a t  th rough  th is procedure ano ther fac to r is 
accomplished of equal if not of more im portance. 
Volatile m a tte r  is not driven from bitum inous coal
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a t a  uniform  ra te . W hen such coal is stoked on a 
th in  fire consisting of a glowing bed of fixed-carbon 
or coked-coal a t  a very high tem p era tu re , the  gas 
in s tan tly  surges from  th e  added coal in g rea t 
volume. Inasm uch as no m eans have  been found 
whereby the  b last valve for the  secondary a ir  can 
be ad ju s ted  to  deliver an am ount a t  all tim es in 
theoretical p roportion  to produce com plete com
bustion w ith  the  am oun t of com bustible gas pass
ing over th e  bridge, th e  following undesirab le  con
d ition  o b ta in s :—The in s ta n t th e  stoker fires, more 
combustible gas is passing  over th e  b ridge  th an  
can properly be taken  care  of by th e  fixed am ount 
of secondary a ir, provided th e  a ir  supply, as it  
should be, is  fixed for th e  average am ount of com
bustible gases passing over th e  b ridge from  th e  
tim e th e  stoker fires u n ti l  i t  is tim e  for him  to  
fire again . This s ta te  of affairs lasts for a  short 
in te rva l of tim e, when for some m om ents th e re  
will be about the  theore tica l p roportion  of com
bustible gas and a ir , a f te r  which th e  a ir  will be 
increasingly in excess u n til th e  stoker again  fires. 
I t  is p lain th a t  if th e  am ount of secondary a ir  
m ust of necessity be fixed, th e  more un iform ly  
th e  combustible gas is evolved th e  less serious will 
be th is  handicap.

While th e re  appears to  be no p rac tica l method 
of accom plishing th is  object, th e  condition  can be 
im proved if  a rrangem ents a re  m ade w hereby th e  
fixed carbon of th e  coal is converted to  CO, which 
will serve to  tra n s fe r  the  carbon w'here its  com
bustion serves b u t li tt le  good to  th e  h ea rth  where 
i t  is badly needed. N ot only will th is  occur, b u t 
i t  will, a t  the  sam e tim e, b e tte r  th e  unbalanced 
condition re fe rred  to , because th e re  will, a t  all 
tim es, be a m ore constan t supply of com bustible 
gas passing over th e  bridge in  a u n it  of tim e.

In  order still b e tte r  to  contro l th e  s itu a tio n  th e  
stoker should be in s truc ted  to  fire a sm all am ount 
of coal a t  frequen t, ra th e r  th a n  a  la rg e  am oun t a t 
longer in tervals of tim e. Since th e  level of th e  coal 
has been placed 15 in. below th e  top  of th e  bridge, 
a d istance 30 in. lower will give th e  location for 
th e  top of th e  g ra te  bars, while an add itiona l 
30 in. will provide sufficient h e ig h t for th e  ash p it. 
Since th e  w idth  of th e  g ra te  is established bv the  
w idth of the  fu rnace  h ea rth , i t  rem ains to  d e te r
m ine w hat should be its  long itud inal dim ension.
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lh i s  obviously will depend upon th e  num ber of 
pounds of coal i t  is essential to burn  per sq. ft. 
of g ra te  per h r. E xperience has dem onstrated th a t 
for th is  size furnace a g ra te  a re a  of about 36 sq. 
f t. will prove to  m eet the conditions required, 
which is a compromise as between economy and 
speed.

Consequently if 5 f t . 6 in. is taken  as the longi
tud ina l length  of the g ra te  the area  required  will 
be obtained. I f  th is  d istance is added to th e  o ther 
long itud inal d istances cited, the  to ta l length from 
inside edge of re a r  b ridge to  inside of wall of fire 
pot will be obtained.

I f  th is  design were being laid  ou t on paper as 
in Fig. 1, a  perpendicular line of indefinite length 
should be erected a t  th e  la t te r  point, th e  proper 
leng th  of which will be determ ined subsequently 
by its in tersection  w ith  th e  roof line. In  order to  
determ ine th e  lines for th e  furnace roof curve, a t  r 
section passing through the longitudinal axi? 
of furnace, i t  is essential to  establish th ree  point? 
only. F irs t, th e  perpendicu lar d istance above the, 
fro n t bridge; second, th e  h ighest po in t in the roof, 
which is usually directly  over the  tap  hole; and 
the last, th e  d istance above th e  rea r bridge. For 
th is capacity fu rnace th e  first po in t should be 
about 23 in . ; the second will depend upon the 
character of castings to  be made, and for averago 
conditions would be 42 in. I f  they a re  ligh t 
the  d istance should be g rea te r th an  if they are 
heavy, for in th a t  case th e  sprue will occupy more 
room per ton , while the  d istance for the last point 
should be about 12 in. As the  m elting is chiefly 
accomplished by reflected h ea t from th e  roof i t  
is desirable to  have i t  as close to  the  bottom as 
possible and  still adm it of th e  placing of the 
charge in  the fu rnace  conveniently and rapid ly . 
A fter locating these th ree  points, on the paper, 
an easy curve can be draw n th rough  these points 
w ith a flexible ru le, tak in g  the precaution  of 
bringing th e  end of the curve th a t  intersects the 
extrem e wall of the fire pot as low as judgm ent 
indicates will no t prove abnorm al, in  order to 
re s tric t th e  space in  th e  fire pot, w ith the  resu lt 
th a t  combustion will be discouraged in th a t  com
partm en t as much as possible, and combustion 
forced to  tak e  place in the  heaTth.
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All the  inside lines needed for a long itud inal 
section up to  th e  h e a rth  side of th e  re a r  bridge 
wall have been obtained. I t  will be sufficient if 
the top  of th e  re a r  b ridge be 12 in. wide, which 
in th e  d irec tion  of th e  s tack  can be stepped off 
in accordance w ith  usual construction. The d is
tan ce  between th e  re a r  b ridge and  th e  s tack  is 
called th e  neck of th e  furnace, and  while its leng th  
in no way affects com bustion i t  should be suffici
en tly  long to  p reven t th e  ra p id  bu rn ing  away of 
the  lin ing of th e  stack  as it  is cheaper to  rep a ir  
th e  form er th a n  th e  la t te r . A d is tance  of 10 f t . 
from  re a r  bridge to  stack, cen tre  w ill prove to  
be abou t r ig h t. Obviously w ith fo rced-d raft, th e  
stack  requ irem en t need be provided only for w hat 
is essential in o rder to  p revent th e  smoke from 
proving a nuisance. The side-w all lin ings a re  
usually 18 in. th ick . The fu rnace  is enclosed by 
iron p lates, held  in  place by buck stays, con
veniently  spaced.

W hile th e re  a re  m any designs of bung-fram es, 
the  one favoured by th e  au th o r consists of a
6-in. eye-beam, b en t for a cen tre  sp ring  of 8 in ., 
w ith clamp castings on the  ends, th a t  are  hinged
a t  a hole in  th e  lower p a r t of th e  web by m eans
of a bo lt th a t  goes th rough  th is  hole and  one 
of equal d iam eter in th e  casting  as shown in
Fig. 2. The p a r t  of th e  casting  th a t  ex tends
below th e  eye-beam to  clam p th e  b rick  is pro
vided w ith  a kn ife  edge, and  a steel p la te  is 
placed between i t  and  th e  first brick  for a uniform  
d is tribu tion  of pressure. T hrough th is  construc
tion  a heavy p ressure can he applied  to  th e  bricks 
th a t  will keep them  securely in  place, and  no t 
only is a  very strong  and  stiff bung-fram e pro
vided, b u t as th e  webs a re  narrow  a consider
able p a r t  of th e  brick  is le f t uncovered which will 
allow of h ea t being ra d ia te d  off sufficiently fa s t 
to  p reven t dam age to  th e  roof. A nother very 
good form  of fram e is shown in  th e  design fo r a 
20-ton furnace. (F ig . 3.)

Construction of Hearth.
W hile for the  most p a r t  the  o rd in a ry  fire-sand 

bottom  is used in th is  country , the  a u th o r  favours 
th e  brick  bottom , which can  be m ade of old bats 
th a t  otherw ise would be taken  to th e  dum p or
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ground up for o ther use. The brick should be 
la id  on edge on a cushion of fire sand  about 2 in. 
deep, and spaced about £ in  a p a r t on all sides. 
A very dry fire-sand, hav ing  enough im purity , in 
the form of bases, to  flux tig h tly  w ith the  brick 
should then  be poured into ail th e  crevices, a fte r  
which more sand should be throw n on the  surface, 
and  this sw ept around by m eans of a stiff road- 
cleaning broom, u n ti l every crevice is completely 
and  tigh tly  filled w ith sand.

A bottom  laid in  th is m anner can be relied upon 
to give much longer life th a n  the regu lar bottom 
of fire sand.

The Tuyeres
The tuyeres should be located about a  foot in 

fron t of th e  g ra te  bridge, and  inclined a t  an 
angle of about 45 deg. W hile the  general practice 
is to  use from  four to  six pipes for tuyeres, th e  
au th o r p refers the continuous type th a t  goes p rac
tically  across th e  roof, which, in stead  of je ts , 
delivers a th in  sheet of a ir  th a t  cuts and com
pletely mixes w ith th e  stream  of combustible gases 
passing in to  th e  h earth . The ends of th is  con
tinuous tuyere  should be constructed so th a t  the  
a ir  will n o t im pinge upon th e  side walls in  order 
to  p reven t th e  erosion th a t  would otherwise follow.

A d irec t connected m otor-driven fan  installed 
a t  th e  side of th e  furnace will prove to  be more 
economical th a n  one th a t  is belt-driven and 
located a t  a ra th e r d is ta n t po in t necessita ting  
som ewhat leng thy  pip ing, while i t  is be tte r p rac
tice to  have a  separa te  fan  for the  secondary a ir 
supply, as th rough  th is  m eans both th e  volume 
and  pressure can  be b e tte r regu la ted . About 
120 cub. f t .  of a ir  per lb, of coal seems to  give 
good results for under g ra te  supply, ra te  of oxida
tion  and o ther factors being considered, and about 
one-th ird  of th is  am ount provided for secondary 
a ir  supply. W hile only a few of the  p lants a t 
the present tim e make use of a  C 02 recorder, 
gradually  the  wisdom of using th is  in strum ent more 
generally is being recognised.

Grate Bars.
I f  a deep bed of fire is to  be used i t  is quite 

essential to  have properly designed and spaced 
grate-bars. I f  the  g ra te  does not shed ashes w ith



facility , th e  stoker will shortly  find th a t  instead  
of a deep bed of coal he has a deep bed of ashes, 
w ith  th e  re su lt th a t  li tt le  if  any 0 0  will be 
generated , w hile if th e  bars a re  too widely spaced, 
a happening  th a t  is less frequent, the  bars will 
quickly be destroyed and troub le  will be experienced 
from  clinker w ith a coal th a t  would n o t perhaps 
cause th a t  annoyance under o ther conditions. The 
au th o r has designed a  g ra te -b a r of k ite-shaped 
section, as a stiff bar can be m ade in  th is  m anner 
th a t  w ill produce b u t m inim um  clogging as com
pared  w ith rec tan g u la r bars of equal dep th . I t  
is clear, th a t  as soon as ashes a re  deposited on 
such bars, they  m ust e ither fall th rough  w ith 
facility  or clog only as fa r  down as one-th ird  the  
depth  of the  bar, which is the  d istance a t which 
the  kite-section is of m axim um  w idth. Beyond 
th is dep th  th e  section gets narrow er and th e  space 
between the  bars w ider, and  consequently  th e  ash 
m ust fall free from  th is  p o in t down. The ends 
of th e  bars where they re s t on th e  g ra te  b a r  sup
ports a re  of rec tan g u la r shape, th e  dim ensions 
depending upon how fa r  a p a r t  th e  bars a re  to 
be p la c e d ; these ends being proportioned  to  act 
in  p a r t  as spacers. W hile certa in  forms of the  
shaking  g ra te  have given sa tisfaction , th e ir  adop
tion  has been slow. I t  should also be s ta te d  th a t , 
once the fire p o t has been filled, i t  is a m istake 
to  allow th e  stoker to  d is tu rb  i t  except to  level 
th e  bed. H e seems to  be obsessed w ith  th e  belief 
th a t , if he is no t con tinually  poking th e  fire, 
he is rem iss in  his du ty , in  sp ite  of th e  fac t th a t  
th is  m ethod of procedure will resu lt in  th e  form a
tion  of c linker, m aking th e  conditions worse in  a 
coal th a t  has th a t  tendency, and in v iting  the  
trouble  in  one th a t  has not. W hile various types 
o f au tom atic  stokers have been tr ie d 1, none has 
given satisfaction .

Oil and Powdered Fuel Firing.
In  some instances where th e  cost is n o t p ro

hib itive, oil is used for fuel, and in o ther cases 
powdered coal. An average of 58 gall, of oil per 
ton of iron m elted and a ra tio  of 4.5 of iron  
per ton  of coal used, can be counted  upon in 
the case of good in s ta lla tions, as aga in s t an 
average ra tio  of 2.5 of iron  to  one of coal in
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th e  case of regu la r a ir-fu rnace  practice. The 
installa tion  for oil is very inexpensive as compared 
w ith th a t  for powdered coal, unless provision is 
required  to  safeguard  against strikes or for other 
causes th a t  would necessita te a very large storage 
capacity . In  the  case of powdered coal, its adop
tion  by a p lan t of small capacity  would be p ro 
hibitive, unless it  was the  in ten tion  to  use th is 
system for annealing  also. W here conditions w ar
ra n t, powdered coal is th e  fuel to use, due to  its 
flexibility; but, if installed, provision should be 
made whereby it  is not essential to  run  the en tire  
in stalla tion  in the  event th a t  th e  p lan t is runn ing  
on q u arte r- o r half-capacity .

Metallurgy of Melting.
All the  au th o r’s correspondents and visitors 

appeared to  be very fam iliar w ith  th e  reactions 
th a t tak e  place in  the a ir  furnace. Covering the  
ground very briefly, it  can  be s ta ted  th a t  the 
carbon is elim inated  m ainly  as CO. N either the 
sulphur, nor the phosphorus, a re  perm anently  
oxidised, while there  will be an  increase in  the  
form er th a t  m ay am ount to  li tt le  or much, 
depending upon th e  am ount of su lphur in  the  
fuel. The silicon and  m anganese are  in p a rt 
oxidised to  silica and m anganous oxide respec
tively, while, unavoidably, some of th e  iron is 
being oxidised a t  the  same tim e, w ith  the  result 
th a t double silicate of iron and m anganese is 
formed, which, if the  lin ing  and bottom  were in e rt 
and no d ir t  or sand accompanied th e  charge, would 
constitu te  th e  slag. As there  is m ore or less 
erosion of both sides, walls and bottom, and  in 
variably some foreign siliceous m a tte r  introduced 
w ith  the  charge, the  slag consists of mixed silicates 
of iron, m anganese, alum ina, lime, m agnesia, soda, 
potash, etc., in which the  silicates of iron  will 
predom inate. In  a norm al hea t th e  elim ination 
of th a t  p a r t of the silicon, m anganese and carbon 
which is lost, takes place mostly while the  charge 
is m elting, and in th e  absence of very small or 
th in  scrap, will am ount to about 28 per cent, of 
the silicon, from  15 to  19 per cent, of the  carbon, 
and from 40 to 50 per cent, of the m anganese, all 
based upon th e ir o rig inal con ten t in th e  m ix ture. 
If  i t  is expedient to  use small th in  scrap, owing
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to  its lower cost or because i t  is a by-product 
of the  p lan t, i t  should be charged in  the  molten 
bath  in o rder th a t  i t  will be p ro tected  from  ex
cessive ox idation . W hile th e  com position, to  
which reference has been m ade, is th e  one recom 
mended for general use, i t  is no t to  be understood 
th a t  quite  wide d ep a rtu re  canno t be tak en  in 
the case of most of th e  elem ents. Some te n  years 
ago a tte n tio n  was rare ly , if  ever, paid  to  the  
carbon con ten t in the  product, p rinc ipally  because 
its  im portance was n o t recognised. Inasm uch as 
th e  carbon con ten t in  p ig-iron m ust have aver
aged a t  least as h igh  as 3.35 per cen t., and , inas
much as th e  sp rue  m ust u nder these conditions 
have been exceedingly h igh  in  th is  elem ent, i t  
was im perative to  ru n  on a low-silicon m ix tu re  in 
o rder to  secure a  silicon-carbon ra t io  th a t  would 
yield w hite iron in  sections of even m edium  th ick 
nesses. W hile to-day i t  is in no sense unusua l to 
run  .both th in  and  heavy castings from  th e  sam e 
furnace, a t  th e  tim e re fe rred  to  th is  was not 
considered p rac tica l. As a general proposition  
little  th o u g h t was given to  m anganese, -which was 
frequently  too low o r too  h igh , w ith th e  re su lt 
th a t  m any h ea ts  of low-silicon, accom panied by 
low m anganese, resu lted  in th e  production  of a 
“  p ic tu re-fram e ”  p roduct, by which is m ean t a 
finished product th a t  shows upon f ra c tu re  an o u te r 
surface rin g  o r fram e ran g in g  in  th ickness from  
1-64 in . to  1-16 in ., o r even deeper in  exaggera ted  
cases; wholly different in  appearance  from  th e  
m etal which i t  surrounds and  separa ted  from  i t  
by a  sharp line of dem arcation . As a  m a tte r  of 
fact, th is  charac te r of frac tu re , w hether re su lt
ing from  th is  o r o th e r fram e-producing m ix tu res, 
was so general th a t  th e  nam e b lack -heart m alle
able iron was given to  th e  finished p roduct, and 
there  is am ple evidence to  show th a t  i t  was the 
aim  to  obtain  th is  ch arac te r of frac tu re .

The au th o r’s  reason fo r p lacing  the  silicon a t  
0.90 per cent, and the  carbon a t  2.35 per cen t, is 
because these figures call fo r a silicon-content of 
abou t 1.25 per cent, and a carbon-conten t o f ab o u t 
2.70 per cen t, in th e  m ix tu re—lim its sufficiently 
high, on th e  one hand , to  produce a  p roduct whose 
m echanical p roperties will still be excellent, even if 
tl' e oxidation of these tw o elem ents exceeds th e ir
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average elim ination  by a  substan tia l m a rg in ; while 
on th e  o ther hand, in  the  event th a t  th e  elim ina
tion  is som ewhat less th a n  the  average, n e ith e r are 
so h igh th a t  th e  p roduct w ill suffer d e te rio ra tio n  
in  consequence. The fa c t m ust n o t be lost s ig h t of 
th a t  the  percen tage of silicon, carbon, and m an
ganese recom mended for the  m ix tu re  is a t a po in t 
a t  which, if th e  fu rnace  is worked norm ally, the  
m etal will be ho t enough to  p ou r by th e  tim e  the  
molten b a th  has a rrived  a t  th e  hard -iron  composi
tio n  decided upon. As has already  been ind icated , 
no t only is th e  best design of a ir-fu rn ace  a  ra th e r  
crude affair, b u t i t  is no t operated  by m eta llu r
gists. In  F ig . 3 is ou tlined  a 20-ton a ir-fu rnace  
designed by th e  au tho r, th a t  seeims to  have given 
sa tisfaction . Consequently, fo r com m ercial reasons, 
i t  is well to  aim  for th a t  com position which safely 
will adm it successfully of reasonably wide v a ria 
tion. W ith  a su lphur co n ten t of 0.06 p e r  cen t., and 
o ther elem ents balanced, i t  m akes b u t li tt le , if 
any, difference a t  all in e ither the  tensile  o r shock 
tes t, w hether th e  m anganese is as low as 0.22 per 
cent, o r as high as 0.30 p e r cen t. W hile fu r th e r  
reference to  m anganese will be m ade, th e  au tho r 
would po in t o u t th a t ,  as fa r  as he is aw are, there  
are  still some th in g s to learn  about th is  elem ent 
and th e  m anner in which i t  is capable of ex isting . 
I t  is a generally  accepted fac t th a t , if th e  m a n 
ganese is in excess of th e  am oun t necessary to  u n ite  
in theore tica l p roportion  with, su lphur to  form  
m anganese sulphide, th e  excess will u n ite  w ith  c a r
bon, and  a m ianganiferous-oem entite will be form ed 
instead  of th e  single carb ide of iron. H owever, 
when graphdtisation  takes place an d  is completed, 
in  w hat form  does th is  excess m anganese rem ain  in 
the finished product?

Phosphorus in Malleable Iron.
Concerning phosphorus, the  lim it has been placed 

a t 0.20 per cen t., because, when in  th is  am ount, it 
does no t appear to produce an abnorm al app ea r
ance of frac tu re , even in  th e  case of th ick  sections, 
a t  annealing  tem p era tu res  around 900 deg. C., nor 
does i t  appear to  lessen stren g th  o r d u c tility . I t  
happens, however, th a t  th e  lim its for th e  im p u ri
ties a re  so in te rdependen t th a t , for economic re a 
sons, prudence calls fo r w hat m igh t be term ed  a 
m etallurgical safe ty -fae to r in the  balancing of the
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different elem ents. F or thin-sections like stove- 
p la te  i t  is well to  work on a  phosphorus-content 
of abou t 0.26 per cen t., due  to the  increased 
fluidity  resu lting  therefrom , coupled w ith th e  fact 
th a t  th e  fra c tu re  is in  no way undesirable.

Slag Conditions.
L eaving th is m a tte r  as it  stands, for th e  present, 

there  a re  some h in ts  th a t  m ay prove of value in  
connection w ith  th e  operation  of the  furnace. The 
au tho r has already po in ted  o u t th a t  th e  coal-bed 
should be le ft und istu rbed  except to  level th e  bed. 
H e would m ake th e  sam e recom m endation in  con
nection w ith the  m olten .hath of m etal, except the 
necessary d istu rbance th a t  takes place in  hooking 
in to  th e  ibath p artly  exposed p ig  o r sprue, to  expe
dite fusion d u ring  the  m elting-dow n p e rio d ; while 
removal of th e  slag should ibe postponed as la te  as 
is practical. If  m achine-cast p ig  can be purchased as 
cheaply as th e  sand-cast, th is  should ,be used in pre
ference; while i t  will be found, if th e  sprue is 
p artia lly  broken up by m eans of a  light-w eight 
sledge, th a t , owing to  its  b rittleness, n o t only can 
th is be done quickly an d  cheaply, b u t th rough  th is 
p ractice much of th e  adhering sand will be knocked 
off th a t  otherw ise w ould find its  way in to  the  
hearth , w ith th e  fu r th e r advan tage  th a t th e  sprue 
can be charged much m ore com pactly. Every 
effort should be exercised to  p reven t foreign 
siliceous m ateria l from  en tering  th e  h ea rth , when 
th is can be accomplished a t  such litt le  cost. In  a 
tes t on tw elve heats, am ounting to  a  to ta l of 192.8 
tons, th e  slag from  these heats, weighed on the 
same scale, am ounted to  a to ta l of 12.7 tons, or 
6.62 per cen t. F rom  th is  slag th e re  was recovered 
5,140 lbs. of m etallic  iron. A t th is  p la n t no special 
precautions had (been taken  to  p rev en t foreign sili
ceous m a tte r  en te rin g  the  hearth . I t  will be found, 
if such precautions are  taken , th a t  a  very substan
tia l benefit can be effected by th e  end of the year 
through a sav ing  in  fuel, in b e tte r furnace-eontrol, 
less slag to  wash, and free from iron, etc. If , due 
to  lack of business, i t  is essential to  ru n  the  air- 
fu rnace a t  considerably less th a n  capacity , the 
h earth  should ibe shortened (by filling-in w ith bottom- 
sand a t  th e  rear-bridge, for such a d istance as will 
leave th e  bath , when molten, alm ost as deep as 
when the furnace is being run  a t  c ap ac ity ; o ther



wise, due to  a  shallow b a th , th e  elem ents will be 
oxidised to  a  g rea te r ex ten t th a n  u nder norm al 
operations.

In  determ in ing  the  space between rear-b ridge  and 
roof, to  reg u la te  flam e-travel, i t  is  advisable a t  the  
s ta r t  to  build  th e  to p  of th e  b ridge  slightly  too  low, 
securing th e  final ad ju s tm en t by Ibriokmg-in a t  each 
end betw een bridge  and  roof, th ro u g h  w hich pro
cedure th e  co rrec t a rea, m ore quickly and  conve
n ien tly , can  be ascerta ined , a f te r  a  t r ia l  o r  two, 
th a n  th rough  add ing  o r rem oving a  course of brick 
from  th e  top  of th e  bridge.

Sampling.
In  following th e  progress of th e  h e a t i t  is  the  

general p rac tice  to  cast w hat a re  called te s t  sprues 
a t  in tervals of abou t ha lf an hour a f te r  th e  charge  
has m elted. These a re  b roken and  th e  fra c tu re  
exam ined, in  o rder to  a scerta in  th e  r a te  a t  which 
g rap h itisa tio n  is d im inishing. In  th e  cooling of 
these te s t sprues th e  p rac tice  varies, an d  i t  is pos
sible th a t  th e  fra c tu re , fa r  from  enabling one to  
approxim ate closely th e  co rrec t sto ry , can  be very 
m isleading. Two precau tions m ust be tak en . F ir s t,  
th e  cen tre  section a t  abou t w here th e  sprue should 
be broken should n o t be less th a n  about 1 |  in . d ia ., 
and  th e  cooling should n o t occupy less th a n  abou t 
20 m ins. As soon a s  th e  sp rue  has solidified i t  should 
be rem oved from  th e  sand, w hich should be scraped 
from  th e  surface. I t  should be cooled in  th e  a ir  
for 10 m ins., an d  then  quickly p lunged  in  w a te r 
and  alm ost in s tan tly  rem oved, th is  p rocedure  being 
repeated  abou t every  half-m inu te , allowing th e  
sprue to  rem ain  in  th e  w a te r fo r a  sligh tly  longer 
in terval a t  each dip, and th is  con tinued  u n til when 
again  d ipped i t  ceases to  c rea te  any visible a g ita 
tion . A t th is  tem p era tu re , if broken, i t  w ill have 
th e  sam e appearance as if i t  had  n o t been frao tu red  
u n til actually  a t  atm ospheric tem p era tu re . I f  
in stead  of one sp rue  tw o a re  poured a t  th e  sam e 
tim e, one being allowed to  cool norm ally  in  th e  
mould, in  o rder th a t  its  fra c tu re  can be subse
quently  com pared w ith  th e  sprue t h a t  was cooled in  
th e  regu la r m anner fo r te s t  purposes, i t  w ill n o t be 
long before an  observer can  closely e stim ate  and 
allow fo r th e  effect produced by th e  d ra s tic  cooling. 
I f  th e  cooling of th e  tes t-sn rue  be ca rried  o u t in 
th is m anner i t  can be s ta te d  th a t  for castings w ith
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sections as th ick  as in. no danger need be an tic i
pated  th a t  p rim ary  giraphite will be p resen t if in 
th e  sprue last tak en  the  frac tu re  shows clear, 
except for the  presence of a  few m inu te  specks of 
g rap h ite  very sparsely dissem inated th roughout.

A t tlu s  p o in t a  few words in connection w ith th e  
castings as cast may prove p e rtin en t. I f  owing to  
the use of a poor consignm ent of fuel, to  neglect or 
bad judgm ent on th e  p a r t of th e  fum aoem en, a 
hea t is delayed and an  nndue am ount of silicon, 
m anganese, and oaribon elim inated , th is  can  be de
tected  by th e  sudden stickiness and sluggishness 
shown iby th e  m etal as i t  is being poured from  the 
test-ladle, also by th e  appearance of pin-holes a t  
d ifferent places on the  periphery  of th e  very th in  
rim  of th e  te s t sprue. W hile castings from such a 
hea t would, when annealed, have a p icture-fram e 
or an all-steely frac tu re , dependent upon how badly 
oxidised is th e  m etal, th e  h ea t can  be saved if 
prom ptly tre a te d  by a silico-spiegel addition , or an 
add ition  consisting of a com bination of ferro- 
silioon, ferro-m anganese, retort-carbon , and iiron- 
borings bonded in  b riquette  form, the  borings being 
added to  give increased w eight to  the  mass in  order 
th a t  it  will sink in to  the  molten bath  as fa r  as 
possible. I t  can be s ta ted  th a t , th rough  close ob
servation, alm ost any over-oxidised hea t may be 
saved in th is  m anner.

B u t w hether the  castings a re  derived from  a heat 
of th e  composition recommended, from  a  hea t from 
which a  g rea te r am oun t of the oxidisable elements 
have been elim inated  th an  in th e  case of the 
farm er, o r from  one in which th e  carbon p a rticu 
larly borders on th e  h igher lim it, th e re  a re  certa in  
practices concerning which th e  au th o r  would hesi
ta te  to  m ake m ention were i t  n o t for th e  serious 
losses sometimes occasioned through  neglect to 
observe p recau tions of so obvious and common
place a n a tu re . A t tim es com plaints have been 
received concerning the heavy losses resu lting  from 
the checking an d  cracking of castings. W ith  the  
knowledge possessed Iby th e  foundrym en th a t  the 
lower the carbon the  less fluid, and the  h igher the 
contraction of the molten air-fu rnace  iron, he is 
prone to  a tt r ib u te  such losses when ex trao rd inarily  
heavy, wholly to  th e  fa c t th a t  in th e  effort to  ob
ta in  liigh-tensile and ductile m etal, the fluidity



and contraction  of the  iron have been adversely 
affected th rough  the  use of a low-carbon composi
tion.

In  his exam ination  of some of these  com plaints, 
the au tho r has found conditions, en tire ly  a p a r t  
from com position, th a t  have actually  inv ited  th is 
ch a rac te r of trouble. Owing m ostly to  fa ilu re  on 
th e  p a r t  of th e  engineer-designer to  co-operate 
w ith th e  foundry  engineers, th e  foundry  is called 
upon to  m ake castings from  p a tte rn s  of in tr ic a te  
design and  of unreasonably d isp ropo rtionate  sec
tions and  n o t in frequen tly  from  poor p a tte rn  
equipm ent.

H ard-iron  castings of th is  description m ust be 
in a s ta te  of severe s tra in  even when allowed to  
cool in th e  mould, an d  much m ore so, when cooled 
as evenly as is comm ercially p rac tica l, while th e  
design m ay be so unnecessarily  fau lty , th a t  even 
u nder te s t conditions of com m ercial p rac tice  th e  
loss from  cracks and  checks may prove p roh ib itive  
in ce rta in  cases, and  much too  h igh in  o thers. If 
the  foregoing is tru e , w hat can be expected in the  
m any cases th a t  have been seen in  which th e  cast
ings have been strip p ed  a few mom ents a f te r  
solidification, w ith half of th e  castings bu ried  in 
the  still very h o t sand and  th e  o ther ha lf exposed 
to  th e  d raugh ts of th e  foundry  atm osphere. N ot 
in frequently  a labou rer will he seen w etting- 
down th e  sand on a  floor ad jac en t to  th e  one w here 
the castings have ju s t  been stripped , an d  as he 
playfully  looks a round , the  nozzle of th e  hose will 
p a rtia lly  sw ing around and drops of w ater will he 
sprayed over th e  red -ho t castings, w ith  th e  de
velopm ent perhaps of a  check w here each drop fell. 
Obviously, ias th e  cartoon is g radually  lowered, both 
fluidity  and  con trac tion  a re  adversely affected, h u t 
th e  au th o r believes th a t  th e re  will be found to  be 
li tt le  difference in  these p ropertie s as betw een a 
carbon co n ten t of 2,50 p e r  cent, and 2.35 p e r  cen t., 
bu t a more consequential and serious difference 
between a con ten t of 2.35 p er cen t, and  2.00 per 
cent. W hile no m an u fac tu re r aim s to  ru n  as low 
as 2.00 per cen t, cartoon, th is  figure .accidentally 
may be reached when aim ing to  run  on  a  co n ten t 
of 2.35 per cent. The p o in t th e  a u th o r would 
bring ou t, is th a t  from, com plain ts investiga ted , he 
is forced to  conclude th a t  carelessness has co n tr i
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bu ted  more to heavy crack and check loss th a n  a 
low carbon-content has.

In  the foregoing rem arks on th e  a ir  furnace, no 
efforts have been made to  cover an y th in g  aside 
from  the  “ high spots.”  W ith  few exceptions, th is 
is th e  fu rnace used in  th e  S ta tes , owing to  its  
cheapness and  its  sim plicity of construction and 
rep a ir. The open-hearth  is m uch more costly to 
build, w ith th e  n e t resu lt th a t  no fuel economy 
resu lts from  its use owing to th e  fac t, n o t th a t  
i t  is not a more efficient m elting  ap p a ra tu s , but 
th a t  i t  m ust be kep t h o t when n o t in operation  in 
order to  p reven t th e  spalling of th e  silica brick. 
The au th o r does n o t believe t h a t  the  use of the  
electric fu rn ace  is w arran ted , except perhaps in 
very la rg e  installations. There is no advantage 
to  be gained  in ru nn ing  on a very low-sulphur- 
phosphorus content, b u t qu ite  on th e  contrary  
m any disadvantages.

The Annealing Process.
In  o rder to  p rep a re  th e  hard -iron  castings for 

h ea t-trea tm en t they are  barrelled u n til free from 
adhering  sand  and then  trim m ed. They a re  then  
placed in  receptacles called pots o r rings of the 
shape of a band in th a t  they have ne ither top nor 
bottom. A ring  is placed on a  stool of solid iron 
about 3 in. th ick  and somewhat la rg e r in  p e ri
m eter, on th e  bottom  of which a re  lugs about 5 in . 
high th a t  serve as feet, and which a re  so spaced 
as to  adm it of the  liftin g  fork of the  charging 
truck  being introduced beneath the  stool. Tins 
ring  is then  filled w ith castings which a re  su r
rounded w ith a packing, th e  n a tu re  of which will be 
entered  in to  la ter.

A nother ring  is placed upon the  first one, and  
the process continued u n til four or five rings have 
been used, the  en tire  assemblage being called a 
stand. These stands are  then  picked up  by the 
charging truck , the best and most convenient form 
of which is the  electric, and taken  to  th e  heat- 
tre a tin g  oven, where they  should be placed in 
s tra ig h t rows, the  row nearest the side wall being 
spaced a t  least 5 in. from  it, and a space of 4 in. 
between the  o ther rows. No m istake could be 
g rea te r th a n  to  jam  th e  stands close together, as 
k  is of prim e im portance th a t  h ea t c ircu lation  be 
given its  g rea test opportun ity . The castings are
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surrounded w ith  a  packing for th e  purpose of pre
ven ting  kiln-w arp, and  for th e  punpose also of

+frrr&t | £ *

F i g . 4 .— D e t a il s  o f  C o n s t r u c t io n  of 
A n n e a l in g  O v e n .

fu rn ish ing  an oxidising poi>atm osphere th a t  will 
fac ilita te  th e  d©carbonisation of th e  m etal. The



la t te r  object has been given an  exaggerated 
portance  as fa r  as present-day p rac tice  is 
cerned.

153

setrwv cc

F i g . 4 .— D e t a il s  o f  C o n s t r u c t io n  of 
A n n e a l in g  O v e n .
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In  the  old days, with castings having a oarbon 
con ten t of 3 per cent, or over, th is  may not have 
been th e  case, b u t w ith th e  carbon conten t now



presen t a very strong packing is a m istake  ra th e r  
th an  otherw ise. Even a  pack ing  of sa,nd, if p ro
perly sized, will hold enough a ir  to ad m it of all the
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oxidation  necessary to  produce a superio r p roduct. 
The really im p o rtan t m a tte r  is to  have a packing 
preferably  con ta in ing  abou t 10 p er cen t, of iron 
oxides, th e  balance being of an in e rt chairacter of 
the  n a tu re  of slag, o r o ther m ateria l th a t  will have



li tt le  tendency to combine w ith  the  oxides of iron 
a t  th e  tem pera tu re  of anneal. The la tte r  condition 
is im portan t in  o rder th a t  th ere  will be no tendency 
for th e  packing to lum p, and in order th a t  the
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casting can readily  be shaken ou t clean and free 
from adhering  packing. As a m a tte r  of fact, in  
muffle ovens of the  very tig h te s t construction, in 
which castings are packed solidly, so th a t  the  only



unoccupied space in the  muffle resu lts  from  the 
voids occasioned by th e  castings, th e  deoarbonisa- 
tion  is as complete as in th e  case of th e  strongest 
packing now used, as can be seen from  Table I ., 
which has reference to  th ree  test-bars selected on 
the  au th o r’s la s t v is it to a p la n t where no o ther 
type  of oven is used.

I f  castings a re  being m ade th a t  a re  n o t liable to  
w arp, th e  muffle-oven is th e  ty p e  to  build. The 
best construction  of muffle is by th e  use of th e  
M anion type  of brick. This brick is th in , bu t 
reinforced by welbs th a t  serve for th e  m ost p a r t  to  
ca rry  th e  load, w ith the  re su lt th a t  th e  h e a t can  be 
tra n sm itte d  to  th e  inside of th e  muffle quickly and 
economically.

If  the  muffle is m ade of carborundum -brick  a  very

T able I .— S h o w in g  th e  A n a l y s i s  a n d  P h y s i c a l  T e s t s  o f  M a l l e a b le  
I r o n s  t r e a te d  i n  a  M u f f l e  F u r n a c e .

A n a l y sis  op H ard  I r o n .
M ark. Si. P . S. Mn. c.c.

1 0.76 . .  0.193 . . 0 .050 . . 0.200 . .  2.13
2 . .  0 .88 . .  0 .180 . . 0 .051 . . 0.230 . .  2.26
3 . .  0.80 . .  0.190 . . 0 .049 . . 0.200 . . 2.37

P h y sica l  T e s t .
M .S., to n s E ., p e r  cent.. R . A.

M ark. p e r  sq . in . on  2 in . p e r  ce n t.
1 26.5 36.7 38.0
2 26.1 35.9 33.2
3 25.8 25.7 30.1

strong  and lasting  muffle will resu lt, th ro u g h  which 
th e  h ea t can be tran sm itted  some six tim es more 
quickly th a n  th.rough a  clay-product. These bricks 
are  very expensive, and  m any have been deterred  
from  th e ir  use on th is  account. A num ber of those 
who have consulted th e  au th o r have been very 
sceptical in reg ard  to  th e  charac te r of p roduc t th a t  
can be derived from  th e  muffle oven. In  o rd e r  to  
satisfy  any who m ay feel likewise i t  can  be s ta ted  
th a t  in th e  Association of which the  au th o r is con
su lting  engineer one of th e  members m akes use of 
the muffle-type oven only, and  th e ir  reoord for 
quality  is am ongst th e  h ighest. As can be g a thered  
from  th e  tensile te s ts  quoted in Table I . ,  which 
happen to  he considerably h igher th a n  th e ir  
average, th e ir  p ro d u c t is no t excelled by th a t  o f any 
of the  o ther. These p a rtic u la r  resu lts  a re  quoted 
simply by way of il lu s tra tin g  w hat can be aooom-
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plished in  the  muffle oven. The product m ade by 
th is p a rticu la r concern will average aJbout 24.1 
tons per sq. in . u lt. s tren g th  and run  somewhat 
over 20 per cent, in  elongation.

The Heat Treatment of Malléables.
As sta ted , in  o rder to  obtain  a  p roduct h igh in 

tensile s tren g th  and ductility , th e  com position of 
the hard-iron  castings m ust be restric ted  to  w ith in  
certa in  lim its. Assum ing th a t  castings a re  being 
h ea t-trea ted  th a t  correspond to  these composition 
requirem ents, i t  can be s ta ted  th a t , in order th a t  
th e ir conversion in to  a  p roduct th a t  is both s trong  
and ductile, he complete and sa tisfac to ry  as f a r  as 
s tru c tu ra l conditions a re  concerned, th e  castings 
preferably  ishould be .held a t  a  tem p era tu re  about 
100 deg. F . (37 deg. C.) above th e  critica l-range for 
a period of no t much less th an  60 hrs., and cooled 
a t  a ra te  of 10 deg. F . (5 deg. C.) or less per hour, 
u n til th e ir  tem p era tu re  has fallen to  abou t 100 
deg. F . (37 deg. C.) under th e  critical-riange, a fte r  
which th e  cooling g radually  can be accelerated. I t  
is one th ing , however, to  possess an accurate  know
ledge of exactly w hat should be done in order th a t  
the best h ea t- tre a tin g  results will follow, and 
another to  construct commercial ap p a ra tu s in  which 
a large q u an tity  of m ateria l can be h ea t-trea ted  in 
conform ity w ith th e  rules th a t  a re  prescribed. 
Some few years ago n o t only were .most of the 
p lants lacking in  a m etallurgical knowledge of the  
process, b u t th e  ap p ara tu s  was of such a fau lty  
character th a t  i t  was impossible to  carry  o u t in  an 
effective m anner w hat research had  shown was 
essential if th e  superior p roduct was to  be obtained. 
In  short, i t  o ften  is much easier to  ind ica te  than  
to  achieve, and  while general in s truc tions can be 
sent o u t as to  the proper tem pera tu re  a t  which to 
convert, th e  leng th  of tim e to  hold a t  tem pera tu re , 
and th e  ra te  a t  which th e  cooling should tak e  place, 
th is  will prove of litt le  avail if th e  h ea t-trea tin g  
ovens are so constructed th a t  proper therm al con
ditions ex is t in  only a  restric ted  a rea  of th e  oven, 
and th a t  th e  oven as constructed  cannot he cooled 
a t  th e  ra te  designated.

Essential Features of Annealing Ovens.
Space will not be used for recoun ting  th e  con

ditions th a t  prevailed, b u t a brief a tte m p t will be
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made to  cover certa in  fac ts th a t  m ust-be considered 
in  annealing-oven design. F ir s t  of all, each oven 
should be self-contained in all p a rticu la rs . The 
general m ethod, alm ost universal some few years 
ago and in no sense uncommon to-day, of build ing  
a b a tte ry  of 8 o r 10 ovens w ith  common side-walls 
and a common stack  is a serious m istake from  
m any po in ts of view. One can w7ell im agine th e  
unbalanced therm al conditions th a t  m ust obtain  
when, as very frequen tly  happens, tw o contiguous 
ovens a re  under fire, b u t one a t  th e ir  side 
rem ains cold. In  such cases th e  common side-W'all of 
the two under fire is not exposed to the  atm osphere, 
and consequently is ra d ia tin g  no h e a t to i t ,  
while th e  o ther sidow all is doing so a t  a rap id  ra te . 
W ithou t w asting words to  prove th e  genera l w orth
lessness of such construction , it  can briefly be 
s ta ted  th a t  from the  stan d p o in t of cost, m ain ten 
ance, and control, th is  system  could n o t be worse. 
R ig id ity  of construction  is one essential th a t  is 
fa ta l to  overlook. I f  th e  ovens a re  n o t rigidly 
b u ilt cracks will develop and i t  will be difficult, 
and perhaps im possible, to  cool th e  oven from  tem 
p e ra tu re  a t  the  ra te  desired. The walls should be 
a t  least 2 2 | in. th ick , encased on th e  ou tside  w ith 
steel o r iron p late , and th e  whole rein forced  by a 
system of buck-stays set abou t 30 in. between 
centres where th is  is possible.

The walla an d  doors should be so thoroughly  in 
sulated  th a t  when the  oven is a t  tem p e ra tu re  th e  
hand  can be pressed ag a in s t th e  p lates w ithou t 
undue discom fort. The floor as wrell should be 
insu lated  and, for reasons to  w hich we will re fe r 
la te r, so should th e  fro n t half of th e  roof. The 
fire-pot of an  oven should be on i t s  ou tside  and  
no t w ith in  it, as th e  oven p roper is designed to  
h ea t- tre a t castings and  no t fo r th e  purpose- of 
b u rn ing  coal. W ith  th e  fire-pot on th e  inside and, 
as frequently  is th e  case, located a t  one corner 
only, i t  is no t an easy task , if a t  all possible, to 
ob tain  hea t un ifo rm ity  w ith in  th e  oven, which 
s ta tem en t holds t r u e  even in th e  event th a t  a fire- 
po t is placed w ith in  th e  oven a t  d iam etrica lly  oppo
site  corners. The floor should be b u il t  solid, w ith no 
underground  flue system beneath  it. The la t te r  con
struction  is of no benefit as fa r  as a  saving of fuel 
is concerned, and w ith  a com plicated under-floor
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flue system —-now being generally discarded as new 
ovens ,are being b u ilt—(the cost of th is  p a r t  of the 
oven equalled if n o t exceeded th a t  of the  rest, 
while owing to th e  ja r  produced by the  loaded 
charg ing  truck  an d  the  combined w eight on a floor 
subjected to  such a  high tem pera tu re  the  m ain ten 
ance cost is heavy. No underground flues are 
necessary aside from  one small stack-flue on each 
side of th e  oven, which p referab ly  should be located 
on th e  outside, as close a s  practical to  th e  side-wall 
footings. In  th e  la s t few ovens designed by the 
au tho r he ha9 placed one stack-flue and  one small 
stack on top  of each side-wall, th e  bottom  side-niall 
flue-openings being connected w ith these stack- 
flues by ,a vertical flue b u ilt w ith in  th e  side-wiall.

In  th is  m tn n e r no t only is all underground flue 
work avoided, b u t as th e  en tire  system is exposed 
the flues can easily be kep t clean and tig h t. The 
ovens a re  b u il t in rec tan g u la r form, w idth and 
length  in  the  ra tio  of about 3 : 4. The fire-pot is 
located on the  outside, midway between th e  side
walls, and is constructed on the  gasHproducer p rin 
ciple, th a t  is, th e re  is a w ater seal, a ir  bungs 
th rough  which about 400 cub. ft. of a ir per min. 
against a 5 oz. pressure is adm itted , a more or 
less deep bed of coal res ting  on ashes th a t  reach 
from the  floor of th e  seal to  about 1 ft. above the 
bungs. Betw een th e  actua l roof of th e  fire-pot 
and th e  fire is a  false arch , and  between i t  and the 
roof chequer work of brick th rough  which hot 
secondary-air for combustion of th e  combustible 
gases is draw n. These details are  se t o u t in F ig. 4. 
The opening from  fire-pot to  oven, th a t  is, th e  
bridge, is located as high as possible in order th a t  
combustion will s ta r t  to tak e  place r ig h t in fron t 
of the  chequer work and a t  the  po in t where the 
roof of th e  oven proper slan ts tow ards the  fron t. 
Through the  use of a  s lan ting  roof th e  bridge can 
be located so h igh above th e  to p  of the  stands, 
where the  tem pera tu re  is obviously th e  hottest, 
th a t  no danger exists in oveir-heating the  castings 
in th e  top ring  of th e  stand , while as the 
flame advances tow ards th e  fro n t of th e  oven and 
its tem pera tu re  drops by the  am ount im parted  to 
the  castings a t  any section, the  roof is lower, and 
consequently a very close h ea t balance is m ain
ta ined  u n til th e  fro n t of th e  oven is reached.
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T here a re  th ree  side-wall flu e-openings a t  th e  floor- 
line, lead ing  in to  th e  vertica l flues th a t  gp to  the  
stack-flue, w ith  openings so p roportioned  th a t  th e  
h ea t of com bustion is d raw n to  d ifferen t p a rts  of 
th e  oven in  a very un iform  m anner, th e  a d ju s t
m ent being m ade by m eans of a d ra ft-g au g e  in 
such a .manner th a t  th e  d ra f t  in  th e  tw o f ro n t flue- 
openings is strongest b u t equal on each side, th e
n ex t two less s trong  and equal on each side, and
n ex t still less strong  and  equal on each side. By
m eans of th is  gauge and a pyrom eter th e  a d ju s t
m ents can be m ade a f te r  some th ree  o r four 
anneals have been ru n .

Oven Control.
The ovens a re  controlled by m eans of' a recording 

pyrom eter, th e  elem ent of which should be inserted  
in the  cen tre  of a pot, located close to  th e  side
wall, as i t  is th e  tem p e ra tu re  of th e  eastings th a t  is 
desired, and n o t th a t  of the  oven atm osphere. If  
th is procedure is no t adopted  th e re  is no ce rta in ty  
as to  when th e  castings have a rrived  a t  tem p era 
tu re , and consequently the  tim e  a t  which the  cas t
ings a re  held a t  tem p era tu re  will be an approxim a
tion  instead  of a  c e rta in ty . T his design of oven 
has given every sa tisfac tion , and is being  installed  
qu ite  generally  as new ovens a re  needed, or the  
principles embodied in  th e  design a re  adopted  in 
so fa r  as p rac tica l in th e  rem odelling of old ovens,

Electric Heating.
F o r some years th e  au th o r has endeavoured to  

find some m anner in w hich tem p e ra tu re  control 
could in  some way he m ade fool-proof. The 
electric resistance oven seemed to  be the  only solu
tion , b u t th e  cost w as found to  be proh ib itive. The 
thought finally took roo t th a t  i t  would prove to  be 
perfectly p rac tica l if in stead  of using  elec tric ity  
alone, to use a com bination  of any  fuel, supple
m ented a t  c e rta in  tim es by electric heat. In  opera
tion  th e  oven and  con ten ts a re  to  be h ea te d  in  th e  
o rd inary  m anner by coal, and  th e  firing  continued  
during  th e  period a t  which th e  castings a re  to  be 
held a t  tem p era tu re , b u t so regu la ted  th a t  th e  tem 
p era tu re  produced th rough  th is  m eans and  d u ring  
th is period should be some 150 deg. F . (83 deg. C.) 
lower th an  required , th e  deficiency in  tem p e ra tu re  
being supplied by electric c u rre n t contro lled  by a



potentiom eter. I t  was though t th a t  th rough  th is 
procedure not only oould th e  tem pera tu re  easily be 
m ain ta ined  w ithin a  range  of 10 deg. F . (5 deg. C.) 
or less if need be, and lowered a t  th e  ra te  desired, 
while th rough  th e  proper proportion ing  and loca
tion of th e  resistance-ribbon th e  tem pera tu re  could 
he m ain ta ined  p ractically  th e  same th roughou t th e  
en tire  oven a t  th e  p a rticu la r period when th is  is 
essential. In  o rder to  prove o u t the practicab ility  
of th is  scheme an oven was r.igged-up qu ite  recently 
w ith th e  necessary num ber of grids of resistanee- 
nibbon and the  o ther necessary details, in which 
two anneals have been run  through . W hile a little  
trouble was experienced d u ring  the  first anneal, 
owing to  some of th e  hanger-block, on which the 
ribbon rested , p a rtin g , th is was corrected in the 
second tr ia l, which was ca rried  th rough  w ithout a 
hitch. The au thor believes th a t  in th e  fu tu re  elec
tr ic  h ea t will be used in  th e  oven to  supplement 
carbonaceous fuel of any character. These tr ia ls  
have dem onstrated  th a t  by m eans of an electric 
cu rren t controlled by a poten tiom eter th e  hea t can 
be m ain ta ined  in practically  a s tra ig h t line while 
th e  castings are  being held a t  tem pera tu re , and 
th a t  the  ra te  of cooling can be controlled with 
exactness by m eans of the  same instrum en t w ith
out any a tten tio n  on the  p a r t  of th e  hea t-trea te r. 
The cost of c u rre n t is b u t nom inal, and it  is ex
pected th a t  th e  resistance ribbon will la s t for a 
period of a t  least 15 months. This scheme perm its 
of the  use of e lectricity  in any oven, almost ir re 
spective of its  design, and  actually m akes possible 
the assurance th a t  th e  most un certa in  step in the 
process can bo made fool-proof. In all o ther 
methods of hea t tre a tm en t th e  h ea t is applied a t 
the top of th e  oven, and i t  is a problem to  induce it 
to come downward and tow ards th e  corners in the 
m anner desired. W ith  th e  resistance coils properly 
spaced and placed near th e  floor th is trouble 
vanishes. A nother advantage resu lting  from  the 
use of the  gaseproducer p rincip le is the  fac t th a t 
very cheap grades of coal can be used. The au thor 
is confining his rem arks to  th e  coal hand-fired 
ovens, as these a re  th e  ones in general use.

Oil and Natural Gas Firing.
W here oil and n a tu ra l gas can be had cheaply 

these successfully can be used in properly-designed
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Ovens. In  using  these tw o fuels, however, the 
au thor believes th a t  the  oven should be designed 
in such a m anner th a t  the firing will tak e  place at 
each end a lte rn a te ly  a t  in te rva ls  of abou t 20 mins. 
In  th is  m anner b e tte r  control can be had th a n  if 
the oven is fired a t  one end o r a t  both ends a t  the  
same tim e. If  castings a re  being m ade th a t  are  
not liable to  kiln warp, th e  muffle oven is the  type 
to  build. The best construction  of muffle is th rough  
th e  use of the M anion-type of brick. -This brick  is 
very th in  in  th e  d irection  in which th e  h ea t is to 
flow, b u t is reinforced by webs designed to  carry  
th e  load, w ith  the  resu lt th a t  th e h e a t  can be t r a n s 
m itted  to  the  inside of th e  muffle quickly and eco
nomically owing to  th e  th inness of th e  brick. If 
th e  muffle is m ade of carborundum  brick a very- 
s trong  and lasting  muffle will resu lt, th rough  which 
the hea t can  be tra n sm itte d  some six  tim es more 
quickly th a n  th rough  a clay product. These bricks 
a re  very strong , have a low co-efficient of expansion, 
and, under th e  conditions to  which th e  muffle is 
subjected, would never spall.

Grinding.
C oncerning the  m a tte r  of g rind ing , the  practice 

a t  th e  p resen t tim e is evenly divided between 
g rind ing  in the  hard  or g rind ing  in th e  soft, w ith 
a tendency to th e  la t te r  m ethod and th e  use of th e  
rubber ̂ bonded wheel. Unless th ere  is a good ex
h aust .system in use w ith th e  g rind ing  ap p ara tu s  
the  odour im parted  by th e  rubber wheel is quite 
objectionable, h u t otherw ise not. M any p lan ts 
g rind  th e  ligh t castings in the  h a rd  w ith a v itrified 
wheel, b u t all heavy work in th e  soft. W hen the 
gates exceed a ce rta in  size th e  pneum atic  tool is 
used to  advantage.

Sands.
T here is li tt le  to be said about th e  m oulding sand 

except th a t  th e  prPb'lem is one of increasing  diffi
culty  . M any a re  troubled  owing to th e ir  inab ility  
to  ob tain  a sand sufficiently free from  bases to 
avoid th e  fusion of the  sand  to  th e  surface of the  
castings so tig h tly  th a t  cleaning is m ade difficult. 
I t  is in te re stin g  to  note th a t  in  cases of th is  kind 
in which, in sp ite  of d ras tic  tum bling , a c ru s t of 
sand still adheres, particu la rly  a t  fillets o r re 
cesses, th a t  a very short app lication  of th e  c u ttin g
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torch will speedily remove it, owing to the  differ
ence in the  ra te  of expansion of the  crust and the  
iron.

Foundry Losses.
R egard ing  foundry losses th e  following is repre

sen tative. Jn general autom obile work th e  hard- 
and soft-iron losses will approx im ate .15 and 4 per 
cent, respectively». W hile th e  la t te r  may seem 
high, inspection is extrem ely rig id  and the  losses 
th a t  resu lt from  stra ig h ten in g  are  n o t inconse
quentia l, while defectives re tu rn ed  by th e  p u r
chaser will often  run  as high as 2 per cent. I t  is 
safe to say th a t  20 per cent, of th e  castings poured 
are  rejected  a t  one stage o r another. In  th e  case 
of railw ay work th e  losses a re  no t as heavy, and 
will not exceed a to ta l of abou t 9 per cent., and 
while the  inspection to  which these castings are 
subjected also is rig id  i t  is no t so exacting  as in  the 
case of th e  o ther. In  ag ricu ltu ra l work th e  average 
loss will approxim ate 5 per cent. In  addition  to  
th e  foregoing it  is well to  estim ate  th a t  th e  loss 
due to  g rind ing  will prove to be about 1 jier cent.

Runners and Risers.
The au tho r believes th a t  losses due to  m isruns 

and defective casting  can be m inim ised th rough  a 
study sim ilar to  th e  one he has undertaken , and 
which he believes is new. The idea is illustrated  
in some accom panying photographs, and to  which 
reference will be made in due course. Some years 
ago th e  au tho r was called in  consultation in con
nection wiith a heavy foundry loss on certa in  sizes 
of piston rings. The rings were nested and gated 
together and poured in m ultiple moulds. On 
analysing th e  s itu a tio n  i t  was found th a t  th e  loss 
was confined mostly to  two sizes. The m anner in 
which th e  problem was a ttacked  was to tak e  five 
single moulds and short-pour them , th a t  is, pour 
a very small am ount of iron in th e  first mould, a 
little  more in th e  second, a little  more in th e  th ird , 
and so on to  th e  fifth. In  th is m anner th e  travel 
of the  iron could be followed exactly, as if the 
mould had been made of glass. Briefly, th e  pro
blem was solved by a change in th e  gates and 
runners in  a m anner th a t  was con trary  to  th e  pre
cepts th a t  were heretofore considered orthodox. 
To conserve space, and  because members are  as
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fully able to  analyse th e  situ a tio n  as is  th e  au thor, 
photographs are subm itted  w ithou t com m ent, which 
show some in te re s tin g  examples of w hat short- 
pouring will disclose. In  th e  case of all of these 
tests th e  moulds were carefully  levelled in  two 
d irections before th e  molten m etal was poured in to  
them . Lack of tim e has prevented  th e  au th o r 
securing such p a tte rn s  as m igh t have illu s tra ted  in

F i g . g . — S h o w i n g  E x a m p l e s  o r  S h o r t  P o u r s .

a more exaggerated  m anner w hat he has a ttem p ted  
to  set fo rth , while also he reg re ts  th e  fa c t th a t  he 
was unable to  secure photographs of short-poured 
castings of a la rger and  m ore com plicated design ; 
bu t he believes th a t ,  in  sp ite  of th is , th e  cases he 
is subm itting  to  show th e  value of th e  inform ation  
th a t  can be ob tained  from  a study  of th is  charac te r 
a re  sufficient. (See F igs. 5, 6, 7, 8, and  9.) The 
v ita l necessity of having th e  g a te  lead ing  to  all 
p a tte rn s  on bo th  sides of th e  cen tra l ru n n e r  exactly

F ig . 6. A n o t h e r  E x a m ple  of S h o rt  R un  
C a s t in g s .

of th e  same shape and a rea  as fa r  as each p a ir is 
co ncerned ; th e  area  of th e  gates of each pair 
changed in accordance w ith w hat is disclosed by 
th e  short-pouring  tes t, and the  ru n n ers  so tapered  
th a t  th e  flow of m etal will be m ore evenly d is tr i
bu ted  to  each in dim  dual p a tte rn  in th e  flask, to 
the  end th a t  each one w ill be ta k in g  th e  m etal 
as rap id ly  as the  o ther. The casting  shown



in Fag. 10 is an eloquent testim onial of the  length 
to  which th e  founder is willing to go in his effort 
to  insure the  in teg rity  of the  casting. In  th is case 
the  risers weigh more th an  th e  casting, bu t in

iUt)

F i g . 7 — S m a ll  W h e e l s  w h ic h  h a v e  ueen  
S h o r t  R u n .

addition  to  this expedient perm ission was obtained 
to place a  s trap  on the  casting  shown a t  A, leading 
from the g a te  of each of the  four heads upw ard 
tow ards th e  fillet, whereby a  wide channel, for the 
m etal to  reach th e  top  of th e  casting, is assured, 
and in th is  m anner the  form ation of a  shrink such

F i g . 8 — A n o th er  G r o u p  s h o w in g  t h e  S am e  
D e f e c t .

as can be seen in F ig . 11, a t  th e  fillet, where the 
sm allest d iam eter swells g radually  into th e  larger 
one, is prevented. Even w ith the  precautions re
ferred to  a very ligh t shrink will be seen in the
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etched section r ig h t opposite a very sharp cornel'. 
I f  perm ission could be obtained  to “round off th is 
corner i t  would resu lt in th e  d isappearance of th is 
shrink . In  tak in g  on new work the  founder should 
not only experim ent w ith the  p a tte rn  u n til he has 
satisfied himself, through the  breaking up1 of the 
hard -iron  eastings in m any small pa rts , th a t  shrink 
is absent and th a t  he has ascertained the  best 
method of ga ting  and heading th e  casting, bu t

F i g . 10.— A n  E xam ple w h e r e  R is e r s  W e ig h  
M ore  th a n  t h e  C a s t in g .

afte r lie has finally arrived  a t  th is  decision he 
should anneal some of th e  castings in  order to  con
firm th is conclusion. S light porosity is difficult to 
discover in  a fra c tu re  of hard-iron , and i t  o ften
times happens th a t upon breaking up th e  annealed 
casting, which in its hard  condition was supposed 
to  be perfectly sound, i t  is found to  contain  some 
shrink. I t  m ight be well to note th a t  in the 
au th o r’s experim ents on shrink he has found th a t
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w hether th e  iron was poured hot, m edium , or fa irly  
dull can  be to ld  by th e  colour of th e  shrink. W hen 
poured very h o t i t  is black, when poured a t  m edium  
tem p era tu re  i t  is m ore o r less very dark  grey, while 
the  sh rink  resu lting  from  m etal poured fa irly  dull 
is very ligh t coloured.

Composition Limits.
W hat are  th e  perm issible lim its for th e  various 

elem ents in  th e  hard-iron is a question th e  au th o r 
has been asked w ith frequency. Owing to  th e  
in ter-re la tions of these elem ents th e  answ er on its

F i g . 11.—A n  E x a m p l e  o p  t h e  S h r in k  D e f e c t .

face appears to  be com plicated. W hile a d m ittin g  
th e  com plexity of th is  in te r-re la tio n , ac tua lly  as fa r  
as p rac tica l work is concerned th e re  exists little  
reason why th is  fa c t need necessarily com plicate 
the proposition. As previously set fo rth , w ith  all 
o ther elem ents balanced a silicon-content of 0.90 
per cent, in th e  hard -iron  yields very desirable 
p roperties, for when h ea t- trea ted  i t  is resolved 
into a silico-ferrite m a trix  th a t , considered alone, 
is s trong  and ductile and  of spendid m achina- 
bility.

I t  has been established th a t  the  s tren g th  and
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d uctility  of th is m a trix  is weakened bv high to tal- 
carbon, and th a t  im provem ent takes place as th is 
elem ent is  lowered. The lim it to which th is  safely 
can be carried  w ithout de trim en t to the 
fluidity  and life of th e  molten m etal, or 
increasing the  tendency of the  castings to  
crack or check on cooling to  an objection
able ex ten t, may be assumed to  be, say, 2.35 
per cent. The phosphorus appears to be in  no sense 
detrim en ta l up  to 0.20 per cent. Inasm uch as no 
difficulty exists, nor is any expense a ttached  to the 
ad justm en t of these th ree  elem ents a t these per
centages, they  can be elim inated  from  th e  problem 
and th e  d is tu rb ing  elem ents considered to  be sul
phur and  m anganese only as fa r  as these five 
elements are  concerned, or consider th e  silicon, 
carbon, and phosphorus to  be the  datum , and work 
from th ere  as a  s ta r t. W hile i t  is n o t difficult to 
purchase low-sulphur pig and fairly  low-sulphur 
scrap, it is g e ttin g  increasingly difficult to  secure 
low-sulphur fuel. Also in  some localities i t  is 
ra th e r  difficult to  purchase pig w ith m anganese 
as low as is desirable.

The question, then, really resolves itself in to  
w hat are  th e  perm issible lim its for the  sulphur 
and manganese. W hile it  is generally conceded 
th a t these elem ents should be p resen t in atom ic 
proportion to form m anganese sulphide, th e  au tho r 
has seen m any instances in which th e  product was 
excellent where th is  was no t the  oase. Based upon 
da ta  obtained from the  te s tin g  of m any te s t bars, 
the au thor would s ta te  th a t  w ith a  su lphur content 
between the  lim its of 0.05 and 0.08 p er cent, i t  is 
safe to  use a m anganese con ten t between the lim its 
of 0.20 to  0.30 per cen t., w ith the  recom m endation 
to avoid using, coincidentally, the  h igh-lim it for 
manganese w ith the  low one for sulphur, and con- 
traryw ise. The m anganese should be increased 
with increase in  sulphur, and w ith the  la t te r  a t 
0.12 per cent, i t  should lie between 0.34 and 0.40 
per cent. I t  happens, however, th a t  a t th is  per
centage of su lphur the  m etal has a fram e-producing 
tendency, by which is m eant th a t  upon annealing 
the carbon, instead of diffusing o u t of the iron in 
a m anner th a t  will leave a decarbonised surface- 
rirn of ferrite , su rround ing  a  core of norm al struc
tu re , there  will exist between the  fe rritic  rim  and
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norm ally-structured  core a  p a rtit io n  ring  of 
pearlite . J u s t  why a very low-silicon-manganese 
m ix tu re  will produce an iron  hav ing  th is tendency, 
and  ju s t why a h igh-su lphur iron  w ith  insufficient 
m anganese will do th e  same, th e  au th o r does no t 
know ; b u t he does know th a t  such is th e  case, and 
th a t  when th e  m etal is in th is  condition  n o t only 
is the  m ateria l h a rd  to  machine b u t th a t  probably 
i t  will fa il in sendee. In  th e  absence of a  decar
bonised surface rin g  i t  does n o t appear possible to  
o b ta in  a t r u e  fram e, while, on th e  o ther 
hand , th e  presence of a decarbonised su r
face rim  does n o t ap p ea r to  ac t to  p ro 
duce a fram e except under certa in  conditions 
th a t  will be touched upon. The conclusions th a t  
follow may be correct, and they  m ay not. I t  is not 
possible in regu la r p rac tice  to  h ea t an o rd inary  
ferrous m etal in  a h ea tin g  fu rnace  or annealing  
oven atm osphere w ithout decarbonising th e  surface 
to  a ce rta in  depth, w hilst th e  same th in g  takes 
p lace when a grey-iron, a ha rd -iro n , o r a steel 
casting  is s tr ip p ed  from  th e  sand and exposed 
to  the  a ir  while still red-hot, and, to  some ex ten t, 
even if  they  a re  n o t s tr ip p ed  a t  th a t  tem pera
tu re , for, as th e re  is a ir  in th e  mould, some decar
bonisation will tak e  place on th a t  account.

Frame-Producing Mixtures.
Assuming then  th a t  all liard-iron castings have a 

partially-decarbonised surface p rio r to  being heat- 
tre a ted , i t  is qu ite  certa in  also th a t  th e  ho tter the 
iron as i t  en ters th e  mould th e  m ore com plete and 
the  deeper will be th is decarbonised surface. I f  the  
p rac tice  is such th a t  th e  m olten m etal is given a 
high degree of super-heat in o rder th a t  i t  can be 
d is trib u ted  in large ladles, th e  moulds first poured 
will have a deeoer decarbonised surface th a n  those 
last poured, and a re  liable to develop “ fram es.”

Now, while i t  is essential th a t  a decarbonised 
surface m ust be in existence before a fram e can be 
produced, i t  is th e  au th o r’s belief th a t  it is th e  ra te  
a t  which th e  carbon in th e  core tends to  diffuse 
in to  th e  decarbonised rim  and- th e  completeness 
w ith which th e  carbon continues to  be removed 
from th is rim  th a t  determ ines w hether o r n o t a 
localised carbon-oontent will be b u ilt up and m ain 
ta in ed  in equilibrium  a t the junction  of th e  two
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while th e  fac t th a t  test-wedges from  the  same heat, 
b u t annealed in different pots, have been found in 
which one wedge was fram ed and th e  o ther not, 
m ust lead to th e  conclusion th a t  th e  ra te  of diffu
sion re fe rred  to  plaj's an im portan t p a r t in the  
story. Then again  th e  au thor has proved th a t  the 
depth  of fram e is a  function  of th e  tem perature , 
for in  th e  case of wedges poured from th e  same 
ladle in  th e  sam e flask, and hea t-trea ted  a t  d if
fe ren t tem pera tu res, the  heaviest fram e in  every 
case accom panied th e  h ighest tem pera tu re . In  the 
case of fram e-producing m ix tures the composition

F i g .  12 .— M i c r o g r a p h  op a  1 p e r  c e n t .  C a rb o n  
S t e e l  S u b je c te d  t o  t h e  S am e H e a t  

T r e a t m e n t  a s  M a l l e a b l e  I r o n .

m ust be such th a t  the  ra te  of diffusion favours the 
building up of th e  p earlitic  ring . The au tho r is 
inclined to  believe th a t  th is  a tt itu d e  tow ards the 
fram e-producing m ix tu res is en titled  to  some 
weight. I t  is a  problem th a t  th e  au th o r  has en
deavoured to  obtain  tim e to investigate  properly, 
bu t w ithout avail to  date.
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An Experiment with Steel.
Fig . 12 is a m icrograph taken  a t  abou t 4 d ia. of 

a sample of steel co n ta in ing  1 p er cen t, carbon. 
The sam ple was placed in  a pot, toge ther w ith  th e  
hard-iron  castings th a t  w ere about to  be heat- 
tre a ted , and given th e  same tre a tm e n t as is o rd i
narily  given th e  product of th a t  com pany. A well- 
defined p earlitic -rm g  th a t  is located betw een the  
surface border and  core can be seen, exactly  as 
happens in  th e  case of fram ed  m alleable cast iron. 
There is ano ther k ind of fram e in  which, in stead  
of the  pearlite  being a t  th e  junc tion  of th e  decar
bonised a rea  and  th e  core, i t  is d irec tly  a t  th e  su r
face. This, i t  is believed, resu lts from  a  casing- 
action due to th e  p a rtic u la r  pot-atm osphere exist
ing a t  th e  tim e, an d  such as would favou r th e  
casing of th e  surface, which condition may be 
b rought about in  various ways, p a rticu la rly  when 
ashes th a t  con tain  .unconsumed coal a re  used for a 
packing. The la t te r  condition is th e  w orst form  of 
fram e, both from  th e  s tandpo in t of m achinability  
as well as un trustw orth iness under shock.

Machining Properties.
I t  can  be s ta ted  th a t  th e  ease w ith  which m alle

able cast iron can be m achined is its  m ost valuable 
asset, and  any defect in the  p roduct th a t  operates 
to re ta rd  th e  speed w ith  w hich i t  can be m achined 
is fa ta l. The tw o w orst defects a re  th e  fram ed- 
casting, to  which reference lias been m ade, and the  
shrink . Of all of th e  troubles to  which these cast
ings a re  heir, th e  shrink  is by fa r  the  m ost troub le
some and th e  h ardes t to combat. W hilst a t  one 
tim e  th e  really -hard  casting—th e  one th a t  was hard  
th roughou t, due to  an im proper h ea t- tre a tm en t— 
was a  source of co nstan t anx iety  to  th e  m anufac
tu re r , such castings are  now ra re ly  produced. I t  
happens, however, th a t  silicon, su lphur, phos
phorus, m anganese, and  carbon can all be p resen t 
in ideal p roportion  in a hard -iro n  casting , and the  
h ea t- trea tm en t conducted in an en tire ly  efficient 
and norm al m anner, an d  still castings m ay under 
ce rta in  circum stances be produced* th a t  w ill have a 
steely fra c tu re  and be h a rd  to  m achine. J u s t  w hat 
operated  to  b ring  ab o u t such a  condition  rem ained 
a m ystery to  th e  au th o r fo r a  long tim e, owing 
principally  to  th e  fa c t th a t  in m any instances in
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his experience he found th a t  when i t  was claimed 
th a t  all details of works prac tice  had  been cor
rectly carried  o u t i t  was discovered th a t, un in ten 
tionally , he had been misinform ed. In  the par
ticu la r case now referred  to  i t  was suggested by 
the m anagem ent th a t  if th is  was th e  a u th o r’s 
th o u g h t he had b e tte r assume the  responsibility for 
a tr ia l  a ir-fu rnace  h ea t and subsequent hea t-trea t- 
m ent. This suggestion was adopted, w ith the  resu lt

F i g . 13 .— A C a st in g  D if f ic u l t  to M a n u fa c tu b e  
O w in g  to t h e  V a b y in g  T h ic k n e s s e s  o f  M e t a l .

th a t, in spite of all precautions, no im provem ent 
was found in th e  frac tu re . W hile th e  au thor had 
been acquainted  for a long tim e w ith the  effects of 
chromium on the  s tru c tu re  of annealed castings, he 
had no t suspected u n til th is  occasion th a t  chro
mium was the offender, owing to  th e  supposed 
ra r ity  of th is  elem ent in pig-iron m  an  am ount th a t 
was in any way h a rm fu l; b u t as soon as i t  was 
ascertained th a t, no tw ithstanding  th e  fac t th a t
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every de ta il of th e  process had  been safeguarded, 
the castings still were abnorm al in  frac tu re , the  
product was exam ined fo r th is  elem ent, and his 
suspicions confirmed.

Chromium is Deleterious.
H ard-iron  castings, therefo re , can be produced 

by th e  presence in the  m ix tu re  of very m in u te  per
centages of th is elem ent, p a rticu la rly  if th e  a n 
nealing tem p era tu re  is h igher th an  norm al. N ot 
only will less th a n  1 /10 of 1 per cent, produce an 
abnorm al frac tu re , b u t th is  will he accom panied

F ig . 14.— Ot h e r  S e c t io n s  of t h e  C a st in g  
S h o w n  in  F i g . 13.

by a phenomenon th e  exp lana tion  of which proved 
very baffling u n ti l qu ite  recently . Some years ago 
one of tho  m anufac tu re rs  was engaged in the  pro
duction of some railw ay  castings. One of th e  k ilns 
was poured la te  in  th e  day, and as th e  su p erin 
ten d en t was anxious to  ascerta in  th e  quality  of the  
p roduct he broke th e  test-'lug on a  num ber of th e  
castings th a t  were still qu ite  w arm , and  as the  
f rac tu re  was norm al he fe lt satisfied th a t  
all w as well. On th e  following m orning 
the  railw ay inspectors s ta r te d  th e ir  exam ina
tion , and  n o t only did they  find th a t  the  
frac tu re  of th e  tesi^L'ugs was steely, b u t th e  o ther 
test-lug  on th e  castings from  w hich th e  lugs were 
knocked off by th e  su p erin ten d en t on th e  preceding 
day were steely. In  th e  case of these p a rtic u la r  
castings i t  appeared  as if on» end h ad  been pro-
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was called to  th e  p lan t, and as th ere  happened to  
be available some test-bars from  th is  h ea t th a t  
positively could be identified, these were heated  to  
a tem p era tu re  about 300 deg. F ah. (148 deg. C.), 
and, when broken, showed a perfectly  norm al frac
tu re , bu t when cooled to  the  atm osphere and again 
broken th e  fra c tu re  was steely. From  th is tim e  on 
a few o ther cases of th is  kind came to th e  a u th o r’s 
a tten tio n , 'out the  cause of the  phenomenon re 
m ained a m ystery. Some tim e ago i t  occurred to 
the  au th o r th a t , in view of th e  curious effects of 
chrom ium  on th e  frac tu re , possibly th is  elem ent 
was the  cause of th is  phenomenon also, and w ith
ou t en tering  in to  d e ta il as to  th e  complete inves
tiga tion  m ade, i t  can be sta ted  th a t  the  au tho r has 
been unable to' bring  about th is condition in the 
absence of chrom ium , b u t th a t  when exceedingly 
small percentages are  present th is  peculiarity  
exists, i t  also appears  th a t  the  evil effects of chro
mium are  made more m an ifest the  h igher the  tem 
pera tu re . From  th e  foregoing i t  appears th a t  a t 
atm ospheric tem pera tu re  th e  effect of rhronium  is 
to em brittle  fe rrite , w hile a t  a somewhat h igher 
tem pera tu re—say in th e  vicinity  of 400 deg. Fall. 
(205 deg. C .)—th e  fe rr ite  regains its ductility .

Shrink Troubles.
The casting  w ith shrink, however, still persists, 

although now th a t  th e  engineer-designer is co
opera ting  witli th e  foundry  to  a much g rea te r ex
te n t th an  ever has obtained in the  past, while 
everyone in the  foundry connected w ith moulding 
operations a re  on th e ir  toes in an endeavour to 
minimise th is  troub le  to  th e  g rea te st possible 
ex ten t, i t  is still w ith  us to an  a larm ing  degree. 
As has been pointed ou t so frequently  in P apers 
w ritten  by th e  au thor, shrink  not only can prove 
to be the  sole cause for th e  fa ilu re  of a casting  in 
service, bu t even should i t  occur in a  p a r t of a 
casting th a t  subsequently is to  be removed by 
m achining i t  can cause a dam age not suspected by 
one who is igno ran t of th e  cause. V ery early  in 
his investigations th e  au tho r discovered th a t, ir re 
spective of how efficient and complete the  heat- 
trea tm en t of a casting  m ight be, free-cem entite 
invariably exists in the  a rea  occupied by a  shrink,
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th a t is, w herever a  sh rin k  occurs a h a rd  spot will 
be found. Such h a rd  spots had always been a t t r i 
buted to  segregation , w ith  phosphorus as th e  cul
p rit. E ven to-day au thors of P ap ers  ta lk  of th e  
liab ility  of segregation , sim ply beoause th is  elem ent 
is in  th e  v ic in ity  of 0,20 per cen t., n o tw ith stand ing  
the fac t th a t  for th e  m ost p a r t  m alleable-iron 
castings will n o t average I  in . in  th ickness of sec
tion, and solidify so quickly th a t  op p o rtu n ity  for 
segregation is denied. W hile undoubtedly th e re  
may have been ra re  cases of phosphorus segrega
tion, none have ever been called to  th e  a u th o r’s 
a tten tion .

F ig . 15.—F u r t h e r  I l l u s t r a t e s  t h e  N e c e s s it y  
of R e f u s in g  B ad ly -D e s ig n e b  C a s t in g s

BY THE F oU N B R Y M A N .

Anyone who has seen a  B ullard  M u ltiau to m atie  
machine tool a t  work ta k in g  cu ts  in. th ick  a t 
150, and lig h t finishing cuts a t  250 ft . per m in ., 
m achining a  casting  as fa s t as th e  o p e ra to r can 
p u t one in place and remove ano ther th a t  is 
finished, will apprecia te  w hat i t  m eans if by 
chance one of these castings contains a sh rink  in 
th e  p a th  of th e  tool The tool set-up on one of 
these m achines canno t be accomplished sho rt of 
some th ree  o r fou r hours, a loss of tim e th a t  will 
n o t be to le ra ted . In  o rd e r th a t  th e  difficulties of 
the  s itua tion  may be apprecia ted , F ig . 13 is re
produced, showing a casting  from  w hich two sec
tions have been cu t. One c u t is in line  w ith  the 
cen tre  of th e  head, and th rough  a section of fa irly
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uniform  thickness. In  the  etched section, shown 
above th e  casting, it can be seen th a t there  is an 
en tire  absence of shrink. About 90 deg. from th is 
another section was m achined from a p a rt of the 
casting whose sections a re  very d isproportionate. 
The various shrink  spots a re  plainly visible, and 
to  those who have m ade a study  of sh rink  the 
cause fo r th e ir  presence should he clear.

This p a rticu la r casting  could he gated  and 
headed in alm ost any m anner, w ith almost anv 
am ount of m etal, w ith  li tt le  hope for complete

F i g . 16 .— H a l f  o f  C a s t in g  F e d  by T w o  
R i s e r s  a n d  M a d e  S o u n d  b y  t h e  

I n t r o d u c t i o n  o f  a  S t r a p .

soundness in th is p a rticu la r section, while a slight 
th ickening  up of the  narrow  neck, ju s t above th e  
largest shrink, and the  removal of some m etal 
from  th e  very-heavy section to  which i t  is attached , 
would enhble th e  founder to  make a  solid casting, 
provided also some slight modification in th e  case 
of o ther sections was m ade. F ig . 14 refers to  a 
sim ilar casting , h u t cu t a t  o ther sections. F ig . 
15 fu r th e r illum inates th is m a tte r , as well as the 
fac t th a t  i t  is up to the m alleable-iron founder to 
protect himself and his industry  by refusing 
to make castings th a t  are  designed in a m anner 
such as actually  inh ib it soundness. In  Fig. 16 is 
shown the etched section of half of a casting fed 
by two risers. In  th is case complete soundness is 
apparen t. In  order th a t  th e  case will (be fully 
understood i t  should he noted th a t a s trap  was 
also used in th is case leading from the heads to 
the fillet a t th e  neck of th e  casting, which facili
ta ted  and  made perfect th e  feeding a t the fillet. 
The section fro-m A to  B is consequently th icker 
by the  thickness of the  s trap  a t  th is  po in t than  
would be shown in o ther sim ilar sections of the 
casting.
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F o r the  purpose of m aking ce rta in  deductions 
in connection w ith  an  investiga tion  th a t  i t  was 
in tended  would he in troduced in  th is  P ap er, and 
on which considerable work has been done, some 
bars of w rought iro n  and so ft steel were annealed 
w ith malleable iron  castings u n d er th e  usual heat- 
tre a tin g  conditions, and in  th e  belief th a t ,  
although space is lacking to  include these experi
m ents, the  resu lts of these m echanical tes ts  may 
be of use to  .some read e r of th is  P a p e r  in  some 
o ther connection.

I t  is unnecessary for th e  a u th o r to encum ber 
the  P a p e r w ith  rem arks in  connection w ith  the  
re su lts ; they  a re  obvious upon inspection.

As in fe rred  in  th e  in troduc iton  of th is  P ap er, 
th e  au th o r has touched upon those questions con
cern ing  which he has received inqu iry , while he 
has endeavoured also to  avoid dwelling, in  so fa r  
as possible, upon item s th a t  a re  usually found in 
papers covering th e  m alleable-iron process. 
P ressu re  of work, freq u en t absences from  th e  city , 
and o ther com plications have p reven ted  th e  tak in g  
up  of a  few o th e r item s th a t  are , a t least, of equal 
im portance to  any of which he has made m ention , 
b u t which owing to lack of tim e to  ob ta in  th e  
sam ples fo r illu s tra tio n s and  th e  m aking of th e  
necessary m icrographs.

In  conclusion, the  au th o r would s ta te  th a t  th e  
fu tu re  for th is industry  in th e  U n ited  S ta te s  is 
most prom ising. The m an u fac tu re rs  are  d e te r
mined th a t  they  a re  going to  g e t all o u t of the 
product in th e  way of ten ac ity , d u c tility , and 
shock resisting  p ropertie s  th a t  investiga tion  and 
im proved ap p a ra tu s  can make possible. Any 
metal possessing the  best m achining p ro p e rtie s  of 
any  ferrous p roduct and hav ing  an average u lt i
m ate  s tren g th  exceeding 23.6 tons per sq. in ., a 
yield p o in t approx im ating  14.75, accom panied by 
an elongation th a t  easily can he m ade to  average, 
day in and  day o u t, a t  least 20 per cen t., a figure 
th a t  to-day is som ewhat h igher th a n  th e  average 
of the  A m erican M alleable C astings A ssociation’s 
product as a whole, has a fu tu re  th a t  is very  in
viting;. The au th o r feels c e rta in  th a t ,  should 
B ritish  foundrym en e n te r th is  p a r tic u la r  field in 
a large way, th a t  Am ericans will be obliged to  look 
a f te r  th e ir  laurels as fa r  as quality  is concerned. 
A m ericans would all welcome th e  aid  and co-opera
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tion  of th e  m any noted  B ritish  m etallu rg ists . 
W hile very early  in th e  game, and since, the  au tho r 
has experim ented w ith m ost of th e  ferrous addi
tions, no resu lts were obtained th a t  have given 
prom ise of an im provem ent of product. All 
the  deoxidisers have been tr ied , and in no case 
has any im provem ent followed th e ir use. I t  is 
th e  A m erican hope th a t  B ritish  scientists may in

T able I .—Com parative Tests on Annealed and 
Unannealed Sam ples of W rought Iron and 
M ild S teel Bars.

W r o u g h t  I r o n .

M ark 01 05 06 01 02 03
T re a tm e n t ,U U. U. A. A. A.
Ilia . 0 637 0.665 650 0.662 0.657 0.655
A ctua l e las tic  lim it (tons) 4.6 4.8 4.8 3.5 3.3 3.4
E la s tic  l im it ( to n s  per sq 

in .) .............................. 14.4 13.3 14.5 10.1 9.8 10.3
A ctua l u lt. s tren g th (to n s) 6.7 7.3 7.0 6.4 6.2 6.2
U lt. s tre n g th  (to n s  per 

sq . i n . ) . . 21.0 21.2 21.2 18.5 18.4 18.3
E lon g a tio n  (on  2 in .) 38.0 39.0 39.0 43.5 40.0 42.5
I te d u c tio n  of area 52.4 51.6 51.2 49.7 50.4 40.2

M ark
M i l d  S t e e l .  

44 45 46 41 42 43
T re a tm e n t U. U. U. A. A. A.
D ia. 0.665 0.637 0.667 0.651 0.660 0.672
Area 0.347 0.319 0.349 0.333 0.342 0.354
A ctu a l e las tic  lim it (tons) 6.8 6.5 7.2 5.2 5.4 5.9
E lastic  lim it (to n s  p e r sq. 

in .) .............................. 19.8 20.5 20.9 15.5 15.7 16.7
A ctual u lt. s tre n g th  (tons) 10.1 9.4 10.2 8.6 8.8 9.6
U lt. s tre n g th  (tons per 

sq. in . ) .............................. 29.2 29.4 29.3 25.8 25.8 25.9
E lo n g a tio n  (on 2 in .) . . 41.5 41.5 42.5 43.5 43.5 43.5
R ed u c tio n  of area 64.6 6.3.5 65.2 64.6 63.7 63.6

th e  n ear fu tu re  develop some im provem ent in the 
process th a t  will serve to make an  excellent pro
duct s till b e tte r.

In, concluding, the  au tho r desires again  to  th an k  
the In s titu tio n  for th e ir  graciousness in having 
invited  him  to  be with them  as th e ir  guest. He 
also desires to  th an k  the  following m anufacturers 
for samples of castings th a t  have been used to  
illu s tra te  th is P ap er and for others th a t  were to  
have been used had tim e perm itted  :—E ric Malle
able Iron  Company, F o r t P i t t  Malleable Iron  Com
pany, F razer & Jones Company, M arion M alleable 
Iro n  W orks, Troy M alleable Iron  W orks, and York 
M anufacturing  Company.
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Discussion.
D r . P. L o n g m u ir  welcomed th e  au th o r of the  

P ap e r on behalf of th e  In s titu tio n , and  cong ra tu 
lated  him  on th e  very com plete records th a t  he had 
given of A m erican foundry  practice.

American Malleable Iron Practice.
M r . F .  J .  C ook  (B irm ingham ) added his te s ti

mony, hav ing  ju s t re tu rn ed  from  the  S tates, as to  
the h igh efficiency of the  m alleable products of 
th a t  trem endous country . H e m ust say, however, 
th a t  his experience w ith  reg ard  to  grey  iron was 
most d isappointing . S till, th e  p leasure and  in 
terest i t  gave him  to  see w hat the  m alleable indus
try  was doing m ore th a n  com pensated for any loss 
in o ther d irections, and  th e  im provem ent of the 
malleable iron industry  was m ainly a ttr ib u tab le  to  
the work of Professor Touceda.

M r. 0 .  S t u b b s  (M anchester) thoroughly  agreed 
w ith w hat Mr. Cook had said. P roduction  in  the 
S ta tes was enormous. H e had  the  priv ilege of 
going over th e  biggest m alleable iron foundries in 
America, and the  first he w ent th rough  had  a 
weekly production of 2,000 tons. They were very 
much in  fro n t of B ritish  foundrym en as regards 
m alleable iron. The question of in te rio r tran sp o rt 
was also a  m a tte r  of first consideration  o u t there. 
They did n o t find a  w orkm an wheeling a barrow  ; 
everything was done m echanically, and  th is  p r in 
ciple was carried  r ig h t th rough . T here was no 
doubt th a t  th e  Americans w ere producing a very 
fine malleable casting. H e had  th e  p leasure of 
m eeting Professor Touceda in New Y ork, and  he 
could assure him  th a t  th ey  all fe lt very m uch 
honoured by having the  o p po rtun ity  of welcoming 
him  now in  person. Indeed , he m igh t say th a t  
they had  w ith  them  th a t  day the  highest b ra in s in 
the malleable iron industry .

M r . S. F i .a g g  (A m erica), as a m em ber of the 
Association of which Professor Touceda d irected  the  
technical side, said he could n o t re fra in  from  
giving evidence of th e  h igh  value they  p u t upon 
Professor Touceda’s services. Those fam ilia r w ith  
recent published tes ts  of elongation would be in 
terested  in his work in th is  respect. E arly  in  1914 
he saw tes ts  in  th is  coun try  g iving 17 per cen t., 
bu t in work done u nder th e  P rofessor’s d irection
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17 per cen t, was considered very low. They would 
see in his P ap er 25 to  30 iper cent, elongation as 
an ac tua l accom plishm ent under his direction.

P r o f . T u r n e r  (B irm ingham ) joined in  welcom
ing P rof. Touceda, and said i t  had  been his plea
sure for the  la s t seven o r e igh t years to  read 
Papers, p articu la rly  in  th e  Proceedings of the  
A m erican Foundrym en’s Association, contributed  
by him . No doubt th is succession of Papers had 
con tribu ted  very largely to  th e ir  knowledge, and 
Prof. Touceda, by these published resu lts of inves
tiga tions, had been instrum en ta l in g reatly  im
proving th e  quality  and un iform ity  of the  product 
in th e  U nited S ta tes. H e did n o t now propose to  
discuss th e  technical m atters embodied in  his 
Paper, b u t he m igh t say he had been struck  by the 
fact th a t  he re fe rred  p a rticu la rly  not only to  the 
lay-out of th e  p lan t, b u t to  the  heating  of the 
foundry, th e  com fort of th e  workmen, and the 
ligh ting  conditions. These were m atte rs  which did 
no t receive th e  proper am ount of a tten tio n  very 
often  in th is country . I f  they .w ere to  get the  best 
work o u t of th e  men they nuust be able to  work 
under conditions which w'ere com fortable, and to 
see properly w hat they were doing. P a r t  of the 
Paper, w hich he had no t heard  before, touched on 
a m a tte r  lelatinp- to  th e  effect of chrom ium . This 
raised an  extrem ely in te re s tin g  theoretical and 
practical question. There were m any pig-irons 
th a t  contained sm all quan tities of chrom ium and 
of nickel, especially those m elted from Cuban ores 
and o ther ores from  th e  S tates.

Scientific Gating Advocated.
M r. R etallack  (W illenhall), speaking of the 

means of tran sp o rt in American foundries, said 
the way they  handled  m ateria l up to  60 and 70 
ton loads was rem arkable. H e also urged the 
adoption of a policy of scientific ga ting , re la tive  
ga ting  according to  the  section and size of the 
casting.

M r . M il l e r  inquired  if P rof. Touceda had con
sidered th e  use of E nglish irons w ith regard  to 
m aking black h e a rt castings. A good deal of work 
w’as done th ere  in th e  m aking  of cycle fittings, 
which in th is  country  were braized.

M r .  AVi l k i n s o n  (York) said som e of the  results 
obtained by P rof. Touceda were an eye-opener as



to  th e  possibilities of m alleable iron. N o th ing  ap 
proaching  them  had  come under h is notice before 
in reg a rd  to  elongation. A lluding to  pages 48 and 
49 of th e  P ap e r, as to  th e  elastic ity  of castings 
(headed “ Com position L im its ” ), he said th a t , 
having m ade m any thousands of these castings, he 
m ust adm it th a t  th e  p rac tice  in  A m erica differed 
considerably from  the  p rac tice  here.

M r . J .  E . F l e t c h e r  (D udley) described th e  
P ap e r as w onderful in  its  in fo rm ation  and  scope. 
The d iagram  of a  m elting  fu rnace  (F ig . 3) on 
page 22 of th e  P a p e r rem inded him  of th e  p ractice 
in Am erica of m elting  heavy masses of m etal for 
malleable cast iron. H e  th o u g h t they  w ere o ften  
fo rgetfu l of the fa c t th a t  th e ir  A m erican friends 
were able to  follow th a t  p rac tice  because of th e ir 
trem endous o u tp u t, and  these m ethods placed them  
in th is  country  a t  once in  qu ite  >a d ifferen t posi
tion  from  the S ta tes. Looking a t  th e  deta ils  of the 
furnace shown in the d iagram , they  would see th a t  
here the  flame effect was able to  carry  o u t its  p u r
pose efficiently; whereas in th e ir  B ritish  foundries, 
even though  m ak ing  black h e a rt m alleable, th e ir  
o u tp u t was so small th a t  they  had  to  use .shorter 
furnaces, and  could no t obtain  th a t  efficiency of 
m elting  th a t  undoubted ly  was possible in A m erica. 
H e considered th a t  they  o u gh t to  be specially 
g ra te fu l to  P ro f. Touceda for p o in ting  o u t these 
phases of maUeable iron  m anufactu re . H ere  they 
were confined to  small crucibles o r cupolas, o r in 
some cases small gas m elting  fu rnaces; b u t they  
were on en tirely  different lines from  those used in 
America. H e assumed th a t  P ro f. Touceda would 
tell them  th a t  du rin g  th e  process of m elting  in 
these la rge  furnaces a  considerable am ount of 
ox id isation  took place, which helped tow ards re 
fining i t ;  i t  assisted in  g e ttin g  a  low carbon m etal. 
A nother p o in t which m ig h t be noticed by prac tica l 
men was th e  position of th e  ru n n in g  spout in  the 
a ir  furnace. Those who had  used fu rnaces knew 
how v ita l th is  po in t was, and  how serious was the  
m istake o f 'p u t tin g  the  spout in  th e  -wrong position. 
E m phasising th e  difference in o u tp u t of Am erican 
and B ritish  foundries, M r. F le tcher said th a t  as 
long as th ey  had  smaU furnaces i t  was going to  be 
very difficult indeed for them  to  o b ta in  those h igh  
elongations wdiich P ro f. Touceda had  m entioned.
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HISTORY OF LOAM MOULDING IN THE PROVINCE 
OF LIEGE. 

By J. Varlet (Liege).
(Belgian Foundrymen's Exchange Paper).

The o rig in  of loam m oulding dates from  1846, 
in which y ear i t  was practised  for the  first tim e 
in th e  Gomree F oundry—thanks to  the enterprise  
of a working p a tte rn m ak er nam ed P irson .

H e was faced w ith the necessity of moulding a 
roll for which i t  was no t convenient to m ake a 
p a tte rn . P irson  conceived the  idea of m aking the 
mould foy strik in g  up in a loam and using a spindle 
and  strickle h o a rd s ; these la t te r  were for a long 
tim e called “ P lacard s.”

I t  was n o t till 1870 th a t  loam moulding began 
to foe generally  adopted and  th a t many large 
foundries decided to  produce engine cylinders, 
condensers, and a num ber of p a rts  for steam 
engines by th is  m ethod. A t th is  da te  the  foundries 
of Jo h n  Cockerill, John  Roos, and A. Ketdn already 
specialised in loam m oulding, which they carried  
on in a system atic m anner, and i t  was from 
th is  foundry th a t  the  science of loam mould
ing was dissem inated. A t th a t  tim e there  
were only available a  few exceptional workmen, 
such as the M arechals, the  Galasses, Doyen, and 
B aguette.

These men, who were real a rtis ts , were the  actual 
professors of the period, and i t  was w ith an almost 
fa therly  in te re s t th a t  they ta u g h t young workmen 
th is a r t  of loam moulding, which is the most in te l
lectual p a r t  of foundry  work, and which requires 
the m ost complete knowledge of engineering 
design.

In  th is occupation th e  a r t is t  is revealed by tbe 
facility  w ith which he handles the loam and by his 
insight and capacity  for o rganising his work.

About 1880 loam moulding began to  a t t r a c t  still 
more a tten tio n . M any young workmen interested 
themselves in  th is branch  of foundry  work, and 
there  was a veritab le  rush in to  the  new profession, 
which was considered a  justifiable title , as being 
much superio r to o th e r sections of foundry work.

Course of Training: for Loam Moulders.
The young men who had taken  up foundry work
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had  le a rn t sand m oulding o r perhaps co rem ak ing ; 
there  were young corem akers who followed th e ir 
inc lina tion  and th e ir  ap titu d e  for th e  c ra f t, and 
took up  loam moulding a f te r  five o r six years’ 
app ren ticesh ip  to  corem aking. E ach  of these 
young m en h ad  to  go th rough  a course of 
m echanical design, and  in 1880 th e re  was in  th e  
C ity of L iege only one professor, MonsieuT Rosa, 
who ta u g h t m echanical design w ith special 
reference to m oulding, and he never had less th an  
40 pupils. These lessons w ere given each Sunday 
for th ree  hours, and  th e  p u p il p a id  1 franc  per 
lesson.

W hen the young corem aker was equal to read ing  
h is draw ing an d  of m aking a ll th e  sections and 
views of a  cylinder, condenser, pum p, etc., and  if 
he had  th e  a p titu d e  already  m entioned, he m ade 
application  w ith a view to  en te r in g  th e  loam 
m oulding departm en t. There he was a tta ch ed  as 
ass is tan t to  a leading m oulder, u nder whose tu itio n  
he perfected  h is w orkm anship, and  in  tim e  became 
a leading loam m oulder himself.

N o tw ithstand ing  th is  system of tu itio n  th ere  
was no t less th a n  60 to  70 per cent, of fa ilu re s ; 
th a t  is to  say, workmen who never rose above 
ass is tan t loam m oulders o r were obliged to  re tu rn  
to  corem aking.

I t  was in 1890 th a t  the  num ber of loam m oulders 
reached its  h e ig h t; large im p o rtan t foundries had 
10 to  25. The work was a t  th is  period  perfectly  
executed, and  the  cost of production  reached its 
lowest level. In  add ition , i t  was no t uncommon 
to  see castings struck  up in  loam w hich h ad  p re 
viously been m oulded in  sand. The general 
appearance and skin of these eastings was much 
superior, and ex trao rd in arily  enough, cost of p ro 
duction  was lower th an  in  th e  case of th e  same 
castings, sand moulded (to-day th e  co n tra ry  would 
ce rta in ly  be th e  case).
The Life of the Leading Loam Moulder in the Workshop 

and After the Day’s Work.
I f  one exam ines th e  life of these workmen one 

canno t help being astonished to  no tice  how much 
we have gone backw ard from  th e  po in t of view 
of love of work.

The leading m oulder was an im ated  by a sincere 
love for his profession ; he had  the  respect of his
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chiefs; he respected him self, and , above all, he 
conducted him self as an a rtisan  of an intellectual 
profession, who had the  r ig h t to everyone’s con
sideration .

The loam m oulder worked w ith his hands in the 
foundry and w ith h is head a t  home. W hen he 
received from his employer th e  draw ings for an 
im portan t casting, he sometimes took them  to  a 
corner of th e  foundry for a p relim inary  study, 
bu t in any case he stud ied  th e  draw ings a t  home 
and organised his work for th e  nex t day.

Methods of Working.
A t th is  period various works had adopted two 

m ethods differing widely from each other.
ih e  first consisted in the m oulder m aking a full- 

sized d raw ing  on large wood panels of the  casting 
he had  to  make. The second consisted in th 9 
m oulder sketching ou t, a f te r  a prelim inary  study 
of th e  draw ings handed to  him , all th e  strick le  
p la tes and  g rid s which he would need to  m ake the 
casting .

The second m ethod was much superio r to the 
first. I t  requ ired  of th e  workman a deeper know
ledge of th e  construction  of th e  moulds, and the 
work was considerably more rap id .

In  th e  m ethod of m aking a lay-out to ac tua l size 
a g re a t deal of tim e was required by th e  moulder 
for the  execution of these draw ings. A fter th a t  
the  w orkm an fam iliarised  him self w ith his draw 
ings, which he consulted continually, and as in 
these views he saw all the mould faces, his compre
hension and  execution of his work was greatly  
fac ilita ted , b u t  his labour was less in tellectual 
th an  in th e  o ther method. This process developed 
th e  workman b u t little , b u t tended to mechanical 
labour, and i t  is noticeable th a t the workmen who 
practised  i t  were much less capable th an  o thers in 
the a r t  of loam moulding and were less in telligent, 
whilst, in particu la r, they  were slow in the  pro
duction  of th e ir castings.

By th e  o ther method, on th e  con trary , the work
men very quickly conceived the  complete construc
tion  of his mould, and  one may say th a t  when 
he had studied  his d raw ing  fo r an  hour he could 
see the  casting on all its faces. To quote here 
the  old proverb : —•

“ One is only a loam moulder when one can see 
the  completed casting  one hour a fte r  having
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received th e  d raw ings.” I h i s  m eans th a t  a fte r  
an hour of study a  m oulder should he able to fore
see all th a t  is necessary fo r th e  successful pro
duction of th e  casting .

The workmen p rac tis ing  th e  la t te r  m ethod were 
much more valuable th an  those of th e  o ther school, 
who were never able to compete w ith them  e ith e r 
from  the  p o in t of view of qua lity  of work or speed 
of production.

Equipment.
In  considering the  tools employed by th e  loam 

moulders of th a t  period one is forced to  feel respect 
for these a rtisan s  and to  recognise th e ir  excep
tio n a l ab ility  in being  able to  produce such perfec t 
resu lts w ith  such p rim itive  tools, or alm ost none 
a t  all.

W hilst now we have available such m odem  tools 
as trave lling  cranes, jib  cranes, forced d rau g h t 
mould dryers, special mould tubs, an d  num erous 
strick les—m ost of which a re  p a ten ted — m achined 
plates, pneum atic  tools for ram m ing up  large  cast
ings, th ere  was available, even in  1890, only 
crude e q u ip m en t; th e  w orkm an had to  cu t a cen tre  
w ith a  chisel in  a cast-iron p la te  so as to form a 
strickle, w ith  a spindle often  w eighing 140-150 lbs. 
These strickles were fixed and had  to  be constan tly  
checked w ith a  plum b lin e ; mould tu b s  did not 
exist. Instead , a hole was dug in  th e  foundry , 
and  in  order to  make sure of th e  work, th e  m oulder 
made th e  hole much g re a te r  th a n  th e  mould itself, 
so th a t  th e re  was alw ays th e  space of ab o u t 3 to  
4 f t .  which had  to  be filled in  w ith  sand and 
ram m ed by hand. This g re a t th ickness was indis
pensable, seeing th a t  in  order to  res ist th e  pouring  
pressure of th e  m etal, i t  was necessary to a rran g e  
a layer of p ig-iron in th e  form  of a g rid  so as to  
stiffen th e  walls of th e  mould. I t  was n o t uncom
mon for th e  cooling of a casting  m ade in loam, 
such as the  cylinder of a steam  engine, to  requ ire  
th ree  or four days to  com plete. The loam and  th e  
sand, in th e  condition of m orta r, were m ixed in 
a heap w ith a shovel an d  crushed w ith th e  fee t or 
w ith a b a r  of iron, w hereas to-day th e re  is a t  our 
disposal sand mills and m ixers of excellent design.

Loam Moulding at the Present Day.
Nowadays loam m oulding is n o t so much p rac

tised , owing to  the  d isappearance of ce rta in  types
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of steam  engines. Foundries still have loam 
m oulders, bu t these are  employed as much on core- 
m aking  as on m oulding. Only some of the large 
works who still m ake occasionally steam  engines, 
tu rb ines, etc., have a  section for loam moulders.

On the  o ther hand, methods of work have 
changed ; they  a re  quicker when th e  work is con
ven ien t for rep e titio n  production, and  as often 
as possible a duplex method is practised , p a r t  sand 
and  p a r t loam, as will be seen from the  draw ings 
which follow.

Loam Moulding.
A loam mould is composed : — (1) Of a base upon 

which th e  mould is b u ilt (th is base is furnished 
w ith a strickle spindle when th e  casting in ques
tion  is round). (2) G rids which follow th e  shape 
of th e  casting , which streng then  the mould and 
allowr th e  p a rts  to be lifted. (3) Red bricks and 
loam bricks, which form the bottom and the sides. 
(4) Loam (slurry), which form s the  first layer 
covering the bricks. (5) Sand (slurry), which forms 
the  las t layer and  constitu tes the  skin of the  mould 
before th e  layer of blacking.

The loam and sand m ix tures are generally made 
up as follows: —

Loam M ix tu re .—W aste core sand and loam 
bricks 50, clay 20, old foundry sand 10, tan  
(tannery  waste) 20 per cent., and w ater ad lib.

Sand M ix tu re , No. 1.—Q uarry sand 75, horse 
m anure 25 per cent., and w ater ad lib.

Analysis o f Sa n d  Silica 93.3, iron oxide 0.90.
alum ina 3.5, m agnesia 0.10, lime 0.60, and calcina
tion loss 1.50 per cent.

Sand M ixture, No. 2.—Q uarry sand 68, horse 
m anure 10, ha rd  coke grind ings 12, waste firebrick 
g rindings 10 per cen t., and w ater ad lib.

Sand m ix tu re  No. 1 is used for general pu r
poses and No. 2 specially for castings of large area 
and g rea t thickness.

Slag Ladle for Steelworks.
W hen a foundry is a ttached  to  steel works it 

has to  m ake slag ladles regularly , for which the 
mould should be constructed  as in F ig . 1, where 
(1) is a w rought o r cast-iron sh e ll; (2) a base bolted 
to the  sh e ll; (3) a core-iron bolted to a cover p la te : 
(4) a bottom  p late  for core-iron, which m ust be
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unbolted before rem oving the  core-iron from the 
core; (5) straw  ro p e ; (6) layer of san d ; (7) red 
b ricks; (8) loam m ix tu re ; (9) sand m ix ture, No. 2 ; 
(10) cast-iron  co v er; and (11) ru n n er bush.

W hen a casting  is poured, it  is possible th e  same 
day  o r th e  n e x t m orning to  lif t  th e  core-iron, 
which does n o t stick  to  th e  mould, th e  straw  ropes 
being b u rn t. In  cases where straw  is no t in te r
posed betw een the  sand and the  core-iron, it is 
impossible to  li f t  the la t te r  owing to  the  contrac
tio n  of th e  casting , and th e  labour of chiselling 
th e  core-iron free is very slow.

In  cases where there  is only one casting  to make, 
th e  ou tside of th e  mould is m ade in sand and the 
core in  loam w ithout a core-iron, the la tte r  being 
replaced by red  bricks b u t still using straw  rope

as indicated . F o r repe tition  work i t  is sufficient 
a fte r having lifted  o u t th e  casting  to remove the 
top layer of sand from  the  mould and  sweep up 
again  directly. In  th e  case of the  core, the straw , 
a layer of loam, and a layer of sand m ust all be 
replaced.

The maximum labour for th is class of casting  is



190

15 to  18 hours for one m an. The w eight of the  
casting  is about 3 to 4 tons.

I t  is noticeable th a t  the  slag ladles have a longer 
life when moulded in  loam th an  when moulded in 
sand, the  iron  being closer where in  con tac t w ith  
loam surfaces. I t  is also noticeable th a t  the 
in te rio r is b e tte r  finished by m oulding in loam th a n  
when sand is used.

Composite Moulding of Large Flywheels, part Loam 
and part Sand.

Form erly heavy flywheels of large d iam eter 
(18 ft. to  23 ft . dia. o r more), which were too 
large  to be made in a single m oulding box, necessi
ta te d  a very g re a t am ount of labour, and occupied 
a large area  of th e  foundry  over a long p e r io d ; 
o ften  six to  e igh t weeks passed by before valuable 
space th u s  occupied (90 to  110 sq. yards) could be 
recovered for the  m oulding of o ther castings. This 
slowness was due to  th e  system of using  small box 
p a rts  for th e  rim  and the  arm s and to  th e  necessity 
of working up  p a tte rn s  for these p a r ts  an d  th e  
enorm ous q u an tity  of gaggers required  to  keep the  
sand in position in  the  small box p a rts , e tc ., shown 
in  F ig . 2.

These box p a r ts  for the rim  and th e  arm s had  to  
be finished a t  each end w ith grids, hav ing  w rought 
and  oast iron  pins, which were ad ju s ted  according 
to  th e  shape to  be followed a t  th e  hub and  th e  
rim , which required  considerable labour, as the  
box p a rts  had  to  be tr ie d  on th e  mould m any 
tim es before they  could be definitely fixed in  place.

The N ew  M ethod .—The new m ethod of m oulding 
these large castings consists in m aking one p a r t  
in loam, such as th e  top  p a r t  mould of th e  rim  
and th e  arm s.

The labour is g rea tly  reduced, and  it  is possible 
to  s trik e  up  th e  shape of th e  flywheel d irectly . 
Once the  rim  is strickled , and  th e  hub m ade, i t  
only rem ains to  m ake th e  a rm s ; one p a tte rn  will 
obviously enable these to  be moulded in a m inim um  
of tim e.

The loam p a r t  consists in m aking slabs to  cover 
th e  rim  (four o r six according to  size), a p la te  for 
th e  hub, and a  slab for each arm . T his work is 
very ra p id ;  a corem aker can finish the  whole in 
ten  days.

For th e  arm s, a p a tte rn  is m ade in ta r re d  loam,
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The slalb follows th e  contour of the  arm , the  rim , 
and the  huh. These slabs are  worked up in  a very

f T T T T
M O U L D  FO R  SPOKE.

in t a r r e d  l o a m .

r t y w r f]

short tim e (F ig. 3, No. 1). A fter rem aining a n igh t 
in th e  drying stove, the  first arm  is lifted  from its
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p a tte rn , and  th e  second is made, and  so on. By 
th is  process two moulders and  one corem aker can 
easily finish a 20-ton flywheel in  th ree  weeks and 
a 30-ton flywheel in  fou r weeks, th e  comparison 
being : —

Old M ethod .— Three m oulders and a labourer for 
30 days of 10 hours, say, 300 hours x 4 = 1,200 
hours, plus 80 hours for th e  cores = 1,280 hours.

N ew  M ethod .—Two moulders for th ree  weeks = 
2 x 3 x 48 = 288 h o u rs ; one labourer, 80 h o u rs ; 
one corem aker, 120 hours; m aking  a to ta l of 488 
hours. T ak ing  500 hours as a round  figure, the  
ra tio  is 1: 2.4.

Chief Difficulties Encountered.
The periphery  finished, th e  assem bling of th e  

rim  and arm  slabs was proceeded w ith, a fte rw ards 
the  mould was d ried  by po rtab le  h o t-a ir mould 
driers. As a resu lt, th e  top  p a r t  of the  mould (the 
p a rts  in loam) absorbed a  large p a r t  of th e  mois
tu re  from th e  lower portion  and  becam e spo n g y ; 
some of th e  th in  layers of loam buckled and  formed 
a ir  pockets (F ig . 3, No. 2), and  were washed away 
■by th e  m e ta l; th e  blacking d id  no t stick  to  the 
spongy surface, an d  thus th e  casting  had a rough 
and scabbed appearance.

A second troub le  occurred  a t  th e  jo in ts  of th e  
loam slalbs, o ften  caused by slow pouring . The 
expansion of th e  sand on th e  periphery  of th e  
wheel, due to  rad ia tio n  from  th e  m etal, caused 
crushing a t  th e  jo in ts  and form ed gross defects a t 
these po in ts. I t  o ften  happened  also th a t  th e  
slabs, half an hour a f te r  pouring , having absorbed 
the  m axim um  am ount of h e a t from  th e  casting  
and expanding several inches, broke th e  sand a t 
th e  jo in ts  still fu r th e r , which forced its  way in to  
th e  pasty  m etal and thus form ed a large  cavity  
a t  each jo in t (F ig. 3, No. 3). To cu re  these 
serious defects, th e  following m ethod was em
p lo y ed :— (1) I t  is sufficient to  d ry  th e  bottom  
p a r t  mould in  th e  early  stages, perhaps th e  first 
day, o r by th e  labourers of th e  n ig h t gang, cover
ing th e  rim  and arm s w ith  sheet i r o n ; a f te r  blow
ing th rough  h o t a ir  for seven or e igh t hours, th e  
m oistu re  is driven off, th e  sheets rem oved, and th e  
assembling of th e  rim  and  arm  slabs proceeded 
w ith ; th e  mould d rie r  'is ag a in  used for abou t the  
sam e p e rio d ; th e  loam p a r t  does n o t th en  receive
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th e  m oisture from th e  sand. (2) The edges of the 
slabs a t  th e  jo in ts a re  f)eve lied, wedges are  driven 
'between them , iro n  to  iron, and th e ir  expansion 
has th en  no effect on th e  jo in t. I n  add ition , the 
speed of pouring , as will be seen la te r, only allows 
a  sligh t expansion of th e  sand before the  mould 
is com pletely filled (F ig. 3, No. 4).

Pouring.
The casting  is bottom  ru n  a t  th e  rim  (see 

Sketch  5) and w ith  an  expanding ingate, which 
causes th e  m etal to  flow easily on the  sand of the  
runner. To pour quickly a t  constan t pressure 
th rough  a co nstan t area  ru n n e r causes sand wash
ing, th e  speed of th e  m etal increases h ea t rad ia 
tion , bu rns the  facing, and gives rise  to  scabs, etc.

I t  is well established th a t  i t  is possible to  pour 
a flywheel ,by using  a system  of expanding runners, 
o f in  o th e r words, a  reduced pressure system (F ig. 
3, No. 5). The a u th o r believes th a t  a 20-ton fly
wheel ought to  be poured in one m inute, and he 
has o ften  poured flywheels of 10, 12, and 15 tons 
in 44 to  50 secs.

I t  is im p o rtan t th a t  the  upper of th e  mould be 
subjected to  rad ia tio n  from th e  liquid m etal for 
as short a tim e  as  possible. The m etal is poured 
from two ladles holding 10 to 15 or 20 tons accord
ing to  th e  w eight of the  casting. The m etal is 
decanted from one ladle to  th e  o ther to  ensure a 
homogeneous m ix ture , otherwise, as already  men
tioned, th e re  is  a  possibility of unequal stresses 
being se t up  d u rin g  con traction  which may cause 
cracks, p a rticu la rly  in the arms.

In  o rd e r to  enable a large body of m etal to be 
em ptied in to  th e  reduced pressure runners, funnel- 
shaped ru n n e r bushes a re  employed (F ig. 3, No. 6), 
as skimm ing bushes sim ilar to  No. 7 will n o t take 
th e  m etal quickly enough.

Loam Moulding a Sugar Cane Calender.
L arge calenders (F ig. 4) of 8-3j ft. dia. x ft. 

to  9 |  f t . h igh and of generally  th in  section (not 
more th an  1 in .) are  castings which require  gTeat 
care to  ensure success. I t  is impossible to
g u aran tee  success w ith a  sand1 mould, owing to
the  friable n a tu re  of th e  sand, and especially of
the  large surface of the  mould, perhaps 22 to
27 sq. yards. In  addition , the  g re a t heigh t and

H
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th e  speed of pouring  cause d is in teg ra tio n  of the  
sand, th e  m etal scouring th e  walls of the  mouUi 
strongly  as i t  en ters. Loam  m oulding, therefo re , 
offers a  more ce rta in  chance of success.

M ould faces in  loam a re  n o t d is in teg ra ted  by 
th e  scouring action of the  flowing m etal, and  they  
a re  n o t b u rn t so quickly when M ix tu re  No. 2 
loam -containing coke, which has a m inim um  expan
sion, is used.

This sand is very re frac to ry  (no tw ith stand ing  
its  h igh calc ination  loss of 20 per cen t.) , i t  h as a 
very h a rd  surface, very open a t  a th ickness of 
I  in. to  f  in ., and  more so a t  a th ickness of § in ., 
which is th e  th ickness th a t  should be used.

T he gases easily escape, and i t  is unusual for 
th e  sand to  wash in th e  ru n n er, even. in th e  case 
of h igh pressures, la rge  bodies of m etal and  g re a t 
heights. The sand w ithstands th e  force of the  
m etal w ithou t crum bling.

F o r th is  k ind  of casting, loam m oulding is much 
quicker and, .as a  general ru le, m ay he ta k e n  as 
li t t le  m ore th a n  60 per cent, of th e  tim e  occupied 
for th e  same mould in sand.

Two essential fea tu res  need to  be ob serv ed : —
(1) The cast-iron  rin g s in  th e  core (F ig . 4, No. 5) 

m ust b e  in  one piece and  no t c u t on one side for ex
pansion. These rin g s m ade in one piece grea tly  
stren g th en  th e  core, b u t in  o rder to  p e rm it of th e  
con trac tion  of th e  casting  (2) they  m ust be faced 
w ith s traw  rope (F ig . 4* No. 6). This is absolutely 
necessary, o therw ise th e  resistance to  con traction  
would crack  th e  casting , w hereas when th e  straw  
is b u rn t  a space is form ed betw een th e  rin g  and 
th e  o u te r  layer of sand which perm its free  con
trac tio n .

Pouring the Calender.
The casting  is poured  from the  top by m eans of 

small ingates, well separa ted  (F ig . 4, No. 8), the  
m etal being  poured in to  a  trough  (No. 9). I t  is 
necessary to  keep the runner-bush  full and1 to  pour 
as h o t as possible, as th e  ingates (No. 8) should 
n o t h e  la rg e r th a n  3-16 in. x 2^ in .

The core should be ram m ed liar-d w ith  a  p neu 
m atic  ram m er, in th e  lower p o rtion , to  a h e ig h t 
of about 20 in. ; in  o rd e r to  avoid a ru n -o u t a t  the 
bottom  jo in t a w eight of 5 to  7 tons, w ith a  fa irly  
large area, is placed on th e  layer of sand ram m ed
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F io , 4 .— P l a n  a n d  S e c t io n  o f  a  C a le n d e r  L oam  
M o u ld .

B 2
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a t the  bottom , th e  re s t of th e  core being le f t free. 
This m akes a n  appreciab le  economy in labour. 
The escape of th e  gases tak es  place w ith g re a t 
rap id ity , which, in th e  case of th in  castings, is 
a fac to r of p rim ary  im portance.

In  reg a rd  to  the  core th e  cast-iron  rings in serted  
in i t  m ake i t  very re s is tan t to  th e  p ressure of the  
m etal. T hree  hours a fte r  p o u ring  th e  sand  layer 
(No. 11, F ig . 4) is rem oved, and  th e  rings (No. 5) 
a re  . rapped  w ith a lig h t ham m er so as to  detach 
from  th e  layer of s a n d ; five hours a f te r  pouring  
a groove is cu t from th e  top to bottom  of the  
casting  in  th e  loam bricks (No. 12) in serted  for the  
purpose in th e  core. T his opera tion  reduces th e  
to ta l core thickness by h a lf (No. 13), and gives 
e lastic ity  to th e  core, allowing th e  casting  to  
co n trac t n a tu ra lly  w ithou t s tra in .

Special Recommendation.
The bo ttom  rin g  (No. 4, F ig . 4) should be en

tire ly  contained  in th e  p r in t, a t  least 2 in. below 
th e  casting , so as no t to  in te rfe re  w ith the  con
trac tio n  of th e  la t te r .

I t  is im pera tive  th a t  th e  core and th e  mould he 
bolted to  th e  baseplate, o r o therw ise heavily 
weighted, as th e  h e igh t from  which th e  m eta l falls 
produces a serious head of pressure, enabling  the  
m etal to  p e n e tra te  in to  th e  base, fo rm ing  a flash, 
which m ay  l i f t  th e  core. The ou ts ide  of th e  
mould m ust be ram m ed as h a rd  as possible, o th e r
wise th e re  is danger of b u rs tin g .

In  F ig . 4, 1 is a base r in g ; 2 covering rin g  for 
th e  collar and  re in fo rcem en t r i n g ; 3 cover ring  
and  su p p o rt for pouring  tro u g h ; 4 bottom  ring  
for the  core ; 5 in te rm ed ia te  rings to  reinforce th e  
core; 6 straw  ropes; 7 to p  ring  for clam ping th e  
co re ; 8 ru n n e rs ; 9 pouring  tro u g h ; 10 red  b rick s; 
11 layer of s a n d ; 12 loam b r ic k s ; 13 grooves cu t 
in th e  loam bricks th ree  hours a f te r  p o u r in g : 
14 feeding head or r ise r ; 15 layer of loam (open 
g r a in ) ; and  16 layer of sand w ith coke.

The tim e  requ ired  for m oulding th is  casting  is 
70 hrs. fo r one m oulder and an ass istan t.

Moulding a Large Marine Engine Cylinder.
M oulding a la rge  cylinder in loam h as  for its 

ob ject p roduction  of casting  of regu la r thickness 
3nd free from' defects. By m oulding in loam it



is possible to arran g e  the  jo in ts  of the mould in 
all th e  necessary planes, so th a t  assembling and 
coring up  can be carried  ou t w ith  th e  certa in ty  
ot correct thicknesses being a tta in ed , the  various
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t iG . 5 .— D e t a il s  of M a r in e  E n g in e  C y lin d e r  
M o u l d .

w res being secured1 by iron wires o r bolts. In  a 
loam mould (F ig . 5) holes can be c u t for certa in  
core®, such as fo r th e  pipes (No. 8, F ig . 5), of 
which the  core can be inserted  from the outside of 
the mould so as to  un ite  w ith the exhaust core,
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fixing i t  by a jo in t and .a wedge on tlie outside, 
which tak e s  a  bearin g  -on one of th e  mould grids.

The cylinder shown here would be jo in ted  in th e  
following m anner, so as to  secure th e  m axim um  
fac ility  for locating th e  cores and th e  p a r ts  of 
th e  mould, ad ju s tin g  th e  thicknesses and  fixing 
th e  whole by means of galvanised hooks, wires, 
etc., to  th e  in te rio r and  th e  ex te rio r of th e  mould.

T he mould would be b u ilt u p  on a cast-iron 
basep late  (No. 1) made very solid, n o t less th an  

in . to  3 |  in. th ick , and  w ith  a  rim  on th e  o u te r 
edge. A case-iron grid  (No. 2) would be a ttached  
to th e  base, hav ing  w rought- o r cast-iron  p ins cast 
in to  it, th is  g rid  serving to  hold all those portions 
of th e  loam and  sand which p ro jec t on  account 
of pipes, bosses, etc. This p a r t  of th e  g rid  would 
have th e  in te rio r filled w ith coke, so as to  form  a 
v en t for th e  gases. C are m ust b e  tak en  to  see 
th a t th e re  is a t  leas t in. of loam, in  addition  
to  f  in. layer of sand. This p a r t  o f th e  mould is 
sw ept u p  by m eans of a conical po in ted  spindle, 
the  bush of which is  fixed on to  th e  base (No. 18) 
a t  th e  jo in t shown by line A. A.

"" 1 1 ■' iould is b u il t up  of red  bricks

th e  m ain  body of th e  mould. T his m ain  body 
forms, following th e  lines B. B. and C. C., a jo in t 
w ith  th e  top p a r t  covering th e  steam -chest, th e  
ou ter flange of th e  steam -chest and th e  top  flange 
of th e  cylinder. A collar of th e  sam e shape as 
th a t  shown a t  No. 3, b u t  th in n e r, is  placed u nder
neath  th e  to p  flange so as to  s tren g th en  the  mould.

The rise r p a r t  is m ade on a g rid  w ith  pins 
(No. 4). T he steam  ohest is then  form ed along 
th e  line9 D. D. T h is p a r t  of th e  mould is m ade 
to  p a tte rn , and a f te r  being m arked  ou t and  filed 
to  fit th e  p a r ts  of th e  mould above and  below, th e  
th ickness of sand le f t bv th e  p a tte rn  is placed in  
position. The steam  chest is m ade on a p la te  
(No 5) fitted  w ith  a g rid  (No. 6). The in le t and 
exhaust p o rt cores a re  m ade in  false m oulds of 
loam (ta rre d  when th e re  a re  m any cores to  be 
m ade). All these p a rts  of th e  mould are  made 
separately , so th a t  the  work can be quickly 
carried  out.

Contraction of the Mould.

fram e (No. 3), which carries
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Coring Up and Preparing the Runner.

W huh  !VisePla-te  is P ^ced  level and in a position 
which allows free access all r o u n d .  The b o d y  of
oxao tf + mould is placed on th e  baseplate 
exactly  cen tral, and oheoked to  the  datum  lines

P io .  6 .— T hu a r r a n g em en t  of t h e  R u n n e r s  
and R is e r s .

which are m arked o u t when these two p a r ts  were 
tried  together before blacking up.

The in let and  exhaust p o rt cores a re  fitted in 
the steam chest core, and a f te r  m aking  sure th a t
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they are  correctly  located they  a re  fixed by m eans 
of sm all bolts (as shown in  th e  illu s tra tio n ). All 
being fixed, th is  p a r t  is rem oved by two lugs in 
th e  coreplate  (No. 5), and  th u s  th e re  is th e  steam  
chest, a s  shown in th e  vertica l section draw ing. 
T here rem ains li t t le  difficulty in  fixing th is  securely 
iD th e  (body of th e  mould.

H av ing  m ade certa in  th a t  all is in  place, a 
wedge (No. 7) is in serted  between th e  coreplate 
and  th e  lower mould g rid . By th is  process i t  is 
possible to  exam ine th e  position of each p a r t  of 
the m ould, and to  co rrec t it , if  necessary. The 
b arre l core is th en  in troduced , and  i t  is easily 
seen if i t  m akes a good jo in t w ith th e  p o r t cores, 
etc.

There only rem ains th e  header, which is placed 
in  position la s t of all, a f te r  hav ing  wedged and 
bolted up all th e  p a rts  of the  mould. I t  is neces
sary  to  replace th e  closed mould in  th e  stove, so 
as to  d ry  the  jo in ts  which have been lu ted  with 
wet loam.

Pouring the Casting.
The m ethod of pouring  is of p rim ary  im portance 

for the success of castings of g re a t mass an d  v a ry 
ing  thicknesses. Also, for la rg e r  cylinders, the 
au th o r favours pou ring  from  a single ladle, to 
ensure homogeneous m etal, b u t th ro u g h  a  num ber 
of sm all ingates § in . to  f  in. d ia. an d  in  num ber 
12 to  14 fo r a, cylinder of 12 tons w eight.

The run n ers  a re  a ttached  tan g en tia lly  on e ith e r 
side of th e  casting  (as shown in F ig . 6). They are 
calculated  so as to  ensure rap id  ru n n in g  (10 secs, 
p e r ton ). One of th e  m ost im p o rtan t fac to rs is 
to  secure the  flow of th e  g re a te s t volume of m etal 
in to  the  casting  in the  sh o rtest tim e, b u t a t  low 
pressure.

A cored casting  should n o t he subjected to  m etal 
pressure, as th e  m etal c ircu la ting  u n d er these  con
d itions in th e  m ould will a tta c k  th e  m ould faces, 
w hereas if th e  cas tin g  is poured  a t  reduced  pres
su re  even a large q u a n ti ty  of m etal will flow 
easily over th e  mould su rface  w ithou t b u rn ing  
and erosion. In  order to  reduce pressure, th e  area 
of th e  m ain ru n n e r (F ig . 6, F .,  No. 4) should he 
30 per cent, less th a n  th e  to ta l a rea  of ru n n ers
1 and 2 ; for exam ple, th e  a rea  of ru n n ers  1 and
2 is 9,360 sq. mm., less 30 per cen t., which equals
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6,560, and' th is  corresponds to a  m ain runner 
91 mm. d ia .

This m ethod has always given th e  best results, 
and the  au tho r uses i t  for all castings above |  ton

The au thor considers the  double tan g en tia l 
runners the  best for cylinders, as the  circular 
motion of the m etal floats up into the rise r all
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sand, slag, scum, etc. In  th e  bore of a  cylinder 
th e  m eta l su rround ing  th e  b a rre l core, if n o t 
enlivened by a c ircu la r movem ent, b rings about 
inequalities of tem p era tu re , which m ay give rise  
to cold sho ts; sand an d  slag m ay stick  to  th e  core 
by th e  pressure a t  th e  surface of th e  m etal, 
w hereas by  g iving th e  m etal a c ircu lar m ovem ent 
i t  washes th e  core and mould, and  one is c e rta in  
to  g e t clean m etal, which will give a p e rfec t bore.

A Convenient Casting Pit.
F ig . 7 rep resen ts a p i t  fu rn ished  w ith p lates 

supported  w ith props. By th is  system, a s  soon 
as th e  casting  is poured, and  before  th e  sand 
hardens, th e  p la tes (No. 2) can  be w ithdraw n and  
th e  sand (No. 5) m ay be easily rem oved, as can 
th e  casting . In  F ig. 7, No. 1 rep resen ts th e  cast- 
iron  slides; No. 2, cast-iron  p la te s ; No. 3, wooden 
props; No. 4, b rack e ts ; No. 5, ram m ed sand1; and 
No 6, th e  mould to  be poured.

DISCUSSION.
D r . L o n g m u ir ,  having  th an k ed  M. V arle t for 

his P aper, said he supported  all th e  s ta tem en ts  
m ade th e re in  w ith  th e  exception of th e  s ta tem en t 
th a t  loam m oulding was in troduced  in 1846. 
T hroughout th e  whole of mediaeval E urope and 
mediaeval E ngland  loam m oulding was in  use. P rof. 
T urner, in  h is “  M etallu rgy  of I r o n ,” re fe rred  to 
the  first cast-iron  m ade in  Sussex. T he early  
Sussex ironfounders were in  all p ro b ab ility  loam 
moulders.

Apprenticeship Problems.
M r . G a l l o n  (Newcastle) said in E ng land  they 

would he g lad  if  th ey  could g e t such boys to  tr a in  
as M. V arle t po rtray ed  in his Paper, boys who 
would ta k e  an in te re s t in  th e  princip les of m achine 
construction  and p a tte rn -m ak in g , and  th en  in 
m oulding. They had no t had  such boys in  th is 
country . I t  would be th e ir  g rea te s t p leasu re  to  
teach such boys all they  possibly could. In  E ng
land  boys were p u t in to  one of th e  d ifferent 
branches of th e  trad e , th ere fo re  they  could not 
teach  them  now as M. V a rle t would have them  
ta u g h t. H e did not know a boy in  th e  whole of 
E ngland  who could design a casting . H e m ean t a 
young fellow who was b ro u g h t in to  th e  foundry  
to learn  the  tra d e . H e did n o t know one such
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th a t  was tau g h t to design a casting from th e  very 
beginning. H e took notice, as he read  th e  paper, 
th a t  the  m en of L iege were not a fra id  to  work. 
They conld tu rn  o u t th is  large slag ladle in 18 
hours. H e would be g lad  to  see i t  done in  th a t  
tim e in th is  country. H e did n o t know w hether 
they worked 10 hours a day in Liege, b u t if  they 
worked 8 hours i t1 would be a very difficult th ing  
to do th e  job in  th ree  days. M. Y arle t described 
the chiselling of the  cen tre  hole ou t of a p late  for 
the cen tre  p in  to work upon. H e (M r. Gallon) 
would like to  ask if th a t  was not a m istake. 
Forty-five years ago, when he was an apprentice, 
they used to  cast those cen tre  holes in  th e  plate. 
They secured a p in  vertically  in  the  sand bed, and 
cast th e  p late  around it . H e  considered th a t  was 
very much b e tte r th an  boring a cen tre  hole inter 
the cast-iron p late . H e would like to hear some
th ing  as to  o ther methods of casting  cylinders. The 
Paper appeared to him to  be a g rea t one, and the  
greatness of i t  was its  sim plicity and  honesty ; 
i t  conveyed som ething they could carry  away.

M r . iY o u n g  said he though t every foundrym an 
a ttend ing  th e  Conference ought to  go to the  B ir
mingham Technical School. They had no t any
th ing  like i t  in Newcastle. H e th o u g h t if other 
in stitu tions went on th e  same lines as the  B irm ing
ham Technical School they  would get th e  educated 
boy they wanted.

M r . W ilk in s o n  congratu lated  M. V arle t on the 
excellence of his Paper and th e  clearness of his 
drawings. H e (M r. W ilkinson) to ta lly  disagreed 
with Mr. G allon’s rem arks. I t  was qu ite  possible 
to get young men in  E ngland  to  tak e  a  keen in 
terest in th e ir  work. Personally  he could recall 
several who came under h is own charge. Showing 
a little  ap titu d e  for the  work they were taken  in 
hand, and they  m ade very rap id  strides. H e 
coached one or two in th e  laboratory , and he was 
very much surprised  by the  in te rest they took in 
the ir work. H e knew from personal experience 
th a t  lads in  the  South of E ngland, in  th e  N orth  
and in the M idlands would take  a keen in te rest in 
the work if there  was the hum an touch to  encou
rage them . I f  they  tr ied  to  get a t  th e  lads on th e ir 
own level a good percentage of them  would try  to 
use the ir brains as well as th e ir  hands. They
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m ust do a g re a t deal more to encourage brain 
work among th e  youths in  th e ir  foundries. Unless 
they  very carefully  tra in e d  the  youths to  follow 
in th e ir  predecessors’ steps and  im prove on th e ir 
o ften  defective work, they  could n o t hope to  hold 
the  position they  h ad  h ith e rto  held. I t  seemed 
to  h im  th e  hum an side was being applied to  the  
problem in  Liege w ith very  considerable success.

T h e  P r e s id e n t  said M. V a rle t would ha.ve an 
o p p o rtu n ity  of seeing th e  discussion a f te r  i t  had 
been tran s la ted  in to  F rench , and h is reply would 
be published in due course.

Written Communications.
M r . S .  G. S m it h , in a w ritten  con tribu tion , 

s ta ted  th a t  M. V a r le t’s h is to rica l notes upon the  
loam m oulder a re  in te re stin g . On page 184 
M. V arle t refers to  an  early  period  of loam 
m oulding, when th e  cost of p roduction  was lower 
by th a t  m ethod th an  in  th e  case of the  sam e cast
ings m ade in  sand, add ing  th a t  to-day th e  con
tr a ry  would he th e  case. Personally  he did no t 
altogether a g re e ; so much, if  no t all, depends upon 
th e  way adopted, outlay , tack le , etc. T here are  
expensive and economical ways of loam m oulding.

A few years p rio r to  th e  w ar he (M r. Sm ith) 
produced p lain  rep e titio n  loam w ork as low as 
7s. 6d. per ton , 54-in. 60-in., and  66-in. socket 
and spigot pipes 9 ft. 6 in. long fo r 10s. p er ton , 
40-in. and 50-in. d ia . double flange Gee pipes 9 ft. 
6 in . long for 12s. 6d. per ton . In te rn a l flange 
cylinders 4 f t .  to  8 f t . d iam ., and from  4 f t .  to  
8 f t .  long, were m ade regu larly  for 20s. per ton . 
A m edium  size of th e  la t te r , th re e  m en would 
m ake one casting  in  two days. The above com
pares favourably with M. V a r le t’s figures which 
he gives la te r  on in  th e  paper.

On page 187, under th e  sub-heading of “ Loam 
M ix tu re ,”  th e  ta n n e ry  w aste re fe rred  to  was, he 
assumed, cow-hair ?

“ S an d  M ix tu res  No. 1 ,” consisting of new 
sand and horse m anure, would be a ra th e r  ex trav a 
g a n t m ixture. W hy n o t some floor sand?

On page 190 th e  m axim um  labour given for 
slag pan is given as 18 hours. Does th is  include 
both skilled and unskilled  labour?

P age  191, F ig . No. 3, deals w ith  a  fly-wheel. H e 
(Mr. Sm ith) did not th in k  th a t  the best method
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was adopted for m aking those wheels. Forty-five 
years ago he used to  s trik e  th e  outside of th e  rim  
up  in loam, the  arm s were formed in  dry sand 
cores, th e  rim  and hub were covered w ith loam 
plates.

H e had m ade fl}- and grooved rope wheels 
various ways, b u t the  cleanest, quickest, and most 
economical way was to  m ake and assemble the  whole 
in d ry  sand  cores. Such' wheels, or half-wheels of 
any d iam eter or w eight can be m ade in th e  m in i
mum tim e and cost. A brief reference to  th is 
method and procedure appeared in  T h e  F oundry  
Tr a d e  J o u r n a l , M ay 25, 1922, in which a fly-wheel 
problem was dealt w ith.

On page 195, F ig . 4, calendar cylinders are  dealt 
with. This is a very p lain  external-flange cylinder. 
No provision appears to be made for th e  dross 
head, which he th ough t is necessary to  obtain a 
clpan top flange. The method adopted in m aking 
th is casting  involves breaking-up the brickwork 
for each cylinder.

If  th is  is a rep e titio n  job, i t  can be obviated 
by m aking suitable tackle. H e (Mr. Smith) had 
given a fu ll detailed  description of m ethod and 
procedure of m aking ex ternal flange cylinders 
w ithout rem oving the  brickw ork, or ra th e r, w ith
out breaking up th e  outside brickwork. This ap 
peared in T h e  F oundry  T rade J o u rn a l  about 
1913. M. Y arle t will find th is a most economical 
method of producing such castings. U pwards of 
50 cylinders can be made w ithout re-bricking, or 
ram m ing the  outside of th e  mould.

This con tribu tion  will be unduly  long if re fe r
ence is m ade to  o ther castings in  th e  Paper. I t  
is an open question regard ing  th e  superio rity  in 
skill of the  loam or sand m oulder. I t  is said th a t  
moulders, like poets, are born, no t made. There 
is litt le  in  common w ith  the  m ethods of the  two, 
and a com bination of both is like the  old-time 
fitter, very rare .

A loam m oulder’s daily rou tine  is w ith spindles, 
plates, bricks, strickles, etc. A sand m oulder’s 
daily rou tine  is w ith various kinds of p a tte rn s , 
ram m ers, etc., to  which he has to  apply his 
intelligence as well as his w eight.

The risks of th e  sand moulder m aking faulty  
work is g rea te r than  the  loam moulders.
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The Author’s Reply.
M. Y arle t, answ ering Messrs. Gallon and  S. G. 

Sm ith, w rites th a t  he th an k s  these gentlem en for 
th e  in te re s t they  have tak en  in  th e  P ap e r which 
ho read  a t  th e  B irm ingham  Conference, and 
desires to place on record his deep reg re t th a t  
he was only allowed tw elve pages in  which to 
deal w ith so exhaustive a subject, for he would 
have liked to  have ou tlined  th e  sub ject in  all 
its phases instead  of being lim ited  to  fou r types 
of casting . W ith  reg ard  to M r. G allon’s rem arks, 
he would say th a t  th e  w orkm en of th e  Liege 
d is tr ic t a re  undoubtedly  very clever, especially as

F i g . 1 .— F in is h e d  C o r e  fo r  S lag P o t .

regards loam m oulding. I t  is perfectly  tru e  th a t  
one m an can m ake a 3 j-ton  slag p o t in  18 hrs. 
This period is qu ite  average when, say, th ree  are  
ordered. I t  should be m entioned th a t  th e  mould 
and core a re  m ade in m asonry and las t for th ree  
castings as set o u t in  th e  paper. As regards the 
hole, chiselled ou t of th e  base p la te  for tak in g  
th e  strickle, a tran s la tio n  e rro r has c rep t in. 
This p la te  is cast a round  the  stem  of th e  strickle, 
which is first doped w ith  ta r . This stem  is sus
pended in  th e  mould w ith iron ivire. As soon as 
th e  m etal is frozen, th e  arm  is lifted  ou t and 
given a q u a rte r  tu rn  tw is ting  m otion, th is  being



done before th e  con traction  of the  casting takes 
place.

 ̂D ealing w ith Mr. S. G. S m ith’s discussion, M. 
V arle t s ta tes  th a t  he is in  agreem ent w ith him 
th a t  loam moulding can be e ither cheap o r expen
sive according to  the  methods adopted  and the 
type  of casting  to  be m ade. H e rem arked in 
his paper th a t  th e  old loam moulders, who had 
little  equipm ent, were quicker th an  present-day 
workers, and th a t  ce rta in  castings were more 
quickly made in loam th a n  in sand. Mr. Sm ith 
will perhaps be astonished when told th a t  in 1890 
the S t. L eonard concern of Liege made a series of 
six locomotive cylinders in  loam, and th a t  the
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F ig .  2 .— T h e  O o b e  R e m o v e d  F i v e  H o u r s  
A f t e r  C a s t in g .

cost price was lower th an  when m ade in sand. 
B ut as s ta ted  in  the  paper, the  con trary  is often 
true.

Composition of Loam.
As regards the  pipes m ade by Mr. Sm ith, he 

reg re tted  th a t  he could not en te r into a disoussion 
on th is question, especially as to  length  of tim e 
taken . H e found M r. S m ith’s figures excellent, 
b u t he wished to  s ta te  th a t  the  subject of the  
P aper presented was 11 The O rigin of Loam 
M oulding in th e  Province of Liege ’ ’ associated 
w ith its actua l methods of w orking, and is not,
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to  his m ind, a com parison w ith  those of o ther 
countries. T annery  w aste, m entioned under the 
heading of ‘ ‘ m ixtures, ” is bark , e ith e r oak or 
chestnu t, which when reduced to  sm all 1am- 
mellse of 2 to  o cm. long is used for th e  tan n in g

f i g . 3 .— T h e  C a s t in g  P h o t o g r a ph e d

AFTER TH E W IT H D R A W A L  OF TH E C O R E.

of hides and skins. Sand No. 1 (m ortier de 
sable) • is a m ix tu re  norm ally  used in  Belgian 
foundries. I t  includes horse l i t te r ,  and not 
exactly  dung. H orse l i t te r  has q u ite  special 
p roperties. I t  is above all an  excellent b inder, 
g iving high p lastic ity  to  th e  sand on account of 
the fa t ty  and am m oniacal m ateria ls  p resen t. 
F u rth e r , because of th e  considerable straw  and 
o a t con ten t, a high degree of porosity  is given 
to  th e  sand allowing of the  easy escape of gas. 
I t  should be s ta ted  th a t  i t  is ra th e r  expensive, 
and when, as i t  occasionally happens, i t  is replaced 
by saw dust, d ifferent resu lts a re  given.

Flywheel Moulding.
H e was again  in com plete agreem ent w ith M r. 

Sm ith  th a t  th e  best m ethod of mould flywheels 
is to  assemble th e  whole in  a box, and th a t  is 
w hat is always prac tised  in  Belgium  for flywheels 
up  to  5 m etres dia. B u t. for la rg e r wheels he 
insisted  th a t ' th e  m ethod ou tlined  in  th e  paper is 
more rap id , for no boxes a re  used fo r such large 
diam eters. M oreover, consideration  should be 
given to  th e  small num ber of re inforcem ents th a t  
a re  used for a  flywheel of 6 to 7 m etres dia. 
com pared w ith th e  m ethod ou tlined  by M r. Sm ith  
in T h e  F o u n d ry  T rade  J o u r n a l  of M ay 25, 1922.
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X « fo rtu n a te ly , he has no t one of these castings 
on o rd e r ; it would be a pleasure for him to  
inv ite  Mr. Sm ith  to 'do him  the  honour of visit* 
ing Belgium  and ask him  to  com pare th e  two 
m ethods of m oulding outlined. M r. S m ith  could 
then  judge  for him self as to  w hether the  method 
of working was th e  most economical, th e  quickest 
and easiest, and also could examine th e  num erous 
details m entioned as to  th e  success of th e  casting.

Cylinders.
H aving  dealt w ith th e  loam m oulding of a 

cylinder of 2J m etres d ia ., 22 mm. th ick , and

F i g . 4 .— T h e  W it h d r a w n  C ore  R e 
made w it h  S tr a w  R o pe  and— on  th e  
T op— C o k e . I t  i s  n o w  R eadv f o r  

S t r ic k d in g .

2^ in. high, he affirmed th is was an easy cast
ing to  mould, bu t its  complete success requires 
some am ount of care. M r. Sm ith m ust excuse 
the  au thor if  he has fo rgo tten  to  say th a t  th is  
type of mould does n o t apply to  rep e titio n  work, 
but only to  an isolated casting. IJp to  now, he
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had only tu rn ed  o u t th ree , and these of different 
d iam eters. They were n o t fo r an  outside order.

I t  is probable th a t  for rep e titio n  orders special 
equipm ent would be devised, and i t  is q u ite  u n d e r
standab le  th a t  M r. Sm ith  has cast 50 cylinders 
w ithou t rem aking the  masonry. R egard ing  th e  
feeding head, th is  is qu ite  -well explained in  the  
sketch (see F ig . 4, No. 14) by an arrow . One 
alone is sufficient.

In  p ra ising  the  superio rity  of th e  loam  m oulder, 
he re fe rred  to  those he had  known in  th e  past

F i g .  5 .— L o a m  M o u l d  f o r  a  G a s 
P r o d u c e r  G r a t e  t o  b e  C a s t  i n  S t e e l .

and those he desired to see in  th e  fu tu re —th a t 
is to  say, a m an to  whom one can confide a plan  
of a casting  of th e  h ighest im portance and  who 
moulds i t  perfectly  w ithou t hav ing  recourse to  the  
help or th e  advice of anybody. H e found th a t  
the m oulder had  to  apply him self w ith  all his 
power to  im agine th e  construction  of th e  mould, 
svhilst the  dry-sand m oulder is usually  provided 
w ith  a p a tte rn  for th e  production  of h is casting . 
I t  was n o t possible for th e  w rite r  to  com pare 
the  B ritish  and Belgian m oulder, for he had not
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th e  o ppo rtun ity  to v isit a foundry  during  h is stay 
in B irm ingham . This is to  be reg re tted , for he 
im agined th a t  some very in te resting  methods of 
w orking a re  practised  in  E ngland , and he fu rth e r 
though t th a t  all foundrym en ought to  spread 
th e  knowledge of any methods which they  find 
advantageous and to  help foundry  progress by 
every possible means.

W hen th e  Congress atod E xhib ition  was held in 
Liege in  1921, all th e  visitors were inv ited  to  in
spect th e  four most im p o rtan t B elgian fo u n d rie s : 
Messrs. Jo h n  Oockerill, A. K etin , Compagnie des 
C onduites, and Esperance-Longdoz. The visitors 
expressed themselves as delighted w ith th e  oppor
tu n i ty  afforded.

G enerally speaking, Belgians a re  always happy 
to  show th e ir  work, fo r they  consider all foundry
men as friends. They looked upon th e  recent 
v is it of M r. V. C. F au lkner, th e  honorary secre
ta ry  of th e  London B ranch, when passing through 
Liege, as a d is tinc t honour, and he hoped on 
th e  occasion o f th e  nex t Belgian Conference 
to  see th e  members of the  In s titu tio n  of B ritish  
Foundrym en, who, he assured in advance with 
all possible sincerity , would be accorded the 
same h earty  welcome which he had received 
in B irm ingham , and which is one of his most 
pleasant momories.

[In  sending his answer to  the  criticism s on his 
Paper, M. V arle t enclosed five photographs which 
a re  d is tribu ted  am ongst th e  te x t, being self- 
exp lanatory , except perhaps F ig . 5, which has 
reference to  a  mould fo r a gas-producer grate . 
This mould was struck  up in loam, no p a tte rn  
being available. I t  was closed up and taken  a 
considerable d istance to  ano ther p a r t  of th e  works 
to  be cast in  steel.]

SOME INFLUENCES OF LOW TEMPERATURE ON 
THE STRENGTH AND OTHER PROPERTIES OF 
CAST IRON. 

By A. Campion, F.I.C. (Falkirk), and Mr. J. W. Donaldson, 
B.Sc., A.I.C. (Greenock).

Introduction.
Jam es W a tt only succeeded in producing a 

working steam  engine a fte r  ob tain ing  the  CSsis-
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tance of John  W ilkinson to  show him  how to  cast 
and bore the  cylinders, and from  th a t  tim e  to  th e  
p resen t th e  engineer has always been largely  in
debted  to  th e  iron  founder.

M odern engineering  progress involving th e  use 
of h igh speeds, tem peratures and pressures, to
g e ther w ith the  increase in  th e  size of engines, has 
been fac ilita ted  in  no small deg ree  by th e  exer
tions of the  ironfounder. The lim its have n o t yet 
been reached, and i t  appears probable t h a t  in the 
im m ediate  fu tu re  th e  eng ineer will m ake still 
fu r th e r  dem ands upon th e  founder and m eta l
lu rg is t for castings of even g re a te r  com plexity, and 
to  m eet more s tr in g en t specifications as regards 
stren g th  and reliab ility .

A lthough cast iron is one of th e  m ost ex ten 
sively employed, i t  is a t  th e  sam e tim e  th e  most 
complex of the  ferrous m ateria ls  used in  eng ineer
ing  construction , and  th e  one least understood 
as regards its  constitu tion  and  properties under 
vary ing  conditions and  tre a tm en t.

The engineer requ ires m ate ria l which possesses 
considerable s tren g th  and re liab ility  n o t only a t 
o rd inary  tem p e ra tu re  and  p ressure, b u t which 
also re ta in s  its  s tren g th , shape and size when sub
m itted  to  th e  action of h igher tem p era tu res  and 
pressures.

I t  m ust be frank ly  ad m itted  th a t  m etallurgical 
progress in  regard  to  ca s t iron  has n o t k ep t pace 
w ith  th a t  of engineering  design, b u t i t  is of the 
u tm ost im portance th a t  th is  deficiency be m ade 
good a t  th e  earlies t possible o ppo rtun ity , and  th a t  
cast iron  receive full and carefu l a tte n tio n  and 
investiga tion  of its  constitu tion  and  properties.

The fu tu re  progress of eng ineering  design and 
construction will largely  depend upon th e  ab ility  
of th e  m eta llu rg ist to  produce m ateria l capable of 
w ith s tand ing  m ore severe conditions of service, 
and  of the  founder to  cast it. D u ring  th e  la s t 
ten  years th e  au thors have given very serious and 
carefu l consideration  to  th e  m anu fac tu re , selec
tion  and  te s tin g  of iron  castings fo r use in 
in te rn a l com bustion engines and  o th e r positions 
w here th e  m a te ria l is subm itted  to  th e  action  of 
high pressures, tem pera tu res, superheated  steam  
and  o ther severe influences.

The object of th e  p resen t pap e r is to  set out 
some of the  resu lts of tes ts  w hich have been m ade
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on irons of different qualities and compositions in 
th e  hope th a t  they may prove of in te re st to  the 
members, provoke a discussion from which some 
suggestions for fu r th e r  work may arise, and a t the 
same tim e stim u la te  in te rest in th is very import 
ta u t  question.

Material.
T hree irons have been selected from  amongst 

a  num ber which th e  au thors have examined as re
p resen ting  widely different classes of m ateria l, and 
for which fa irly  complete sets of figures are  avail
able as r e g a r d s :— (1) Change of volume afte r 
repeated  hea ting  and cooling to  and from (a) 450 
deg C.; (b) 550 deg. C. (2) Tensile stren g th  afte r 
annealing  for constan t tim e  a t  tem pera tu res be
tw een atm ospheric and 700 deg. C. (3) Tensile 
stren g th  a t  tem pera tu res between atm ospheric 
and 500 de^ . C-.

The chemical analyses of th e  m aterials are 
shown in Table 1.

T a b le  I .— Chemical A na lyses o f  M aterials Used.
A l. A2. A3. A4. A5. A6.

T o ta l C. 3.286 3.144 2.845 3.377 3.382 3.295
ß r .  C 2.716 2.334 1.950 2.647 2.662 2.599
C. C. . . 0.570 0.810 0.895 0.730 0.720 0.696
Si. 1.745 1.840 1.447 1.560 1.237 1.716
S. 0.110 0.110 0.155 0.073 0.061 0.072
V. 1.541 0.868 1.036 0.950 0.751 0.766
M n. . . 0.155 0.510 0.460 0.540 1.080 1.660

A1 is an iron used for stove p la te  and other 
ligh t castings.

A2 is a strong  iron used for steam  tu rb ines 
and o ther m arine work.

A3 is a semi-steel used w ith m arked success 
for dies for tube draw ing.

The first two a re  somewhat sim ilar in compo
sition so fa r  as to ta l carbon, silicon and sulphur 
are  concerned, b u t have very different percentages 
of m anganese and phosphorus. A lthough the 
q u an tity  of to ta l carbon is nearly  th e  same in 
both irons there  is an  appreciable varia tion  in the 
m anner in  which i t  exists.

In  addition  to  th e  th ree  irons re fe rred  to above 
there  a re  given changes in volume, w eight 
and tensile stren g th  a fte r repeated  hea ting  from 
1 to 20 tim es, a t  (a) 450 deg. C. (b) 550 deg. C. 
and cooling of o ther th ree  irons whose compo
sitions are  shown also in Tafffe 1.
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Experimental Methods.
The necessary num ber of bars 12 in. long a/nd 

l^ in . d ia . were cas t from  th e  sam e ladle, all a t  
one tim e  and  under iden tical conditions of irons 
A l, A2, and A3. The bars were then  rough- 
machined before tre a tm en t. B ars 1 in. d ia . by 
9 in . long w ere cast for irons A4, A5, A6, and 
m achined to  size before tre a tm en t.

Change of volum e .— C ylindrical te s t  pieces ex
actly  1 in . d ia. and  6 in. long w ere p repared  from 
A l, A2 and A3, and  approxim ately  0.625 in. dia. 
and  5.25 in . long from  A4, A5 and  A6.

The specimens of th e  firs t th ree  w ere placed in 
an elec trically-heated fu rnace  w ith  closed ends and 
th rough  which a c u rre n t of coal-gas passed. The 
te s t pieces were g radually  ra ised  to  th e  desired 
tem pera tu re , m ain ta ined  a t  i t  for 7 hours and 
th en  allowed to  cool in  th e  fu rnace . The dim en
sions of th e  bars were m easured a f te r  each five 
heatings by m eans of a vern ier read ing  to  a ten- 
thousand th  of an inch.

The A4, A5 and A6 bars were heated  for 6 h r. 
periods w ithou t th e  coal-gas passing th ro u g h  the  
furnace, being simply bedded in  asbestos wool. 
The dim ensions in  these experim ents w ere tak en  
by m eans of m icrom eter calipers read ing  to  ten- 
thousand ths of an inch.

The tem pera tu res  of hea tin g  (450 deg. C. and 
550 deg. C.) were chosen because th e  experim ents 
were orig inally  m ade to  determ ine  th e  m ost su it
able m ateria l to  use in  th e  liner and  piston  of a 
ty p e  of in te rn a l combustion engine in  which the 
average tem p era tu re  of the  m etal had  been found 
to be between 400 deg. C. and  500 deg. C. All 
fu r th e r  experim ents have been m ade a t  th e  same 
tem pera tu res  for com parison purposes. The fac t 
th a t  th e  resu lts  of th e  te s ts  w ere found to  agree 
very closely w ith  those ob ta ined  in  ac tua l p ractice  
indicates th a t  th e  tem p era tu res  were well chosen.

Some resu lts a re  also given for irons A4, A5 and 
A6 heated  to  550 deg. C. a f te r  hav ing  been p re
viously subm itted  to  21 trea tm en ts  a t  450 deg. C. 
and cooled in  a ir. These resu lts  a re  of in te res t 
inasm uch as they  g iv e 'an  indication  of th e  possible 
effect of occasional overheating , such as m ight 
occur in  th e  even t of th e  cooling m edium  ru n n in g  
short or c irculation  in te rru p ted .
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A nnea ling .—The te s t bars, 6 in. long, rough- 
tu rn ed  and  screwed, 1^ in. W hitw orth  th read  a t 
the  ends, were placed in an  electric muffle-furnace, 
m ain ta ined  a t  th e  desired tem pera tu re  for 4 hrs. 
and  then  allowed to  cool in the furnace, p re
cau tions being tak en  to  reduce oxidation to  a 
m inim um  in  all experim ents. The bars were then 
m achined to  exactly £ sq. in. a rea  in  the parallel 
portion.

S tren g th  a t H igh Tem peratures .—The te s t 
pieces were of th e  same dim ensions as those em
ployed in  th e  annealing  experim ents. They were 
screwed in to  th e  spckets of long holders, and su r
rounded by an  electrically  heated  fu rnace  which 
was a ttached  to th e  machine. The holders them 
selves were surrounded  for a considerable distance 
by th e  fu rnace  in  order to  ensure thorough and 
uniform  h ea ting  of th e  te s t pieces. Thermo
couples were clamped to th e  te s t pieces, so th a t  
the actua l tem pera tu re  of th e  m etal and no t of 
the  fu rnace was determ ined. The bars were 
slowly heated  to  the desired tem pera tu re  and 
when i t  had  become constan t, was m ain ta ined  for 
half an hour and then  tested . Special precau
tions were taken  to ensure th a t  the  ra te  of loading 
of th e  specimens was the  same in all cases, and 
as a fu r th e r  check an autographic record was 
tak en  of every tes t.

Each of th e  m aterials was tested  in  the con
d ition  as cast and also a fte r having been annealed, 
by hea ting  to  400 deg. C. for 4 hrs. and allowed 
to cool in th e  furnace, in order to remove stra ins 
due to  casting  or machining.

Strength after Repeated Heating and Cooling.
The grow th te s t bars of irons A l, A2 and A3 

a fte r tre a tm e n t were p repared  and tested  for 
tensile s treng th . M ateria ls A4, A5 and  A6 were 
tested  more fully as th e  necessary num ber of p re
viously m achined te s t pieces were tre a ted  and 
tested  a fte r each trea tm en t. Ten sets of bars were 
placed in th e  furnace and one set taken  o u t a fte r  
each of th e  first 6 heatings and  one each a fte r 
the 9th, 15th, and 20th heating  and then  tested / 
The te s t pieces were 8 in. long bv sq. in. area  
in  the  parallel portion and screwed 1th  W hit
w orth th read  a t the ends.



Consideration of Experimental Results.
The average resu lts of all th e  experim ents are  

given in  Tables I I .  to  X II . and  graphically  in F igs. 
1 to  6.

Changes in  Volume Consequent upon Repeated  
H eating  and Cooling.—A1 shows by fa r th e  largest
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T a b le  I I . — Change o f  Volum e A fte r  Repeated B e a tin g  to 450 deg. C. 
and  Cooling.

A l. A2. A3.

Condition. V olum e Change 
cub . in . %

V olum e Change 
cub. in . %

V olum e C hange 
cub . in . %

O riginal
A fte r 5 h ea tin g s  

„  10 
„  15 
„  20 
„  25

4.7124
4.7162 +  0.0806 
4.7184 +  0.1274 
4.7176 +  0.1103 
4.7170 +  0.0976 
4 .7171 + 0 .0 9 9 5

4.7124
4.7156 +  0.0679 
4 .7 1 7 8 + 0 .1 1 4 5  
4.7261 +  0.2907
4.7263 +  0.2949
4.7263 +  0.2949

4.7124
4.7147 +  0.0488 
4.7167 +  0.0912 
4.7197 +  0.1549
4.7187 +  0.1359
4.7187 +  0.1359

varia tions when heated  in  a  non-oxidising atm os
phere of any of th e  m ateria ls  considered in the 
p resen t paper. The resu lts of th e  450 deg. C. 
heatings a re  e rra tic  and  exh ib it no tendency to  
change in  any p a rticu la r d irection . The m axi
mum grow th is found a f te r  10 heatings, when th e  
volume decreases u n til a f te r  20 heatings wdiere

T a b l e  I I I .— Change o f Volum e a fter  Repeated B ea tin g  to 550 deg. C 
a nd  Cooling.

A l. A2. A3.

C ondition . V olum e C hange 
cub . in  %

V olum e Change 
cub. in . %

V olum e C hange 
c u b .in .  %

O rig inal
A fter 5 hea tin g s  

„  10 
15 

,, 20 
„  25 
„  30 
„  35 
„  40
» 45 „
„  50 
.. 55

4.7124
4.7273 +  0.3160 
4.7396 +  0.5770 
4.7556 +  0.9170 
4.7692 +  1.2050 
4.7892 +  1.6290 
4.8006 +  1.8720 
4.8183 +  2.2480 
4.8309 +  2.5140 
4.8437 +  2.7860 
4.8479 +  2.8750 
4.8531 +  2.9860

4.7124
4.7193 +  0.1460 
4.7196 +  0.1530 
4.7202 +  0.1660 
4 .7205 + 0 .1 7 4 0
4.7205 +  0.1720
4.7205 +  0.1720

4.7124
4.7176 +  0 .1103
4.7227 +  0.2185
4.7227 +  0 .2185
4.7227 +  0.2185
4.7227 +  0 .2185
4.7227 +  0 .2185

a sligh t increase is again  reg istered , b u t i t  
appears th a t  th is  m ateria l never a tta in s  a con
s ta n t volume. H ea tin g  to 550 deg. C. causes a 
continued grow th and even a f te r  55 tre a tm en ts  
there  is no ind ica tion  th a t  constancy w ill obtain . 
I t  is evident th a t  th is  m ateria l is most unsu itab le  
for use in positions w here perm anency of size or
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shape is required , especially if, as is so often the 
case, th e  m ateria l is 'sub jec t to oxidising 
influences. The effect of th e  tre a tm e n t is
to  reduce seriously th e  stren g th  of the  iron.

A2 shows a m axim um  percentage of grow th a t

T a b l e  IV .— Change o f  Volum e A fte r  Repeated H eating to 450 deg. C. 
and  Cooling.

A4. A5. A6.

C ondition . Volume Change 
cub. in . %

Volum e Change 
cub. in. %

V olum e Change 
cub. in . %

O riginal
A fter 1 h ea ting  

,, 2 heatings 
„  3
.. i
»» a ,,
„  6
.. o ,,
„  12 
>. 15 
„  18 

20

1.6118
1.6146 +  0.170 
1.6193 +  0.460 
1.6195 +  0.480 
1.6130 +  0.070 
1.6124 +  0.040 
1.6119 +  0.010 
1.6149 +  0.190 
1.6164 +  0.280 
1.6137 +  0.120
1.6134 +  0.100
1.6134 +  0.100

1.6900
1.6921 +  0.006 
1.6944 +  0.260 
1 .6919+ 0 .112
1.6890—0.059
1.6890—0.059  
1.6878—0.030
1.6897—0.017
1.6897—0.017
1.6864—0.213
1.6864—0.213
1.6864—0.213

1.6972
1.6995 +  0.130 
1.7017 +  0.260 
1.7012 +  0.230 
1.6983 +  0.060 
1 .6978+ 0 .090
1.6967—0.030
1.6967—0.030 
1 .6961—0.060 
1 .6931—0.240
1.6928—0.260
1.6928—0.260

450 deg. C. which is in  excess of th a t  of A1 a fte r 
20 heatings, b u t th e  volume has th en  become per
m anent. The maximum grow th of th is sample a t 
550 deg. C. is also a tta in ed  a fte r 20 heatings, but 
is less iin am ount th a n  shown by the  sam e m ateria l 
a t  the  lower tem pera tu re , and in th is respect i t

T a b le  V .— Change o f  Volum e A fte r  Repeated H eating to 550 deg. C, 
and Cooling.

C ondition.

A4. A5. A6.

V olum e Change 
cub . in . %

V olum e Change 
cub. in . %

V olum e Change 
cub. in. %

O riginal
A fter 1 h ea tin g  

,, 2 h ea tings  
„  3 
„  4 
>. 5 
» *>

9
„  12 
„  15 

18 
„  20

1.7642
1.7577—0.362 
1.7568—0.413 
1 .7637—0.002 
1.7653 +  0.068 
1.7662 +  0.119 
1.7667 +  0.147 
1.7670 + 0 .1 6 4
1.7679 +  0.215 
1.7682 +  0.232
1.7679 +  0.215
1.7679 +  0.215

1.6967
1.6834—0.783
1.6844—0.724
1 .6887—0.471
1.6892—0.442
1.6925—0.247
1.6928—0.229
1.6931—0.212
1.6920—0.277
1.6914—0.312
1.6914—0.312
1.6914—0.312

1.7754
1.7681—0.411 
1.7666—0.495 
1 .7672—0.461 
1 .7675—0.444 
1 .7693—0.343 
1.7686—0.383
1.7681—0.383
1.7681—0.383
1.7681—0.383
1 .7681—0.383 .
1 .7681—0.383

differs from the  o ther irons w ith which the  authors 
have so fa r  experim ented, for they  have all shown 
a g rea ter increase a t  550 deg. C. th a n  a t  450 deg. 
C. This iron shrinks a little  between 20 and 25 
heatings, but then  rem ains constant. The effect



of the  repeated  h ea ting  is to  reduce very con
siderably th e  s tren g th , a lthough in  a less degree 
th a n  A l.

A3 shows a much sm aller percen tage ot change 
th a n  e ither A l or A2 a t  450 deg,. C. The m axim um
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T a b le  V I .— Change o f  Volum e A fte r  Repeated H ea ting  to 550 deg. C . 
and  Cooling A fte r  Previous T rea tm ent a t 450 deg. C .

A4. A5. A6.

C ondition . V olum e Change 
cub. in . %

V olum e Change 
cub. in . %

V olum e C hange 
cub . in . %

A fter 20 h ea tin g s  
a t  450 deg. C. 

A fter 1 h ea tin g  
„  2 h ea tings
„ 3 
„  4

;; e
„  9 
„  12 
„  15 
» 18 
„  20

1.5430 —
1.5430 —  
1.5450 +  0.129 
1.5460 + 0 .1 9 4
1.5470 +  0.259 
1 .546 0 + 0 .1 9 4
1.5470 +  0.259
1.5480 +  0.324 
1 .5 4 8 0 + 0 .3 2 4  
1 .5 4 8 0 + 0 .3 2 4
1.5480 +  0.324
1.5480 +  0.324

1.6864 —  
1 .6836—0.166 
1.6866 +  0.012 
1.6905 +  0.243 
1.6916 +  0 .308 
1 .6 9 3 0 + 0 .3 9 1  
1.6890 +  0.195 
1 .6 8 9 7 + 0 .1 9 5  
1.6908 +  0.261
1.6903 +  0.231
1.6903 +  0.231
1.6903 +  0.231

1.6927 —  
1.6930 +  0.018
1.6944 +  0.100 
1.6956 +  0.171 
1.6970 +  0.254 
1.6959 +  0.248
1.6944 +  0.100
1.6944 +  0.100
1.6944 +  0.100
1.6944 +  0.100
1.6944 +  0.100
1.6944 +  0.100

increase is reached a f te r  15 heatings, which is 
followed by a reduction  u n til 20 hea tings when 
perm anency of size is a tta in ed . H ea tin g  th is 
m ateria l 10 tim es a t  550 deg. C. produces an in 
crease of volume g rea te r th a n  th e  m axim um  
obtained under 450 deg. C. tre a tm e n t, b u t i t

T a b le  V I I .— Changes o f  W eight A fte r  Repeated H eating  a t 450 deg. C. 
and  Cooling. ______

A4. A 5. A6.

C ondition . W e ig h t C hange 
G ram s %

W e ig h t C hange 
G ram s %

W e ig h t C hange 
G ram s %

O riginal
A fter 1 h ea tin g  

„  2 hea tin g s  
„  3
,, 4 ,,
„  »
, 6 „

„  9 
„  12 
„  15 

• 18 
20

189.220 —
189.220 —  
189.225 +  0.022 
189.242 +  0.011
189.240 +  0.011
189.240 +  0.011 
189 .24 5 + 0 .0 1 3  
189.295 +  0.039 
189.310 +  0.047 
189.320 +  0.053 
189.340 +  0.063 
189.355 +  0.071

198.690 —
198.690 —  
198.695 +  0.002 
198.705 +  0.007
198.715 +  0.012
198.715 +  0.012
198.715 +  0.012 
198 .79 0 + 0 .0 5 0  
198.812 +  0.061 
198.815 +  0.063 
198.820 +  0.066 
198.835 +  0.073

199.320 —
199.320 —
199.320 —
199.340 +  0.010 
199 .34 0 + 0 .0 1 0
199.340 +  0.010 
199.345 +  0 .012 
199.390 +  0.035 
199.410 +  0.045 
199.420 +  0.050 
199.435 +  0.057 
199.450 +  0 .065

shows no fu r th e r  change even a f te r  30 heatings. 
I t  would appear from  these resu lts  th a t  sem i
steel is a more su itab le  m ate ria l to  employ when 
a lte ra tio n  of size or shape is to  be avoided th an  
o rd inary  cast iron, as the  casting  could be heated
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and cooled a few tim es before being p u t in to  ser
vice and, fu r th e r, th e  s tren g th  is com paratively 
li tt le  affected by th e  trea tm en t.

A4 reaches its  maxim um  size a t  th e  th ird  h ea t
ing, th en  steadily  con trac ts  u n til th e  six th , 
increasing again  to  th e  12th, and th en  shows no

T a b i,e  V I I I .— Changes o f W eight A fte r  Kepeated H eating to 550 deg. 
C. and  Cooling.

A4. A5. A6.

C ondition . W eigh t C hange 
G ram s %

W eight Change 
G rains %

W eight Change 
G ram s %

O riginal
A fter i h ea tin g  

,, 2 heatings 
„  3 
» 4

„  «
„  3 
„  12 
„  15 
„  18 
„  20

207.130 —  
2 0 7 .160+ 0 .014  
207.180 +  0.028 
207.230 +  0.048 
207.250 +  0.057
207.260 +  0.062
207.260 +  0.062 
2 0 7 .290+ 0 .077  
207.310 +  0.086 
207 .31 0 + 0 .0 8 6  
207.330 +  0.096 
207.350 +  0.106

199.490 —  
199.510 +  0.010 
199.530 +  0.020 
199.590 +  0.050 
199 .600+ 0 .055  
199 .605+ 0 .057  
199.610 +  0.060 
199.635 +  0.072 
199.650 +  0.080 
199.655 +  0.082 
199.665 +  0.087 
199.680 +  0.095

208.390 — 
208.400 +  0.004 
2 0 8 .420+ 0 .014  
208.470 +  0.038 
208.490 +  0.047
208.500 +  0.052
208.500 +  0.052 
208.520 +  0.062 
208.550 +  0.076 
2 0 8 .550+ 0 .076  
208.570 +  0.086 
208.590 +  0.096

fu r th e r change. The to ta l am ount of grow th is 
g rea te r th an  th a t  of e ither of th e  first th ree  irons 
w ith th e  exception of A1 a t  550 deg. C. Although 
the  effect of tre a tm e n t a t  550 deg. C. is to  cause 
a quicker a tta in m en t of constan t size the  am ount 
of th e  increase is g rea te r th an  th a t  a t  th e  lower
T a b le  I X .— Showing the Effect o f  A nnea ling  at Various Tem pera

tures:

A l. A2. A3.

T em peratu re , 
deg. C.

T ons Change 
per 

s<j. in . %

T ons Change 
per 

sq. in . %

Tons Change 
p er 

s q . in .  %

15 10.20 — 15.00 16.60 —
100 1 0 .5 0 +  2.94 15.05 +  0.33 16.45 —  0.90g
200 10.45 +  2.45 15.10 +  0.66 16.50 —  0.603
300 10.85 +  6.37 14.84 — 1.06 16.20 —  2.400
400 1 1 .0 0 +  7.84 14.40 — 4.00 16.80 +  1.204
500 10.70 +  4.90 14.10 — 6.00 15.90 — 4.216
600 9.55 — 6.37 13.20 — 12.60 14.90 —10.240
700 8.20 — 19.61 11.84 — 21.06 13.40 —19.270

tem pera tu re , and curiously enough the first th ree 
heatings produce a dim inution instead of an in 
crease of volume. The effect of tre a tm e n t a t  550 
deg. C. on the m ateria l a fte r  i t  has been heated 
20 tim es a t 450 deg. C. is a steady increase of 
size for nine heatings, when no fu rth e r change 
takes place.
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H eatin g  A5 a t  450 deg. C. a t  first causes an in 
crease of volume reach ing  its  m axim um  a t  th e  
2nd tre a tm e n t, b u t betw een 3 rd  and  15th a 
steady d im inution  of volum e results , when a t  th e  
la t te r  constancy is ob tained . H ea tin g  th is  
m ateria l a t  550 deg. C. causes a con traction  to  
take  place, which dim inishes to  th e  9 th , th en  
increases slightly  to  15th, a f te r  which no fu r th e r  
change takes place. H ea tin g  th is  m ateria l to  
550 deg. C., a f te r  previously being subm itted  to  
20 tre a tm en ts  a t  450 deg. C., causes a steady 
increase in  volume for th e  firs t 12 heatings and 
shows no fu r th e r  change a f te r  a sligh t decrease 
a t  15th.

H ea tin g  A6 a t  450 deg. C. causes i t  to  behave 
in a very sim ilar m anner to  A5, although  con
trac tio n  of volume begins a  li tt le  la te r, and th e  
u ltim ate  reduction  of size is sligh tly  g re a te r  th an

T a b le  X .— Strength at, Elevated Tem peratures in  Cast a nd  A nnea led  
Condition.

A1 A 2 A3.

T ods p e r  sq . in . T ons p e r  sq . in . T o n s p e r  sq . in .
T em  An A n A n
p e ra tu re A s c a s t . nea led . As ca st. nealed . As cast. n ea led .

15 10.15 31.00 15.00 15.00 16.60 16.80
300 3.90 31.00 14.92 3 5.17 16.40 16.80
200 9.70 11.50 14.40 14.80 16.05 16.90
250 9.70 11.40 13.90 14.70 15.65 16.70
300 10.15 31.25 13.30 14.90 15.90 16.90
350 3 0.30 31.20 14.00 14.90 16.30 16.90
400 10.20 11.30 14.80 15.08 16.95 16.90
500 10.05 11.00 13.95 14.40 15.90 15.84
«00 7.30 8.30 12.80 — — - —

700 3.35 4.00 6.40 — — -—
800 — — 2.70 — — —

th a t  of e ither A4 or A5. H ea tin g  to  550 deg. C. 
causes a con traction  in  volume a fte r  th e  first 
four heatings, b u t no fu r th e r  change occurs as a 
resu lt of subsequent tre a tm e n t. H ea tin g  to  550 
deg. C. a f te r  previous tre a tm e n t a t  450 deg. C. 
produces a grow th which reaches its  m axim um  a t 
th e  4 th ; betw een th e  5th and 6th heatings 
th e re  occurs a  considerable reduction  in  volume, 
b u t fu r th e r  heatings produce no change. I t  is 
to  be noted  th a t  th is  iron  re ta in s  its  s tren g th  
a f te r  repeated  hea tin g  and cooling b e tte r  th an  
any o ther which the  au thors have m entioned in 
th is P a p e r ; in fact, th e  s tren g th  is actually  
g rea te r to th e  ex ten t of 3.21 per cent, a f te r  the
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450 deg. C. tre a tm e n t th an  the  o rig inal, while 
th e  550 deg. tre a tm e n t has resu lted  in  an  increase 
of 3.44 per cent, on th e  s tren g th  of th e  orig inal 
iron.

The sa tisfac to ry  behaviour of th is  iron  th e  
au thors consider to  he m ainly due to  th e  high 
m anganese and m oderate phosphorus con ten t. I t  
is of in te re s t to  no te  th a t  irons A4, A5, A6 are  
very much alike in  composition except for the  
m anganese, and  th a t  the  loss of stren g th  is less 
as th e  m anganese increases.

Changes of Weight Consequent upon Repeated Heating 
and Cooling.

The determ inations were m ade only on th e  last 
th ree  irons whose analyses a re  given in  Table I .,

T a b l e  X I I .— Change o f  Strength  A fte r  Repeaterl B e a tin g  and  Cooling

A l. A2. A3.

T ons Change T ons C hange T ons Change
C ondition per % p e r % p e r  %

sq . in . sq . in . sq . in .

O riginal 10.20 — 15,00 — 16.60 —
A fter 25 hea tin g s

a t  450 deg. C. 9.72 — 4.70 13.50 —10.00 1 4 .8 5 -  10,51
A fter 25 h ea tin g s

a t  550 deg . C. — — 13.00 —13.30 1 3 .9 9 -  15.70
A fter 55 hea tin g s

a t  550 deg. C. 7.50 —26.47 —  . — —  —

and  the  results , which call for li tt le  com m ent, are  
given in Tables V II. and V III . I t  will be 
observed th a t  in  all cases th e re  is a steady  and 
fa irly  regu la r increase a f te r  each hea tin g . A t 
450 deg. C. A6 shows a ra th e r  sm aller to ta l in 
crease th a n  A4 or A5, w hilst a t  550 deg. C. A4 
gains ra th e r  m ore th a n  A5 and A6.

A nnea ling .—The resu lts  of these experim ents 
a re  shown in Table IX . The p rincipal fea tu res 
a re  the  very pronounced w eakening which resu lts 
from  annealing  a t tem p era tu res  above 400 deg. C. 
I t  has previously been shown by L ongm uir and 
H atfield th a t  annealing  grey cast irons a t  high 
tem p era tu re  destroys th e  s tren g th . The o ther 
fea tu re  is th e  m axim um  s tren g th  which the 
m ateria ls a tta in  a t  a tem p era tu re  between 200 
deg. C. and  400 deg. C., and which varies w ith 
d ifferent irons. The loss of s tre n g th  a t  700 deg. 
C,, th e  highest tem p era tu re  employed in these
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experim ents, is practically  of the same order for 
all m aterials.

A1 increases up to  400 deg. C., when i t  is 7.84 
per cent, s tronger th an  the  u n trea ted  m ateria l, 
a t  500 deg. C. a reduction  occurs and  continues 
to  700 deg. C., when th e  s tren g th  is reduced by 
19.6 per cent.

A2 increases sligh tly  when tre a ted  a t  tem pera
tures up  to 200 to  250 deg. C ., a f te r  which there  
is a steady fall to 21.06 per cent, below th e  original 
a t  700 deg. C.

A3 shows a loss of s t re rg th  a t  all tem pera tu res 
up  to  300 deg. C., th en  i t  increases to  1.204 per 
cent, above the  u n trea ted  a t  400 deg. C., a f te r 
wards decreasing u n til a t  700 deg. C. th e  streng th  
is 19.27 per cent, less th an  th e  o rig inal m aterial.

These resu lts a re  somewhat difficult to  explain 
a t present. I t  is conceivable th a t  the  release of 
in ternal stress m igh t cause a ce rta in  am ount of 
increase in the s treng th , b u t the  fluctuation  be
tween m inim a and m axim a points seems to  re 
quire some fu r th e r  explanation . The au thors have 
exam ined a num ber of annealed irons micro
scopically, b u t i t  would m ake the  paper too long 
to  include th e  resu lts of th e ir  work in  th is 
direction, so th a t  they  p re fe r to  reserve th a t  p a rt 
of the investigation  for another occasion and a fte r 
they  have more fully studied  th e  subject. I t  
appears, however, th a t  th e  a rrangem ent and  d is
tribu tion  of the g raph ite , carbides and phosphides 
plays a very p rom inen t p a rt, as does also the 
contiguity  of these constituents.

Strength at Elevated Temperatures.
The means of th e  resu lts on the m ateria l “ As 

cast,” and also a fte r  annealing, are  shown in 
Table X. and graphically  in  Figs. 4, 5 and  6.

Very few resu lts of high tem pera tu re  tests of 
cast iron have so fa r  been published, and th e  
m ajority  of these a re  n o t in agreem ent w ith those 
obtained by th e  p resen t authors, o r w ith  some 
unpublished resu lts of other investigators of which 
they have knowledge.

Tests on M aterial in  N atural C ondition .—The 
most strik ing  fea tu re  about these results is the 
well-defined m axim a and  m inim a po in ts ex
hibited by all m aterials, and which occur 
a t nearly the same tem p era tu re  for each
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of the m aterials. A1 exhib its a m inim um  a t 
200 deg. 0 . w hich is, a lthough  well m arked, less 
pronounced th an  in th e  case of A2 and A3. The 
m axim um  a t 400 deg. C. is no t well m arked 
although d is tinct, and th e  s tren g th  a t  th is  po in t 
is approxim atel}’ 4 per cent, g rea te r th a n  th a t  of 
th e  orig inal m a te ria l te s ted  a t  15 deg. C. A t 
tem pera tu res  above 500 deg. C. A l, A2 and  A3 all

T e r ij iU  T e s t s  (If t e k  fjH ris fiL iH q .

n
AL

<4 10

9

I

F IG  1

f4

/5

A L

1
n

FIG . 2

\

A l

*

1

16

!6 X
FIG . 3 N

n
100* ZOO’  300 ' *00 ' 500’  400 ' 700* 

J J é s / tífs  CeriT /ax/toe .

lose s tren g th  somewhat rap id ly , A l has a s tren g th  
of only 3.35 tons per sq. in . a t  700 deg. C. or 67 
per cent, reduction.

A2 is a t  m inim um  s tren g th  a t  300 deg. C. and  
m axim um  a t  400 deg. C., both po in ts being much 
more pronounced th a n  in  th e  case of A l. The 
stren g th  falls away continuously from  15 to  300 
deg. C. w here the  reduction  am ounts to  11.3 per 
cen t., rises to  400 deg., where th e  s tre n g th  is about
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the sam e as a t  15 deg., and falls away again  to  
500 deg. to  7.0 per cent, below the  orig inal.

A3 behaves sim ilarly to A2, giving its highest 
stren g th  a t 400 deg. w ith  an increase of 2.1 per 
cent. The m inim um, which is 5.95 per cent, be
low the 15 deg. resu lt, occurs a t  250 deg. C ., a fte r 
which i t  increases to  400 deg. C. and  then  quickly 
falls away to  15.9 tons per sq. in ., rep resen ting  
a reduction  of 4.22 per cent, a t  500 deg. O.

Tests of M aterial Previously A nnealed .—The 
results generally  are of the  same type as obtained 
w ith th e  m ateria l in  the  u n tre a te d  condition, b u t 
the  varia tions of s tren g th  a re  sm aller. The effect 
of the  annealing  has been to  give g rea te r regu
larity , and i t  will be noticed th a t  the  curves in 
Figs. 4, 5 and 6 a re  sm oother, b u t th e  dip between 
250 and 300 deg. C. is still ev iden t in  A2 and  A3.

A1 gives a to ta lly  d ifferent re su lt a f te r  anneal
ing th an  the “ as cast ”  m ate ria l; th e  maximum 
streng th  is obtained a t  200 deg. C., th e  poin t a t 
which th e  minim um  is given by the  un trea ted  
iron, and fu r th e r  th e re  appears no m arked rise 
or fall below 500 deg. C.

The A uthors are  a t  p resen t unable to  offer an 
adequate explana tion  o f.these  phenom ena b u t are 
carry ing  ou t a t  p resen t some investigations, the 
results of which they  hope may shed some ligh t 
on th is in tr ic a te  b u t exceedingly in te resting  and 
im portan t problem. They have reason to th ink  
th a t  th e  d is tribu tion  of th e  g rap h ite  and phos
phide eutectic is largely responsible, as well as 
th e  n a tu re  and am ount of th e  gases occluded and 
dissolved in  th e  iron.

Strength after Repeated Heating and Cooling.
The d e ta ils  of th e  te s ts  of th e  six m ateria ls  a fte r 

repeated heating  a t  450 deg. and 550 deg. C. a re  
shown in  Tables X I. and X II . A t and A2 both 
suffer a considerable reduction of streng th  as a 
result of the tre a tm e n t as also does A4. I t  is 
somewhat curious th a t a fte r  25 heatings a t  
450 deg. G., A2 shows a percentage loss of stren g th  
of about double th a t  lost by A1 under sim ilar 
trea tm en t, bu t when th e  tem p era tu re  of heating  
is 550 deg. C. the position is reversed.

A4 shows a very g re a t loss of stren g th  a t  both 
tem peratures, especially a fte r  th e  six th  heating .

A5 re ta in s its  stren g th  to  a very la rge  degree
i



a t  both tem pera tu res, th e  percen tage  reduction  
being only 1.02 and  1.69 a f te r  20 hea tings a t  450 
deg. and 550 deg. respectively.

A6 behaves differently from  any of th e  o thers, 
inasm uch as i t  actua lly  appreciates in s tren g th  
a t  both  tem pera tu res , a fa c t th a t  has already 
been no ted  in  an ea rlie r section of th is  P aper. 

The irons dealt w ith in  th is  P a p e r all contain
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th e  norm al p roportion  of to ta l carbon as they  were 
no t made from  any specially selected b rand  of 
iron, th e  object being to  obtain  in fo rm ation  as to  
th e  behaviour of castings m ade from  o rd inary  
everyday m ateria l, w ith  or w ith o u t special 
add itions or tre a tm en t. Total carbon is a most 
im p o rtan t factor in  de term in ing  th e  behaviour of 
iron under repeated  h ea tin g  and cooling however 
the  hea ting  m ay be applied, and from  in fo r
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m ation in th e ir possession the  A uthors are  con
fident th a t  had th e  to ta l carbon in  A6 been under 
3.00 p er cent, i t  would have given still b e tte r 
results as regards grow th and  s tren g th  a fte r 
repeated  heating  and a t  elevated tem peratures. 
They are  aw are th a t  in  some quarte rs the  use of 
m anganiferous cast iron  is objected to  for reasons 
which i t  is difficult to  understand , b u t i t  is the ir 
experience th a t  such m ateria l gives results, in 
practice, much superior to  th a t  which contains 
low m anganese. A6 is an  iron which can be quite 
easily m achined a t  a good speed and gives good 
surfaces both as regards appearance and w earing 
properties.

The investigations are  being continued, and i t  
is hoped to  publish very shortly  fu r th e r  results 
upon o ther m aterials of th e  cast-iron type. Semi
steel appears to  offer a t  least a p a r t ia l solution to  
the problem of providing a  m ateria l capable of 
being easily cast, which will re ta in  a g rea te r p ro
portion of its s tren g th  a t  atm ospheric tem pera tu re  
when subm itted  to the action of more elevated 
tem peratures. The au thors a re  experim enting 
with such m ateria l no t only in  its o rd inary  form, 
but also con tain ing  certa in  proportions of special 
constituents, and prepared  under different condi
tions. The question of h ea t tre a tm en t of cast 
iron and semi-steel is also receiving th e ir  a tte n 
tion.

In  the  p resen t P ap er th e  au thors have p u r
posely given only th e  resu lts of tests as they  have 
been obtained and re fra ined  from  propounding 
any theory  to  explain the various phenomena, 
firstly because th e ir  m ain object was to show how 
irons of widely different qualities were affected 
by various h ea t influences and secondly because 
the theoretical aspect of th e  question is of so 
much im portance th a t  they deemed i t  b e tte r to 
reserve i t  for ano ther occasion when i t  could 
receive more detailed a tten tion .

The au thors desire to  acknowledge th e ir  in
debtedness to  all those who have assisted them  by 
providing m ateria l and in o ther ways. To Mr. 
J . Cameron, of K irkintilloch, for providing the  
semi-steel and for the g rea t in te re st he has shown 
in the  experim ents.

They also desire to  th an k  th e  directors of
i 2
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Messrs. Scotts’ Shipbuild ing & E ng ineering  Com
pany, L im ited , Greenock, in whose works and 
laboratories a considerable p a r t  of th e  experi
m ental work was ca rried  o u t, fo r perm ission to  
m ake use of th e  d a ta  so obtained.

DISCUSSION.

M e . Y o u n g  rem arked th a t  if th e  figures adduced 
did n o t agree w ith  th e ir  theories i t  d id  n o t so 
much m atte r , as the  au thors had  given them  these 
figures showing th e  re su lt of th e ir  w ork w ithou t 
d raw ing th e ir  conclusions, and  le f t i t  to  them  to  
use w hat th ey  had  discovered. This P a p e r was 
ju s t  th e  type  th e  In s titu tio n  w anted . The g rea te s t 
com plim ent he could pay th e  au thors was th a t  he 
hoped they  would go on w ith  it.

P k o f . T u b n e e  agreed th a t  th e  P ap er contained 
so much de ta il th a t  they  could scarcely critic ise  it  
in a  few m inutes. I t  opened u p  a new field of 
work, a lthough  they  h ad  been to ld  o thers had  been 
w orking recen tly  in th e  sam e direction . They 
m ight reg ard  th is  P ap e r as filling in  a space in  the  
work of D r. C arp en te r in  connection w ith  th e  effect 
of w hat he called h igh  tem pera tu res. They had 
no t h ith e rto  h ad  in fo rm ation  on cast-iron  a t  those 
tem pera tu res  a t  u7hich i t  w as used in connection 
with superheated  steam . They did know7 about the  
behaviour of cas t iron  w here they  had  red  h ea t 
an d  beyond, fo r such th in g s a s 'fire  bars, etc. B u t 
the  inform ation  contained  in  th is  P a p e r  filled in 
the space and supplied w hat was required . If 
would be a m a tte r  for th o u g h t and  consideration 
as to  th e  explana tion  of th e  effect of annea ling  
upon cas t iron . They m igh t suppose th a t  castings 
w7hich had been allowed to  rem ain  in  sand and to 
cool in  a norm al way would have annealed  them 
selves, and th a t  th e  annealing  a t  so low a tem p era 
tu re  as 300 to 400 deg. C. would n o t m ake any ap 
preciable difference. A pparen tly  th a t  was n o t the  
case, and th ere  u7as an appreciable difference due 
to  th is  annealing . All k inds of suggestions m ight 
be m ade as to  th e  reasons for th e  effect of 300 deg., 
and so on, because they ob tained  a som ew hat sim i
la r  effect in connection w ith  some of th e  carbon 
steels. T here was an absence of theo ry  from  th e  
authors, and he th o u g h t fu r th e r  consideration  
would te ll them  th e  r ig h t  theory. B u t fo r the
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tim e being, as Mr. Young suggested, i t  was well to  
accum ulate more f a d s  of tb e  k ind  wbich the 
au thors had  been good enough to  place before them .

Shrink Due to Low Temperatures.

P r o p .  T o u c e d a  m e n t i o n e d  t h a t  h e  h a d  c o n d u c t e d  
a  g r e a t  m a n y  e x p e r i m e n t s  t o  r e m o v e  s h r i n k ,  t h e i r  
i d e a  b e i n g  t o  m a k e  a  s t u d y  o f  t h e  a m o u n t  o f  
s h r i n k a g e  c a u s e d  b y  low" t e m p e r a t u r e s .  1

D r . J o h n s o n  expressed tow ards th e  au thors of 
the  P ap e r his g re a t adm ira tion  fo r th e  carefu l and 
scientific m anner in  which they  had carried  o u t 
th e ir experim ents, and he would like to  ask w hether 
they intended, in th e ir  con tinuation  of th e  work, 
to  include microscopic work and o ther k inds of 
mechanical and  physical tes ts, such as hardness 
im pact tests. The In s titu te  was fo rtu n a te  in  
having such a P ap er presented to  its  members, 
contain ing an account of carefu l scientific research 
of such h igh character.

D r. P. L o n g m c i r , in cong ra tu la ting  th e  authors 
upon the  excellence of th e ir  work, said they were 
favoured the  previous n ig h t by a  very good de
scription of th e  orig inal research. T ha t m orning 
they had an exam ple th a t  fitted  in w ith th a t  de
scription given by th e  P rin c ip a l of B irm ingham  
U niversity.

M r . M a t t . R i d d e l l , inv ited  to  wind up th e  dis
cussion, said he h ad  seen some of th e  deta ils  and 
the  m ateria l worked ou t, and considered the  
authors had done som ething really splendid for the 
inform ation of th a t  m eeting. I t  was som ething 
they had been looking forw ard to for a long tim e— 
a  piece t>f rea l o rig inal research. P ro f. Campion 
was a  man tra in e d  to  do research work, and  knew 
more on th e  subject of cast iron th a n  alm ost any
one else. H e had special facilities fo r carry ing  on 
his work, and  also had th e  necessary prac tica l ex
perience; and if  he could be persuaded to  con
tinue  in  th is research work he was confident th a t  
Prof. Campion would fu rn ish  them  w ith valuable 
inform ation a t  p resen t unknow n. A lluding to  th e  
diagram s showing some change a t  400 to  500 deg.
0 ., Mr. R iddell said there  m ust be some im portan t 
factor in operation  in  the iron a t  th a t  p a rticu la r 
tem perature  which required investigation .
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The Author Replies.
Pu o f . C a m p i o n , in  reply, th an k ed  th e  Conference 

for th e  k ind  way in which they  had  received the  
P aper, and  also acknowledged th e  con tribu tions 
made to  the  discussion. H e q u ite  realised th a t  in 
a  few m inutes i t  was p rac tica lly  impossible to  
discuss such a  P ap er, because i t  was very difficult 
to  digest. H e tru s te d  th a t  those who had  n o t 
been a ile  to  speak would send w ritte n  co n tribu 
tions to  th e  G eneral S ecretary , and  assured th e  
m eeting th a t  he and  ihis colleague would be glad 
to  consider them , and also to  repiy  to  D r. Long- 
m uir, if he would do likewise. M r. Y oung had  re 
ferred  to  o ther resu lts  which confirm ed more or 
less several resu lts  they  obtained. P ro f. T urner 
raised  th e  question ab o u t possible theories. They 
had  given none in  th e  P ap er, because th ey  fe lt 
they had  n o t done sufficient w ork to  p u t fo rw ard  
any theory . I t  was a very  complex problem, and  
showed d is tinc tly  d ifferen t phenom ena from  th a t  
which ooouired a t  h igh tem p era tu re  work, such as 
Dr. C arp en te r ca rried  ou t. I t  th erefo re  w anted 
very oarefu l consideration  and fa r  m ore te s ts  and 
experim ents th a n  they  had been able to  carry  ou t 
o r analyse. In  th a t  respect he m ight also answer 
D r. Johnson, for they  had already  done a very 
large  am ount of m icro exam ination , therm o and 
o th e r m echanical tests. B u t the  P a p e r was already 
loaded, and  he th o u g h t i t  was unwise to  give too 
m uch a t  once. However, ano ther P ap e r was in 
course of p rep a ra tio n  fo r ano ther In s titu tio n , 
w'hioh would be p resen ted  shortly , and  he would be 
g lad to  forw ard to  D r. Johnson, or any gentlem an 
p resen t who desired i t ,  a copy of th a t  P a p e r  when 
it  was presen ted , and  have th e ir  criticism s on it. 
P ro f. T u rn e r’s rem arks were in te re stin g , because 
he did th in k  th a t  th e  question of record ing  casting  
tem pera tu res had  a d irec t b earing  on th e  behaviour 
of these m etals when heated  and  cooled a t  these 
low tem pera tu res. Some p re lim inary  experim ents 
pointed  em phatically to  th e  fa c t th a t  th e  am ount 
and n a tu re  of th e  gases included in  th e  iro n  largely 
affected th e  resu lts  ; and  th is  was largely th e  ex
p lanation  of some of these m etals beg inn ing  to  con
tr a c t  in stead  of expand ing  when heated .

M r. D o n a l d s o n  a l s o  r e p l i e d  b r i e f l y ,  s a y i n g  t h a t  
t h e y  h a d  c a n n e d  o u t  a  c o n s i d e r a b l e  a m o u n t  of
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work in  addition, to  w hat was published, particu 
larly  in  re lation  to  the  change of s tren g th  a fte r 
h ea tin g  and cooling, as dealt w ith on page 
225. B u t th ey  did no t w ant to publish it, 
because they  had not got to  the  end of th e ir  tes ts 
on annealing. H e m ight also say, as to  con tinu 
ing on th e  lines of work undertaken , th a t  they 
in tended  to  go on testing  those irons w ith the  ad 
dition  of special elements, to  see w hat effect those 
special elem ents had  on cast iron, chrom ium , and 
so fo rth .

THE DEVELOPMENT AND MANUFACTURE OF 
HIGH-TENACITY BRASS AND BRONZE. 

By O. Smalley, M.Inst.M. (N»wcastle-on-Tyne).

I t  is in tended in th is P aper to  tr e a t  syn the ti
cally th e  developm ent of complex high-strength  
brasses and  to  consider the  p rincipal problems of 
m anufacture. In  the  p a s t these alloys w e T e  term ed 
“ m anganese bronzes,” and in  specific cases p re 
fixed by e ither th e  inven to r’s o r a  tra d e  name. 
This no doubt arose from  th e ir  complex n a tu re  
and costly prac tica l evolution. A t the sam e tim e 
it  is a  misnom er and surrounds them  w ith  an  a ir 
of m ystery which re ta rd s  ra th e r  th an  advances 
the ir progress.

The base of p ractically  all th e  so-called “ m an
ganese bronzes ” is brass, and they do no t derive 
the ir special v irtues from  m anganese. The In s ti
tu te  of M etals has suggested th e  nam e “  b rass ,” 
preceded by th e  nam e of th e  special elem ents in tro 
duced, e.g., th e  presence of alum inium  would 
identify  i t  as “  alum inium  b rass,” m anganese 
as “  m anganese brass,”  if  both these elem ents are 
p resent as “ alum inium -m anganese brass,”  and so 
on. This is a step  in  the r ig h t direction , and the 
recommended appellation will be adopted  th rough
out th is  Paper.

To understand  the  function of the  num erous 
special elem ents commonly introduced, viz., 
alum inium , m anganese, iron , nickel, etc., a  work
ing knowledge of th e  constitu tional diagram  of the 
copper-zmc series of alloys is essential.

This d iagram  is generally avoided by the  
foundrym an and engineer on account of its form id
able appearance and th e  adoption of Greek term s.
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Yet it presents a fund  of in fo rm ation  which may 
be read ily  in te rp re ted  by anyone in terested .

F ig . 1 shows both th e  co nstitu tiona l d iag ram  
and  the  physical p roperties of the p u re  copper-zinc 
series of alloys in  the  “ c a s t ”  sta te .

C onsidering th e  in te rp re ta tio n  of th e  co n stitu 
tional d iagram  only, i.e ., th e  th in  black lines, from  
lines ABODE the  m elting  p o in t of any  brass 
m ay be ob ta ined ; increase th e  tem p e ra tu re  by 
10 to  12 per cent, and  a good idea of th e  co rrec t 
casting  tem p e ra tu re  is obtained. F rom  line 
AFMNOQ th e  tem p e ra tu re  of complete solidi
fication. The difference of tem p era tu re  betw een 
these two lines is a m easure of the  range  of tem 
p e ra tu re  th rough  w hich any brass cools du ring  
solidification. A rea enclosed by A FH G , including 
all brasses to  37.2 p er cent, zinc, shows t h a t  those 
contain ing  up to  30 per cent, zinc will proceed, u n 
in te rru p ted  by any  subsequent physical changes 
a f te r  solidification, i.e ., they  w ill consist of a 
single homogeneous solid so lu tion  of copper and  
zinc a t  all tem pera tu res. This solid solution is 
term ed “ alpha ” brass, and for all p rac tica l p u r
poses is unaffected by th e  ra te  of cooling.

E xceeding 30 per cen t, zinc, an o th e r co n stitu en t 
appears alongside w ith  th e  “ a lp h a ,”  and for w an t 
of a b e tte r  nam e is te rm ed  th e  1 ‘ be ta  ’ ’ con
s titu e n t. As th e  zinc co n ten t increases, the 
g rea te r th e  q u an tity  of th e  “ be ta  ” and  th e  less 
th e  q u an tity  of “ a lp h a ,”  and  between 46.7 per 
cent, and 49.7 per cent, zinc none of th e  “ a lpha  ”  
con stitu en t exists, b u t only th e  “ b e ta .”  This is 

i  clearly shown by F igs. 3 to  6, rep resen ting  65/35, 
60/40, 55/45, and 53.3/46.7 brasses respectively 
cu t from  2J in. sq. ingots.

In  th e  30 to  37.2 per cent, zinc series of brasses 
th e  line F H G  m arks w here th ey  pass from  a region 
in  which both th e  “ a lp h a ”  and “ b e t a ”  phases 
can ex ist side by side in to  th e  m ain  “ a lp h a ” 
zone, w here th is  constituen t alone is stable. 
The “ b e t a ”  co n stitu en t m ust th en  ex ist in  a 
beta-stable s ta te , and, if norm ally cooled, changés 
in to  th e  “  a lpha ” phase on th e  alloy passing 
th rough  th e  tem p era tu re  rep resen ted  by th a t  po in t 
on line FH G .

If , now, a brass of th is  series is quenched in  
th e  “ a lpha be ta  ”  area, F H IM , and th e  ra te



of cooling is such as not to  perm it th e  n a tu ra l 
change from  th e  “ alpha beta  ”  to  “ a lpha ,”  then  
a duplex s tru c tu re  will be formed, and the  brass

«
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will b© hardened to an am ount determ ined by the 
percentage of the  “ beta ” constituen t present.

This po in t has been somewhat elaborated to 
dem onstrate th a t  brasses contain ing  between 30
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to 37.2 per cent, zinc a re  affected by h ea t t r e a t 
m ent, and though  not of p rac tica l im portance, 
so fa r  as im proved m echanical p roperties a re  con
cerned, an u nders tand ing  of these physical changes 
explains m any of th e  defects common to  these 
brasses. A fu r th e r  fe a tu re  of th is series is th a t  
they  can be worked e ither ho t or cold.

E xceeding 37.2 per cent, and  up to  49.7 per cent. 
Zn a complex s ta te  of affairs exists, and  the

F ig .  2 .— M e c h a n i c a l  P r o p e r t i e s  o f  Ctj-Zn  
A l l o y s  a f t e r  T r e a t m e n t .

“  beta ” co n stitu en t rem ains stab le  a t  all tem 
pera tu res.

The physical changes shown to  ta k e  place 
a fte r  solidification by region FM NCUG a re  not 
s tric tly  correct, an d  a re  sub jec t to  a lte ra tio n  of 
academ ic ra th e r th an  prac tica l im portance. Brasses 
contain ing  3 7 .2  to  46 .7  per cent. Zn being possibly 
the most im p o rtan t series of th e  Cu-Zn alloys 
form th e  basis of all h igh -tenac ity  brasses, an d  con
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sist of both the “ a lpha ” and “ beta ” constituents. 
I f  quenched from high tem peratures— i.e ., tem 
pera tu res above the line IM —the  change from 
“ beta ”  to  the  “ alpha beta ” is suppressed. Such 
brasses, th en , may have an all “ beta  ”  s tru c tu re—
i.e ., th e ir  physical properties may conform in  many 
respects to  brasses contain ing  between 46.7 and 
49.7 per cent. Zn. I t  is also ev iden t th a t  the 
nearer the zinc con ten t to  the lim it 46.7 per cent, 
the lower the  tem pera tu re  necessary to effect th is  
physical change.

The nex t group of alloys to  be considered are 
those contain ing 46.7 to  49.7 per cent. Zn. These 
have little  commercial value. Their constitution

F i g . 3.—65/35, B r a s s  a s  C a s t .

is ambiguous. According to the accom panying 
diagram , th e  region of tru e  stab ility  of “ beta ” 
brasses is confined to tem pera tu res above 470 deg. 
C., and w hilst i t  m ust be adm itted , by the  inclu
sion of line H I IK , th a t  some critica l change 
does oocur a t these tem peratures, which th e  au th o r 
has never been able to  dem onstrate by h ea t t r e a t
m ent alone, th a t  they m ark th e  tran sitio n  of the 
“ beta ” con stitu en t in to  i t s  component parts , 
“  alpha ”  and “ gam m a,” as is commonly alleged. 
T hat some critica l change does occur a t  or about 
620 deg. C. is supported  by (1) I t  m arks th e  tru e  
lim iting  forging tem p era tu re  of p ractically  all
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th e  “ b e ta  ”  b rasses; (2) i t  ind ica tes th e  tem p era
tu re  of inc ip ien t h ea t fra g ili ty ; (3) i t  is th e  correct 
annealing  tem p era tu re  for p ractically  all pu re  
brasses.

I t  is of in te re s t to  no te  a t  th is  stage  th a t  it  
is brasses which en te r in to  reg ion  M IJN — i.e.,  th e  
“ b e ta  ” brasses, which specially lend them selves to  
w orking hot, w hilst those consisting  of only th e  
“ a lpha  ” con stitu en t a re  peculiarly  su itab le  for 
w orking cold.

Exceeding 49.7 per cent. Zn, a new co nstituen t, 
gam m a, makes its  appearance. This is a  hard , 
b rittle  alloy, and its  inception  in the  m ost m inute 
traces renders brass extrem ely b r i t t le  and  useless

F i g . 4 .— 6 0 /4 0 , B r a s s  a s  C a s t .

as a m ateria l of construction . So b r itt le  is  the  
“  gam m a ” phase th a t  an alloy co n ta in ing  60 per 
cent. Z n —i.e ., all “ gam m a ” —.may be crum bled 
betw een th e  fingers.

The th ick  black lines, F ig . 1, show th e  physical 
p roperties of p u re  b rass, correctly  cast in  chill 
m ou lds; and  in  F ig . 2, th e  physical p ropertie s 
a fte r  m echanical and  therm al tre a tm e n t, such as 
to remove completely casting  s tru c tu re , in te rn a l 
s tra in  and  heterogeneity . In  short, No. 1 m ay be 
used 'as a  s ta n d a rd  of th e  physical p ropertie s  of 
brass castings. No. 2 to  rolled, ex tru d ed  and 
forged brass w hen correctly annealed.
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Development of High-Tenacity Brass.
In  th is  research constan t conditions were m ain 

ta in ed  th roughout, e lim inating  all variables ex
cept th e  one desired, viz., chemical composition. 
For th is reason v irg in  m etals and specially pre
pared  stock alloys were used, th e  chemical com
positions of which a re  given in  Table 1. Two 
grades of zinc were adopted , owing to  th e  uncer
ta in  test-ligures previously obtained from  cast
ings and forgings m ade w ith th e  lower grades of 
spelter.

Owing to  the  difficulties of obtain ing standard  
conditions w ith  a sand mould, each casting was

F i g . 5— 55/45', B k a s s  a s  C a s t .

made in  a 2£ in . sq. chill mould, pouring w ith 
exactly 10 per cent, superheat and  controlling the 
tem pera tu re  of the mould a t exactly 130 deg. F. 
(55 deg. C.).

Physical Tests .—Tensile tests were prepared1 in 
accordance w ith  the  specification of th e  E ng ineer
ing Standards' Com m ittee, the  a rea  being 0.25 sq. 
in. and the gauge leng th  2 in. A perm anent set 
of 0.01 in. is recorded as th e  yield point.

H ardness.—The B rinell ball-test and the  Shore 
soleroscope were used fo r th is purpose. The form er 
being made w ith  a 10 m /m  ball under a pressure 
of 1,000 kgs., m ain ta ined  for exactly 30 sec., whilst 
the la t te r  were made w ith a soft ham m er.
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In  order th a t  com plete d a ta  should be obtained  
both reg ard in g  th e  pecu liarities of m anu factu re  
and  m echanical properties, each alloy was m ade 
u nder works conditions. M elting  was perform ed 
in a  50 or 100 lbs. crucible, according to  th e  size 
of casting , in  a  n a tu ra l-d ra u g h t coke furnace.

T h e  m e t h o d  o f  i n t r o d u c i n g  t h e  v a r i o u s  s p e c i a l  
m e t a l s  i n v e s t i g a t e d ,  a n d  t h e  p r e c a u t i o n s  n e c e s 
s a r y ,  w i l l  b e  d e t a i l e d  u n d e r  e a c h  d i s t i n c t i v e  h e a d 
i n g .  T h e s e ,  b y  n o  m e a n s  a r b i t r a r y  o r  e x h a u s t i v e ,  
r e p r e s e n t  a  p r a c t i c e  t h a t  h a s  w i t h s t o o d  t h e  t e s t  o f  
t i m e  a n d  c a n  b e  c o m m e n d e d .

M echanical T rea tm en t.—W here i t  was desired 
to investiga te  in th e  forged or h ea t- tre a ted  con-

F ig . 6.— 53/47, B r a s s  a s  C a s t .

dition , th e  lower half of the  ingo t was forged in to  
1 'in. sq. bars. I n  th e  case of cold-working alloys, 
a  100-lb. ingot was cast 1.05 in. by 4 in. wide. 
The lower half was cold rolled in th ree  passes to
0.55 in ., annealed a t th e  correct tem p era tu re , 
reduced to  0.45 in ., and  re-annealed  so as to  resto re  
to  its  orig inal “ c a s t ”  B rinell hardness num ber 
before te s tin g .

D ynam ic Stress Tests .—B oth a lte rn a tin g  and 
single-blow im pact te s ts  were m ade where possible. 
In  th e  form er th e  test-piece used was 4 in. x 
J in. x ^ in. w ith  a 1/16 in. ra d iu s  groove milled 
in th e  cen tre  of one face, a t  r ig h t angles
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to  the  p rincipal axis. A steel tup  having 
a to ta l w eight of 10 lbs. was allowed to  fall 
from  a  height of 18 -̂ in. on to  th e  test-piece, the  
first blow being given on th e  face opposite to  the  
groove, and , for every succeeding blow, th e  test- 
piece ro ta ted  th rough  an  angle of 180 deg. The 
blows were delivered a t  a reg u la r ra te  of 25 per 
m in., and th a t  num ber tak en  to  break  completely 
th e  test-piece, was recorded as th e  a lte rn a tin g  
im pact num ber. The single-blow im p ac t te s t was 
m ade in th e  Izod m achine, u sing  the s tan d ard  
TO m /m  square test-piece, notched 2 m /m  deep a t  
an  angle of 45 deg. and  th e  s trik in g  ham m er con
tac tin g  th e  test-p iece a t  a  d istance of 22 m /m  
above th© bottom  of th e  notch.

Aluminium Brasses.
M anu factu re— The copper was first m elted 

under charcoal, th e  necessary additions of alu- 
m inim um  m ade w ith  stick  alum inium  and  th e  zinc 
worked in  last. The whole was well s tirred , in tro 
ducing a li t t le  sa lt from  th e  bottom  of th e  pot, 
and  allowing to  rem ain  in  th e  fu rnace  u n til th e  
desired tem p era tu re  had  been reached, th is  usually  
tak in g  from  5 to  8 m ins. The pot was w ithdraw n, 
th e  tem p e ra tu re  m easured w ith a P t .—P t .—Rh. 
therm ocouple and cast a t  th e  p redeterm ined  tem 
pera tu re .

P rom  th e  po in t of view of p rac tica l u ti li ty  1.0,
1.5, 2.0, 3.0, 4.0, 4.5, and  5.8 per cent, of a lu 
m inium  w ere chosen as the  most su itab le  q u an ti
ties. These were decided upon from  a series of 
exploratory  casts, when i t  was found th a t  1 per 
cent. Al. equalled approxim ately  5.6 p er cen t. Zn. 
in its  effect on th e  general physical p roperties. 
F o r example, a 70 per cent. Cu.-26.5 per cent. 
Zn.-3.5 per cent. Al. b rass possesses th e  p rincipal 
fea tu res  of o rd inary  M untz m e ta l; a 70 per cent. 
Cu.-24.2 p er cen t. Zn.-5.8 per cent. Al. brass some
w hat sim ilar fea tu res  to  a  53/47 id  est, all 
“ be ta  ”  brass. Likew ise a 59 per cent. Cu.-39.67 
per cent. Zn.-1.33 per cent. Al. brass appears to  be 
equivalent to  70 per cent. Ou.-24.4 per cent. Zn.-
5.8 per cen t. Al. b rass o r to  a 53/47 brass and  so 
on. These equivalents have also been w orked out 
by G uillet from  th e ir  s tru c tu re , and his figure of 
6 is in fa irly  close ag reem ent with th e  above.
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The physical te s t resu lts obtained from the large 
scale alloys a re  embodied in  Table I I .

Chill C ast.—Prom inence is given to  the  rem ark-

Ph'
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able effect of small q u an tities  of alum inium  in in 
creasing th e  yield po in t and the stren g th  of both 
70/30 and 59/41 brass, which is accompanied by a
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corresponding fall in du c tility  and shock-resisting 
p ioperties. Thus alloy No. 9 which is s truc tu ra lly  
equivalent to a 59/41 brass possesses the streng th  
of m ild steel and a rem arkable resistance to  dyna
mic stress. Above 3.5 per cent Al. the  ductility  of 
a 70 per cent. Cu-base alloy rap id ly  falls, and a t
5.9 per cent. Al. when only th e  “ b e t a ”  consti
tu e n t exists, a high stren g th  is obtained b u t little  
ductility .

243

F ig .  7 — F e a c t u r e  o f  a H ig h  T e n a c i ty  “ B e t a ” 
B r a s s  V a lv e  o n  a  H y d r a u l i c  P r e s s .

In  the  59/41 series, 1.35 per cent, seems to  be 
the rap id  streng then ing  lim it of alum inium , 
although th e  m axim um  s tren g th  is n o t reached 
un til 3.0 per cent, has been added. Exceeding 
th is am ount the  streng th  steadily falls arvay, and 
on the  inception of the  ‘ ‘ gamm a ’ ’ constituen t the 
alloy loses its  commercial value.

A fte r forging, alloys 9, 10, and  A l, which are 
essentially “  alpha-beta ” brasses show an all
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round im provem ent in  d u c tility  and  shock-resist
ing properties, and  possess a  wide ran g e  of com
bined s tren g th  and ductility .

In  th e  ord inary  way “  alpha-heta  ”  Al. brasses 
do not p resen t any difficulties in  w orking, and  may 
be forged, rolled or ex tru d ed  as readily  as M untz 
m etal. T heir increased hardness, however, de
m ands a re la tive ly  g rea te r blow o r pressure in

O lOO 2 0 0  3 0 0  4 0 0  3 0 0  6 0 0  ^OO BOO 9 0 0

F i g . 8 . — S h o w i n g  t h e  R a p i d i t y  o p  C r y s t a l  
G r o w t h  o f  A l u m i n i u m  B r a s s e s .

working, and readily  harden ing  u p  canno t be 
worked down to  small sections w ith  th e  ease of 
M untz m etal.

All “ 'beta ”  alum inium  brasses suffer from  a 
long period of hea t frag ility  regardless of th e ir  
chemical composition. T here is, however, no  diffi
culty  in w orking them  hot, although  th e  ran g e  of 
tem p era tu re  perm issible is lim ited . O rd inary  
“ beta  ” brasses of the  C u.-Zn. series have a 
period of h ea t frag ility  extending  from  315 deg.- 
455 deg. C . ; “ b e ta  ” brasses of th e  Cu.-Zn.-A l. 
series approxim ately  from  226 deg. to  558 deg. C.

In  th e  “ be ta  ”  alloys under consideration , fo rg
ing was perform ed between 700 deg. an d  620 deg.C.
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They may be worked safely a t tem pera tu res above 
700 deg. 0 ., b u t th e re  is g re a t danger in doing 
so owing to  the  abnorm ally rap id  crystal-grow th 
a t such tem pera tu res, which is no t readily  elimi
nated  by a continuance of the  work a t  lower tem 
pera tu res. A t the best, h igh tenac ity  “ b e t a ”  
brasses are  b rittle  alloys, and slight overheating ren 
ders them  unsafe in  use. An instance of th is  m ay be 
cited in th e  form of a stop-valve for a hydraulic

F ra . 9 .— E ff e c t  of S u b st it u t in g  1 P er C e n t . A l . 
fo r  same A m ou n t  of Z n . in  a 59 P e r  C e n t . 
C o p p e r -b r a s s .

compressor, which gave serious trouble in service. 
These valves were made to  th e  following chemical 
composition Cu., 5 9 .0 ;  Z n., 3 6 .5 ;  Al., 3 .0 ;  M n., 
1 .5 ;  and Fe. and P h ., less th a n  0 .2 . A tensile tes t 
showed th a t  i t  had  a s tren g th  of 39 tons per sq. 
in ., and an elongation of 15 per cent, on 2 in.

F ig . 7 illu s tra tes  the  fra c tu re  of one of these 
valves, and is typ ical of m any which collapsed in 
service, although each passed th e  specified physical 
tests. A lternating  im pact tests taken  from some 
of th e  defective valves ranged  between 7 to  10



blows, and  th e  Izod 6 to  10-ft. lbs., figures which 
a re  m ore or less expected from  th e  appearance of 
th e  frac tu res .

An inqu iry  in to  the  m ethod of m anu fac tu re  
showed forging to  have been perform ed between 800 
deg. C. and 720 deg. C., allowing to  cool off on the 
floor. F org ing  the  ingo t a t  700 deg. C., overcame 
th is  difficulty, and th e  following is th e  average 
physical tes ts  obtained from  some of the  valves 
subsequently m ade: —

Yield point, 21 tons per sq. i n . ; maximum 
stress, 43 tons per sq. in . ; elongation  on 2 in ., 
26 per cent. ; reduction  of area, 34 per c e n t . ; a lte r
n a tin g  im pact num ber, 48; and Izod, 27-ft. lbs.

F ig . 8 gives some idea of th e  effect of tem p era 
tu re  on the  rap id ity  of crystal grow th of a lu 
m inium  brasses.

M icrostructure— F igs. 9 and 10 depict the  
effect of su b s titu tin g  1.0 per cent, and 1.5 per 
cent. Al. for th e  same am ount of Zn. in  a 59 per 
cent, copper-brass. They am ply dem onstrate  th e  
co-efficient of equivalence previously re fe rred  to, 
and explain harden ing  propensities of Al.

Manganese Brass.
M anganese may be in troduced by m eans of an 

80 per cent. M n., ferro-m anganese, or 30 per cent. 
M n., cupro-m anganese. The common objection to  
the  form er is its high m elting  tem p e ra tu re  and its 
association w ith 5 per cent, to 6 per cent, carbon 
which renders alloying difficult. The p rinc ipa l 
trouble arising  from  th e  use of F e .—M n., a p a rt 
from these difficulties, is th e  inab ility  to control 
the  chemical composition of th e  finished alloy and 
th e  form ation  of in tensely  h a rd  m etallic  pellets, 
which pellets no t only c rea te  serious troub le  in 
m achining b u t adversely affect th e  m echanical p ro 
perties. This la t te r  defect has been encountered  
in castings m ade by various foundries, and in 
every instance  a chemical and  physical exam ina
tion  proved th e  trouble  to be unalloyed Ferro-M n. 
The use of Cupro-M n. by no m eans ensures free
dom from  th is  defec t; i t  is no uncommon th in g  to 
find lum ps of undissolved Ferro-M n. in Cupro- 
Mn. alloys, unless skilfully p repared .

‘Commercial Cupro-M n. is best m ade by first 
m elting th e  Cu. under a slag consisting of 1 p a r t

246



247,

broken glass, 1 p a r t  fine silica sand, and 1 p a r t 
borax, s t ir r in g  in  m olten Ferro-M n. a little  a t  a 
tim e. The whole should th en  be brought to  a 
good tem pera tu re , a little  phosphor-copper added 
(0.03 per cent. P . calculated), again  well stirred , 
skimmed and cast. Obviously special care is needed 
in th e  p repara tion  of th is  alloy. I f  the  Cu. and 
Ferro-M n. a re  m elted together th ere  is always the 
danger of some few specks of undissolved Ferro- 
Mn. rem aining, which are  qu ite  sufficient to cause

F i g . 10.— E f f e c t  o f  S u b s t i t u t i n g  1 .5  P e r  C e n t.
A l .  f o r  sam e A m o u n t o f  Z n . in  a  50  P e r  C e n t.
C o p p e r - b r a s s .

trouble. The use of a pro tecting  flux is neces
sary , or the  m elting losses a re  high, a hard , rich 
Mn. crust fo rm ing  on to p  of th e  melt. Cupro-M n. 
m ay be p repared  also from p u re  Mn. and  Cu. or 
by th e  alum inium  th e rm it process. The form er is 
costly, th e  la t te r  unreliable, and th ere  is no ad
vantage from  these expensive methods, if due pre
cautions are  tak en  in the  alloying of Ferro-M n. 
and Cu.

In  th e  following examples the Cupro-M n. of the 
composition shown in Table I . was used throughout.
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The Cu. and Cupro-M n. were m elted together 
under charcoal ; Zn. was then  worked1 in, in troduc
ing a li t t le  common-salt when th e  desired m elting 
tem p era tu re  had been reached in  the  furnace. The 
casting  tem p era tu re  was controlled pyrom etrically.

Considered as a Zn.-replacing  elem ent, 1.0 per 
cent. Mn. is equivalent to  about 0.8 per cent. Zn. 
Such a com parison, however, is of li tt le  value, the  
function  of Mn. lying in  o ther directions.

D etails of compositions and physical te s t ob
ta ined  are  embodied in  Table I I I . ,  showing 1.0,
1.5, and 2.0 per cent, to  exert, very little  influence 
on the tensile tes t, although both s tren g th  and 
ductility  a re  slightly  im proved.

Owing to  th e  sim ilarity  of these th ree  alloys, and 
showing no m arked varia tions from th e  ord inary  
standard  59/41 brass, forging tests were conducted 
on alloy M .l only. This does no t call for special 
comment, and Mn. does n o t appear to  affect the  
hot working properties.

The value of Mn. as a deoxidant lies in its ready 
affinity for oxygen. W hen in troduced in q u an ti
ties in  excess of th a t  necessary to  de-oxidise, its 
ready  ox idation  is responsible for considerable 
trouble in casting, and special precautions are 
necessary in tem p era tu re  control and method of 
pouring, or exfoliation  of oxide will be encoun
tered , and cause much defective work.

M icrostructure .—U nder th e  microscope both M .l 
and M.3 appear to  possess the  s tru c tu re  of ordi
nary  59/41 brass, although a notable reduction  in 
the  size of p rim ary  crysta l grains is evident, and 
also indications of a b e tte r cohesion between ad ja 
cent grains, which suggests Mn. to be of value as 
a toughener. This assum ption appears to  be sub
s tan tia ted  by th e  im pact te s t figures obtained from 
alloys M .l, M.2 and M.3.

Tin Brass.
The chief function  of tin  in brass is to  improve 

th e  corrosion-resisting properties. In  complex 
brasses of h igh ductility  0.7 per cen t., is th e  m axi
mum am ount th a t  should be used. In  naval brass 
the lim it is 1 per cent.

In  a series of exploratory casts i t  was found th a t  
the am ount of tin  th a t  brass will tak e  into 
solution in the  solid s ta te  is determ ined by



th e  Zn. content. In  th e  “  a lpha ”  series, th e  
lower th e  Zn. con ten t th e  g rea te r th e  q u an tity  of 
Sn. which i t  can dissolve, e .g ., an 80/20 brass will 
dissolve 5.0 per cen t., w hilst a 70/30 will scarcely 
dissolve 1.0 per cent. Of th e  “  alpha-feeta ”  series, 
the  s tan d a rd  59/41 brass dissolves approxim ately
1.0 per cent, when sand-cast and 1.2 per cenr. 
chill cast, w hilst as th e  Z n. con ten t increases up  
to  47 per cent, th e  solubility rises to  a m axim um  
of 1.80 per cent. F rom  these resu lts 0.5, 1.0, 2.0 
and 3.0 per cen t, t in  brasses were m ade of a  59 
per cent, copper base. C onditions of m an u fac tu re  
were those outlined for th e  alum inium  brasses, 
in troducing  th e  Zn. and th e  Sn. as such, last.

Physical Test B esu lts .—These a re  deta iled  in 
Table IV .

As Cast.—0.50 per cent. Sn. increases th e  yield 
po in t and m axim um  stress 2.25 tons and  1.3 tons 
respectively w ithou t affecting th e  elongation, re 
duction  of area, and a lte rn a tin g  im pact s tren g th . 
Increasing  to  1.0 per cen t, hardens, w ithou t 
streng then ing , and  im pairs both th e  d u c tility  and 
im pact s tren g th . This em brittlem en t is n a tu ra lly  
accen tuated  by fu r th e r  q u an tities  of Sn., as in 
alloys S3 and S4, th e  la t te r  hav ing  li tt le  s tren g th  
and  being void of ductility .

F orging .—No difficulties were encountered in 
th e  fo rg ing  of alloys S I an d  S2, and  worked w ith 
the  ease of o rd in ary  M untz m etal. The te s t re 
su lts of alloys S3 and S4 in  th e  “  cas t ”  condition 
were such th a t  they  d id  no t ju s tify  consideration  
in the  forged or h e a t tre a te d  condition.

A fter forging, th e  yield po in t of SI is raised  6.6 
tons per sq. in ., and th e  maximum stress 2.8 tons 
per sq. in ., b u t th e  elongation is slightly  reduced. 
The drop in  ductility , however, is no t of m ateria l 
im portance, th e  a lte rn a tin g  im pact figure being 
raised  no less th a n  15 per cent. W hilst th e  phy
sical p roperties of th e  1 per cent. Sn.-brass in  th e  
“ cast ”  s ta te  a re  in fe rio r to  those of 59/41, they  
a re  superior a f te r  forging, b u t  i t  is c lea rly  de
m onstra ted  th a t  1 per cent, is the  lim it of p rac 
tical u tility .

S tru c tu re .—T here is litt le  perceptib le difference 
in the  s tru c tu re  of an “ a lpha-beta ” brass co n ta in 
ing 0.5 per cent. Sn. and th a t  con ta in ing  1 per cent. 
Exceeding 1 per cent, a b rittle  Cu.-Sn. compound,
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resem bling th e  Cu.-Sn. compound, found in  ord i
n a ry  Sn. bronzes, m akes its  appearance. The 
effect of th is  co n stitu en t is shown to  be sim ilar to  
the “ gam m a ” compound in  o rd in ary  brass.

From , these resu lts one canno t reg ard  Sn. in 
th e  same ligh t as any of th e  elem ents previously 
considered, i t  being n e ith e r a C u.- no r a Zn.- 
replacing  e lem en t; although, stru c tu ra lly , a ttem p ts  
have been m ade to  consider i t  as a Z n.-rep lacing  
elem ent, giving to  i t  a co-efficient of equivalence 
of 2.

Iron Brass.
Copper and  iron form  a  heterogeneous series of 

alloys except a t  th e  te rm ina ls  of th e  curves. 
Betw een these proportions th e  alloys consist of 
tw o constituen ts, th e  one rich  in  iron th e  o ther 
rich  in  copper. C arbon and  copper do n o t asso
c ia te  in  any form , and  th e  presence of C. in  Fe. 
reduces th e  so lubility  to  any  ex te n t th a t  ne ither 
steel no r cast iron  can be sa tisfac to rily  alloyed 
w ith copper, b u t merely ex is t side by side as a  
m echanical m ix tu re  of one w ith th e  o ther. Z inc 
read ily  u n ite s  w ith  iron.

Iro n  m ay be in troduced  in to  brass by m eans of 
a C u.-Fe. o r Z n .-Fe. stock alloy. The p rep a ra tio n  
of e ith e r stock alloys is a  com paratively simple 
operation , if c e rta in  e lem entary  chemical laws are 
observed and m an u fac tu re  carefu lly  conducted. 
The first essential in th e  p rep a ra tio n  of a C u.-Fe. 
stock alloy is th e  use of p u re  iron, n o t steel, cast 
iron or ferro-m anganese. The iron  m ay be p u r
chased in sheet form as scrap  clippings from  
horse-shoe nails o r as Sw edish bar-iron . The Cu. 
should be m elted to a  good tem p e ra tu re  u nder a 
su itab le  slag, and  th e  iron in troduced  in  small 
q u an tities  a t  a  tim e  up to  about 10 per cen t, and 
well stirred . W hen thoroughly  alloyed, th e  pot 
should be w ithdraw n from  th e  fu rnace , again  
s tirred  and quickly poured  o u t in to  a th in  flat 
mould. Unless th is  la t te r  p recau tion  is  taken , 
th e re  is a  danger of th e  iron-rich  m a te ria l form ed 
segregating  in  th e  u pper regions of th e  cast.

■Correctly made, a  10 p er cent. F e ., C u .-Fe. stock- 
alloy is soft, and has a  B rinell hardness of 62 
ag a in s t 55 for pu re  copper and  92 fo r p u re  iron.

Johnson  recom m ends th e  use o f a  Z n .-Fe. stock- 
alloy, p repared  by im m ersing s trip s  of clean sheet-
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iron in  a crucible of molten Z n., th e  tem pera tu re  
of which is m ain tained  for several hours a t 800 
deg. C., in a muffle furnace. L u ting  on the 
crucible lid is suggested for p reven ting  volatilisa
tion.

This method is costly on account of the  diffi
culties of m an u fac tu re ; moreover, one cannot dis
solve, commercially, more th an  6 per cen t. F e . ; 
consequently its  use can n o t be adopted  for high-Fe. 
iron brass of low-Zn. con ten t. Commercial Z n.-Fe. 
stock-alloys a re  generally  p repared  by liqu idating  
the hard  Zn. from galvanising  works to  remove 
p a rt of th e  Zn., an d  then  hea tin g  th e  Fe.-rich 
residue to  a h igh tem pera tu re  u n til the desired 
Fe. con ten t is obtained. The objection to  th is 
by-product is its  irregu la r composition and the 
im purities i t  carries.

Effect of Iron on 70/30 Brass.
To ascerta in  the effect of iron on 70/30 brass 

(“ alpha ”) th ree  alloys were m ade and designated 
F , F I , and  F2. The first contained 70 per cent. 
Cu. and 30 p er cent. Z n .; the  second 69.75 per 
cent. Ou., 29.75 per cent. Zn. an d  0.5 per cent. 
F e . ; and  the las t 69.50 per cent. Cu., 29.50 per 
cent. Zn. and  1 p er cent. iron.

The iron was in troduced  by th e  10 per cent. Fe., 
Cu.-Fe. stock-alloy. No peculiarities or diffi
culties were encountered e ith e r in m elting or 
pouring. The tensile, im pact and hardness tests 
are  tab u la ted  in  Table V.

In  the  cast condition 1 per cent. Fe. is shown 
to  raise the yield po in t from 6.5 to  10.7 tons per 
sq. in., th e  tenac ity  from 16.7 to  24.5 tons sq. in., 
and the Brinell hardness from 55 to  76 w ithout 
m aterially  affecting the  ductility  as m easured by 
both the  s ta tic  and  dynam ic stress tests. A fter 
cold-rolling and annealing, th e  yield point is 
raised from  8 to  11 tons per sq. in. and the 
tenac ity  from 21.5 to  26.5 tons per sq. in., also 
w ithout affecting the ductility . The most in te 
resting  fea tu re  is th e  beneficial effect of iron on 
the  physical p roperties in the  cast sta te , whilst 
the range of physical properties possible from 
70/30 brass contain ing  1 per cent. Fe. is no te
worthy, as they  give a yield po in t of 10.7 to  18.5 
tons per sq. in ., a  maximum stress of 24.5 to  41 
tons per sq. in ., an elongation of 14 to  54 per
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cent., a  reduction  of a rea  of 44 to  67 per cent., 
and a Brinell hardness of 76 to  185.

A series of experim ents on th e  effects of Fe. on 
m alleability—which p roperty  was determ ined by 
cold-rolling to  destruction , cupping and draw ing 
tests—proved th a t  Fe. up to 1 per cent, is  no t d e tr i
m ental if correctly alloyed, the  in tervening  anneal
ings correctly perform ed and th e  changed physical 
properties taken  to  account. F u ller details of 
these tests are published in the  “ M etal In d u s try ,” 
Vol. 17, No. 22, page 424.

M icrostructure .—The beneficial influence of Fe. 
in th e  m anu factu re  of brass castings is readily 
explained 'by means of the  microscope.

The o u ts tand ing  fea tu re  is th e  refining effect 
of small quan tities of iron on th e  te x tu re  and the 
improved homogeneity. The explanation  of the 
mechanism of its action is no t fa r  to  seek. Iron  
exists in b rass as an insoluble constituen t rich  in 
Fe. in the  form of finely-divided partic les, each 
of which acts o r tends to ac t as a nucleus for the 
germ ination  of a p rim ary  crystal-grain . The tru e  
solubility of Fe. in 70/50 brass is unknown. By 
ord inary  microscopical exam ination  the  Fe.-rich 
particles are  ju s t discernible between 0.35 and
0.45 per cent. T hat the  actual solubility is less 
than  th is figure is shown b y  th e  grain-refining of 
less quan titie s  th an  0.35 per cent. F o r o rdinary  
workshop practice, however, 0.35 per cent, may be 
taken  as th e  solubility  lim it, th is being the  safe- 
working lim it of iron for artic les which are to  be 
spun, cupped or drawn.

Effect of Iron on 59/41 Brass (“ Alpha Beta.”)
The composition of th e  m ateria ls used were 

sim ilar to those adopted for the 70/30 series, 
except th a t  th e  iron  was in troduced in to  alloy
1.F.2. by means of a Z n.-Fe. stock-alloy and th a t 
2J-in. sq. ingots were oast instead of 1-in. slabs. 
The tests resu lts a re  shown in Table VI.

In  ingot form 1.0 per cent. Fe. improves both 
the tenac ity  and shock-resisting properties. No 
fu r th e r im provem ent is to be gained by exceeding 
th is q u an tity  w hilst th e  shock-resisting properties 
tend  to  f a l l ; p articu la rly  is th is so in th e  case of 
alloy l .F .2 . The low ductility  of th is  alloy, how
ever, is accounted for to  some ex ten t by th e  crys
talline form of the im purities introduced by the
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Zn.-Fe. alloy, and is typ ica l of tlie troubles en
countered  when th is im pure m ateria l is used for 
the purpose of in troducing  iron.

H ot-w orking results in  an all-round im prove
m ent of the  tenac ity  of each alloy, having little  
influence on the  ductility , except in the  case of 
alloy 1.F .2, which im provem ent is as expected.

M icrostructure. — The Fe.-rich constituen t 
appears to h e  sim ilar in form to  th a t  found in the 
70/30 brasses, although the lim it of solubility 
seems to  be increased. I t  exerts a sim ilar action 
on the  crystal grow th.

Effect of Iron on 53.3/46.7 Brass (“ Beta”).
In  view of th e  fact th a t  the  hardness of pure 

iron is sim ilar to  th a t of 59/41 brass, its  lim ita
tions as a hardener or streng thener will he in 
brasses contain ing  up to  41 per cent. Zn., and 
th a t  it will ne ither affect the tenacity  nor hard 
ness of “ beta ’’ brasses. I ts  common use in high- 
tenac ity  brasses, therefore , m ust be a question of 
the m anner in which i t  affects th e  crystal grow th. To 
investigate  th is, th ree  alloys were made, and 
designated 2F, 2F1, and 2F2. The first contained 
53.3 p e r cent. Cu. an d  46.7 p er cent. Z n., the 
seoond 51.5 per cent. Cu., 47.5 per cent. Z n., and 
1 per cent. F e ., whilst the  las t one was made up 
of 51 per cent. Cu., 47 per cent. Z n., and 2 per 
cent. Fe.

The copper and zinc were ad justed  so as to 
bring each to  a sim ilar position in  the ‘‘ b e t a ” 
phase area  of the copper zinc constitu tional 
diagram .

M ateria ls used, conditions of m anufacture , and 
method of casting  were identical to  those adopted 
in  the  59/41 series, excepting th a t  only the 
Cu.-Fe. stock-alloy was used for the purpose of 
introducing the  iron.

Mechanical Properties .—Chemical composition 
and physical te s t results obtained are  embodied in 
Table No. V II. These ind icate  Fe. to  be d e tr i
m ental to the ductility  in  the “  cast ” s ta te , but 
beneficial when forged. I t  will be observed also 
th a t  forging lowers th e  yield po in t b u t raises 
maximum stress, increases both th e  yield point 
and the maxim um  stress of alloy No. 2F1 and 
lowers both th e  yield point and m axim um  stre.ss of 
alloy 2F2 though each was tre a te d  sim ilarly and

K

z o /
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has the  same B rinell hardness in both the  “ c a s t ” 
and th e  “ forged ”  condition.
 ̂ M icrostructure— The mechanical properties of 
“ /J ” brasses being unaffected by norm al hea t 
tre a tm e n t—both tenac ity  and ductility  being 
sim ilar, no m a tte r  th e  ra te  of cooling—the 
changes responsible for th e  peculiar tes t results, 
which are  typical of those obtained from complex 
“ /3 ”  brasses, m ust be a ttr ib u te d  to  one o r all of 
the  following causes :— (1) In te rn a l molecular 
changes or s tru c tu ra l conversion of the “ /? ” con
s titu e n t ; (2) geom etrical outline of the crystal 
g ra in s ; (31 th e  mode of d istribu tion  of th e  free 
Fe.-rich  constituen t.

A ctual exam ination  proved th a t  iron renders 
both the  in te rn a l and ex ternal form of the  crystal 
g ra ins more regu lar, and th a t  th is  is the  principal 
cause of its  em brittling  properties in cast brass. 
Forging, refining and effecting an in te rp en e tra 
tion  of ad jacen t crystal g ra ins explains the im
proved ductility  w rought by mechanical work. 
The effect of the  iron-rich particles is unim por
ta n t, providing they are uniform ly d is tribu ted  and 
in a fine s ta te  of division.

H aving established the functions of the  th ird  
elem ent in the  developm ent of high-tenacitv  
brass, the effect of two o r more elem ents in combi
nation will now be considered.

Aluminium Manganese Brasses.
F or the purpose of th is  investigation  the  te r 

nary  alloys A l, A2, A3 and A4 were taken  as basis, 
the  Mn. additions replacing the Zn.

M anu factu re .—C onstant conditions were m ain
ta ined  th roughou t, and were those adopted in the 
te rn a ry  series. Mn. does not im prove the  casting 
qualities, and unless g rea t care is taken , overlaps 
and surface unevennesses are  formed owing to  the 
ready oxidation  in the  molten sta te . No difficul
ties were encountered in forging, rolling, ex trud 
ing or cold draw ing. Owing to  the polymorphic 
n a tu re  of the “ A lpha-Beta ”  series, h igher tem 
pera tu res th an  750 deg. C. and rap id  cooling a fte r 
w orking should be avoided, otherwise they  will 
possess the  properties of an all “ B eta  ”  brass. 
When hardened or em brittled  by such trea tm en t 
annealing  a t 650 to 700 deg. C. is recommended, 
and cooling to 500 deg. C. du rin g  a period of a t 
least one hour.

k  2
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Effect of Manganese on 1 per cent. Aluminium Brasses
Alloy AM5, Table V I11.. shows the effect of

3.5 per cent. M n. on alloy A l, re ta in in g  th e  Cu. 
con ten t constan t a t 59 per cent. In  the cast con
dition  the yield point, maxim um  stress and h a rd 
ness are  practically  unchanged, bu t the  ductility  
as m easured by both s ta tic  and dynamic stress 
tests is lowered. Forg ing  reverses th is  s ta te  of 
affairs, the  m anganese alloy being superior in both 
tenac ity  and ductility , although each offers a good 
range of m echanical properties.

F ig. 11 illu s tra tes  th e  m icro-structure of AM5 
in the  “ cast ”  condition, and shows Mn. to reduce 
the size of th e  crystal grains, to break down the

F i g . 1 1 , s h o w i n g  M i c r o s t e u c t u r e  o f  
A l l o y  AM5 “ As C a s t . ”

junctions of ad jacen t grains, and to increase the 
quan tity  of the  ‘‘ A lpha ”  constituen t. This la tte r  
fea tu re  corroborates the a u th o r’s previous finding 
th a t  Mn. is a Cu.- ra th e r th an  a Zn.-replacing 
element. In  view of the observed stru c tu ra l 
change, the  n a tu ra l corollary is th a t  Mn. is bene
ficial to  the  ductility  and toughness of Al. brass 
castings, yet actually , the  reverse proved to  be the 
case.

The explanation of this is clear from  F ig . 12, 
which shows films of a b rittle  M n.-rich constituen t 
to  have formed a t the junctions of the ad jacen t 
crystal grains. The advantage, therefore, of the
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refined tex tu re  does no t appreciate  u n til th is  u n 
desirable s tru c tu ra l weakness has been elim inated . 
F ig . 13 shows the effect of fo rg ing  in  th is  direc
tion, and  to have conferred  to  th e  fo rg ing  a 
g ra in  which s treng thens ag a in s t stress applied 
a t  r ig h t angles to  th e  g ra in , b u t w eakens it  
aga in s t stress applied paralle l with it .

Effect of Manganese on 1J per cent. Aluminium Brasses.
The te s t resu lts  in  th e  “ As  C ast ” and  in  the  

“  Forged ” conditions a re  included in  Table V II I .,  
alloy AM2. The M n. additions a re  lim ited  to  
2 per cen t., no object being served by exceeding

F i g .  12, s h o w i n g  F i l m s  o f  N n - r i c h  
C o n s t i t u e n t  a t  J u n c t i o n s  o f  C r y s t a l  
G r a i n s .

th is  am ount. The tensile  and im pact te s ts  suggest 
Mn. slightly  to  im prove th e  ductility . A p art from 
th is, its influence is app aren tly  negligible in  e ither 
the  cast o r forged sta te .

M icro-structure .— M anganese sh iftin g  th e  posi
tion  of th e  “  B eta  ”  phase field-boundary to the 
rig h t, th e  m icro-struc ture  is changed from  an all 
“ B e ta ”  brass to an “ A lpha-B eta ”  brass. This 
does no t im ply the  m echanical p roperties of alloy 
A1 o r allow AM5 —both of which con tain  40 to  50 
per cent, of th e  “ A lpha ”  phase—as th e  predom i
n a tin g  m icro-constituent determ ines th e  final phy
sical properties.
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The s tru c tu ra l change w rought by the addition 
of 2 per cent, m anganese on alloy A2 is shown in 
F ig . 14, although th is alloy contains 1 per cent, 
of Fe. in add ition  to  . 2 per cent. Mn.

Effect of Mn. on 2, 2.5 and 3 per cent. Al- Brasses.
By a fu rth e r add ition  of 1.0 per cent. Al. to  the 

1 per cent. A1.-4 per cent. Mn., alloy (AM5), the 
yield po in t and maximum stress a re  appreciably 
increased, b u t a t  the  expense of th e  ductility  as 
in alloy AM4 in Table IX . By raising  the  Al. to
2.5 per cen t., reducing the  Mn. to 2.0 per cent, 
and the  Cu. to 57 per cent, (alloy AM 2B, Table 
IX .), th e  te s t results a re  very sim ilar to  those

obtained from alloy AM4, excepting th a t  the 
yield po in t is lower.

In  view of th e  in te resting  te s t resu lts obtained 
from the  3 per cent. Al. bross (alloy A4, Table II .)  
a series of alloys of th is type was prepared, and a 
new stan d ard  m arked No. 6—Table X. To the 
first, 1 per cent. Mn. was added, to  the second 
2 per cent. Mn., to the th ird  4 per cent. M n., re 
ta in ing  the  Cu. and Al. constant a t  59 per cent, 
and 3 per cent, respectively.

Complete d a ta  regard ing  composition and test 
results a re  given in Table X. H ere 1.0 per cent. 
Mn. appears to reduce the  shock-resisting proper
ties in th e  “ cast ” s ta te , and 2 per cent. Mn. to
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increase the yield poin t, maximum stress and 
hardness w ithout affecting the ductility . Reducing 
the  Cu. content of the la t te r  alloy to 57 per cent, 
and proportionately  increasing the Zn. con ten t 
(alloy AM3D), apparen tly  lowers th e  yield po in t 
w ithout affecting th e  ten ac ity  and hardness, but

265

F ig .  14 ; s h o w in g  t h e  I n f l u e n c e  o f  2 p e r  
c e n t .  M a n g a n e s e  o n  A lloy A2.

improves the ductility  as measured by both the 
tensile and im pact tests.

R everting  to the 3 per cent. A1.-59 per cent. Cu. 
basis brass, 4 per cent. Mn. (alloy AM13) raises 
the yield point maximum stress and  hardness, but 
adversely influences the ductility . The im prove
m ent made by forging, dem onstrates the  value of 
Mn. in these alloys in the forged, stam ped, rolled 
or ex truded  conditions.

M icro-structure .—Each alloy was found to  pos
sess in all “ B eta  ” stru c tu re . The M n.-rich con
stitu e n t formed in alloys AM4, AM2B, AM3C, 
AM3D and AM13, is responsible for th e  em brittle 
m ent in  the  “ cast ” s ta te  and a reduction  in  the 
size of the crystal grains. A notable s tru c tu ra l 
fea tu re  of Mn.-Al. “ B e t a ” brasses is th e  in te r
penetration  of the ad jacen t grains, and th e  evi
dence of a more mixed o rien ta tion . This is p a r
ticularly  well-displayed by th e  frac tu re . Gener
ally speaking Cu.-Zn. “  B eta  ”  brasses and Al.

B eta  ’ brasses present a coarse crystalline frao-
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tu re  w ith b righ t crystal facets, w hilst Al. M n. 
“ B eta  ”  brasses invariab ly  exhib it a mixed g ra n u 
la r and crystalline frac tu re , and the  crystal facets 
lack lu s tre  and have a stony appearance.

Aluminium-Manganese-Iron Brasses ■
The principal h igh-tenacity  brasses of to-day 

contain  Al., M n., and Fe. They vary  widely in 
composition, b u t generally fall w ith in  th e  follow'ing 
l im i ts :—Cu., 57 to 64; Z n ., 31 to 40; Al., 0.20 to 
4 .0; M n., 1.0 to  4 .0 ; Fe, 0.10 to 2 .0 ; and  Sn., nil 
to  1.0. A lthough alloys a re  m ade which do no t 
come wnthin th is  range, some of which con tain  as 
m any as 15 elements.

T ha t Fe. cannot be regarded  in the  ligh t of a 
h ardener or streng thener in  th is  class of alloy has 
been established by the  iron-brass series. A cting 
as a C u.- ra th e r  th an  a Z n . -replacing elem ent, and 
refining the  tex tu re , its value, if any, m ust be th a t  
of a toughener.

Alloy AM6, in Table X I.. shows the  effect of
1.0 per cent. Fe. on alloy AM2—the Fe. m eant to  
replace 1.0 per cent. Zn. In  the chill cast condi
tion , the  tensile and hardness figures rem ain  u n 
changed, although the  toughness is som ewhat im 
proved. The change in th is  d irection is hv no 
m eans proportional to  th e  corresponding reduc
tion in th e  size of the  g ra in , the  full advan tage  of 
which does not appear to  m aterialise  u n til th e  cast 
s tru c tu re  has been broken down by m echanical 
work.

F ig . 14 shows th e  m icro-struc ture  of alloy AM6 
and illu s tra tes  the  s tru c tu ra l changes w rought in 
alloy A2 bv the  su b stitu tio n  of 3.0 per cent, of 
Zn. by 2.0 per cent. Mn. and 1 per cent. F'e.

Alloy AM14 serves to  dem onstrate  th e  effect of 
1 | per cent. Fe. on alloy AM11. H ere, again , the  
g ra in  refining effect of F e . does not im prove th e  
mechanical p roperties u n til a f te r  forging. Alloy 
AM3B exhibits identical fea tu res  and special com
m ent is not necessary, th e  te s t resu lts and details 
of the frac tu res  being self-explanatory .

Before concluding th is section, a tte n tio n  should 
be draw n to the yield po in t figures given in th is 
P aper, which appear in some instances to  be both 
e rra tic  and contrad ictory . In  considering the  
elastic p roperties of brass, however, i t  m ust be 
rem embered th a t  there  is no uniform  re la tion
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between the  p roportional lim it and the  yield 
point, and th a t from th e  ord inary  extensom eter 
d iagram  i t  is difficult to  locate where the elastic 
s ta te  ends and  the  plastic s ta te  begins, or even 
make a  satisfactory  comparison of th e  form  of the 
curves of one alloy w ith th a t  of ano ther. The 
yield p o in t figures given ind ica te  th e  stress to  
produce a perm anen t set of 0.01 in. on a 2-in. 
gauge length , and no th ing  more. They are  in 
cluded in  th is P aper because of th e ir common 
insertion  by the  engineer in his specification, 
although some form of dynam ic stress te s t would 
b e tte r  serve his purpose.

Heat Treatment.
From  th e  comments m ade on the m icrostructure 

of these brasses, i t  is ev ident th a t  high stren g th  
brasses may be divided in to  th ree  categories, 
“ a lpha ,” “ alpha b e ta ,”  and “ b e ta ,”  accord
ing to  the p redom inating  m icro-constituent.

“  A lpha ”  and “  b e ta  ”  brasses being unaffected 
by the ra te  of cooling, only the  “ alpha be ta  ” 
brasses are  amenable to  h ea t trea tm en t.

59141 B m ss.—R everting  to  the  aforem entioned 
equilibrium  diagram , i t  will be seen th a t  a t 730 
deg. C. th e  “ alpha ”  constituen t is g radually  
absorbed by the  “  b e ta .” By rapid ly  quenching 
from th is  tem p era tu re  the  stru c tu re  is fixed and 
the  tenac ity  and hardness a re  increased a t the 
expense of the  d u c tility  and im pact s treng th . By 
tem pering, i.e ., le ttin g  down the  hardness by heat, 
th is “ be ta  ”  con stitu en t is decomposed, the 
“ a lpha ” again  falling  ou t of solution, and a t 
600 deg. C. the  norm al s tru c tu re  is again  restored.

The value of th is  to  h igh-streng th  brasses 
coming w ith in  the  “ a lpha beta ” a rea  is a p p a ren t 
to  all and p resen ts rea l possibilities, as demon
s tra ted  by a casting  of which the  composition 
w as :— Cu., 60.5; Z n., 33.65; Al., 2.80; N i., 2.96; 
and Fe., 0.08 per cent., which gave, as cast, 16.0 
tons per sq. in. yield point, 36.7 tons m axim um  
stress, 19.0 per cent, elongation on 2 in .. 
and  21.5 per cent, reduction of area, associated 
w ith B rinell and scleroscope hardness num bers of 
125 and 18 respectively. A fte r being heated  to  789 
deg. C., w ater quenched, and re-heated  to 450 deg. 
C. for 30 mins. and cooled in the furnace, the  
alloy gave 28.0 tons yield point, 46.2 tons maxi-
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mum stress, 18.0 per cent, elongation, and 21.5 
per cent, reduction  of area. The B rinell and  
scleroscope num bers were 272 and 32 respec
tively, the  te s t resu lts  of which a f te r  tre a tm e n t 
com pare favourably w ith some of the best-m ade 
forged and h ea t-trea ted  carbon steels. W hilst the  
h ea t tre a tm e n t of “  alpha b e ta ”  brasses m ay be 
exploited advantageously , more harm  th a n  good 
will resu lt if n o t scientifically perform ed, for 
unless th e  “ alpha ”  co n stitu en t is completely 
absorbed on h ea tin g  and quenching sufficiently 
d rastic , both  th e  s tren g th  and  d u c tility  are  
im paired  ra th e r  th a n  im proved.

Impurities.
The question of im purities in  brass of any kind 

is problem atic. The difficulty is to  d ifferen tia te  
betw een im p u ritie s  th a t  a re  h arm fu l and  those 
th a t  a re  not. Lead, w hilst commonly responsible 
for low-test results , local weaknesses in  castings, 
forgings and stam pings due  to  segregation , patchy 
appearance of castings and th e  like, is actually  an 
asset in  q u an titie s  up  to  0.70 p er cen t., if homo
geneously d is trib u ted , bo th  cheapening cost and 
fac ilita tin g  m achining w ithout affecting the  
physical properties. On th e  o ther hand , S n ., Al., 
Fe ., N i., V. and such special elem ents of proved 
value may come under the  heading  of “  harm ful 
im p u ritie s ,”  if p resen t un in ten tio n a lly  o r incor
rectly  alloyed. As., Cd., Sb., and  Bi. a re  am ongst 
th e  most dangerous im purities in brass, b u t 
whilst sm all q u an tities  of these m ight be harm fu l 
singly, they  may not be objectionable if in com
b ina tion  w ith  each o ther or w ith some o th e r p a r
ticu la r elem ent.

Possibly the most objectionable im purity  in high- 
s tren g th  brass and  one th a t  does n o t receive the 
a tten tio n  it  deserves, is Si. In  no instance has 
the  au th o r found its  presence advantageous— 
small q u an titie s  being conducive to b rittleness 
w ithout conferring  any o ther useful p roperty  to  
com pensate for th e  loss in ductility . I t  is one 
o f the  p rincipal hardeners, and is tw ice as effec
tive  as Al. and ten  tim es th a t  of Z n., w eight for 
weight.

The real value of Si. to th e  brass founder is as 
a deoxidant, and should be used in the  same way 
as Mg. and P ., which a re  am ongst th e  best

272
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scavengers, b u t harm fu l if any rem ains in the 
finished .alloy. Mg. exerts a sim ilar effect to Si. 
P ., if p resen t in quan tities of over 0.15 per cent., 
causes both blistering  and honeycombing.

CO., S 0 2, N ., H ., and various hydrocarbon gases, 
are  present in all brass, sound and unsound. If  
d u ring  m elting the charge is overheated or 
directly  contam inated  w ith obnoxious fumes, they 
are  absorbed in excessive quan tities, and the ir 
evolution on cooling is th e  principal cause of blow
holes in castings.

Problems of Manufacture.
On discussing the  m anu factu re  of manganese 

bronze w ith the  ow ner of a large brass foundry, 
he expressed the opinion th a t  th e  difficulties were 
such th a t  he did n o t consider them  commercial 
alloys. This appears to be common experience, 
yet they a re  n o t impossible alloys if  th e  precau
tions outlined in the  first section of th is P ap e r are 
followed. C ertain ly  Al., F e ., M n., N i. and such 
m etals are am ongst the most dangerous m aterials 
in th e  brass foundry , and  requ ire  both a  m etal
lurgical knowledge and consum mate care in 
handling, bu t, a p a r t  from  these, the actual diffi
culties of m anufactu re  are  no g rea te r th a n  those 
of o rdinary  brass.

M elting .—Briefly sta ted , the  p rincipal features 
to  be observed in m elting a r e :—(1) P rep ara tio n  
of suitable stock alloys for the in troduction  of the 
more refrac to ry  m etals. (2) Correct selection of 
m ateria ls; calculating  the m ixtures from th e ir  
actual chemical composition, and allowing for 
m elting losses. (3) Carefully weighing o u t the  
necessary additions and charging in th e ir  correct 
order. (4) Avoid the  use of scrap of doubtful 
chemical composition, particu larly  w ith regard  to  
Fe., Ah, Sn., Si. and dross contam ination . (5) 
Melt as rap id ly  as possible in a  n eu tra l or slightly 
reducing atm osphere, b u t never superheat more 
than  20 per cent, of th e  actual m elting tem pera
tu re  and  control pyrom etrically. (6) Avoid re ten 
tion  in the furnace for long periods a f te r  cor
rectly melting. W here th is is impossible, care
fully control the tem pera tu re , cover with a pro
tec ting  slag, and  ad ju s t for Zn. losses. (7) Mix 
well, b u t do n o t oxidise in so doing. (8) Deoxidise 
w ith a  litt le  phosphor-copper or phosphor-tin
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ju s t  before casting  if  the  alloy contains Mn. ; if 
Mn. is absent, as in  the  N i.-A l.-Fe.-brasses, a 
little  copper-m anganese is beneficial both  as a 
deoxidant and desulphuriser. (9) Avoid as fa r  as 
possible contam ination  w ith slag in the ladle.

Crucible M elting— If m elted in th e  crucible, no 
difficulties p resen t them selves o th er th a n  those 
m entioned in the p rep a ra tio n  of th e  developm ent 
alloys. D espite the  h igh cost in  fuel and 
crucibles, th is  is still th e  m ost commonly used 
m ethod, and is favoured because of th e  flexibility 
of tem p era tu re  control, th e  ease o f m ixing, low 
m elting losses and  protection  from  d ir t  and 
obnoxious gases d u rin g  m elting.

A t th e  sam e tim e, th e  open-hearth  fu rnace  is 
of p a rtic u la r  value for th e  m an u fac tu re  of large 
castings. W here first cost perm its, th e  gas pro
ducer regenera to r or recu p era to r ty p e  is recom
mended. I t  is flexible, economical and  efficient. 
The coal-fired open-hearth  fu rnace  is  commonly 
installed, b u t i t  is oostly to  ru n , and both the 
tem p era tu re  and  composition of the  m etal are 
difficult of control.

The therm al efficiency of th e  oil-fired open- 
h ea rth  fu rnace works o u t roughly a t  about twice 
th a t  of the o rd in a ry  coal-fired air-fu rnace . 
L ighters-up, furnacem en, and ash-rem overs are  
dispensed w ith, and flexibility of control of the  
furnace is a  decided advan tage . The fierceness 
of the  oil flame is a d isadvan tage  to  th is  furnace, 
although by th e  a id  of a bu rn er, p e rm ittin g  of 
accura te  regu la tion  of both oil and a ir  and by 
th e  used of a good fuel-oil, no trouble  should be 
encountered  in  th is  d irection .

The common objection to  all open-hearth  fu r
naces for th e  m elting of special brasses is the 
large surface of m etal exposed to  th e  furnace 
gases, which, if oxidising or su lphurous in n a tu re , 
a re  in ju rious. A few logs of hardw ood charged 
du ring  the melting-dow n period, an occasional 
shovelful of hardw ood charcoal or an th rac ite  
coal, and a  su itable p ro tec ting  flux rem edy th is. 
The choice of the  flux is extensive, b u t e ith e r of 
th e  following may be recom m ended:— (1) E qual 
p a rts  by w eight of p las te r of P a ris  and fluor-spar; 
(2) soda ash, 30; fine silica sand, 20; fluor-spar, 
33; and  borax, 17 per cent, by w eight. These
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should be ground down, 2 to 3 per cen t, by w eight 
of the charge being sufficient. M elting should no t 
be forced.

Electric Fwrnace.—This is the ideal m elting 
furnace so fa r  as quality  of m etal is concerned. 
W ith e ith e r the  d irect or ind irec t resistance or 
induction furnace m elting is alm ost autom atic, Zn. 
losses an d  im purity  contam ination  a re  reduced to 
a m inim um, qnd m elting tem p era tu re  under per
fect control. U nfortunate ly , electricity  is n o t a 
commercial fuel in th is country, and the crucible 
resistance furnace— an ideal brass m elting furnace 
—on tr ia l under ac tua l foundry conditions, proved 
to be costly in both  cu rren t and crucibles. The 
induction furnace is flexible, b u t costly in fuel con
sum ption. The indirect-arc, rocking-furnaee 
appears to  be a prom ising development, b u t having 
no working experience, the au th o r can express no 
opinion.

Scrap .—F o r high-grade castings only approved 
scrap should be used. W here the  chemical com
position is uncertain , and when the m etal is e ither 
of undesirable form o r d ir ty , i t  should be run  
down in to  pigs. In  the  recovery of brass swarf, 
all scrap  contam inated  w ith white m etal and exces
sive oxide should be throw n on one’ side, and the 
rem ainder passed through a m agnetic separator. 
If  b riquetting  is possible, 2 to  3 per cent, of borax 
o r p las te r of P aris  should be mixed in and 
sprinkled w ith w ater im m ediately before pressing. 
If th is procedure is not possible, th e  sw arf should 
be mixed w ith 3 to  5 per cent, p laster of P a ris  or 
5 per cent, of the  No. 2 flux m ix ture  given above, 
together with a li tt le  coal dust, and m elting with 
a reducing flame.

The objection to the use of fluxes in  the  open- 
hearth  furnace lined with gan ister is the accumu
lation of slag which banks up  the  hearth  and  puts 
the furnace ou t of commission. To avoid this, the 
bottom should be flowed w ith a su itab le  flux such 
as p laster of P aris  or th is m aterial in conjunction 
with soda ash and fluor-spar, according to the 
n a tu re  of the slag.

Rem oval o f Iro n — Iron , existing  a s  an Fe.-rich  
constituen t of lower density th an  brass, rises to 
the surface on m elting. By using a  siliceous slag 
and an oxidising atm osphere, much of the iron
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m ay be oxidised ou t in to  the slag as a  ferrous sili
cate.

R em oval of S u lp h u r .— Some pro tection  aga in s t 
th is  obnoxious im purity  is afforded by th e  in tro 
duction  of a li tt le  N aCl, in to  th e  m elt. This 
should be worked in  from  the bottom , followed by 
a little  C u.-M n., which procedure is a safeguard  
ag a in s t gas-holes and  porosity , common defects of 
castings made from  scrap. W ith  correctly  refined 
scrap  of desired composition up to  60 per cen t, 
may be used w ith safety. Of th e  o rd inary  domestic 
scrap, such as g its, risers and  clean overflow m etal, 
no more th an  30 per cent, is recom m ended. All 
scrap  should be tested  carefully  for Si., As., Sn., 
and Sb.

Casting.
Ingots and Chill C astings .—In g o t moulds should 

be sho rt and  squat ra th e r  th a n  long and th in , and 
slightly w ider a t  the  top  th a n  a t  th e  bottom . Both 
ingot moulds and chill moulds should be preheated  
to a  tem p era tu re  of 37 to  93 deg. C., cleaned with 
a steel brush and dressed w ith  an organ ic  m aterial. 
W hen a clean, smooth skin is desired, a  simple 
tallow or heavy m ineral oil dressing is recom
mended. F o r general work, a facing of ta r  fol
lowed by a second one consisting of a m ix tu re  of 
dark  cylinder-oil of over 205 deg. C. flash poin t, 
m ixed w ith pow dered charcoal and followed by a 
dusting  of fine charcoal. Polishing-in of black- 
lead or sm oking w ith b u rn ing  resin  or creosote oil 
is qu ite  sa tisfac to ry  for ingots, an d  does no t belch 
fo rth  the  obnoxious fum es and flames common to 
oil and tar-dressings.

Speaking generally , 10 per cen t, superheat is a 
satisfactory  casting  tem pera tu re , a lthough  for 
heavy ingots i t  m ay be reduced to  7 per cent. Top- 
pouring  th rough  a specially p repared  ru n n e r basin 
is recom mended. A re frac to ry  head is an advan
tage, b u t no t essential, if th e  caster unders tands 
h is job. F or the  m an u fac tu re  of high-class stam p
ings or sheet, m achining the skin of th e  ingot or 
slab may be found advantageous.

Green Sand , D ry Sand , and Loam  C astings .—- 
The success in the m an u fac tu re  of any brass cast
ing mainly depends upon th e  selection of the cor
rec t m oulding m ateria ls  and the  ind iv idual skill 
of th e  m oulder. T here is not tim e here to  de ta il
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th e  p rep a ra tio n  of m oulding sands and  loam, so 
the problems dealing w ith such m ust be reserved 
for a la te r  date . Briefly sta ted , th e  technical 
p roperties to  be controlled in  a m oulding sand 
a r e : — ( 1) Bond, i.e.,  s tre n g th ; (2) g ra in  size or 
te x tu re : (3) hea t conductiv ity ; (4) re frac to riness; 
(5) perm eability  and  longevity.

H aving once established a m eans to control and 
standard ise  the m ixtures for the  various classes of 
work, m any of the  m oulder’s problems au tom atic
ally d isappear, and th e  economies effected soon 
compensate for the  in itia l expenditu re  necessary. 
In  green sand moulding alone the  p repara tion  of 
synthetic-m oulding sand has effected a saving in 
moulding costs of not less th an  20 per cent.

Conditions governing the  choice of mould-green, 
dry sand o r loam, and th e  general principles of 
moulding, a re  very sim ilar to those of o rd inary  
brass-castings, and call for no special comment.

Gating and Feeding.— W ithout doubt th is  is the 
cardinal problem of th e  m oulder. W rong ga tin g  
and feeding are  responsible for more defective 
work th an  any  o ther operation  in  th e  foundry. 
They call for an elem entary  knowledge of both 
physics an d  mechanics, together w ith p ractical 
experience—w ithout which i t  is impossible to 
make a commercial casting , i.e ., a good quality  
casting for th e  minim um expend itu re  of tim e, 
labour and m aterials. I t  is folly to  a ttem p t to 
lay down hard  and fa s t rules, as alm ost every 
class of casting  presents its  own difficulties. The 
principal points to  be observed in  g a ting  and the 
fixing of risers are : —

Gits .— ( 1) To fill the mould so that the stream of 
metal is continuous and not broken up  on, entering  
the mould.  W herever possible, run  from the bot
tom or on the  level w ith a good head. This is 
particu larly  im portan t in brasses con ta in ing  a lu 
minium and m anganese, which m ust be cast under 
the exclusion o f a ir  as fa r  as possible. (2) To p re 
ven t dross from  en te ring  the  mould. F o r flat, 
circular castings a w hirl ga te  is p re fe rab le ; for 
cylinders and th e  like ru n  from the  bottom  by 
means of a series of tangen tia lly  cu t “ V  ”  shaped 
jets, and for general castings, an o rd inary  skim 
gate. (3) To a rran g e  for a s tra ig h t run  of the 
m etal and to  avoid d irect contacting  on delicate
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cores o r projections in  the  mould. Avoid sharp  
angles a t  tu rn in g  points.

F eeding.— (1) Mould in such a  way th a t  th e  heavy 
sections a re  placed in  th e  upper p a r t  of th e  mould. 
(2) Connect th e  heavy sections, which a re  shu t off 
from the  ligh te r sections, to  a good feeding riser, 
by a section of increasing dim ensions. (3) Use 
chills on the  th icker sections to  equalise th e  ra te  
of cooling. (4) Use risers or flows of conical form  
appreciably  larger a t  th e  to p  th a n  th e  th ickest sec
tion  of th e  job. (5) P lace risers a t  th e  h ighest 
po in t of the  castings and  directly  above the  
th ickest sections. (6) I t  is false economy to  cu t 
down the  num ber or size of th e  risers and small 
dum m y risers should be placed where d ir t  is likely 
to be trapped . (7) R isers should be filled p re fe r
ably w ith hot m etal from  ano ther ladle o r crucible. 
(8) W here rod feeding is necessary, choose the 
r ig h t section of rod and  pre-heat before im m ersing.

P ouring D ishes.—These should be designed so 
th a t  bottom  pouring  is always ob tained , so p re
ven ting  the en trance  of scum in to  the mould. To 
th is end, deep pouring  dishes and  cast-iron  plugs 
a re  an advantage. Tor la rge  im p o rtan t castings, 
the pouring  dishes should hold a t  least 4 the 
w eight of the  casting .

P ouring .—In  the  final opera tion  of pouring, the 
first and forem ost fac to r contro lling  th e  produc
tion  of sound castings is th e  selection of th e  cor
rect casting  tem p era tu re  from  th e  dim ensions and 
requ irem ents of the  job. N ever cast w ith under 
6 per cent, superheat nor over 15 per cent.

The casting  tem p era tu re  of these alloys usually 
range between 930 deg. 0 . to  1,030 deg. C., 
accprdirig to  th e  chemical com position, etc. The 
actua l casting  tem p era tu re , however, is best found 
from F ig . 1, add ing  th e  desired percen tage of 
superheat to  the  m elting-poin t figure. F o r actual 
foundry  use, small quan tifies of special m etals 
(under 0.5 per cent.) need no t be taken  into 
account,. Exceeding th is am ount, they  should be 
calculated back in to  e ither th e ir  Cu or Zn equiva
lents. W hen th e  alloy is complex an  ac tua l freez
ing tem p era tu re  de te rm ina tion  is the  only sa tisfac
to ry  m ethod. I f  cast w ith m etal on th e  cold side, 
sho rt runs, low stren g th , brittleness, draw ing, 
blowholes, cracks and mechanically con tam inated
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oxide are the principal defects encountered. If 
too hot, honeycombing, wrong composition, poor 
physical tests, weak crystal zones and segregation. 
W hilst absolute control of casting  tem pera tu re  is 
appreciated  by all founders, th ere  are few who 
actually m easure i t  from day to  day. This may 
be a ttr ib u ted  to the  w ant of a reliable in s tru 
ment. To anyone interested  in foundry  pyro
meters, the  au tho r would refer them  to  a P aper 
given by J .  A rn o tt (Proceedings B .F .A ., August, 
1920), and a P aper read to  the  Newcastle B ranch 
of th e  In s titu tio n , M arch, 1922.

In  concluding, the  au thor desires to express his 
thanks to  th e  d irectors of S ir W. G. A rm strong, 
W hitw orth & Company, L im ited, for th e ir  per
mission to publish th is Paper, particu la rly  to  Sir 
G. Hadeock, F .R .S . ; also to  recognise the  in 
valuable assistanoe and advice rendered by Mr. 
Homfrey, chief of the  Brass D epartm ent, and to 
thank  Mr. Adam for 'his k ind indulgence, en
couragem ent and keen in te rest evinoed throughout.

Discussion.
In troducing  the  P aper, M e. S m a l l e y  said his 

object in choosing the  subject was to  p resen t to 
them  th e  possibilities and to  discuss and  deal w ith 
the p itfalls encountered in the  m anufactu re  of 
high tenac ity  brass, or, as i t  was commonly term ed, 
manganese bronze. The P ap er then  trea ted  of the  
m anufacture of pure brass, its physical properties 
and constitu tion , and then  deait with a th ird  
element, alum inium , going on to  tin  and m an
ganese, and so forth . The effect of a fou rth  elem ent 
was then  considered, and had been thoroughly in
vestigated. and then  they w ent on to  a fifth 
element. They would realise th a t  to  explore these 
fields exhaustively one would requ ire  a good many 
papers, and he merely presented  to  them  a general 
outline of the  procedure adopted by th e ir foundries 
in overcoming the  problem of high tenacity  brasses, 
in order to  p u t the  m anufactu rer on a sounder 
basis and to understand  the tru e  functions of the 
elements introduced. H e thought most of them  
would agree th a t in high tenacity  brasses the num 
ber of constituen ts introduced was so high th a t 
they were alm ost bewildered by the complexity, 
and hence m anganese bronze had got a bad name. 
This, he was afra id , was largely due to  m any in-



ventoi's having appeared to g a th e r as m any 
elem ents as possible in a n  alloy. This, then , was 
really  th e  object of b ring ing  before them  th is  p artly  
syn thetic  exam ination  of high ten ac ity  brass and 
bronze. In  th e  second portion  he dealt w ith prac
tica l problems of m anu factu re . Some objection 
m ight be p u t forw ard th a t  he had  only dealt w ith 
chilled castings for tes ts, and  they  m igh t say th a t  
these d id  no t rep resen t sand castings or casting  
tests. W hile th a t  was p ractically  tru e , th ey  m ust 
a t  the  sam e tim e bear in m ind th a t  h is investiga
tions in the  first place were to  find o u t the  effect 
of the  elem ents in troduced, and th a t  could only be 
done by having a constan t a rea  of solidification 
and knowing th e  casting  tem pera tu re . H ad  he 
adopted a sand casting , i t  would have been impos
sible to do th a t.

Lead Content of Brass.
M r. V. C . F a u l k n e r  m entioned th a t  he 

had  recently  m et a very im p o rtan t rep resen ta 
tive  of an American firm which m anufactu red  a 
c e rta in  am ount of non-ferrous m ateria l in th is 
country , and he was to ld  th a t  they  w ere buying 
brass from  th e  S ta tes  and F rance, especially ligh t 
m ateria l, because i t  had a h igher lead con ten t than  
E nglish m ateria l, and  the  la t te r  did n o t m achine 
up so easily. I t  seemed alm ost necessary th a t  lead 
would have to  be in troduced in la rg e r q u an tities  
for small rep e titio n  jobs. M r. Smalley had said 
th a t  m anganese bronze had a very bad nam e, bu t 
he though t th a t  s ta tem en t needed some qualifica
tion. H e believed th a t  i t  had  already established 
itself as a very excellent m ateria l w ith in  lim its for 
propellers.

Casting Temperature.
D r .  P. L o n g m c i r  said th e  P ap er w a s  one of keen 

in te re s t to  th e  brassfounder, and he would espe
cially emphasise th e  a u th o r’s rem arks in p resen ting  
the  d iagram  of th e  constitu tion  of Cu-Zn. alloys 
(E’ig. 1). All h igh  tenac ity  brasses or bronzes were 
based on round about 60 copper and 40 zinc, ex tra  
stren g th  being secured by small add itions to  some
th ing  w ithin th a t  composition. H e did n o t know 
w hether the  au tho r had  experim ented a t  all on a  
varying zinc content. E xperience had  shown th a t  
approx im ately  60/40 was th e  'best; b u t in  p rac
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tice, especially w ith a ir  fu rnace m elting, zinc 
losses did occur. M any years ago they  were up 
aga in s t th is  problem of always having in m an
ganese bronze a constan t zinc, and they took les
sons from  Siem ens steel furnaces by sampling 
th e ir a ir  fu rnace  charges, and, according to  the 
resu lt of the  sample, m aking up any deficiency in 
zinc. I f  th e  zino kep t constan t, then  constan t ten- 
siles ensued, provided the  casting  tem pera tu re  was 
watched. H e could hardly agree in fixing a defi
n ite 10 per cent. ; super-heated casting  tem pera tu re  
must vary  w ith  the  section of the casting. He 
congratu lated  M r. Smalley on his P aper.

Importance of Manganese Bronze.
Mb. G. C. P i e r c e  (London) said he merely 

wanted to  subs tan tia te  w hat Mr. F au lkner had 
said about the  u tility  of m anganese bronze. H e 
was rem inded th a t  som ething like 200 tons per 
week were p u t in to  castings in London alone, and 
he m entioned th is  to show th a t  the re  was a big field 
for its use.

M r .  S p e r r i n g  corroborated th is s ta tem en t so far 
as the dockyards were concerned. All th e  propel
lers and 50 per cent, of the m etal m elted in th e  
dockyards was m anganese bronze.

Important Points Indicated.
T h e  P r e s i d e n t  (Mr. H. L. Reason) though t 

i t  would be generally agreed th a t  in the  
short tim e they  had had to  consider th is 
Paper, contain ing as it  did such an abund
ance of inform ation in connection w ith high 
tenacity  brass, th e re  was a lo t th a t  would requ ire  
a good deal of fu r th e r study. Mr. Smalley had 
made it quite clear, and i t  was corroborated by D r. 
Longmuir, th a t  if they were o u t to  m ake high 
tenacity  brass i t  could no t be done by th e  ord inary  
rule-of-thumb methods of the brassfounder. In  
making ord inary  brass alloy or bronze alloy they 
had carefully to  w atch the ir constituen ts and th e ir 
losses, and also watch very closely th e ir  pouring 
tem peratures. If  one was inclined to  th in k  th a t 
these alloys could be taken  up haphazard  and get 
good results, d isappointm ent was bound to  follow. 
B ut Mr. Smalley had pointed out qu ite  clearly 
th a t if they watched the  po in t he had referred  to
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they ough t no t to  have a g re a t deal of difficulty in 
ob ta in ing  good and regu lar results. Looking 
th rough  th e  to ta ls  and  th e  resu lts obtained  by 
d ifferent alloys, they would notice th a t  th e  in 
creased yield point and tensile had invariab ly  been 
ob tained  by a loss on the  elongation. The increased 
yield p o in t and  tensile, or th e  figures th a t  Mr. 
Smalley gave, w ere of course h igh , due to th e  fact 
th a t  they were chill-cast. They m ust no t expect to 
get these resu lts in  an o rd inary  sand cast, fo r, as 
Mr. Smalley pointed  out, in m aking  research  of th is  
descrip tion  and giving reliable resu lts , he was bound 
to  have a fixed ra te  of cooling, and he m ust compli
m ent him  on th e  step  he was ta k in g  in  th a t  direc
tion. By hav ing  a fixed ra te  on perm an en t moulds 
M r. Smalley had been able to  place before them  
most reliable d a ta . As an  exam ple of w hat took 
place by ra is in g  th e  yield p o in t and elongation, 
if they  exam ined Table 2 (page 241), and 
com pared No,. 9 w ith No. 11—he th o u g h t it 
was No. 9, w ithou t re fe rrin g  to  th e  P ap e r—th a t  
No. 11 gave th e  h ighes t .tensile of th e  42 alloys 
th a t  had  been dealt w ith. I t  would be surprising  
to  those who had no t studied  th e  P ap er to  know 
th a t  th e  au th o r had given th e  resu lt in his P aper 
of no few er th a n  42 d is tin c t alloys. In  th e  one 
which gave th e  h ighest ten ac ity  they  found the 
lowest elongation, 3 per cent. ; b u t in No. 9 there  
was a considerable drop in the  yield po in t and 
tensile. B u t they  would notice th a t  fo r th a t  corre
sponding drop th ere  was a considerable increase 
in  th e  elongation, and  he though t M r. Smalley 
would agree th a t, generally  speak ing , for copper 
alloys, an alloy th a t  would not give them  15 to  25 
per cent, elongation was really too h a rd  and b rittle  
for comm ercial use. The alloys th a t  appealed to  
him , and should be considered in  con junction  w ith 
the resu lts in Table 1 a , were 70/30, 5 9 /4 1 ; for 
stan d ard  comm ercial alloys he should pass to 
Table 2 and m ark  Nos. 11, 9, A2, and  A 4 ; and 
then to  Table 5 he should num ber F2, Table 9 
AM4, and Table 10 AM3C an d  AM3D. Mr. 
Smalley had confined h is a tten tio n  to  w hat he (the 
speaker) should term  brass. A lthough he headed 
his P ap e r “ H igh  T enacity  B rass and  B ronze,”  he 
hoped they  would pardon  him  fo r saying, th a t  he 
though t i t  was d is tinc tly  high ten ac ity  brass. H e



hoped th a t  a t  some fu tu re  da te  the au tho r would 
have the  oppo rtun ity  of conducting  a  sim ilar inves
tig a tio n  in  connection w ith brasses w ith a copper 
con ten t from 85 to  88, and show the effect of tin , 
zinc, lead, nickel, m anganese, alum inium  and iron. 
H e could strongly support w hat D r. Longm uir had 
said, th a t  th is  was one of th e  best P apers given 
on high tenac ity  brass, and, as an In s titu tio n , 
they were very much indebted to  Mr. Smalley for 
his investigation , and for g iving them  th e  results.

The Author’s Reply.
M r . S m a l l e y , in reply, agreed with Mr. F au lkner 

th a t lead was very necessary in  these alloys; but 
he had no t considered lead, because he though t he 
had gone fa r enough. However, as fa r  as its effect 
on the physical properties went, he though t he 
could say th a t  on o rd inary  m anganese bronze, lead 
had no appreciable effect up  to  0.75 per cen t., and  
they would be safe in using th a t  quan tity . I f  they 
went beyond th a t , they would be lim ited  bv the  
tes t results as to w hat they  required . M r. F au lk 
ner had perhaps m isunderstood him in  regard  to  
the usefulness of m anganese bronze. H e clid not 
wish to  imply th a t  it  was an unreliable m a te r ia l; 
w bat he m eant was th a t  he had seen so many 
papers on m anganese bronze w ith a condem nation 
of it by various engineers in  th e  past, and it  was to  
this he referred  ra th e r th an  to  the  position of m an
ganese bronze to-day. T hanking D r. Longm uir foi 
his kind rem arks, Mr. Smalley said, as th e  Doctor 
pointed out, absolute precision and  control of com
position was a first essential in th e  m anufactu re  of 
these alloys. H e would no t do i t  by the  zinc con
te n t ;  lie did i t  preferably  by structu re , because 
in having control of th e  s tru c tu re  they controlled 
th e ir p roperties to  a more reliable degree. F or if 
they introduced various elem ents which had high 
zinc equivalents, then  they exercised a  much more 
im portan t effect than  zinc. F o r example, a lu 
minium was sax tim es as efficacious as zinc, silicon 
ten tim es, m agnesium  2^ to th ree  tim es, and so 
fo r th ; and  so in a  complex alloy they  m ust have 
precise control of th e  composition. Mr. P ierce had 
referred  to the im portan t use of m anganese bronze, 
and he (the speaker) confirmed th a t , and quite 
agreed it was a very successful m aterial.



Contribution to the Discussion.
D r . F . J o h n s o n  w rote th a t  he wished to con

g ra tu la te  th e  au th o r on the p resen ta tion  of a  P a p e r 
of g re a t in te rest, and one of far-reach ing  im p o rt
ance. I t  rep resen ted  a com bination of -high tech n i
cal skill, scientific knowledge and  works experience, 
hacked up by th e  resources of a -big in d u s tria l 
o rgan isation .

Much of th e  work described in th e  P a p e r ¡bore 
upon problem s w ith  which th e  w rite r was fam ilia r, 
and to  a g re a t ex ten t some of his own work had 
been carried  o u t in  th e  same dom ain.

T here was one charge which he would level a t  
th e  au tho r, which, however, sp rang  -from no lack 
of apprecia tion  o f th e  splendid services rendered 
to-foundrym en by the  a u th o r’s work, and th a t  was 
th a t  th e  P ap e r alm ost completely ignored th e  work 
which had  been done by o th e r investigators. 
T here were, fo r instance, th e  researches of C harpy, 
Lohr, G uillet, H udson, Professor T u rn e r and  h is 
ool-lahorators, and  ¡so on, which should, a t  least, 
have m erited  reference. The w rite r was p a rticu 
larly  g ra tified  to  observe th a t  M r. Smalley -accepted 
th e  con stitu tio n a l d iag ram  of th e  copper-zinc 
series so -far as -it re la ted  to  the  beta  phase as 
based on the  dim orphism  of th a t  phase. W ith  
th is  acceptance he (D r. Johnson) wholly concurred.

W ith  reg a rd  to  the  curves rep resen tin g  the  
relationships otf m echanical p ropertie s to  composi
tions, the  w rite r  f e l t  th a t  an insufficient num ber 
of points had been taken , a p a r t from th e  fac t th a t  
th e  constitu tiona l d iagram  represen ted  conditions 
much n ea re r to  equilibrium  th a n  the  a u th o r’s 
alloys could be. B u t for p rac tica l purposes the 
a u th o r’s resu lts  w ere invaluable. T he w rite r  was 
p a rticu la rly  in te rested  to  note th a t  M r. Smalley 
placed th e  -alloy of maximum stren g th  as existing  
in  th e  all-beta field.

This confirmed th e  re su lt which th e  w rite r had 
previously obtained', upon which considerable doubt 
had  been cast, h u t which the  a u th o r’s resu lts  now 
en tire ly  v indicated.

The re su lts  ob tained  by Mr. Smalley and by the 
w rite r a re  given herew ith  for comparison : —

T here were m any points of de ta il in  the  P ap er 
which presen ted  them selves fo r  discussion. On 
page 239 th e  com position of th e  fo u rth  alloy was
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given as 46.7/53.3. This reversed the order in 
which th e  components of the o th e r th ree  alloys were 
given. On page 238 the au tho r sta ted  th a t  he re- 
annealedi h is rolled ingots so as to  resto re  them  to 
th e ir  o rig inal “ cast ” B rinell hardness number. 
From experim ents on th e  annealing  of chill cast
ings th e  w rite r had found th a t  m arked differences 
of hardness were obtained as between small ingots 
“  as cast ” and a fte r  cold-working and annealing.

No. and 
Composition.

Treatment. Y.P. 
Tons per 

sq. in.

M.S. 
Tons per 

sq. in.

E.
Per cent

No. 12 from 
the writer’s 
Inst, of Me
tals paper. 
Cu. 53.11 % 
Zn. 46.8 %

Cast bar 
annealed 
at 650° C. 
for 2 hrs.

10.53 30.4 37.5

From the 
author’s pre
sent paper. 
Cu. 53.3 % 
Zn. 46.7 %

Cast bar as 
forged

9.0
9.7

29.7
32.8

24
28

Forged and 
annealed 
at 650° C. 
for 1 hr.

1
)- 7.5 29.10 22.5

H ad the au thor experienced the  same th ing , and 
did h e  endeavour to ad ju s t the  annealing  condi
tions so as to ob tain  no fu r th e r  softening th an  
represented iby th e  hardness as cast?

On page 240 the au tho r sta ted  “ 1 per cent, of 
alum inium  equalled approxim ately 5.6 per cent, 
of zinc in its  effect on the general physical p ro
perties.”

The w rite r  would suggest th a t  Mr. Smalley 
should m ake i t  qu ite  clear th a t  his figure 5.6 was 
really th e  co-efficient of equivalence, and th a t  when 
substitu ted  fo r 1 in  the composition, m ade the  
to ta l over 100, so th a t  when th e  new percentage 
cam« to  ibe worked ou t, i t  would be less th a n  5.6



for th e  a p p a re n t com position ; i t  would, in fac t, 
(be nearer to  th e  figure 4.

On page 249 the  au th o r s ta ted  th a t  “ ex fo lia tio n '’ 
of oxide would he encountered , if special p recau 
tions were n o t tak en  in th e  case of b rass contain- 
ing high m anganese. Assuming th e  a u th o r’s te rm  
“ exfoliation  ” to  m ean th e  in te rp e n e tra tio n  of a 
tenacious oxidised skin w ith layers o f th e  m etal, 
a fa u lt to  which th e  w rite r had  d raw n  a tten tio n  
in th e  In s ti tu te  of M etals P a p e r  a lready  m en
tioned, h e  would draw  a tte n tio n  to  th e  ease w ith 
which th is  fau lt could be obviated  by th e  add ition  
of a very  small q u an tity  of alum in ium —less th a n  
0.25 per cent.

The a u th o r’s claim  fo r th e  g ra in-size  reduction  
effected by iron  fu lly  confirmed th e  w rite r’s own 
experience, b u t h e  was n o t p repared  to  accept the  
exp lana tion  offered by th e  au tho r, th a t  i t  was due 
to th e  nuclear action of insoluble partic les of an 
iron-rich compound. M anganese was readily  
soluble in  b rass, b u t i t  effected a reduction  of g rain- 
size also, and  th e  same explana tion  would n o t hold 
good fo r a m eta l which w ent en tire ly  in to  solid 
solution. On page 265 th e  au tho r re fe rred  to a 
m anganese-rich co n stitu en t as being responsible for 
em brittlem en t and  grain-size reduction .

The w rite r would be glad if evidence of th e  exist
ence of th is  co n stituen t could be provided, and also 
of the alleged desulphurising  influence (p. 276).

The parag rap h s on h ea t- tre a tm en t were ex
trem ely  in te restin g . Could th e  au th o r give the 
size of the  test-pieces h ea t- trea ted , as he would be 
th e  first to  recognise th e  profound  influence of 
mass on th e  p roperties of h ea t- tre a ted  alloys?

F u rth e r  evidence in favour of th e  solubility  of 
N in b rass  would be welcomed, as, if th is  were 
established, i t  would be of profound scientific and 
in dustria l im portance.

In  conclusion, the w riter desired to express his 
appreciation  of th e  P ap e r and his hope th a t  the 
value of i t  would become more widely known.
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American Exchange Paper.

AMERICAN i7. BRITISH GREY CAST-IRON.*

By F. J. Cook.
Rightly or wrongly, the  average B ritish  engineer 

and foundrym an considers th a t  American grey 
irons of th e ir respective class are inferior in 
physical p roperties to those of G reat B rita in . He 
bases th is opinion, first of all, upon the  un
doubtedly poor w earing qualities of the  cast iron 
which some years ago formed th e  m aterial of the 
large quan tities of machine tools sen t to  E ngland. 
I t  was commonly said th a t  th e  cast iron was so 
soft as to  be easily cu t w ith a pocket knife, a s ta te 
ment often enough literally  correct.

Some Poor American Irons.
Recently, some im provem ent has been noticed, 

a ttrib u ted  partly  to  w ider bearing surfaces and 
the application of chills on w earing p a rts , com
bined w ith the  use of semi-steel. Nevertheless ex
periences are  still related , in connection w ith the 
war, showing th a t  American m ateria l frequently  
left a good deal to be desired. The au tho r tvas 
fam iliar w ith an American m achine supplied by a 
well-known m aker which was comm andeered by the 
Government for a special operation  in connection 
with parts  for large guns.

Owing to  the  poor quality  of the  cast iron the 
machine was constantly  breaking down. No fau lt 
could be found w ith the  design, which was excellent 
for its specific requ irem en t; yet owing to  the  long 
periods when i t  was out of commission through  
breakdowns the  o u tp u t was less than  th a t  obtained 
from an improvised old machine. I t  was neces
sary to replace the broken parts  w ith castings pro
duced from local irons u tilising  the broken portions 
for pa tte rn s . These substitu ted  p a rts  proved 
quite satisfactory , and th e re  was some foundation 
for the sta tem en t, although not stric tly  and li te r

• T he In s t,itn t!on of B ritish  F o u iu lrym en’s E xchange P ap e r read  
a t th e  R ochester C onference of th e  A m erican  F o u n d ry m en ’s 
A ssociation .
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ally tru e , th a t  the  only p a r t  rem ain ing  of the  
orig inal cast iron in th e  machine a t  th e  end of the 
w ar was th e  nam e p la te  on th e  bed.

American Failures.
W rite rs  of scientific papers in America fre 

quently  re fe r to th e  fa ilu re  u nder superheated  
steam  of cast-iron parts . This is a s ta te  of affairs 
unusual in E ngland , grey iron castings being made 
w ithou t difficulty sufficiently strong  to  w ith 
stand  w orking tem p era tu res  and pressures qu ite  
equal to those under which A m erican castings have 
broken down—th e  composition of th is  more 
durable m ateria l being not widely d ifferen t from 
the  A m erican irons which have proved unsuitable.

Some years ago an A m erican technical jou rna l 
w ith which th e  au th o r was fam ilia r regu larly  gave 
repo rts of b u rs t flywheels, u n til a t  las t i t  became 
qu ite  n a tu ra l to  look for them  w ith m uch the  
sam e am used in te re s t as th e  readers of Punch  
an tic ip a ted  th e  h is to rica l cartoon . English  
engineers regu larly  engaged in  designing cast-iron 
flywheels up  to a w eight of 25 tons, hav ing  peri
phery speeds of not less th an  100 fee t per second, 
sometimes wondered as to  th e  charac te r of the  
rem arkable m ateria l of which the  American wheels 
were made.

T ravel n a tu ra lly  widens one’s views and  ex
tends one’s knowledge, and conversely, th e re  is 
a tendency  on th e  p a r t  of the  stay-at-hom e to  
become parochial and narrow . One of th e  results 
of th e  war has been a more frequen t in terchange 
of visits, and we on th is side from  a period shortly 
before th e  end of th e  w ar consider ourselves 
specially favoured in  th e  visits we have received 
from m any leading A m erican foundrvm en, whose 
eminence consists no t only in  foundry  knowledge 
b u t in general accom plishments.

W e hope they  will pardon  th e  am usem ent we 
have derived from  th e  very candid opinions they 
have expressed in regard  to  us and our In s ti tu 
tion  in the  old days before, like the  Queen of 
Sheba, they  came to  see for themselves. One 
A m erican, for exam ple, expressing th e  belief th a t 
B ritish  foundries w ere generally  so badlv lighted 
th a t  an electric torch  was necessary to  find one’s 
way abou t in them , and th e  m oulding shops 
were so low th a t  one had  to  he careful no t to
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knock h is  head  aga in s t th e  roof g irders, was 
candid  enough to say th a t  th e  first B ritish  mould
ing shop he en tered  fa irly  took away his b reath . 
A fte r spending the whole afternoon  in i t ,  he 
reg re tted  his inab ility  to  stay  longer and  see more. 
H e discovered th a t  he had  only seen a  sm all 
p a r t  of th e  whole, and was a little  surprised  a t 
the  offer of his gu ide th a t  “ any tim e he had  a 
week to  spare  they  would be pleased to  show him 
the  rem ain d er.’ ’ As a m a tte r  of fact, he was in 
the  largest foundry  in  the  world, and had no idea 
th a t  so fine a  concern could be found on th e  E uro
pean side of th e  A tlan tic .

The au th o r has to  adm it th a t  up to th e  present 
he has been among th e  stay-at-hom es, and is quite 
prepared to  find th a t  his references to  American 
practice will fu rn ish  foundrym en on th e  o ther side 
of th e  A tlan tic  w ith  a t  least as much amuse
m ent as B ritishers have derived from  Americans 
and th e ir opinions of G reat B rita in . The g rea t 
purpose of th e  paper, however, is to  fu rn ish  a 
basis for a good discussion, and i t  may be hoped 
th a t  th is  object will be realised.

As th e  sub jec t of grey  cast-iron  obviously is  too 
wide to be dealt w ith  in a  single paper, i t  is pro
posed to  lim it its scope to  the  consideration of 
grey cast-iron  m ade from  comm ercial pig-irons, 
and cast-iron  scrap m elted in a cupola by m eans 
of coke, and w ithout the  add ition  of steel or any 
ferrous or non-ferrous m ateria ls in troduced e ither 
into the cupola or th e  ladle of molten m etal.

Conditions of Test Vary.
W hen one comes to  deal specifically w ith 

mechanical te s ts  th e  fac t has to  be faced th a t  the 
conditions re la tin g  to  m echanical te s ts  for cast iron 
vary considerably in th e  two countries. L ittle  im
portance appears to  be a ttached  in  America to 
tensile testing , while th e  size of the  transverse bars 
tested, differs widely from  B ritish  p ractice. The 
ru ling  tes ts  for cast iron may be said to  comprise 
in G reat B rita in  : F o r pipes, constructional and 
general eng ineering  work for more or less rough 
and large ch aracter, transverse bars, 2 inches deep 
1 inch th ick  and  tested  deep-part-dow n on centres 
3 feet a p a r t ;  for engine details o ther th an  
cylinders, transverse  bars 1 inch square tes ted  on 
centres 12 inches ap a rt. I t  is also becoming more

L
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general in the  finer classes of engine work to  cast 
the transverse  bars 1^ inches square, m achining 
down to  1 inch square to  insure accuracy. For 
cylinders of 'all descrip tions, ten s ile  bars exactly  of 
th e  same m ateria l as th e  castings they  a re  to  rep re 
sen t a re  dem anded. P ractically  every tensile  bar 
has to  be te s ted  in  th e  presence of an  inspector, 
and th e  casting  of th e  bars on th e  job therefo re  
generally  gives more sa tisfac tion  and  preven ts th e  
suspicion which m ight possibly arise  if th e  bar 
was separa te ly  cast w ithou t th e  presence of th e  
inspector. T here is a g re a t deal also to  be said 
in favour o f  th e  tensile te s t for cylinders, since 
the  castings them selves are  necessarily subjected 
to  tension . Moreover, a tensile  te s t  gives a b e tte r  
indication  of th e  w earing p ropertie s  of th is  class 
of iron  th a n  any  o ther te s t  know n to  th e  au tho r.

I t  m ay possibly be th a t  th e  a p a th y  w ith  which 
the  tensile  te s t in A m erica is regarded ' m ay to  
some ex ten t be due to  ce rta in  conditions nam ed by 
D r. Moldenke, though  of th a t ,  of course, th e  au tho r 
is n o t in a position to  judge. D r. M oldenke says* :

“ In  th is  coun try  (America) you will find about 
99 o u t of 100 te s tin g  m achines th a t  a re  n o t in 
p roper condition for th e  tensile  te s t. On th e  o ther 
side they  ca lib ra te  th e  m achines often , and they  
have th e ir  G overnm ents to  te s t  th e m .”

T here can be no  gainsay ing  his fu r th e r  statem ent- 
on th e  same page th a t  “ for scientific investiga
tion  th e  tensile b a r  is p re fe rab le .”

The read ing  of A m erican scientific papers and  of 
th e  technical Press conveys th e  im pression th a t  a 
tensile  te s t going a  li tt le  beyond 14.0 tons is con
sidered w orthy of special no tice ; ce rta in ly  in G reat 
B rita in  any th in g  like th is  would 'be considered 
qu ite  mediocre. M r. E rn e s t W heeler,j- rep resen t
ing Messrs. Crossley B rothers, L im ited , M an
chester, s ta tes th a t  he h as  found i t  “ q u ite  possible, 
w ithout th e  aid of steel to  p repare  and  o b ta in  m ix
tu re s  of cast iron  hav ing  a tensile s tren g th  of over 
18 tons per square inch ,”  and th is is  confirm ed by 
o ther w orkers in th e  same field. The sam e gen tle
man has p repared  for th e  au th o r a b a r cast in 
accordance w ith  th e  specification for th e  “ A rbi
tra tio n  b a r ,”  which has given a re su lt of 17.5 tons.

* A m erican  F o n n d ry m e n ’s A ssocia tion , “  P ro ceed in g s ,”  vol. 22, 
T. 368.

t  M anchester A ssociation  of E ng ineers , “  P ro ceed in g s ,”  1921



Tensile Tests.
A short tim e ago the  au tho r tabu la ted  his 

average tensile te s t resu lts over a w orking period 
of 500 consecutive days. The average figure was 
ju s t over 16 tons p e r sq. i n . ; no te s t was as low 
as 13.5 tons, while th e  highest' figure reached was 
19.2 tons. All th e  bar’s  were l j  inches d iam eter 
and were oast on th e  castings they were to  repre
sent— not separa te—and were tu rn ed  down in the 
middle to  ^-square inch a rea  before tes ting . A 
typical range  of tensile te s t results w ith th is class 
of iron  w ith th e  accom panying analysis is given 
in Table 1.
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T able I .— R esults  o f  Tensile  Tests.

Tensile T ra n s
te s t verse te s t

A nalysis. resu lt, eq u iv a len t
tons lbs. p e r sq. 

inch  onper

c.c. G. C.
sq . in. A rb itra 

p . Si. S. Mn. tio n  B ar.
0.98 2.074 0.974 1.213 0.146 0.324 14.6 5146
0.84 2.214 1.046 1.166 0.136 0.432 14.6 5146
0.89 2.410 1.140 1.40 0.134 0.453 16.1 5146
0.66 2.498 1.186 1.40 0.136 0.465 17.5 53730.84 2.432 0.981 1.143 0.137 0.288 18.4 5562
0.72 2.49 1.2 1.49 0.126 0.420 19.9 5600

For m echanical te s ts  to  be stric tly  com parable 
it  is essential th a t  the  bars should be of the  same 
dimensions and sim ilarly moulded, gated , cast 
and tested . I t  may be argued , therefore , th a t  the  
tensile te s t  resu lts  given in Table I. a re  n o t oom- 
parable to  those obtained by the  A merican a rb itra 
tion bar. B u t the  au thor suggests th a t  in th is 
respect the  advan tage  has n o t been w ith  those 
cited. The bars were of the  same dim ensions as 
the a rb itra tio n  bar, and  they  certa in ly  had  the  
advantage of s ta tic  pressure due to  casting  head, 
as they  were placed on th e  middle jo in t of short- 
stroke cylinders. They have one d isadvantage, 
however, in  th a t  they  were cast w ith cooler m etal 
th an  if they  had been cast from a small ladle 
d irect from a cupola, while the  ra te  of cooling is 
slower, owing to th e ir  having been cooled down 
in close proxim ity  to  a larger body of m etal. The 
disadvantages of all these conditions were well 
set out in the adm irable exchange paper p re
sented by George K. E llio tt to  the  In s titu tio n  of 
B ritish  Foundrym en last Septem ber.

l 2



Com parisons betw een th e  tran sv e rse  te s ts  m ade 
in  th e  tw o countries a re  necessarily ham pered by 
serious difficulties, chiefly on account of th e  differ
ence in  shape and  dim ensions of th e  bars used. 
The a rb itra tio n  bar has a d iam eter of 1^ inches 
and is tes ted  as cast, on cen tres 12 inches a p a rt. 
The bars w ith which th e  au th o r is fam ilia r and  
of which p a rticu la rs  are  given la te r  a re  cast 1J 
inch square, m achined down to  1-inch square, 
te s ted  on 12-inch centres, and cast on to  castings 
as previously defined in  connection w ith  the  
tensile  te s t.

Constant Necessary.
In  the  absence of an available m achine su itab le  

for ta k in g  a b ar of 1¿ inches, i t  has been neces
sary  to  evolve a  co n stan t which will reconcile the  
differences of dim ensions in  th e  two bars.

The resu lts of th e  a rb itra tio n  bar can be con
verted  in to  those com parable for a 1-inch square 
bar te s ted  on th e  same cen tre  by m ultip ly ing  th e  
b reaking load ob tained  by 0.74: conversely th e  
resu lt obtained on th e  1-inch square b ar divided 
by 0.74 will give th e  equ ivalen t load in th e  a rb i tra 
tio n  bar. The form ula used for o b ta in ing  th is  
fac to r is  given in th e  appendix  to  th e  paper.

In  th e  discussion on E ll io t t’s paper a lready  re 
fe rred  to , th e  au th o r gave some d e ta ils  of 25 tr a n s 
verse tes ts  of bars g iving an  equ ivalen t average 
break ing  load on an  a rb itra tio n  b ar of 5,300 
p o u n d s ; th e  lowest b a r gave an equ ivalen t load of 
5,146 pounds, and th e  h ighest 5,600. The m ini
mum load is a h igher figure th an  th a t  ob tained  by 
Mr. E llio tt w ith  A m erican m etal hav ing  a sim ilar 
silicon con ten t, b u t w ith  lower phosphorus and 
su lphur a f te r  undergoing th e  refin ing action of 
an electric furnace.

Table I. gives p a rticu la rs  of th e  tran sverse  resu lts 
b rough t up to  an equ ivalen t on th e  a rb itra tio n  bar 
re la tive  to  bars cast on th e  same cylinders as those 
selected fo r th e  ten s ile  example.

Keep’s Tests Compared.
A lthough th e  two previous te s ts  are  n o t in  th e  

s tr ic te s t sense com parable, th ere  is a m echanical 
te s t common to  both countries, nam ely, K eep’s 
shrinkage and tran sverse  te s t. The au th o r was 
probably th e  first in G reat B rita in  to  have a t  his 
disposal a com plete set of K eep’s m achines, and
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the  p resen t opportun ity  is gladly taken  to  acknow
ledge th e  g rea t value of the  shrinkage and tra n s 
verse te s t in  connection w ith  th is  class of cast iron.

A ra th e r  leng thy  correspondence took place w ith 
Mr. K eep relative to  th e  w orking of th e  transverse 
m achine w ith  the  ¿-inch shrinkage bars. Mr. 
Keep expressed th e  opinion th a t  th e  alignm ent of 
the  m achine had  become affected d u ring  its  tra n s it . 
H e a rrived  a t  his conclusion from  th e  high results 
shown in  th e  diagram s forw arded  to  him . In  
regard  to  these he said : “ Probably we should not 
have a J-inch square bar to  break a t  over 425 
pounds.”  N othing could be found wrong w ith  the  
machine, and as the  resu lt appeared  to  be borne 
out by o ther m echanical te s ts  taken  on bars of 
vary ing  sizes from  th e  same m etal a  few 1,-incb 
bars were sen t to  Mr. Keep w ith  a d iagram  of 
the corresponding bar in  each set. The breaking 
loads varied  from 590 to  over 700 pounds. Mr. 
Keep replied a s  follows: “  I  did consider th e  high 
results obtained as due to  your machine being out 
of order, b u t I  was m istaken, as my m achine gives 
th e  same resu lts . The iron is rem arkably  s t ro n g ; 
I  don’t  know of any th ing  as good.”

In  G reat B rita in  we consider Mr. Keep knew all 
about th e  mechanical tes ts  th a t  American irons 
will s tand . The resu lts shown in  Table I I .  of tesits 
made w ith  th e  same class of iron as those d ea lt 
w ith in Table I. a re  no t only typical of results 
obtained by  th e  au thor b u t of those secured by 
o ther workers-

T a b le  I I .— K e e p ’s  T e s t s  a n  C a s t  I r a n .

T ransverse  B reak ing  
S hrinkage inches. L oad  in  pounds. D eflection inches. 

0.146 550 0.14
0.161 600 0.15
0.157 650 0.18
0.158 675 0.19
0.159 700 0.21
0.161 800 0.23

T h ir ty  te s ts  on  th is  sam e size b a r gave an  average  b reak ing  load 
__________________________ of 622 pounds.____________

The general p ractice  differs somewhat between 
the two coun tries in regard  to  the  allowable per
centage of th e  chemical elem ents in different 
classes of grey cast-iron. This is undoubtedly due 
to prevailing  differences in the irons, and not to 
a lack of m etallurgical knowledge.

Briefly sta ted , some of th e  principal differences 
are  as follows :
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W ith  one or two notable exceptions, p rac tica l 
foundrym en in  America appear to  pay  li t t le  a t te n 
tion  to  to ta l carbon. W hile carbon receives special 
a tte n tio n  and  is frequently  m entioned , i t  is only 
la te ly  th a t  to ta l carbon has had due consideration . 
The q u a n tity  of combined carbon is im p o rtan t, 
b u t i t  is obvious th a t  w ith  vary ing  am ounts of 
to ta l carbon th e  same percen tage  of combined 
carbon will have a d ifferen t effect. D r. S tead* 
has shown examples in  which increases of 0.1 per 
cen t, of g ra p h ite  have reduced tran sv e rse  s tren g th  
by 224 pounds an d  tensile  s tre n g th  by 8 tons per 
square inch.

.Silicon receives a g re a t am ount of a tte n tio n  in 
A m erican foundry  practice, and  in  conjunction  
w ith  su lphur appears to  be reg ard ed  as th e  A lpha 
and Omega by th e  purchasers of p ig  irons. One 
hears a g re a t deal of “ silicon co n tro l.”  In  G rea t 
B rita in  silicon is m erely considered w ith  all th e  
o ther elem ents en te r in g  in to  a comm ercial 
analysis. I t  m ust n o t be supposed th a t  th e re  is 
any  lack of app recia tion  of th e  value of silicon, 
since in  B irm ingham —th e  home of Professor 
T u rner—it  is probable th a t  more research  work 
has been done w ith  reg ard  to  th e  influence of 
silicon th a n  in any  o ther cen tre . A form ula which 
the au th o r has used for m any years w ith  m arked 
success in  connection w ith  th e  ra tio  of silicon to  
carbon in  grey cast-iron  m ix tu res  is as follows :

426  — 3.6
where X = th e  ra tio  of silicon in to ta l carbon.

C = to ta l carbon p resen t.
S i=Silicon p resen t.

X = 0.9 to  1 for such work as pipes, g ra tes, easily 
m achined castings and  general work.

X =0.83 for locomotive cylinders and castings 
requ iring  m axim um  transverse streng th .

X = 0.76  to  0.82 fo r steam , gas, oil and  Diesel- 
engine cylinders, and* castings requ iring  m axim um  
tensile streng th .

X =0.75 to  0.8 for chilled castings.
X =0.85  for acid-resisting  castings.

* B ritish  F o u n d ry m en ’s A ssociation , “  P roceed ings ,”  1915.
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Effect of Sulphur and Phosphorus.
A t one tim e in th is country  sulphur was con

sidered the  arch  enemy of the  ironfounder, 
although probably i t  is n o t tak en  quite  so seriously 
as i t  is in America. In  his exchange paper George 
K. E llio tt considers th a t  su lphur above 0.07 per 
cent, is dangerous. This does not agree w ith  the 
resu lts of Coe’s* research on B ritish  irons. Coe 
found th a t  su lphur w ith in  the  lim its of his work 
did n o t increase th e  brittleness of cast iron but 
appears to  increase resistance to  frac tu re .

In  Table I . th e  sulphur appears in a proportion 
twice the  am ount which Mr. E llio tt considered 
dangerous, ye t i t  does n o t appear to  have p re 
vented a high degree of s tren g th  being obtained. 
A liberal p roportion , up to  0.12 per cen t., has, in 
the a u th o r’s experience, been found to  have a 
beneficial effect upon the  w earing properties ol 
cylinders an d  liners subjected to  h ea t conditions, 
while no difficulty has been m e t w ith in th e  way 
of blow holes provided the  m etal has been melted 
and cast hot.

To an  appreciable ex ten t phosphorus is con
sidered in America to  be detrim en ta l to  the  
streng th  of grey  cast-iron . George K . E llio tt, in 
his paper, sta tes “ Irons of g rea test s tren g th  con
ta in  only a small am ount of phosphorus.”  Dr. 
Moldenke, ,in “ P rincip les of Iro n  F o u n d in g ,” 
appears to  p u t the  lim it for strong  castings free 
from s tra in s  a t  0.4 per cent. The a u th o r’s ex
perience points to  th e  conclusion th a t  w ith the 
strongest B ritish  iron  the distribu tion  of the 
phosphorus, provided th e  am ount does no t exceed 
1 per cent«, is more im portan t th a n  th e  actual 
qu an tity  presen t. Phosphorus in a segregated 
form, th e  usual form  in  all weak irons, is dan 
gerous where s treng th s are  required , b u t provided 
it appears in th e  netw ork o r cellu lar form no 
detrim ent to  s tren g th  is experienced with phos
phorus up to  1 per cent. This form is assisted so 
long as th e  silicon and to ta l carbon are  res tric ted  
in th e  r a t io  appearing  in  the  formulae for strong 
irons.

Manganese Held to be Detrimental.
A greem ent appears to  be more general in regard

* B ritish  F o u n d ry m en ’s A ssociation , “  P roceed ings ,”  1911-12.



to  th e  benefit to  be derived from  the  poling action  
of m anganese, b u t the  au th o r believes th a t  m an
ganese to  th e  ex ten t of 1 p e r cen t, o r over is 
d e trim en ta l to good w earing p roperties under hea t 
conditions. This elem ent has a way of developing 
spikey crystals which break  off under rubbing  and 
p reven t the  form ation of th a t  h ighly polished su r
face generally  regarded  as th e  d is tingu ish ing  
ch aracteristic  of all good-w earing cas t iron. 
A pparen tly  th e re  is m uch to  be gained  by keeping 
th is  elem ent res tric ted  to  th e  p roper proportion  
called for by th e  am ount of su lphur p resen t, and 
for th is  purpose m anganese should n o t exceed five
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F i g . 1 .— M a t r ic e  C o n s is t in g  o p  W e l l - 
d e p in e d  L tjm in a ted  P e a r l it e .

tim es th e  am ount of su lphu r; beyond th is  propor
tion  th e re  is a danger of the  form ation  of m an
ganese carbide.

A lthough chemical analysis necessarily form s th e  
basis of all scientific w ork in  reg ard  to  cast iron, 
i t  does n o t follow th a t  sim ilar analyses necessarily 
involve sim ilar physical properties. I t  is also 
adm itted  th a t  strong  grey irons are  associated 
w ith th e  m atrix  consisting of fa irly  la rge  areas of 
well-defined lam inated  pearlite , re la tive ly  stiff po r
tions of cem entite  and  small g raph ite , and these
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form ations are illu s tra ted  by typical examples in 
Figs. 1 and 2.

W hile th e  microscope is a useful ad ju n c t to  
chemical analysis, th e  u tility  of th e  m icrograph 
is lim ited ; i t  being impossible to  determ ine there
from  re lative physical properties of specimens 
w ith  m athem atical precision, o r to  ascertain  
w ith in  narrow  lim its th e  re la tive  varia tions. In  
all p robability  th is is due to  our im perfect know
ledge of both subjects, and i t  may be hoped th a t 
fu r th e r  research  will clear up some of these 
m atters.

Occasionally i t  is qu ite  impossible, in  dealing

F i g . 2. N ote C e m e n t it e  and S m all 
F la k es  o f G e a p h it e .

w ith th is class of iron, to  discover e ither by chemi
cal analysis or th e  usual m ethods of microscopic 
exam ination g re a t differences in physical pro
perties. An in te resting  example of th is  took place 
some tim e ago. I t  was found th a t  the  highest 
tensile te s t obtained in six ty  consecutive days’ 
workings was lower th a n  the lowest tensile te s t 
du ring  th e  nex t sixty days. The m etal was of 
sim ilar chemical analysis, bu t the  m ix ture  had 
been varied  by in troducing  a different pig-iron 
b rand  as one of the  th ree  co n stitu ting  the  charge.
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A research was carried  on by th e  la te  George 
H ailstone and th e  author* in  connection w ith  th is  
class of investigation . All th e  m ethods usually 
employed for de tec ting  th e  cause of difference in 
physical p roperties, such as chem ical analysis, high 
and  low power microscopic analysis, and th e  em
ploym ent of various etch ing  agents, failed  to  show 
any reasonable cause for th e  g re a t difference which 
existed.

As a  fu r th e r  te s t, specimens were deeply etched 
w ith  20 p er cen t, n itr ic  acid in w ate r as suggested 
by S tead, and  afterw ards re-exam ined under low

F i g . 3.

magnification. I t  was then  found th a t  th e  streng th  
of th e  m ate ria l was d irec tly  re la ted  to  th e  p a r t i 
cular fo rm ation  of th e  cem entite  and phosphide 
Butectic. The stronger th e  iron, th e  c learer were 
these two microscopic elem ents in  th e  netw ork 
form ation , as will be seen from Figs. 3, 4, and 5.

The au tho r has made m any hundreds of exam i
nations in order to  te s t th is , and has never found 
a single example to  th e  con trary . The netw ork 
form ation  is ap p a re n t a t  albout 12 tons tensile  
s tren g th , and becomes m ore pronounced as th e  
s tren g th  increases. In  th e  a u th o r’s view, th is  
m ethod gives a surer approxim ation of th e  phvsi-

* B ritish  F o u n d ry m e n ’s A ssociation,, “  P roceed ings,”  1908-09..
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cal properties of the  m etal th a n  any o ther form  
of m etallography, and is o ften  superior to  chemical 
analysis. I t  m ust be rem em bered, however, th a t  
th e  field u nder observation m ust be typical of the 
whole. The accom panying illu stra tions a re  from  
m icrographs tak en  from  th e  cen tre  o f th e  (bar.

In  connection w ith the  research already referred  
to , th e  authors, as one of th e ir  conclusions, 
decided th a t  the  tem p era tu re  a t  which the  p ig  
iron is made in the  blast furnace has a direct 
effect upon the  form ation  of th is netw ork struc
tu re . A t the  tim e th is  s ta tem en t aroused a g rea t

F i g . 4 .

am ount of criticism , one professor s ta tin g  th a t , 
a fte r rem elting , th e  iron had  forgotten  all about 
the  hole from  which i t  had been dug. Time has 
since proved th e  inaccuracy of th is  view, and i t  is 
now clear th a t  th e  tem pera tu re  of the  blast fu r
nace has a m arked effect upon the  physical p ro
perties of the  m etal, and  th a t  these are m ain
ta ined  a f te r  rem elting.

One progressive b last-furnace m anager has 
found th a t  pig-iron having th is  network struc tu re , 
a f te r  going th rough  the puddling furnace, yields 
w rought iron w ith higher physical properties th an  
is to  be obtained from a pig-iron of sim ilar



analysis w ithou t th is  s tru c tu re . H e discovered 
fu r th e r  th a t  w ith  sim ilar w orking and  fu rnace  
burden  th e  netw ork  s tru c tu re  was controlled by 
the  b last tem p era tu re . W hen using a  b la s t tem 
p e ra tu re  of 900 deg. F . (480 deg. O.) he is always 
able to  ge t th e  netw ork s tru c tu re ; w hereas, if th e  
tem p e ra tu re  is increased, th e  netw ork dim inishes 
u n ti l a t  1,100 deg. F . (590 deg. C.) i t  d isappears 
en tire ly , w ith  a  corresponding low ering of physical 
p roperties of th e  w rought iron , th e  general chemical

300

F i g . 5.

F igs. 3, 4 an d  5.— M iciographs show ing n e tw o rk  of eem en tite  
and  phosph ide  eu tec tics— deep ly  e tch ed  w ith  20 p e r  cen t, 

n it r ic  a c id  so lu tion . '

com position of th e  m etal being  th e  same. As the  
re su lt of these discoveries, th e  b las t-fu rnace 
m anager has now fitted  his fu rnace  w ith  pyrom eters 
for recording th e  tem p e ra tu re  of th e  b last, and  is 
able thereby  to o b ta in  more regu larly  consistent 
results.

Network Structure Increases Strength.
A nother criticism  by a well-known m eta llu rg ist 

was th a t ,  although g rea te r tensile  s treng th s were 
associated w ith a netw ork fo rm ation  of the  
eem entite and phosphide eu tectic, he th o u g h t th e
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m etal would give less resistance to  shock or 
fatigue.

R o ta ry  fa tig u e  tes ts  were tak en  by th e  W ohler 
method by th e  Sheffield te s tin g  works on the  bars 
whose s tru c tu re  is shown in  F igs. 3 and 4, and 
these are  given in Table I I I .  F ig  6 gives details 
of th e  m ethod of applying th e  te s t and  the  dim en
sions of th e  te s t 'bar. The com parative resu lts are  
even w ider a p a rt th a n  appears from  th e  tensile 
results.

T a b l e  I I I .— Results o f  Chemical a nd  P hysica l T ests.

Tensile 
Chem ical s tren g th , 
analysis to n s  per 

sq. in

T.C. 3 .25%  
G.C. 2.397 
C.C. 0.853

Si. 1.328

S. 0.95 
P . 0.923 
Mn. 0.290 
T.C. 3.192 1 

G.C. 2.289 

C.C. 0.903 

Si. 1.314 

S. 0.101 

P . 0.909 

Mn. 0.335

l.l

9.1

18.3

K o ta ry  fa tig u e  te s t  resu lts .
T o ta l

F ib re num ber
R evo lu  stress revo lu 
tions tons tio n s  to

per per produce
m in u te sq. in. frac tu re .

980 11 100,800

980 5 10,000

980 6 9,200

19,200

980 5 10,000
980 6 10,000
980 7 10,000
980 8 10,000
980 9 10,000
980 10 10,000
980 11 10,000
980 12 10,000
980 13 10,000
980 14 10,000
980 15 800

100,800

A p p ear
ance of 
f rac tu re

F ra c tu re
sound.

F ra c tu re
sound

S ligh tly
open.

G rained

<D p.
O C3 *-< O 1h 1) Pi

o.Bq 
'«2 1 Ho g

The fundam ental law governing th e  phenomena 
of the  form ation of th e  netw ork s tru c tu re  has no t 
so fa r  been definitely and satisfactorily  proved. 
J . E>. F letcher, however, has furnished an explana
tion which has th e  g rea test degree of probability . 
Mr. F le tcher is advising director to  th e  B ritish  
Cast Iron  and W rought Iron  associations and has 
devoted much though t and research to  the  eluci
dation of th is problem in connection both w ith the 
blast furnace and  the  cupola. H is explanation  is 
as follows :
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H e believes th a t  th is  s tru c tu re  follows the  
o rig inal boundaries betw een th e  crystals of th e  
"metal which is first fused du ring  th e  descent of 
th e  iron to  th e  fusion zone in th e  b last fu rnace. 
The carbonisation  of th e  crystals follows th e ir  
boundaries as decarbonisation follows them  in  th e  
mechanism of th e  m alleablising process.

If  th e  b last p en e tra tio n  effect while passing the 
tu y e re  zones is d rastica lly  oxidising, following 
rap id  carbonisation  in  hot-b last fu rnaces, th en  the 
s trong  boundary  intercohesion is more or less des
troyed, w ith  possible gas and  oxide inclusions along 
th e  boundary  films.

W ith  the  soft blast of cool or cold-blast fu rnaces 
th is  action is absent, and th e  intercohesional 
stren g th  of th e  crystalline s tru c tu re , due to  the  
presence of combined carbon and a ir—unim paired  
by gaseous and iron oxides and  m inu te  slag inclu
sions—is m ain tained .

Shock Test Advocated.
Poin ts which the  au tho r has found helpful in 

producing reg u la r resu lts  w ith  th is  class of iron 
have been close a tte n tio n  to  chem ical analysis and 
regu la r te s tin g  for general hardness by th e  d rill 
m ethod. B u t i t  should be rem em bered th a t  w ith  
these strong irons a much stiffer m achine is re 
quired  th a n  th a t  known as th e  K eep’s machine. 
Owing to  its lack of r ig id ity  th e  a u th o r’s ex
perience w ith  th is  m achine has been disappoin ting .

R egu larity  of hardness, which is a governing 
fac to r of high physical p roperties, is only a t ta in 
able by s tr ic t a tte n tio n  to  b last pressure, and in 
th is  connection a recording b last pressure gauge 
a ttached  to  th e  cupola is m ost desirable.

A te s t becoming general in  E urope for cast irons 
of th e  h ighest physical p roperties, m ore p a r t i
cularly  in  connection w ith  casting  for Diesel and 
large gas engine p iston  and cylinder liners, is the  
shock te s t. This is c a rried  ou t by te s tin g  a bar 
cast 40 m illim etres square supported  on kn ife  edges 
160 m illim etres a p a r t  by dropping on to  i t  a 
w eight of 12 kilogram s from  vary ing  heights. A t
tached to  th e  w eight in  such a way as to  s tr ik e  the  
b ar in  th e  cen tre  para lle l to  th e  supporting  kn ife  
edges is fixed ano ther kn ife  edge. The face of all 
th e  knife edges are  rounded to  a 1/16-inch rad ius. 
So fa r as th e  au tho r is aw are th is  te s t is n o t in  use
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in America. A general a rran g em en t of such a 
m achine is shown in  F ig . 7.

In  carry ing  ou t a shock te s t we commence w ith 
a drop of th e  w eight from  a h e ig h t of 30 cen ti
m etres, increasing the  h e igh t of th e  drop by incre
m ents of 5 cen tim etres u n ti l th e  sam ple breaks, 
th e  h e igh t a t  which th e  bar even tua lly  breaks be
ing tak en  as th e  te s t figure. A resu lt of 55 cen ti
m etres is considered none too  h igh  for th e  class of 
work nam ed, a lthough  i t  is qu ite  a severe tes t. 
The m axim um  a tta in ed  by th e  au th o r has been 
88 centim etres.

Mr. W heeler uses th e  sam e sized b ar and 
machine as a fa tig u e  te s t, b u t for th is  commences 
w ith  a  drop of 28 cen tim etres and  increases by 
heigh ts of 1 cen tim etre . The num ber of blows re 
quired  to  fra c tu re  th e  sam ple should be tak en  as 
th e  fa tig u e - te s t num eral.

A bar from  th e  same m etal as th e  tensile  b ar of 
Mr. W heeler’s re fe rred  to  in th e  early  p a r t  of the  
paper w ithstood 30 blows, hav ing  a ran g e  from 
28 to  57 centim etres.

In  conclusion, as has been suggested in  th e  
first p a r t  of th is  paper, th e re  is a wide difference 
in  th e  s tren g th  of th e  respective grey  cast-irons, 
of which some p a rticu la rs  in  regard  to  th e  B ritish  
have been given, th e  au th o r would suggest the  
query w hether th is  m ay -n o t be due to  th e  slow 
ru n n in g  furnaces in  G rea t B rita in  producing 
m etal hav ing  b e tte r  p roperties th a n  th a t  m ade by 
th e  large fa s t ru n n in g  furnaces which appear to  
be general in  America. U nfo rtu n a te ly , even in 
G rea t B rita in  th e  slow ru n n in g  furnaces are 
dim inishing' in  num ber.

The a u th o r ’s best th an k s  a re  due to  Professor 
T u rn e r ifor he lp  w ith some of th e  m icrographs, 
and  to  Messrs. Beilis and  Morcom fo r th e ir  per-' 
mission to  publish some of th e  resu lts .
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Coventry Branch.

SOME DETAILS OF FOUNDRY PRACTICE.*

By E. Carey Hill.

I t  will be generally agreed th a t  the one common 
objective underly ing all systems of foundry  m an
agem ent, w hether ferrous or non-ferrous, is the  
maximum o u tp u t of good castings of consistently 
high stan d ard , fully conform ing to  th e ir  various 
specifications as regards analyses and physical 
qualities. B ut, th is  m axim um  o u tp u t m ust not 
be a tta in ed  a t  th e  expense of a serious increase 
in the  percentage of scrap, which would, of course, 
neu tralise  th e  advantages gained by increased pro
duction. The percentage of rejected  castings or 
“ w a s te rs”  from  all causes m ust -be as small as 
possible, and  th e  num ber to  be rejected  by a 
customer a fte r  delivery should be negligible, or. 
preferably, none a t  all.

This desirable s ta te  of affairs can only be 
a tta in ed  by a continuous anti-w aste cam paign, 
conducted according to  p re-arranged  plan, and 
farm ing p a r t of th e  regu lar foundry  rou tine. I t  
is in tended to  deal only w ith  certa in  deta ils of 
works organ isation  and th e  methods which the 
w riter has developed to  secure th e  desired resu lt 
in an alum inium  foundry.

In alum inium  founding the  production of suc
cessful castings hangs on th reads so slender and  
lumenous th a t  th e  g rea te st a tten tio n  to  deta il is 
tnperative. I t  is of p rim ary  im portance th a t  the  
dum inium  casting  s ta r ts  its career in th e  rig h t 
drection, as an  erro r a t th is  stage may cause its 
u tim ate  rejection , w hatever good qualities it  
mi,y otherw ise possess, and however unblem ished 
its individual appearance may be. I f  i t  is con
stitutionally out of order th e  only rem edy lies in 
avcding sim ilar symptoms in its  successors, which 
leaq to  th e  im portan t question of the  p repara tion  
of hrnlace charges, as controlling th e  p roperties

* T ls P a p e r  w as given as th e  P re s id en tia l A ddress before th e  
Coveniy B ran ch  on  S ep tem ber 1, 1921.



306

of th e  m ateria ls of which th e  casting  is to be com
posed.

Furnace Charges.
I t  is in  th e  n a tu re  of th ings for fu rnace  charges 

to  vary  considerably in  th e ir  com position, owing 
to  th e  m ultip lic ity  of alloys which a re  in  regu lar 
use in  th e  foundry . In  our case, we have, first 
of all, ou r standard, alloy, co n ta in ing  a  small 
am ount of copper, and  a  m uch la rg er q u a n tity  of 
zinc. This alloy is used for th e  general ru n  of 
castings and is adm irably  su ited  for th e  purpose. 
T hen th e re  a re  various o th e r alloys, m ore or less 
s tan d ard , which a re  p a rticu la rly  adap ted  for 
special work, such as th e  m an u fac tu re  of pistons 
and  m otor ra d ia to r  tanks. These alloys con tain  
alum inium  and  copper only, a  h a rd e r and  more 
olosely-grained m etal being  requ ired . A gain, 
orders á re  frequen tly  received—especially for cast
ings destined fo r a ir c ra f t work—w hich specify cer
ta in  s tr in g e n t G overnm ent, A dm iralty  or o ther 
specifications th a t  m ust be rig id ly  observed. F re 
quen t examples are  th e  A ir B oard Specifications 
L5, L8, and 2L11.

F inally , alloys co n ta in ing  th e  ra re r  constituen ts, 
such as nickel, m agnesium  and  m anganese are 
sometimes called fo r—m agnesium  especially being 
in increasing dem and as an  im p o rtan t constituen t, 
not only in  Mg-Al alloys, b u t also in  a recently- 
tr ie d  new p iston alloy con ta in ing  also copper and 
nickel.

I t  will, therefo re , be read ily  seen, th a t  alloys 
vary ing  so much in  th e ir  composition, neceissitate 
c e rta in  p recau tions to  avoid incorrect m ix tures 
and  th e  in term ix ing  of “ rem elts.”  I t  is desirable 
a t  th is ju n c tu re  th a t  our m eaning  of th e  te rn  
‘ ‘ rem elt ’ ’ should ibe in te rp re ted . B em elt cor- 
sists essentially of ru n n ers  an d  rise rs , w hich sue 
cu t off by th e  fe ttle rs . A lum inium  is  a m etal tin t 
con trac ts  appreciably d u rin g  solidification, and  tlis 
con traction  calls for liberal ru n n ers  and  feechrs 
if a sound1 casting  is to  ibe produced. A snail 
feeder is generally  of very li tt le  use; in fac t it  
m ay be acute ly  d e trim en ta l to  th e  casting , bas
in uch as th e  desired  resu lt may be reversed, the  
casting  feeding th e  rise r in stead  of th e  rise r ced
ing th e  casting . C onsequently, i t  o ften  hapons 
th a t  the  w eight of th e  gates and feeders often
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equals or exceeds th e  w eight of th e  casting  itself. 
W hen th e  castings a re  fe ttled , i t  n a tu ra lly  follows 
th a t  th e  gates and feeders cu t off accum ulate very 
rap id ly , and  have to be again  renielted. Obviously, 
th e  risers and  ru n n ers  consist of exactly th e  same 
alloy as th e  castings, and from which they  have 
been detached, and oan, therefore, he used as 
portions of successive charges of alloys, of the  same 
composition.

Rernelt also consists, in -a muoh lesser degree, 
of castings which are  cu t up and rem elted, because, 
for some reason or o ther, they  have failed to

F U R N A C E  CHARGE.
 AHoy No. Qfljg lO t /S e p t /2 1

Met«! No
50 l b 8 8 0 lb e 220 lb e 300 lb e
C,v" qr» »«* CwU ib> °«h ewu q£* |bi. <*t CWU ii».

21 Ing 20 4 1 4 7 3 5 2 1 0 8

56 E 1 6 2 3 0 0 a 4

18a .  E 5 6 5 9 -  ¡14 14 ? o 4

_ R e m e l t 25 0 1 12 0 3 26 0 1 ll 10 0
•

I

I
Total 1 22 0 2 24 0 1 3 24 c 2 2 2 0 0

F i g . 1 .— T h e  F r o n t  of  a f il l e d -in  F u rnace  Cha rg e  
S h e e t .

pass th e  inspector. As th e  composition of the 
rem elt obviously is identical w ith the  castings of 
Vhich i t  orig inally  form ed a p a r t ,  i t  is of g rea t 
im portance to  keep th e  reimelt of each p articu la r 
alloy separate.

Each alloy is- allo tted  a num ber, by which it  
is generally  known th roughou t the  works. For 
example, our s tan d a rd  alloy is No. 97 ; th e  alloy 
commonly used for rad ia to rs  is  No. 55, and one 
of o\r stan d ard  piston alloys is No. 92. F u rther, 
every constituen t of each alloy lias its own num 
ber, \.g., Ou is  added in th e  form  of a  50/50 
Cu.-Al alloy, known as No. 56. P ure  alum inium 
ingots rre  No. 21 an d  zinc is No. 18.
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Each charge is carefully  worked o u t, and  is 
typed  on  ia fu rn ace  charge sheet, 'as shown F ig . I  
Only one lalloy, of course, is  rep resen ted  by  each 
card , which is m ade o u t in  dup lica te , one copy 
being issued to  th e  m an responsible for w eighing 
o u t th e  charges, an d  th e  o ther copy being  re ta in ed  
in th e  office as a record. F o u r d ifferent w eights 
of charges are  m ade o u t on th e  card , viz., 50, 80, 
220 an d  300 lbs. The norm al charge  is 300 Ihs., 
b u t th e  sm aller charges a re  issued when required  
and  m elted in  fu rnaces of approx im ate ly  co rre
sponding capacities.

I t  should fu r th e r  he exp la ined  th a t  for each 
alloy th ree  separa te  cards a re  m ade o u t in  d u p li
cate, the  final composition of th e  alloy being  the

HATE ISSUED DATE W ITHDRAW N

2 8 ,  6 .  2 0 2 8 , 6 *  2 0

6 ,  7 .  2 0 1 4 -^  T  .- 'T B O -

2 1 .  8 -  2 0

1 6 . 1 2 .  2 0

___________ 1 ,  9 ,  2 1 , 1 -  9 .  2 1 .

R E M F J .T  5 0 %

F i g . 2.— T h e  B a c k  o f  a  F i l i .e d - i n  F u h n a c e  C h a u g e  
S h e e t .

sam e in each case. T he variab le  fac to r is th e  pej- 
cen tage of rem elt, and  i t  is always ou r ob ject k> 
keep th e  stock of “  rem elt ” for each alloy a t  a 
m ore or less co nstan t level in  o rder to  p reven t i t  
accum ulating  too m uch o r vanishing altogether. 
The q u an tity  of “ rem elt ” which en te rs  th e  rretal 
m ixing room—th a t  is, w here th e  changes a re  p re 
pared—from  th e  fe ttlin g  shop and  found ry  varies 
considerably, ow ing p rinc ipa lly  to  th e  variation 
in  th e  size and  num ber of ga tes and feedirs on 
d ifferent types of work in  progress a t  various 
tim es, and  due also to  a  less e x te n t to  th f v a ria 
tion  in th e  q u an tity  of defective castings which 
m ust be m elted down. The w eight of gxtes and
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feeders depends ohieily on the  size of the  castings 
being m ade in  th e  shops. H eavy castings require 
substan tia l feed ing ; sm aller castings have smaller 
feeders and  castings w ith  pronounced varia tions 
in thickness usually requ ire  (more feeding than  
castings of uniform  th ickness; hence th e  v aria 
tion  in  the  bulk w eight of “  rem elt ”  available. 
To coun terac t th is  varia tion , when i t  occurs, the 
percentage of rem elt in th e  charges is a ltered  as 
required , and fu rn ace  charge cards a re  already 
m ade out contain ing  th ree  d ifferent proportions of 
rem elt, so' th a t  no tim e is lost in m aking o u t a new

F i g .  3 .— A 300-l b . C h a r g e ,  s h o w i n g  V i r g i n  
M e t a l s  a n d  “  R e m e l t / ’ t o g e t h e r  w i t h  
i t s  C o n t a i n i n g  B o x ,.

card, when more or less rem elt is required, 
as th e  case m ay be. The rem elt is kep t in the 
m etal m ixing room, and each day a requisition 
is made o u t by th e  m etal m ixer to  th e  m etal stores 
for the  estim ated  am ount of v irg in  m etals or 
special alloys required  fo r the day ’s o u tpu t.

Thus, th e  fu rn ace  charge sheets serve a  double 
purpose : They provide th e  m etal m ixer w ith  the 
exact w eights of the various m etals in  each alloy, 
and they also, alm ost autom atically , regu la te  the 
stocks of rem elt.

B u t the correct weighing o u t of the  consituents 
in accordance w ith th e  figures on th e  charge cards



310

does no t necessarily, of itse lf, ensure th a t  th e  
foundry m anager’s desidera tum —th a t   ̂ is, th e  
uniform  analy tical com position of alloys, is always 
being realised . I t  is highly im p o rtan t th a t  th e  
rem elt does n o t g e t mixed up, as m ight qu ite  easily 
happen, w ith  th e  rem elt of an o th e r alloy, which 
m igh t 'be of to ta lly  d ifferen t analysis.

I t  would be a  serious m a tte r  if a n  aero-engine 
p iston w as found  upon analysis, a f te r  i t  had  failed  
in service, to  have contained 5 p e r cent, too li t t le  
copper, an d  5 per cent, m ore zinc th a n  i t  ought 
to  have—which, as f a r  a s  th e  zinc is concerned, 
is probably nil. 'This would re su lt if th e  rem elt 
of s tan d a rd  alloy No. 97, for example, h ad  been 
confused w ith  th e  p iston  alloy rem elt No-. 92.

There, however, th e  problem  is no t qu ite  so diffi
cu lt in  p rac tice  a s  i t  m ig h t appear to  be. The 
sawyer, who cu ts off th e  ru n n ers  an d  risers, has 
his boxes fo r th e  various alloys plain ly  m arked  w ith  
th e ir respective num bers, an d  h e  gets to  know 
th rough  experience from  w h a t alloy th e  castings 
he handles a re  made. G enerally speaking, the  
g re a t m ajo rity  of gates tra v e l th e  way they  should 
go, and find them selves u ltim ate ly  in  th e  r ig h t 
box. I f  th e  sawyer is  u n ce rta in  of th e  alloy, th e  
inform ation is easily ob tained  on th e  lines ju s t 
detailed.

W ith  respect to  rem elt from  th e  foundry , th a t  
is, run n ers  of feeders broken off ho t, in  ex trac tin g  
th e  castings, o r sp ilt m etal, th is  is collected iby the  
moulder and p u t in bins provided fo r th e  purpose, 
each bin being p la in ly  m arked  w ith  its  alloy num 
ber; and, of course, each m oulder knows from  his 
in s truc tion  card  th e  num ber of th e  alloy w ith which 
he is w orking.

A dequate a tte n tio n  to  th e  w eighing o u t and dis
tr ib u tio n  of th e  con stitu en t alloys and  rem elts 
which' m ake th e  charge, should ensure  th a t  each 
aUoy is m ain ta ined  well w ith in  th e  lim its of its 
specification. In  foundries, w here a  q u an tity  of 
scrap  m etal of unknow n and probably varied  
analysis is bought from ou tside  sources, i t  is p rac
tically  im possible to  m a in ta in  any uniform  speci
fication, land obviously, no g u a ran tee  of analysis 
or -physical qualities could be given.

I f  any alloys m ust be purchased from  extraneous 
sources for any reason, they  m ust be of stab le  com
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position, an d  the  g u a ran tee  of th e  suppliers should 
be consistently checked by th e  tak in g  of indepen
d en t analyses. Scrap m etal bought indiscrim inately 
is really w ith in  th e  province of th e  m eta l refiner 
and  n o t of th e  'alum inium  fo u n d e r; for th e  la tte r , 
generally , has no t th e  necessary facilities for m elt
ing  down large quan tities of scrap in bulk—a pro
cess th a t  is im perative, in  order th a t  an alloy of 
uniform  com position may be obtained. I t  is tru e  
th a t  -an analysis of th e  m etal m ade from m elting  
scrap only, in bulk, if well m ixed during  m elting, 
■would give th e  founder som ething more definite, 
a t  least, to  work from , in  m ak ing  up his fu rnace 
charges, b u t th e  probable presence of excessive 
im purities would grea tly  d e trac t from  th e  physical 
qualities of th e  final alloy in th e  casting. We 
now m ay justifiably 'assume th a t  th e  charge 
weighed o u t in  th e  m eta l m ixing room is correct, 
and i t  is conveyed in  hoxes, shown in Fig. 3, of 
adequate  size corresponding to  th e  charge, to the 
fu rnace m an, who assumes responsibility  for it.

Test Bars.
Betw een the  filling w ith m olten m eta l of the 

carry ing  lad le  or crucible, and its  subsequent pour
in g  in to  th e  mould te s t  pieces have to  be oast. 
This m ay have a  v ita l effect on th e  h isto ry  of the 
casting  in to  which th a t  m eta l w ill shortly  be tra n s 
formed. These bars, when pulled, show th e  tensile 
s tre n g th  land telongatipn -of th e  lalloy, an d  the 
figures thus a tta in ed  a re  generally  of g re a t in te rest 
to  th e  designer of th e  engines or s tru c tu res  in 
which th e  castings represen ted  by  th e  b a r a re  
u ltim ate ly  in tended  to  p lay  th e ir  p a rt. D uring  
th e  war, especially, g re a t stress was laid  on the 
physical qualities of a ll alloys, especially those used 
in  aeroplane w ork, where w eight was cu t down 
to  a  m inim um  and  factors of safety  reduced to  fine 
lim its.

Progress in  th e  direction of ¡commercial av ia tion  
will, inevitably, be accompanied by a dem and for 
m ateria ls of th e  very highest efficiency, and th e re  
is no doubt th a t  m etallu rg ists and founders be
tw een them  will have to  produce alloys of very 
high and uniform  qualities. I t  is adm ittedly  diffi
cu lt to  reproduce a ll th e  complex stresses, th a t  
alum inium  castings have to  undergo during  ser



vice, in  a sim ple te s t th a t  has to  ¡be carried  ou t 
in  a feiw hours, or, a t  most, in  a feiw days. The 
tim e  factor has to  be elim inated  prac tica lly  a lto 
gether, and, consequently, some stress has to  be 
enorm ously increased in  o ld e r to  produce a  sign 
of s tra in  in  a reasonable tim e. The repeated  
imjpiact te s t is  a n  exam ple of th is. Test 
bars will be dem anded b o th  noiw an d  in  th e  fu tu re , 
so th a t  i t  may be to  ou r ad v an tage  to  consider 
in  g rea te r de ta il th e  question oif m ak ing  te s t bars 
in th e  foundry.

T he first question to  be decided is, when and  
when n o t to  tak e  te s t bars?  This depends alm ost 
en tire ly  on th e  term s on which orders are  accepted, 
and several a lte rn a tiv e  courses m ay be  adop ted  :—

1. I t  was du rin g  th e  w ar, ats we a ll hav e  e ither 
the  fo rtu n e  or m isfo rtune  to  know, th e  general 
ru le  w ith  G overnm ent contracts , as regard s aero
plane castings p a rticu la rly , to  in s is t on 
all castings being inspected  and passed 
before th ey  le f t th e  w orks by  an A .I.D . 
Inspector. T his official n o t only exam ined the  
castings, b u t selected rep re sen ta tiv e  test-ibars, and 
held th e  castings in  q u a ran tin e  till th e  physical 
reports w ere received. I f  th e  re su lt w as satisfac
to ry  th e  oastings w ere released, if not, a  dup lica te  
bar had  to  be tested . I t  m ay  be s ta te d  here  th a t  
two b a rs  w ere alw ays cast aga in s t th is  contingency. 
I f  th e  second b a r  w ent down, all th e  oastings rep re 
sented were rejected .

2. A second m ethod ds to  send a b a r to  the  
custom er w ith each agreed  num ber of castings. 
T he castings a re  stam ped  w ith  th e  num ber of the  
bar, an d  a duplicate  b a r is  k ep t by us in  reserve.

3. A th ird  m ethod is to  m ake th e  te s ts  in  our 
own laboratory , and send a certified rep o rt to  the  
custom er.

4. The las t m ethod is th a t  our general g u a ran tee  
of th e  alloy be accepted, ne ith er te s t  b a rs  nor 
copies of physical resu lts  be ing  sen t to  th e  
custom er. In  th is  case i t  is  decided by us w hether 
te s ts  a re  tak en  o r no t, and  ou r p rocedure, in 
o rder to  safeguard  our custom ers and ourselves, is 
to  tak e  bars an d  te s t  them  a t  f req u en t and 
irreg u la r in tervals.

T h a t th e re  is more in  so outw ard ly  sim ple a  
process as th e  casting  of tes t-bars th a n  m eets the
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eye is undoubtedly tru e , for th e  foundry  m anager 
sometimes finds him self confronted w ith  th e  most 
curious anomalies. I t  has been found th a t  two 
test-bars, cast one im m ediately a f te r  th e  o ther 
from  th e  same pot of m etal, behave in  a most in 
consistent m anner when tested . One m ay give a 
tensile  s tren g th  of 13 tons p er sq. in ., while the  
o ther gives a pa ltry  7. The alloy in  each is 
undoubtedly th e  same, the  pouring tem p era tu re  
m ust be substan tia lly  th e  same, both are  machined 
to  w ith in  iden tical lim its, an d  a re  pulled in the 
same tes tin g  machine. T he only possible explana-

F i g . 4 . — P o u r i n g  a T e s t - b a r  i n  a  C h i l l -m o u l d .

lion, provided th a t  the m eta l is clean and free from 
blowholes, is  th a t  one b a r  is correctly poured 
w hilst th e  o ther is not.

The test-piece is a  rod, 1 in . in  d iam eter, cast 
in ian iron o r bronze chill, from  7 in . to  9 in. long, 
which is e ither sand-plugged in  th e  bottom  or has 
a m etal end. A tes t-bar cast independently  in a 
chill is accepted as a c rite rio n  oif th e  physical 
qualities of a casting , because the  stren g th  of the  
la t te r  depends on th e  ra te  of cooling, and  th ere 
fore one test-piece cannot possibly rep resen t all 
p a rts  of th e  casting. The fas te r th e  m etal cools 
in  th e  mould th e  stronger i t  becomes, so th a t  chill 
castings are  considerably stronger th an  sand cast



ings, and th in  p a r ts  stronger p er u n it  section th an  
th ick  p a rts . In  sand a  ¿-in. p la te  is  3 o r 4 tons 
per sq. in . stronger th a n  a  2-in. p la te . F o r th is  
reason i t  was decided by th e  A ir B oard  orig inally , 
du ring  th e  w ar, to  cast sam ples to  rep resen t th e  
alloy ra th e r  th a n  th e  casting , and  th is  is th e  func
tion  of th e  tes t-bar. T he previous p rac tice  of cas t
in g  te s t Ibars as an in teg ra l p a r t  of th e  casting  
has been discontinued for reasons w hich we can, 
in view of th e  foregoing, easily u n d ers tan d . N ot 
only is th e  cooling slow and  uncontrollable, so as 
to  m ake i t  difficult to  procure good uniform  and  
com parative results, b u t in  m any  cases difficulty 
is experienced in  adequately  feeding th e  tes t-har, 
and  in  deciding which is th e  least inconvenient, 
and  also the  m ost sa tisfac to ry  place to  a tta ch  it  
to the  casting, as i t  may som etimes be found th a t  
the  te s t bar has u n in ten tiona lly  fulfilled th e  func
tion  of a  feeder to  th e  p a r t  of th e  casting  to  
which i t  is a ttached , iand has thereby  been deprived 
of th e  feed necessary to  com pensate fo r its  own 
con traction  du rin g  solidification.

The chill is well w arm ed before th e  m eta l is 
poured in to  it, and i t  is held a t  about 45 deg. 
while being filled, and tip p ed  u p rig h t when full. 
The secret of the  successful pouring  of a b a r is 
to  pour the  m etal in to  th e  chill as slowly as p rac
ticable. T his operation  is illu s tra ted  in  F ig . 4.

A few simple experim ents were recently  carried  
o u t in  our works, illu s tra tin g  th e  im portance of 
th e  ra te  o f pouring . F o u r bars were cast quickly, 
and when th e  moulds were fu ll they  were in s tan 
taneously  tu rn ed 1 upside down, which process had, 
of course, th e  effect of bleeding th e  bar. S im i
larly , four o ther bars were cast slowly and  in 
verted , and  a com parison of th e  resu lts  were m ade. 
The quickly poured b a rs  were hollow to  w ith in  
2 f to  3 in . of th e  bottom  of th e  mould, though  in 
most cases th e  shell was correctly  form ed prac
tically  to  the  top of th e  b ar.

The slowly-poured test-p ieces were hollow to 
w ith in  about 2 in. of th e  top , while th e ir  shells 
were perfec t th roughou t th e ir length . Obviously, 
th e  slowly cooled bars had  had  m ore tim e to  cool 
th a n  those poured quickly, b u t th e  value of th e  
experim en t lies in th e  fac t th a t  i t  does prove th a t  
the quickly poured b ar solidifies from the  ou tside
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inw ards and simultaneously th roughout its length, 
while the slowly poured bar solidifies gradually  
from th e  bottom  upw ards. W hen a bar solidifies 
th roughou t its  leng th  a t practically  the  same 
mom ent, th e  m etal on th e  top  cannot adequately, 
if a t  all, feed th e  lower p a r ts  when contraction  
takes place, w ith th e  resu lt th a t  th e  b a r is inclined 
to be piped, o r porous, down th e  centre. On the 
o ther hand, in th e  slowly poured b ar the  bottom 
layer is fed by the layer of molten m etal imme
diately  above it . W hen th is  layer solidifies, i t  is 
in  tu rn  fed by th e  n ex t successive layer, which is 
formed as th e  m etal is slowly poured in to  the
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F o r m .

mould. This process continues till th e  bar is cast 
and  a sound test-piece results. Inc iden ta lly , the 
slowly cooled bar has also a  b e tte r  ex terio r finish.

This theory, in  our opinion, is th e  only feasible 
m anner of accounting for the varia tions in the  
physical qualities of duplicate  bars. If , therefore, 
so slight an erro r can  cause th e  u ltim ate  rejec
tion  of m any valuable castings, for both the  
dup lica te  b a rs  m ight, through  carelessness, have 
been poured too quickly, i t  follows th a t  careful 
supervision of the apparen tly  tr iv ia l de ta il will 
amply ju s tify  the  trouble taken .

R egard ing  the  in te rn a l organisation re lative to 
the  recording of physical te s t results and the 
re ten tio n  of duplicate bars, the  tes t-bar record
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gives the  following p a r t ic u la rs :—T est-bar and 
alloy num ber, description, p a tte rn  num ber, and 
q u an tity  of castings represen ted , d a te  and  tim e 
of day cast, nam e of m oulder and furnacem an, 
type and  num ber of fu rnace in  which m etal was 
m elted, and , finally, the  tem p e ra tu re  of th e  m etal 
when cast, if tak en . This record is shown in 
F ig . 5.

W hen physical te s t reports  an d  analyses are  
received from  th e  laboratory , th e  deta ils of each 
repo rt a re  also copied on to th e  form. T hus there  
is always available, in  a  com pact and convenient 
form , a  complete h is to ry  of each te s t-b a r pulled 
and of each sam ple analysed. I f  th e  sam ple is 
of the  same cast as th e  te s t-b a r , and bears, th e re 
fore, th e  sam e num ber, th en  th e  analysis and 
physical te s t resu lts  a re  g iven on one and  the  
same form , enabling  an  in s ta n t comparison to  be 
made.

If  alum inium  alloys a re  cast a t  an unduly  high 
tem p era tu re  th e  ra te  of solidification is neces
sarily  reduced. Consequently, th e  crystals form ed 
increase in size, and th is  is a sym ptom which is 
always accom panied by a  decrease in  s treng th . 
I f  test-pieces are  tak en  as an  exam ple, th e  su r
plus h ea t of the  m etal increases th e  tem p e ra tu re  
of the  already w arm  chill, th u s  reducing its 
chilling qualities, and  affecting th e  physical 
properties. The m oral, therefo re , is th a t  
alum inium  tes t-bars  should n o t be poured a t  a 
te m p e ra tu re  exceeding abou t 710 to  720 deg. C ent.

The superheating  of th e  m etal in th e  furnace, 
even though i t  be allowed to  cool before th e  test- 
piece is actually  cast, is also d e trim en ta l to  th e  
production of the  best results . T here may be 
some inclined to com bat th is  s ta tem en t, holding 
the view th a t ,  provided th e  m etal is not ac tua lly  
b u rn t, no rea l harm  ensues. I t  m ust be rem em 
bered, however, th a t  a ll m etals absorb and  d is
solve im purities, both  gaseous and  solid, w ith 
g rea te r av id ity  th e  h igher th e ir  tem p era tu res  are  
above th e ir  m elting  points. F o r exam ple, 
alum inium  will absorb, a t  a very high tem p era 
tu re , quite an appreciable am oun t of iron from 
th e  ladle used for s tirr in g , also th e  silicon con
te n t will be increased by absorption  from  th e  wall 
of the  crucible or fu rnace  l in in g ; and these occur
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rences m ilita te  seriously against th e  m aintenance 
of the  alloy a t  any given stan d ard  of composition 
or of physical p roperties.

Also, i t  is probably tru e  th a t  superheated  
alum inium  combines m ore readily  w ith oxygen 
form ing A120 3 (alum inium  oxide), and unless th is 
oxide is reduced by the  add ition  of a flux ^uch as 
1 | to  2 p e r cent, of Mg. th e  excess oxide rem ains 
in solution, being expelled during  freezing, to  
the  crystal boundaries, th u s form ing an am or
phous substance separa ting  the  crystals from each 
o ther. N a tu ra lly  th is  would be a source of weak
ness, and  would probably account for the  fre
quently  observed in ter-crystalline cracks which
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F i g . 6 . — F l im s y  C o p y  o f  S a m p l e  C a s t i n g  A p p r o v a l  
F o r m .

sometimes characterise  castings poured a t too 
high a tem pera tu re .

Sample Castings
The s ta tem en t made a t  th e  ou tset th a t  one of 

th e  essential fea tu res of foundry m anagem ent is 
the reduction to  the  absolute minim um  of the 
proportion  of scrap castings to  to ta l o u tp u t is 
equivalent to  s ta tin g  th a t  foundry errors m ust 
be elim inated. The b a ttle  is half won if  the first 
castings m ade off a  p a tte rn  are  made under 
adequate  supervision. The b a ttle  is completely 
won, figuratively  speaking, a t any ra te , if th is  
special supervision is repeated  a t la te r dates, when 
fu r th e r  orders for castings off the same p a tte rn s  
are received—provided th a t  the previous ex
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perience has been duly recorded in an available 
form and is subsequently u tilised .

The p rim ary  function  of th e  technical d e p a r t
m ent is th e  supervision of sam ple castings. No 
p a tte rn  should he p u t in to  work for production  
w ithout i ts  express sanction, and  th is  sanction  
should not he given u n til a sound casting  has 
heen made and  approved. I t  is th e  business of 
the  technical dep artm en t to  in s is t th a t  th e  first 
casting  off any p a tte rn  is properly  ru n  an d  sound 
in  every way before perm ission is given to  the  
production  dep artm en t to  proceed w ith  th e  order. 
The ac tua l ro u tin e  m ethod devised and  adap ted  
by ourselves may he of in te re s t.

W hen every o rder for castings is received in  the

F i g . 7 .— F r o n t  o f  S t if f  Copy  o f  S a m ple  Ca st in g  
A pp r o v a l  F o r m .

general office a p r in te d  form, called “  The sample 
approval fo rm ,” o r m ore fam iliarly  th e  “ F lim sy ” 
copy, is typed  out for each ind iv idual p a tte rn . 
This form, shown in F ig . 6, is issued by th e  
general office to  the  technical d epartm en t. I f  the  
p a tte rn  is a new one, or new as fa r  as the  fouudry  
is concerned, ano ther sim ilar, though n o t id en ti
cal, form is typed  o u t, called the  stiff copy of th e  
sample approval form, or in short th e  “ S tiff ”  
copy. I f  th e  p a tte rn  described on th e  “  flim sy” 
has previously been in  use in  th e  foundry , no new 
stiff copy is m ade, b u t th e  o rig inal stiff copy is 
procured from  th e  file.

These two forms, th e  flimsy and stiff copies of 
the sam ple approval form , co nstitu te  th e  m ain
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springs or the  system. The flimsy copy is an 
au th o rity  for the  moulder to  proceed with one 
casting  off th e  p a tte rn  whose num ber and  descrip
tion  appear on th e  heading. The p rin ted  in s truc
tions to  th e  m oulder a re  shown in  F ig . 6.

The flimsy is issued by th e  technical departm en t 
to th e  foundry forem an, who hands it , together 
w ith th e  p a tte rn , to  th e  moulder whom he has 
selected for th is p a rticu la r job. The m oulder then  
proceeds to  m ake one casting  as d irected  on the  
flimsy. As soon as th e  casting  is cold enough 
th e  sand  is knocked out, and th e  m oulder sends it, 
together w ith th e  flimsy on which he has w ritten  
his name and num ber, to  the  inspection branch in 
the  technical departm en t. I t  is im m aterial 
w hether th e  casting  is obviously scrap or n o t;  i t

F ig . 8 ,— T h e  back of F i g . 7, sh o w in g  a ty pic a i, 
S k et c h  B ec o iu i.

has to be sent, as i t  came ou t of the mould, for 
inspection. The m oulder has no a u th o rity  to  pro
ceed w ith another casting  off th a t  p a tte rn , for 
his flimsy is on th e  inspection bench w ith the 
sample. This first casting  is made en tire ly  accord
ing to th e  m oulder’s own idea of how th e  casting 
should be m ade. No one in terfe res w ith him , or 
m akes any suggestion. H e  acts purely on b is own 
in itia tiv e . The underly ing m otive is th a t  th is 
method encourages th e  moulder to  o rig ina te  the 
best m ethod of tack ling  new p a tte rn s, and forms 
a valuable p a r t  of his experience.

The sample casting  now on the  inspection bench, 
w ith all th e  ru n n ers  and risers on, is carefully 
exam ined by a  mem ber of th e  technical d ep a rt
m ent staff. If , as is sometimes th e  case w ith new 
p a tte rn s , th ere  a re  some defects, th e  flimsy is 
m arked “ m ake one m ore,” and re-issued to  the
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same m oulder. Suggestions to overcome th e  diffi
culty  are  w ritten  on th e  bottom  of th e  flimsy. 
Possibly, the  gates and  feeders m ust be placed d if
ferently , o r chills should be added where a  rise r 
canno t conveniently  be p u t, in order to  overcome 
local porosity . I f  th e  defects, when such exist, 
a re  n o t easily explained in  w riting , the  m oulder 
is sum moned, verbal suggestions a re  m ade, 
probably by both sides, and  the  m oulder proceeds 
to  m ake ano ther casting  on th e  new lines, the  
flimsy hav ing  been given back to  him  as his 
au th o rity .

I t  b u t seldom happens th a t  a second sam ple when 
i t  is found on the  inspection bench, accom panied 
by th e  flimsy, is in co rrec t; b u t should th is  be th e  
case th e  troub le  is fu r th e r  investiga ted , and  still 
ano ther sam ple m ade which is p rac tica lly  certa in  
to  be correct.

"When the  technical dep a rtm en t is assured th a t  
a sam ple is sound, th e  casting  is sen t to  be 
fe ttled  and  is subsequently re tu rn ed  for a more 
m inu te  inspection . Of course i t  som etimes 
happens th a t  c e rta in  defects a re  n o t observed 
u n til th e  gates a re  c u t off, in  w hich case a fu r th e r  
sam ple has to  be m ade.

W hen th e  technical dep a rtm en t a re  satisfied th a t 
th e  casting  is correct, th e  stiff copy comes in to  
action. T his form , shown in  P ig . 7, has tw o func
tions. I t  first of all provides a d e ta iled  descrip 
tion  of th e  technical h istory  of th e  casting. I f  the  
first sam ple is n o t satisfac to ry , th e  rem arks on 
the flimsy copy a re  also p u t on th e  stiff copy, th e  
defects noted  and th e  m ethods adopted  to  over
come them  being fully  detailed . I f  th e  sam ple 
casting  is sound, th e  stiff copy is m arked  “  sample 
approved ” and in itia lled  by th e  works su p e rin 
ten d en t. The second function  of th e  stiff copy is 
as follow s:— E ach casting  off a new p a tte rn  is 
sketched on th e  back of the  card . A n elaborate  
d iag ram  is n o t requ ired , i t  being only necessary 
to  ind ica te  th e  position  of ru n n ers , risers and  
chills. Any special po in ts which can be made 
clea rer by a d iag ram  are  also no ted . A typ ical 
example is shown in F ig . 8.

Thus th e  stiff copy, w hich is m ade of th ick  
cardboard, su itab le  for sketching, provides in  an 
easily accessible form , for fu tu re  reference, a
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diagram m atic  illu s tra tion  of the correct method, 
based on actual experience, of m oulding a casting 
from a p a rticu la r p a tte rn .

M eanwhile, th e  sample casting has now been 
sketched and fe ttled . I t  is n ex t sen t to  the  
p a tte rn  shop so th a t  its m ain dim ensions can be 
checked, if we a re  responsible for the  m aking of 
th e  p a tte rn . I f  the  custom er supplied the 
p a tte rn  th is  is not done. To all appearances, now, 
the  casting  is correct, and i t  is sent to the 
customer for his approval before the  order is 
proceeded with.

A d u p lic a te  o f  th is  L a b e l appears on  the  C asting .

SAMPLE CASTING
F O R  Y O U R  A P P R O V A L .

P le a s e  c h e c k  d im e n s io n s ,  a n d  a s c e r t a in  i f  t h i s  C a s t in g  

w ill  m e e t  a l l  y o u r  r e q u i r e m e n t s  to  y o u r

O R D E R  N o .............................................   t h e n  s e n d

in s t r u c t io n s  to  p r o c e e d  to

ROWLAND HILL & SONS Ltd.
C O V E N T R Y .

A du p lica te  o f  th is  Labe l a p pea ls  on the  A dvice

SAMPLE CASTING
F O R  Y O U R  A P P R O V A L .

P le a s e  c h e c k  d im e n s io n s ,  a n d  a s c e r t a in  if  t h i s  C a s t in g  

w ill m e e t  a l l  y o u r  r e q u i r e m e n t s  t o  y o u r

O R D E R  N o . _    t h e n  s e n d

in s t ru c t io n s  t o  p r o c e e d  t o :—

ROWLAND HILL & SONS Ltd
C O V E N T R Y .

F ig . 9 .— R ed  S am ple-c a stin g  L a b els .

In  order th a t  a custom er may readily distinguish 
a sample casting, a d is tinctive red label is gummed 
on to  it. One of these w ith a black corner is 
a ttached  to the casting, and  the  other is sent w ith 
the advice note, which is enclosed w ith an accom
panying le tte r  and  sen t by post. The sample cast
ing itself is despatched, if too large for th e  post, 
by passenger tra in , in contra-d istinction  to  the 
general ru n  of castings which are sen t by goods. 
These forms a re  shown in  F ig . 9.

W hen the custom er’s report is received, and  the 
casting  is approved , by them , a technical depart-

M
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m ent instruction  note, to  the  p roduction  d e p a rt
m ent, commonly called T .D .I., is issued, denoting 
th a t the casting  in question has been approved 
and th a t  the  p a tte rn  is released for production 
when requ ired . F u rth e r , th e  flimsy copy of the  
sample approval form, which in  th e  in terim  
between th e  despatch of the  casting  and the  
rece ip t of the custom er’s rep o rt has been filed 
w ith its accom panying stiff copy, is issued to  the 
foundry  forem an, who exchanges i t  for a w hite 
card  a t  th e  general office, w here the flimsy is now 
filed, its  work having been done. The stiff copy 
is filed in  the  office of th e  technical departm en t. 
The w hite card  is the  forem an’s au th o r ity  to  p ro
ceed w ith th e  order, and a receip t for its  issue is 
ob tained  by the  production  d ep a rtm en t as the  fore
m an is requ ired  to  in itia l in  th e  space provided 
in th e  bottom  night-hand co rner of the  flimsy copy. 
D uring  th e  con tinuation  of th e  order in  foundry, 
the  technical d ep a rtm en t is no t directly  concerned 
w ith th e  castings made, though  th e  d ep a rtm en t’s 
inspector keeps a  w atchful eye on th e  castings as 
they come th rough . I t  is not, however, th is  
in specto r’s d u ty  carefully  to exam ine each casting  
th a t  is m ade in  th e  foundry , for th is  is done by 
th e  general inspection staff a ttach ed  to  th e  pro
duction  departm en t.

Should the custom er’s rep o rt on the sam ple sub
m itted  n o t be sa tisfac to ry , th en  the  necessary 
a lte ra tions or corrections a re  m ade, and a second 
sample is subm itted  to them  if necessary.

P roceeding w ith th e  case when fresh  orders 
a rriv e  for castings off p a tte rn s  which have been 
previously used in  th e  foundry. W hen the  
“ flim sy”  is received from the  m ain offices the 
“  s t if f”  copy for th a t  p a tte rn  is w ithdraw n from 
th e  file in the  office of th e  technical departm en t. 
This form, of course, con tains on th e  back a sketch 
made when th a t  p a tte rn  was used for th e  first 
tim e. The value of the  sketch can now be readily  
appreciated , for w hatever tim e has elapsed since 
th e  previous o rder was received th e  correct method 
of moulding is known and no experim en ta l work 
has to  be done, w ith  its  consequent risk  of scrap. 
The ad v an tage  is p a rticu la rly  noticeable when the 
casting is e ither large o r com plicated. The new 
flimsy copy and the old stiff copy con ta in ing  the
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sketch are  issued by the  technical departm en t to 
the  foundry  forem an, who gives th e  flimsy to the 
selected m oulder and explains how the casting 
should be m ade. I f  possible, th e  flimsy is given 
to  th e  m an whose nam e appears on the  stiff and 
flimsy copies, and who therefore  made the previous 
sample. This cannot always be done, for various 
reasons, ne ith er can th e  m an who made th e  sample 
always conveniently be given the  p a tte rn  when 
released for production, though th is is desirable 
and is alw ays done when possible.

W hen one casting, and one only, has been made 
on the  au th o rity  of th e  flimsy, i t  is placed, when 
cold, on the inspection bench unfettled . This is 
exam ined by th e  technical departm ent, before and

.  The E ldon M otor Co.I i
H IS T O R Y .
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F ig .  10 .— T h e  H i s t o r y  C a rd .

a fte r fe ttling , and if  i t  is correct th e  flimsy is 
stam ped and re-issued to  the forem an, who ex
changes it  for a white card a t  the m ain office. In  
th is case i t  is obvious th a t  unless any m aterial 
a lte ra tions to the p a tte rn  have been made no 
sample need be sent to  th e  custom er, who has p re 
viously approved the casting. Should th ere  be 
any doubt on th is  point, however, i t  is b e tte r  to 
e rr on th e  side of excessive caution ra th e r  th an  
otherwise, for though na tu ra lly  it  is not desirable 
unnecessarily to delay production, yet the  loss of 
production involved by the  delay incurred  in  send
ing samples for approval is small in comparison 
w ith the  loss th a t  m ight be sustained if large 
q u an tities  of incorrect castings were made.

Should the  first casting made off th e  flimsy be
m 2



incorrect, th en  a second one is m ade, which has 
every chance of being in  order. The flimsy is then 
issued to  th e  forem an as explained.

I t  will be no ted  from  F ig . 7 of th e  ‘1 stiff ” copy 
of th e  sam ple approval form  th a t  on the  rig h t- 
hand side th e re  are th ree  columns provided for 
the  purpose of recording the  o rder num ber and 
q u an tity  of all subsequent orders, to g e th e r w ith 
the  da te  of approval by th e  technical departm en t 
of a sample casting  for each order. Thus i t  will 
be seen th a t  the  stiff copy provides (1) a record 
of difficulties encountered, if any, in  the m aking 
of the  first sample casting  off th a t  p a tte rn  and 
how the difficulties a re  overcom e; (2) a sketch, on 
the back of the  form, showing th e  correct m ethod 
of m ou ld ing ; and (3) a record of a ll subsequent 
orders received.

History Cards.
The system of m aking sam ple castings thus 

described is extrem ely efficient in  p rac tice , b u t 
i t  is highly im p o rtan t th a t  th ere  be no undue delay 
in carry ing  i t  in to  effect. F or exam ple, when a 
flimsy copy of the sam ple approval form  is handed 
to  th e  foundry  forem an for a sam ple casting , th e  
technical dep a rtm en t m ust see to  i t  th a t  the  
sample is received w ith in  a reasonable tim e, or 
when the  first sam ple m ade is defective and the 
flimsy is re-issued for an o th er one, th e  second 
sam ple also m ust be received for inspection w ith 
out undue delay. In  order th a t  th e  technical 
departm en t may be k ep t in  touch  w ith all th e  cast
ings and p a tte rn s  ■which happen  to  be passing 
th ro u g h  th e ir  hands a t  th e  tim e, a special form  
called th e  “ h isto ry  card , shown in F ig . 10, is 
made o u t for each p a rticu la r p a tte rn . T his form 
gives th e  com plete h istory  of th e  casting , and 
gives, when k ep t daily up  to  date , th e  ex isting  
position of th e  p a tte rn  in  question a t  a glance. 
The cards a re  filed in  a box which has th ree  m ain 
com partm ents. In  th e  first com partm ent all 
h istory  cards a re  k ep t whose p a tte rn s  for some 
reason o r o ther are  n o t available for th e  foundry 
so as to  ge t a sam ple casting . F or exam ple, the  
p a tte rn  m ay be in  th e  p a tte rn  shop undergoing 
a lte ra tio n  or corrections, or i t  may have been 
re tu rn ed  to  th e  custom er.

In  th e  second com partm ent the  cards a re  filed
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whose respective p a tte rn s  a re  in the foundry for 
samples. W hen th e  a lte ra tions or corrections to 
the  p a tte rn  a re  completed, or when th e  p a tte rn  is 
received back from th e  custom er, the card is tra n s
ferred  from com partm ent 1 to com partm ent 2. 
All sam ple castings m ade ofi th e  flimsy copy are 
recorded on th e  h istory  card w hether they  be 
defective o r not, so th a t  a record is kep t of the 
num ber of castings which have had to  be made 
before a sound one is produced.

W hen a sam ple casting  is approved by the 
technical d epartm en t and  has to be sen t to  the 
custom er for his approval, the  card  for th is  cast
ing is tran sfe rred  from  the second com partm ent
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F i g . 11 .— F r o n t  V ie w  o r  an E m er g en c y  Or d e r  
F o r m .

to the th ird , which contains therefore  all history 
cards whose respective sample castings are  aw ait
ing the custom er’s reports.

W hen th e  repo rt is received and is satisfactory 
the da te  and num ber of the technical departm en t 
in struction  no te  to  the  production departm ent 
releasing th e  p a rticu la r p a tte rn  for production 
are inserted  in the  spaces provided in the top righ t- 
hand corner, and  the  card  is filed in a separate  
box, where i t  rem ains u n til a fu r th e r sample is 
required for some reason or other.

The function  of th e  history  card is th a t  it  
enables the  technical departm ent to  watch every 
stage in the  p roduction  of a  sample casting and 
readily  to check the  tim e taken  e ither to make, 
a lte r, or correct the  p a tte rn  in the  p a tte rn  shop, 
or to  cast its sample in the foundry. In  this
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m anner i t  is assured th a t  the  sample castings are 
p u t th rough  in the  least possible tim e. Moreover, 
th e  h istory  card  shows w hat delay, if any, is 
actually  due to  the  custom er, owing may he to 
the tim e th a t  elapses before his re p o r t is received ; 
so th a t  if  a com plaint is made th a t  deliveries are  
overdue, th e  actual tim e spen t in  th e  m aking of 
the  sam ple and  the  tim e tak en  by th e  custom er to  
check i t  over a re  im m ediately available a t a glance.

Emergency Orders.
T here rem ains only one item  of special rou tine 

which will be m entioned. I f  castings off new

Route D»le 1 Ime Received by
Time
taken

hr*. min. hr». min.

Iuued lo Pattern Storr» 2 o - S -  a i C\ W S -
M M Foundry ■ O _ L S

„  „  Workman ... s MX y

When C*al (notify Foreman)............ . I o It y y

Checker notified ............ . I lo a lo
Handed lo Fetller ........................ A 2 0 so

* Received by Examiner so . C X & 2 0

Dir patch Clerk notified S s CAT? / y

Left the W ork».................................. S 3 o 3 S-

Noted Chief of Staff .............. -« y 30 'U s .

* State here what Scrap, If any Total S b O .

Nolle«. The llr»t wrun tWdtacovcr Scrap muat AT ONCE notltr lh« ««»miner, who will obtain a Replace Car« Iwhiici without a momtni a dtlar-
F i g . 12.—T h f . b a c k  o f  t h e  E m e r g e n c y  F o r m .

o r old p a tte rn s  a re  very u rgen tly  requ ired , th e  
whole rou tine  ju s t  described is laid  aside and w hat 
is called a  “ R ed O rd e r”  is issued. This o rder, 
shown in  F igs. 11 and  12, is an au th o rity  to  the 
forem an to  m ake a  specified num ber of castings 
w ithou t delay. No sam ple is subm itted  e ith e r to 
the  custom er or th e  technical d ep a rtm en t, though 
th e  progress of th e  castings is carefu lly  w atched 
by the  technical d e p a rtm e n t’s inspector u n ti l th e  
requ isite  num ber of castings is made.

A more o r less detailed  descrip tion  has now been 
given of th e  rou tine  m ethods adopted  w ith  the  
object of ensuring, first of all, th a t  all castings a re  
m ade of alloys un iform ly  correct as regards 
analyses and physical qualities, and, secondly, th a t



th e  percen tage of scrap is reduced to the absolute 
minim um .

T h a t the  systems described are  efficient the 
experience of several years abundantly  proves, and 
i t  is for th is  reason and w ith the  hope th a t  they 
m ay be of some in te res t and practical value to 
o thers th a t  they have been outlined.

DISCUSSION.
T h e  C h a ir m a n  (M r. G. E . Roberts), i n  con

g ra tu la tin g  th e  P res id en t on his address, said he 
envied the  o rgan isation  M r. H ill’s firm m ust have 
to carry  o u t such a system  so thoroughly.

M r . F. H . IT u r r e n , A .I.C . (Past-President), 
a fte r  endorsing th e  previous speaker’s rem arks, 
said th e  system which the  lec tu rer had  explained 
of course required  establishm ent before one could 
say much in  th e  way of criticism  o r praise. B u t 
on th e  face of i t  th e  arrangem ents outlined cer
ta in ly  looked as if  i t  would show up all th e  dan
gers and p itfa lls  in to  which th e  foundry  trad e  
occasionally fell. However, th e  system was, he 
thought, to  he commended in  th a t  i t  showed a t  a 
glance to anyone engaged in  the  m anagem ent of 
the foundry  th e  exact position in which any p a r 
ticu la r order stood. This was a  m a tte r  which was 
of v ita l im portance to  th e  m anagem ent a t  all times.

M r . L a n e  congratu lated  th e  B ranch-President 
on h is in s truc tive  address, and  also on following 
the ir las t P res iden t’s p recedent in  avoiding the 
subject of foundry tra in in g , which appeared  to 
be the  stock subject for p residen tial addresses. 
M r. Carey H ill seemed to have confined h is forms 
to an absolute minim um for ob ta in ing  efficiency. 
One m a tte r  had  been m entioned which p a rticu 
larly in terested  him. Mr. Carey H ill had  referred
to  th e  well-known change which occurred in  m etals 
on constan t rem elting , b u t sta ted  th a t  th e  pre
vious day’s risers would be of th e  same composi
tion as th e  casting , and he would like to know if
th is sim ilarity  was an invariab le  experience, be
cause on one or two occasions risers sen t for 
analysis were found not to  be so. The foundry 
forem an told him  th a t  a  m istake m ust have been 
made in th e  analysis, u rg ing  th a t  the composition 
of the  risers or runners m ust necessarily he the 
same as th e  casting, and the  casting  was all rig h t. 
According to  the  analysis of th e  risers or runners



th e  sample, th e  foundrym an argued , m ust be all 
w rong, and  therefo re  they  were w rong in th e  
laJboratory. The only exp lana tion  apipeared to  be 
th a t  th ere  was a difference in  th e  composition of 
th e  casting  and th a t  of th e  risers.

The Lecturer’s Reply.
M b. C a r e y  H i l l , r e p l y i n g ,  s a i d  t h a t  i n  p r e p a r i n g  

t h i s  a d d r e s s  h e  h a d  b o r n e  i n  m i n d  t h a t  t h e  a s p e c t  
o f  t h e  o r g a n i s a t i o n  o f  t h e  t e c h n i c a l  d e t a i l s  r e f e r r e d  
t o ,  s o  t h a t  t h e y  c o u l d  b e  c o n t r o l l e d  a s  a  m a t t e r  
o f  r o u t i n e ,  w a s  a  m a t t e r  w h i c h  m u s t  b e  r e g a r d e d  
a l m o s t  e x c l u s i v e l y  a s  o n e  e m b o d y i n g  t h e  v i e w  p o i n t  
o f  t h e  m a n a g e m e n t  i n  a n y  f o u n d r y ;  a n d  t h i s  b e i n g  
s o ,  h e  h a d  c o n s i d e r e d  t h a t  t h e  m a t t e r  m i g h t  
b e  o f  i n t e r e s t  t o  t h o s e  p r e s e n t  w h o  w e r e  f o u n d r y  
m a n a g e r s ,  o r  w h o  w e r e  m e m b e r s  o f  t h e  m a n a g e r ’s  
s t a f f ,  a s  i t  w o u l d  e n a b l e  t h e m  t o  c o m p a r e  t h e  
m e t h o d s  h e  h a d  e m p l o y e d  w i t h  t h e i r  o w n ,  a n d  t o  
t a k e  n o t e s  o f  t h e  p o i n t s  o f  d i s s i m i l a r i t y  a s  w o r t h y  
o f  c o n s i d e r a t i o n .

On th e  o ther hand , those mem bers p resen t who 
w ere craiftemen in  th e  various lodal foundries 
m igh t be assisted  to  see tlie  m a tte r  from  a view 
p o in t d iffering from  th e ir  own, which, in  his 
opinion, could no t fa il to  have th e  effect of w iden
ing th e ir knowledge and of assisting  them  in th e ir  
Wiork.

In  reply  to  M r. L ane, he said th a t  in th e  case 
of heavy or th ick  castings i t  was quite  possible 
th a t  segregation  m igh t occur, th e  heav ie r con
s titu e n t in th e  alloy sink ing  and  causing a differ
ence in th e  compositions of th e  casting  and  the  
rise rs ; b u t th a t  in th in  ligh t castings th e  composi
tio n  should be th e  sam e. Of course, w ith  p roper 
tre a tm en t, i t  would be possible to  g e t v a ria tio n s ; 
if , for instance, th e  m eta l was s tirred  vigorously 
w ith an iron  ram m er for te n  m inu tes before pour
ing, i t  would be q u ite  likely th a t  some iron m igh t 
be in troduced. On th e  o ther hand , th e re  m ight 
be som ething in  the  foundry fo rem an’s side of th e  
question, for analysts sometimes m ade m istakes. 
H e had  on one occasion agreed to  buy ingots on 
analysis, w ith  a penalty  for v a ria tion  from  speci
fication.
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Lancashire Branch.

A t the  opening m eeting of the  session, held on 
October 1 a t  the  M unicipal College of Technology, 
M anchester, th e  following ad d re ss . was read by 
the  C hairm an (M r. J .  H aigh), who presided, in 
th e  absence of the  B ranch-P residen t, M r. W . H. 
M eadowcroft.

PRESIDENTIAL ADDRESS.

Emerson, the g rea t Am erican essayist, said th a t 
in tim es of doub t and  difficulty i t  is helpful to 
s it down and have a good th ink . Obviously the 
present tim e is full of doubt and difficulty, and it 
will certa in ly  do- us no harm  to  sit down and have 
a good th in k  on m a tte rs  th a t  are  pressing them 
selves on ou r notice.

As to  the fu tu re  of the foundry, undoubtedly it 
will be very different from most of our present- 
day foundries. Now, more th an  a t  any tim e, i t  is 
essential th a t  we should compare our position and 
practice w ith th a t  of our com petitors. We have 
ample opportun ity  for the  study of American 
foundry methods from the  li te ra tu re  th a t  reaches 
th is country. P rofiting  by our mistakes and the 
m istakes of o thers, America s ta rted  a t the  foundry 
end in building up the ir engineering works, with 
the resu lt th a t  in repetition  work they are  enabled 
to  get the  best results. This is achieved by 
organ isation  and detailed  study of m ethods and 
m aterials. G reat sums a re  sunk in equipm ent and 
the provision of various labour-saving appliances. 
All this, together w ith an unlim ited  supply of alien 
unskilled labour, which obeys instructions w ith
out question and is paid  by results, enables them 
to  ge t a much g rea te r production  th an  we. Even 
in  the larger castings they  strive to cu t o u t as 
much m anual labour as possible. In  studying the  
relative m erits of A m erican and B ritish  foundry 
practice i t  is necessary to hear in  mind th e  g rea t 
difference in th e  aims and ideals of the  engineers 
and designers of the two countries. The Ameri
can machines are  designed w ith a view to  massed
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production in every stage, including the  foundry , 
and  the  engineer spends money freely in convinc
ing the  buyer th a t  h is m achine is w hat th e  cus
tom er needs, w hereas the  B ritish  eng ineer has, in 
th e  past, followed every whim of th e  custom er, 
w ith th e  resu lt th a t  we have n o t had  full oppor
tu n i ty  to  develop th e  various m an u fac tu rin g  pro
cesses to  th e ir  fu llest ex ten t owing to  these v a ria 
tions. In  no dep artm en t is th is  fe lt more th a n  
in the  foundry , and  i t  is a  question of v ita l im por
tance  to-day if we a re  to  com pete in  th e  m arke ts  
of the world.

In  Germ any we have som ew hat sim ilar p rac tice  
to  the  A m erican, for reasons which a re  ra th e r  d if
feren t. The B ritish  foundry equ ipm en t m anufac
tu re rs  in th e  early  days found th e ir  chief m arke t 
in Germ any, w ith  th e  re su lt th a t  German 
foundries are, on th e  whole, m uch b e tte r  equipped 
th a n  ours for massed p roduction , and will soon be 
keen riva ls for ou r traide.

On exam ining ou r own position, th e  outlook is 
no t d iscouraging, for we find th a t  g re a t strides 
have been made in  recen t years in  developing 
foundries. I t  is tru e  th a t  th e  m odern tre n d  of 
foundry  p rac tice  clashes w ith  our tra d it io n a l 
methods, h u t if we are  to  hold our own we m ust 
u n h esita ting ly  scrap  obsolete m ethods an d  p lan ts  
which have long passed th e ir  career of usefulness 
and  now serve b u t to  im pede our progress. I t  
would n o t be a wise step to  cu t ourselves away 
from th e  old before we have som ething to  tak e  its 
place, b u t w ith all ou r m odern research  work and 
experim ents to  guide us, we a re  n o t tak in g  a leap 
in th e  dark  when we decide to do aw'ay w ith out- 
of-date methods.

In  th e  h as te  to  develop in d u stry  in th e  p a s t we 
have to  a g re a t ex ten t neglected th e  m ost im por
ta n t  factor, th e  hum an elem ent. Do n o t le t us 
fall in to  th is  sam e e rro r in ou r new efforts, 
because one-half th e  ills to  which in d u stry  is heir 
have th e ir  root in  th is  fac to r. The problem s th a t  
we have before u s  in  dealing w ith  th is  b ranch  of 
the  in d u s try  a re  extrem ely difficult of solution, b u t 
they  a re  no t insoluble ; b u t if they  a re  approached 
p a tien tly  and w ith th a t  w ider vision which comes 
from  an earnes t study  of th e  underly ing  causes, 
they will them selves show us th e ir  t r u e  solution.
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U ndoubtedly wo do not get the  best out of people 
by herd ing  them  together in  th e  g rea t modern 
works. C ontact betw een craftsm en on one side 
and  semi-skilled and repe tition  workers on th e  
o ther inevitably  leads to  fric tion  and un rest. I t  
m ay be difficult to  p u t our fingers on it , b u t i t  is 
th e re  none th e  less.

All mass production workers should be effec
tively separa ted  from  craftsm en. The foundry 
of th e  fu tu re  will be a series of well-lighted 
and lofty  buildings, where th e  jobbing moulder 
will be well away from the  repe tition  worker, and 
the  la t te r  work a p a r t  from  the  corem aker. The 
jobbing m oulder will be a  highly skilled c ra f ts 
man, and will be paid  well for good work, and it  
will be requ ired  th a t  he shall prove th a t  he is a 
moulder in ano ther m anner th an  by showing his 
Union card.

A nother th in g  th a t  will be essential if we a re  to  
learn  more of ou r tra d e  is th a t  proper records 
m ust be k ep t of jobs of th e  medium and  heavy 
type. A proper system of collating and filing th is 
inform ation would relieve th e  foundrym an of a 
good deal of his worries, and  obviate th e  necessity 
of rack ing  h is own and  o ther people’s memories 
in an 1 effort to  find w hat was done previously on 
a sim ilar job. Memory is very illusive, and  we 
w ant som ething b e tte r  th an  hoary trad itio n s  on 
which to base our practice.

Form erly these m a tte rs  were discussed a t  some 
length in th e  poor m an’s club (the public house), 
with varying results, b u t m odern founding de
m ands som ething b e tte r, and if such records a re  
available i t  will tend  to  g rea te r efficiency. I t  
would, of course, be necessary to  chronicle our 
failures even more clearly th an  our successes. We 
m ust tell the  whole tru th , for i t  is by our failures 
th a t  we rise to  b e tte r  th ings. Given these records, 
we should still need th e  h ighest skill and ex
perience in both th e  actual m aking and the  super
vision of the  jobs.

Cast-Iron Research Association.
The form ation of th e  B ritish  C ast Iron  Research 

Association is due to  the  u n tir in g  efforts of our 
In s titu tio n . The list of officials and members 
shows i t  is well represented , and we a re  confi
d en t th a t  i t  will prove a p ractical and perm anent
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ta k e  a keen in te re s t in th e ir  work, fo r i t  will he 
m ost helpful to us. I t  is the  in ten tio n  of the  
Association to  study  th e  app ren tice  question, and 
try  to  evolve some scheme for special educational 
tra in in g  in  connection w ith a graded  workshop 
course. I f  th is  difficulty is solved i t  will have 
overcome one of our g rea te s t concerns, th e  supply 
of b righ t, well-educated boys for th e  foundry.

A h igher s tan d ard  of education  for our hoys is 
an  obvious necessity if we are  to  p rogress; in te lli
g en t and  receptive m inds will be needed to  absorb 
all th a t  i t  is im perative to  know. I t  is to  he re 
g re tted  th a t  even to-day th ere  a re  very few 
moulders who can read  a draw ing, and  obvi
ously th e  m oulder’s work would be fa r m ore 
in te re stin g  if  he had  an in te lligen t idea of th e  
laws and forces th a t  govern th e  exercise of his 
c ra f t.

The pam phlet sen t o u t by th e  R esearch Asso
ciation  sets ou t a com prehensive program m e. 
The lis t is long an d  form idable, and  i t  will^need 
th e  close co-operation of all in te re sted  p a rtie s  to 
achieve th e  object.

M etal founding is one of the  oldest c rafts , b u t 
founders have u n til la te ly  been co n ten t to  grope 
abou t in  an atm osphere of mediaeval gloom, and 
have n o t m ade much effort to im prove m ethods 
w ith the  tim es. In  some of the  sm aller foundries, 
and  even in  some large ones, we see types of 
tackle an d  methods of m oulding which m ight have 
been in troduced by a M in ister of M unitions of the 
tim e  of Csesar. O ur tra d e  has recognised th is, 
ta lked  about i t  for years, b u t has done li tt le  
tow ards a lte rin g  i t  u n til com paratively  recen t 
tim es. Even now we have no t cleared th e  cob
webs from all the  corners of th e  in d u stry , and 
we shall have to  leave i t  to  th e  s tress of an 
actively com petitive business world to  do th is . U n
doubtedly the  C ast Iron  Research Association wil' 
fill a g re a t space th a t  has been w aiting  for it , and 
thus will leave our own In s titu tio n  u n fe tte re d  to 
deal w ith m a tte rs  of equal im portance th a t  lie in 
o ther directions.

The Institution.
The In s titu tio n  of B ritish  Eoundrym en has 

made g re a t progress since its  inception , in sp ite
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of g rea t handicaps. The leeway created  by ignor
ance and apathy  in past days is being rapidly made 
up. Each year sees i t  en te r on a period of g rea ter 
ac tiv ity . The successful conference held a t  Shef
field in  1918, a f te r  a lapse of th ree  years, gave it 
a g re a t im petus. In  a tten d in g  the  Council m eet
ings in  various p a rts  of th e  country one is im 
pressed w ith th e  zeal, ability , and public sp irit 
of the members, who often trave l long distances 
to a tten d  to  th e  business of th e  In s titu tio n . There 
is every reason to  be proud of having such 
men in  our c ra ft, and  we were especially fo rtu n a te  
in hav ing  such a m an as M r. R iddell for P residen t 
last year. This year one of our own B ranch mem
bers, M r. Oliver Stubbs, has been appointed  to 
th is high office. We congra tu la te  him  heartily  on 
th is  signal honour, and we are  confident th a t  he 
will w orthily m ain ta in  its  high trad itions. The 
B ranch Council a re  determ ined to  make the year 
of M r. S tubbs’ office a memorable one, and rely 
on th e  assistance of all members to  make th is  pos
sible. The first th in g  to  do is to  increase our mem
bership. I t  ought to  be possible to  double our 
numbers. W e m ust bear in  m ind th a t  as tim e 
passes i t  will become increasingly difficult to  be
come a member. The Royal C harter, when ob
ta ined , will give a much h igher s ta tu s  to  the 
In s titu tio n .

There are ab u ndan t signs th a t  we are making 
our presence felt in the engineering world. A 
g ra tify ing  acknowledgm ent of our work has re 
cently been made by the Iron founders’ Em ployers’ 
Association in m aking a g ra n t of 200 gu ineas to 
our In s titu tio n . Owing to  generosity  of some of 
our members, a  scheme is afoot to  g ra n t medals 
and diplomas for good work done for im provem ent 
and education w ithin the  In s titu tio n .

Branch Conditions.
T urn ing  to  the  L ancashire B ranch, i t  Is 

desirable th a t  our members should subm it any 
suggestion they  may have for increasing our 
sphere of usefulness. U ndoubtedly i t  would help 
all round if we could ge t more discussion and 
in terchange of views a t  meetings. I t  would also 
be a  g rea t help if we could get our younger mem
bers to  tak e  a more active p a r t in our m eetings
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and discussions, for youth  is synonymous witii 
enthusiasm , and enthusiasm  can accomplish much 
if i t  is tem pered  w ith th e  advice of the  older and 
more experienced members.

The L ancashire B ranch covers a very wide area, 
and i t  is th e  d u ty  of th e  members to  see th a t  the  
B ranch Council should be as widely rep resen ta tive  
a s  possible. I t  should he feasible to  a rrange  
small groups in  various d is tric ts  an d  ap p o in t some 
rendezvous w here they  could m eet and  ta lk  th ings 
over. The re su lts  of such m eetings could he 
b rough t before th e  usual m onthly m eeting in  th is  
room, and would no doubt prove invaluable in 
ex tending  and am plify ing  our work

I t  may be possible to  a rran g e  to  have half an 
hour devoted to  discussion of cu rren t problem s; for 
instance, the  types of p ig-iron, coke, sand, e tc ., 
and  i t  would m ake m eetings more a ttra c tiv e  and 
in form ative. I t  would be usefu l to  have o u r mem
b ers’ experiences of some of th e  s tran g e  b rands 
of p ig-iron th a t  a re  on the  m ark e t a t  p resen t. 
M uch of th is iron  is bough t th rough  th e  office 
w ithout th e  forem an m oulder’s knowledge, and  he 
is then  called upon to  m ake th e  best of it, which 
he does, h u t w ith very variab le  results .

Such questions as these have an im m ediate 
in te re s t to  th e  hulk  of th e  members, an d  we m ust 
h ear in m ind th a t  th e  chief value of our In s t i tu 
tion  is in th e  free diffusion of th e  experience and 
knowledge of our m em bers. In  the  difficult period 
th rough  which th e  in dustria l world is passing i t  is 
of the  first im port to  us th a t  we should come more 
closely toge ther to  tr y  by th e  exchange of th ough t 
to do our p a r t  to  b rin g  about a  more stable s ta te  
of affairs.

Improvements Sought.
A question of much in te re s t to  us, ra ised  a t the  

Conference, was the  need for g rea te r co-operation 
w ith the  m oulders. H ith e rto  there  has been a sus
picion th a t  our only concern was to  ob tain  an in 
creased ou tp u t. W hile th is  is one of our chief 
objects, we m ust m ake i t  known th a t  we in tend  
to  achieve th is  largely  by im proved p la n t and 
organ isation  and by b e tte r  unders tand ing , n o t bv 
tak in g  i t  o u t of th e  workm an. To-day, social 
economics a re  very m uch to  th e  fore, b u t we leave 
these severely a lo n e ; w hatever ending these con
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troversies have, we shall still need b e tte r  foundries 
and b e tte r  foundrym en. T aking an im partia l 
stand , we can press steadily  on w ith our task , and 
ask th e  help of th e  b e tte r  elements of all in terested  
parties. W e have inherited  much from the  work 
of our fo re fa th e rs; our p lain  d u ty , therefore , is 
to  do our best to leave the  c ra f t in a h igher posi
tion  th an  we found it.

Unemployed Members.
In  M r. S tubbs’ P res iden tia l address he laid 

stress on th e  need of a reg ister of our members 
who are  unemployed. This is a question we have 
discussed often a t our B ranch m eetings, and 
w ithou t doubt som ething ought to  be done in 
th is direction.

The very fac t th a t  our members devote p a r t  of 
th e ir leisure tim e in endeavouring to improve 
themselves and  the  c ra f t by a tten d in g  our m eet
ings en titles them  to  p rio r consideration when 
applying for responsible posts in the ' foundry. 
Some so rt of a reg is te r is supposed to  be 
kept a t  present, b u t th e  idea requirks th e  con
sideration  of the whole of our members. The 
more widely known the  scheme becomes the  g rea te r 
will be its  efficacy.

In  c o n n e c t i o n  w i t h  t h i s ,  i t  m a y  b e  m e n t i o n e d  
t h a t  t h e  p r o p r i e t o r s  o f  T h e  F o u n d r y  T r a d e  
J o u r n a l  h a v e  o f f e r e d  f o u r  f r e e  a d v e r t i s e m e n t s  t o  
a n y  o f  o u r  m e m b e r s  w h o  a r e  s u b s c r i b e r s  a n d  h a v e  
t h e  m i s f o r t u n e  t o  b e  o u t  o f  e m p l o y m e n t .

M r . H o g g  (the Secretary), in  moving a vote of 
thanks to Mr. M eadow croft for h is address, said 
i t  w'as to be reg re tted  th a t  M r. M eadowcroft could 
no t be p resen t on th is  occasion to  p u t them  before 
the  members himself. H e was no t alone in t h a t ; 
o ther leading men in  the  In s titu tio n  held the 
same view. They desired to  encourage among the 
members a sp irit of m utual aid, and an  example 
of th a t  was the offer of Colonel C heesew right. 
referred  to  in the  address. W hilst he had acted 
as Secretary  many vacancies had become known 
to him, and in  some cases he had been able to  pass 
the inform ation  on to  o ther members, to  the ir 
advantage, b u t as the m eetings were only held 
once a m onth and the  firms who had vacancies to 
fill were nsually anxious to do so quickly, i t  was 
too large a m a tte r  for one person to  tackle, and
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Personally , he saw no way of dealing  w ith  it 
w ithout establish ing a reg ister.

T h e  C h a i r m a n  (M r. J .  H aigh) seconded the  
m otion. H e agreed th a t  the  P res id en tia l A ddress 
gave them  a good deal to  th in k  about. H e hoped 
rhe members would show the  same sp ir it  as the 
P residen t, and try  to ca rry  o u t th e  aim s and ideals 
which had been placed before them , and  m ake the  
In s titu tio n  known in  every foundry , n o t among 
the foremen alone, b u t also among th e  workmen, 
thereby crea ting  a b e tte r  atm osphere. The past 
ten  years had seen more im provem ents in  foundries 
th an  the  previous fifty years, and  th ere  had 
sprung  up  a desire for b e tte r  th ings. The industry  
could n o t move fas te r th a n  according to  th e  know
ledge and  education of th e  people w ith which they 
were dealing, b u t they  m ust be ready  to  take  
advan tage  of th a t  desire w henever i t  showed itself.

The vote of th an k s  was ca rried  unanim ously, and 
th e  members proceeded to  th e  consideration of 
some technical questions.
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Birmingham Branch.

SOME PRINCIPLES UNDERLYING FOUNDRY 
PRACTICE.*

By H. Field.

The Sphere of the Scientific Worker.
The word “ academic ” is n o t rig h tly  applied to 

th e  scientific w orker who is d irectly  in  touch w ith 
industry , b u t he ra th e r  prefers the  much p lainer 
name “ techn ical.” The form er word has its use, 
and is stric tly  applicable to  th e  pu re  science or 
labora to ry  w orker ra th e r  th a n  to  the “ works ” 
man. There is a tendency on th e  practical m an ’s 
p a r t  to  call all th ings beyond th e  scope of his 
knowledge and intelligence by th e  name 
“ academ ic,” w ith  which he associates “ unneces
sary ,” because unknow n. To some, my own outlook 
on foundry  work may be so classified, h u t I  plead 
th a t  a ll of us may show to lerance and even respect 
for the  unknow n. The tru e  technical m an stands 
in a midway position between th e  practical and 
real academ ic w orker, inasm uch as i t  is his place 
to g rasp  th e  significance of work done by th is  la t te r  
and apply i t  to  th e  tasks of th e  form er.

The practical m an is to be envied, and all tr ib u te  
paid him for liis skill and craftsm anship , which I 
en tire ly  lack, and if to-day he will no t see my 
po in t of view, th e  tim e  will come when we shall 
work fully together. The m otto of our In s ti tu 
tion , “ Science hand  in hand  w ith labou r,” is the 
only one which th e  foundry can adopt w ith any 
hope of complete success.

Scientific Research.
I t  is no t proposed to  discuss th e  general proposi

tion  th a t  the  foundry  is fa r  behind o ther branches 
of th e  eng ineering trad e s  in  the  m atte rs  of s tan 
dard  practice, scientific methods of w orking, and 
production  of un iform  qualities of goods over long

* T he P re s id en tia l A ddress delivered  before th e  B irm ingham  
B ranch  on  O ctober 8, 1921.



periods. This po in t has been well b rough t o u t in  
th e  p ropaganda work of th e  C ast Iro n  Research 
Association, and  the  fo rm ation  of th is  body is 
an adm ission th a t  foundry  w orkers can m ake 
no fu r th e r  progress u n ti l  science and  research 
have come more fully to  th e ir  aid . T ha t i t  should 
have recourse to  such an ou ts ide  body is only 
n a tu ra l, and  is an economic use of existing  
resources, for th e  p ractical, technical, and research 
w orker has each his work to  do, and  no m an can 
work along all these lines a t  one tim e.

In  surveying th e  whole field of foundry  work 
th ere  is one p o in t which should appeal more 
strongly  th a n  any o ther as showing th e  need for 
fu r th e r  work, th a t  is th e  lack of s tandard  
practice. I t  is to  he hoped th a t  th e  logic of th e  
nex t s ta tem en t will be accepted—th a t  th e re  is and 
can be only one best way of doing a th in g —w hat
ever th e  th in g  may be.

The ideal of the  scientific and  technical m an is 
a  very h igh  one : to  m ake every process subject to  
law, and in  every th ing  to  be exact. One of th e  
most em inent foundrym en of th e  la s t generation , 
W. J.. Keep, said “ th e re  are too m any unknow n 
factors to  allow of th e  m etallu rgy  of cast iron being 
m ade an  exac t science,”  b u t a lthough th e  num ber 
of unknown factors is large, i t  is inadvisable 
to  subscribe to  th e  conclusion draw n by Keep. 
The aim of science and research m ust be to  m ake 
th e  m etallu rgy  of cast iron an  exact science, and 
from  th e  vary ing  ideas and  methods to  which every 
foundry  adheres to  ra ise  up for th e  use of every 
foundrym an a  s tan d a rd  practice, of which it  may 
be said th a t  every opera tion  is done in the  one 
best way. H ave n o t m any of us lost sigh t of the  
fac t th a t  th ere  can logically be only one best way—■ 
for every th ing?

Leaving foundry  prac tice  for a m om ent and  
re fe rrin g  to  th e  geom etrical systems which were 
evolved so long ago by E uclid , and  only b u ilt up 
a fte r  ce rta in  axiom s w ere allowed to  be tak en  
as g ran ted , i t  m ust be conceded th a t  in 
foundry p rac tice  we ta k e  as an  axiom  “ th a t  th e re  
is only one best w ay,” and  th is only can  be th e  
basis of s tan d a rd  p ractice, which m ust be a collec
tion  of th e  best ways of doing every single opera
tion  which th e  production  of perfec t casting
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includes. F or th e  most p a r t  th is  “ best way ” is 
no t a t  p resen t followed, and  in  m ost cases i t  has 
no t yet been discovered. The very d iversity  of 
m ethod followed by those of us who a re  endeavour
ing  to  reach th e  sam e goal m ust of itself prove 
th e  contention , for all ou r ways cannot be th e  
best, and i t  m ust follow th a t  nearly  all of us are 
following a way o ther th a n  th e  best, and  a re  th ere 
fore w orking along lines which a re  w asting effort, 
energy, tim e, m ateria l, and money. U n til i t  be 
discovered and agreed as to th e  one best way 
stan d ard  prac tice  canno t be p u t  forward. 
N atu ra lly , as foundry  p rac tice  includes so m any 
vary ing  classes of w ork and of so m any sizes it  
could never be possible to  adopt one uniform  
p ractice  for th e  whole of th e  industry , b u t if the  
object in  view be th e  m anu factu re  of any  one type 
of casting—for instance, a chilled roll o r a motor 
cylinder—th en  i t  can be m ain tained  th a t  for each 
of these types th e re  is one analysis of iron, one 
m ix tu re  of pig-irons, which is m ore su ited  to  th a t  
p a rticu la r casting  th a n  any  o ther can be. Take i t  
th a t  th is  was agreed on, and im agine th e  different 
products which different founders would obtain  
when they  m elted th e  agreed s tan d a rd  m ix ture , 
showing th a t  m elting prac tice  needs standard is ing  
w ith each phase of work. _ I t  is consequent on such 
considerations as these th a t  i t  is urged in th e  first 
case w hat m ay seem an  idealistic realisa tion  th a t 
th ere  is only one best way. Inasm uch as many 
harbour in  th e ir m inds th a t  they  a re  a lready fol
lowing th is  way, i t  will no t be agreed to , fom 
s tan d ard  practice im plies co-operation. No adop
tion  of agreed systems could remove th e  uncer
ta in ty  of th e  hum an elem ent, b u t i t  is ju s t because 
of th is  th a t  i t  can be p u t forw ard, for it  is 
not a t  all in harm ony w ith  th e  ideas expressed to  
convert th is  hum an elem ent in to  a machine, and 
th e  perform ance of our daily task s would still 
involve as much o r more th ough t and intelligence 
as to-day.

L e t i t  be clearly understood th a t  no claim is now 
m ade th a t  th e  technical m an is necessarily any 
nearer th e  best way th a n  th e  p rac tica l m an, but 
by reason of th e  m ethod of his tra in in g  he is much 
more likely to  adm it, o r ra th e r  to  insist on, its 
existence, and where th e  practical man will often



re s t satisfied w ith  th a t  which is “ good enough be
cause i t  serves th e  purpose,”  th e  technical m an 
will ra re ly  conform  to  any such proposition.

Beyond th e  t r u th  th a t  every problem  has its 
solution and  every effect its cause, lies th e  fu r th e i 
fa c t th a t  every system or process has its  appro
p r ia te  laws, definite and inflexible, by w hich i t  is 
governed. The scope of science in  in d u s try  is to  
discover, firstly, th e  laws which govern every p ro
cess, and, secondly, to  devise m eans w hereby these 
laws, governing th e  p roduction  of perfec t work, 
may be k ep t unbroken. I t  is beyond question, 
w hen logically considered, th a t  as o ften  as any 
process is carried  ou t under exactly  iden tica l con
ditions, ju s t so often  m ust id en tica l resu lts be 
obtained, and  yet th e  founder is constan tly  puzzled 
by vary ing  resu lts from  ap p aren tly  un v ary in g  con
ditions. The argum en t th a t  no th ing  has been 
a ltered  is qu ite  un tenable , and  th e  a lte rn a tiv e  
m ust be adopted  and ignorance adm itted  of the  
governing laws in  th e ir  en tire ty . In  o ther words, 
in  few cases has th e re  been discovered all condi
tions which influence th e  resu lt, le t alone m astered  
th e  a r t  of keeping those conditions constant. 
H ence th e  vary ing  resu lts in  foundry  work, and 
th e  considerable degree of u n ce rta in ty  which faces 
th e  iron founder when he a ttem p ts  any p a rticu la r 
casting— a degree of u n c e rta in ty  which is fa r  
g rea te r th a n  when th e  engineer essays to  m ake an  
engine. The m easure of th is  u n c e rta in ty  is the  
m easure of ou r ignorance, and  th e  foundrym an 
probably m eets w ith  m ore puzzling phenom ena 
th a n  any o ther craftsm an , revealing  th e  necessity 
for th e  extension of his knowledge th rough  
research. To adm it th e  existence of such definite 
laws as have been re fe rred  to  is to  recognise th a t  
a t  some fu tu re  tim e  foundry  prac tice  m ay be as 
much an exact science as is th e  m ultip lica tion  
table.

Variables in Cast Iron.
T aking th e  case of cast iron, which occupies the  

prem ier place am ongst th e  m etals used in  th e  
foundry, th e  final condition in  which th e  m etal is 
found in  th e  casting  is influenced by a la rg e  num 
ber of factors. To enum erate  these u n d e r m ain 
headings we have :—In itia l  conditions of m anufac
tu re  in th e  b las t fu rn ace ; com position; cupola con
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ditions, including quality  of fuel ; casting  condi
tions, including leng th  of tim e in  ladle and tem 
p era tu re  of casting. The influence of blast-fur- 
nace conditions is im portan t to  the  foundrym an, 
bu t is usually outside his inform ation , w hilst the 
heading “ com position ” may be sub-divided into 
a t  least five item s. In  seeking to  diagnose a  fau lt, 
inform ation is desirable on all these po in ts if 
possible, and the resu lt of insufficient knowledge 
of any of them  may be the  form ing of a  wrong and 
m isleading verdict. The effect of varia tion  in  any 
one of these many influences is fa irly  well under
stood, b u t i t  is possible for several of them  to 
dev ia te  from  th e  s tan d a rd  in the m aking of any 
one casting , and then  i t  becomes exceedingly diffi
cu lt to g e t to  the root cause of troubles. M any 
workers, both  prac tica l an d  technical, have laid 
certa in  troubles a t the  fee t of certa in  influences 
w ithout being sufficiently sure th a t  variation  has 
not taken  place in any o ther factor ; results of 
work of th is k ind have frequently  been published 
and have misled o ther workers and helped to  make 
th a t  confusion and  u ncerta in ty  which surrounds 
the founder. Slow progress b u t ce rta in  is the  only 
safe m ethod, and  the  assurance th a t  there  is some 
real definite knowledge gives much confidence.

Basis for Experiments.
P robably th e  chief reason why exhaustive experi

m ents, leading to  definite knowledge, have not 
been more largely carried  o u t on a p rac tica l scale 
is the  very large expense involved. Experience 
has shown th a t  of th e  very large num ber of experi
m ents . made on a small scale, only a few when 
applied to commercial practice are of any use. 
More particu la rly  does th is refer to  crucible and 
cupola m elting. The cupola has such immense in
fluence on th e  m etal passing th rough  i t  th a t  in for
m ation as to  th e  p roperties of p ig-iron, e ither 
individual b rands or m ixtures, when obtained from 
small pot-m elted heats, is no guide to  the  results 
to  be obtained from cupola p ractice. I f  any are 
not in  agreem ent w ith th is i t  is only necessary to  
re fe r to  crucible-m alleable versus cupola-malle
able for an  illu stra tion , b u t i t  can be supported  by 
personal experience . w ith  po t and cupola and 
bv hav ing  endeavoured to  p u t in to  prac
tice  on th e  cupola th e  resu lts  obtained by



o ther workers w ith  th e  crucible. The com
parison betw een crucible and -air fu rnace  is, 
of course, more valuable, and since a ir  furnace 
practice is g radually  extending , such experim ental 
work as has been referred  to  may ye t be worth 
while. F or th e  present, however, the  cupola holds 
sway, and i t  is to  be hoped th a t  th e  R esearch 
A ssociation will no t endeavour to  solve the  foundry  
troubles p u t up to  them  with th e  aid  of a crucible 
or to- se t on foot new work along these lines, for 
i t  is n o t w anted, b u t ra th e r  investigations on 
p rac tica l lines. This is ano ther factor largely con
tr ib u tin g  to  the  u n ce rta in ty  of foundry  work, b u t 
it  has no doubt arisen  in an endeavour to avoid 
expense.

Fracture and Analysis.
I t  hav ing  been shown th a t  the  final ch ar

ac te r of th e  iron is dependen t on th e  re la tive  
stren g th  of a num ber of influences, of which 
chemical analysis is only one, i t  is obviously 
illogical th a t  knowledge and  control of analysis 
alone can rem edy all ills and avoid all defects. 
B u t on the  o ther hand  i t  has been shown th a t  
chemical analysis is one of th e  factors influencing 
final condition, and i t  is therefo re  equally illogical 
to argue  th a t  w ithout analysis effective control can 
be m ain ta ined . No sooner, however, is the  ques
tion  of analysis raised  th an  i t  is followed by its  
re la tionsh ip  to fra c tu re  and th e  degree to  which 
each is to  be ad m itted  as a governing fac to r in 
the  purchase, and  u tilisa tion  of pig-iron. I t  would 
appear, a t  any ra te , th a t  th e  m akers of pig-iron 
are  not ye t p repared  to  concede th a t  analysis is 
one of th e  determ in ing  factors in  m aking  good 
castings. Nowhere are  we fa r th e r  from s tan d a rd i
sation—in th e  ord inary  ru n  of p rac tice  no two 
batches of iron appear to be exactly sim ilar, no 
m ix tu re  can be exactly  repeated  over any length  
of tim e, and  any a tte m p t to  adopt a s tan d ard  
m ix tu re  to give a s tan d a rd  p roduct soon breaks 
down th rough  lack of un ifo rm ity  in the cons+ituent 
irons. The same m ix tu re  may be used where b rand  
or fra c tu re  is th e  guide, or a d ifferent m ix tu re  
m ay be used w here a s tan d ard  analysis is worked 
to . b u t the  re su lta n t iron is found to  vary  consider
ably. As a  first essential in th e  work of tho 
R esearch Association and in the building; up of
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standard  practice, it  should become incum bent on 
every blast furnace to produce and p u t on the 
m arket standard  irons within s tandard  lim its of 
analysis. I f  the foundry trad e  as a whole would 
insist, then  this object m ight be easily accom
plished. A similar s ta te  of affairs would not be 
to lerated  by the steel or non-ferrous industries, 
and as a result these m etals can be bought to  any 
desired analysis. In  th e  case of pig-iron the  blast
furnace people are  found offering tables of 
analyses, coupled w ith such declaimers a s :— (1) We 
sell th is iron to analysis, b u t do no t bind ou r
selves: (2) we do no t sell to  analysis, these figures 
are only ap p ro x im ate ; (3) we do no t sell to
analysis, these figures a re  for your guidance.

These a re  a few actual quotations and could be 
m ultiplied very largely. Compare th is w ith a 
prospectus issued by an American agent, w ith 
guarantees, and we see th e  difference between the 
founders’ position in the two countries. A pproxi
m ate figures a re  litt le  less th an  useless, since th ere  
is available too much experience of being guided 
by them, and firm guaran tees are  needed. To-day 
in the foundry industry  there  is no option b u t to 
accept w hat the  furnaces send, and those who have 
objected know how difficult it  is ; indeed, little  or 
no redress is obtainable even in cases, by no means 
infrequent, where the  m aterial sent is absolutely 
unuseable by the  founder, le t alone ju s t outside 
specification. I f  f ra c tu re  be the guide it  is diffi
cult to find two men who will prescribe the exact 
lim its of any grade, or classify sim ilarly any 
dozen or so different fractures, so th a t  w ithout 
having definite standards of fractures no redress 
could be expected when the buyer is dissatisfied 
with his p u rchase ; b u t analysis does provide 
definite standards to  which i t  can easily be seen 
if any sample conforms. Sale by analysis will not 
leave the blast furnaces w ith a good deal of unsale
able iron, for, generally speaking, all iron is good 
iron when properly u sed ; if i t  were indeed found 
th a t certa in  iron were unsaleable because there  
was no good use for it, then  who am ongst founders 
will grum ble? I t  can readily  be understood th a t  
even amongst founders th is view of the case is not 
universally accepted, because to  some who have 
failed to keep pace with modern developments an



analysis conveys no th ing  w hatever. T his in  sp ite  
of th e  fac ilities which have long been available a t  
l i t t le  cost in  th e  shape of trad e  li te ra tu re , evening 
classes, and  th e  work of th is In s titu tio n , which 
together have fam iliarised  members and others 
w ith the  te rm s and m eaning of a chemical analysis. 
The method of g rad ing  by fra c tu re  has been on 
tr ia l  for a long tim e, and having failed to  give 
the requ ired  degree of c e rta in ty  to  ironfounders, it  
is doomed to  give place to th e  m ethod of analysis. 
I t  may be th a t  th is , too, will prove a fa ilu re , or 
perhaps insufficient in  itself, an d  will in  tu rn  have 
to  give place to  some new m ethod propounded by 
research, such as a  simple b u t inform ing  physical 
tes t. B u t such a possibility m ust not forbid its 
tr ia l. In  p lain  term s, w hat is required  is a m eans 
of ascertain ing  th e  value of any  iron  for m aking 
castings and of ob tain ing  in  q u a n tity  an iron 
which will give desired and certa in  results.

Inherent Qualities.
R eferring  back, i t  is w orthy of rep e titio n  th a t  

th e  same logic which forbids us to  claim  for 
analysis a complete power of control also forbids 
us to  ignore th e  power th a t  i t  does wield. E very
one who has handled  analyses knows th a t  samples 
w ith th e  same a p p a ren t chem ical analysis may 
vary  widely in  ch aracter, b u t i t  is also known th a t  
m ixtures made from  irons w ith th e  same frac tu re  
may vary  in cha rac te r too. Seeing th a t  th e re  are  
o ther factors, such as b last pressure, etc., i t  is only 
n a tu ra l th a t  such samples should vary. These 
irreg u la ritie s  a re  chiefly due to  th e  w orking con
d itions of b last fu rnaces a t  tim e of m anufactu re  
and casting  of the  p ig-iron. F or th e  same reasons 
various pig-irons, even of th e  sam e analvsis and 
from th e  sam e d is tr ic t, will he found always to 
vary  in  character. I t  is tru e , too, th a t  some pig- 
irons mix one w ith an o th e r b e tte r  th a n  o thers, 
a fa c t which has no t y e t been explained  sa tisfac
to rily  ; b u t all these facts, d e trac tin g  a s  they  do 
from the  value of analysis, do no t destroy its  value. 
The u ltra -p rac tica l m an uses them  for th is  p u r
pose, b u t am ongst all th e  factors which influence 
iron, th e  m ost im p o rtan t is undoubtedly  its 
chemical analysis.

Casting Temperatures.
N ext in im portance, although equally ignored,
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is casting tem pera tu re . Ignored is not altogether 
m eant, because i t  always has to  he considered in 
its relationsh ip  to  runn ing  and soundness. L ittle  
research on p ractical Lines has been published, b u t 
s tric t a tten tio n  to m ixing and analysis shows th a t  
many irregu la rities in th e  p ast have been wrongly 
a ttrib u ted  to  these la tte r  factors, and  compel 
a tten tion  to  be given to casting  tem pera tu re . 
Under th is head occur those bew ildering differences 
in the same hea t of iron from the cupola, which 
in the m ain are certain ly  not due to  differences in 
the iron itself, b u t o ften  to  th e  tem p era tu re  a t  
which i t  was cast. I t  has been shown in a Paper'* 
on “ Semi-Steel ” th a t  the  tensile  stren g th  from 
very ho t m etal may be double th a t  from  cold of 
exactly the  same composition, and th is  applies to 
all grades of iron. This im portan t factor, how
ever, appears to  be more difficult to control th an  
does analysis, for although m elting tem pera tu res 
may be regulated , th is  is by no m eans th e  same 
as casting tem pera tu re . This applies particu larly  
to light snap-flask work, where each box weighs 
only a few pounds and a 5-cwt. ladle takes a con
siderable tim e to em pty. I t  is not correct here to 
say th a t analysis gives no help in  the  solution of 
the problem. W ithou t a knowledge of the  analysis 
there  is no ce rta in ty  th a t  these and other 
phenomena may not be due to  varia tions in  the 
iro n ; b u t if i t  be proved th a t  the  various samples 
are of identical analysis, then  by a process of 
elim ination a tten tio n  is directed to o ther possible 
causes which may be proved, one a t a tim e, to  be 
varying or unvarying as the  case may be.

In any system of grad ing  by analysis chief 
a tten tion  will na tu ra lly  be paid to  silicon, as th is 
element exerts more influence on the iron th an  
any other. So much is th is  th e  case th a t  if iron 
could be obtained of guaran teed  and required  
silicon content a sufficient tr ia l could be made of 
the system of “ grading by a n a ly s is”  w ithout 
regulating other e lem ents; a t r ia l  which would 
enable the giving a verdict on its  value, and in 
the  event of its success would justify  a  g rad ing  
throughout. Phosphorus, although an im portan t 
element, is not a difficult one w ith which to  deal, 
because its am ount very rarely varies to  an impor-

* Sec P roceedings. 1920-21, p . 312.



ta n t  ex ten t in any one m ake of iron. I t  is 
because of th is unvary ing  quality , and no t because 
of the  un im portance of its  influence, th a t  i t  causes 
litt le  w orry to  th e  ironfounder, for knowing th e  
required percentage of phosphorus in  any class of 
castings th is can be easily obtained. I f  o th e r
elem ents were as reliable, i t  may be concluded 
they  would cause no more worry, and  th is  is cer
ta in ly  an  argum ent in  favour of th e  an ah rsis 
system. The subject of phosphorus is, of course, 
no t to  be dismissed in  these few sentences, b u t 
the_ co n trast between th is case and th a t  of silicon 
is in  our knowledge of requ irem ents. So much 
a tten tio n  has been paid  to  th is la t te r  elem ent th a t  
its  influence is well understood and  desirable 
lim its for alm ost all classes of work a re  known 
fairly  accurately. B u t more lig h t is desirable on 
the am ount of phosphorus which is best for heavy 
work, autom obile work, and chilled castings, and 
it  is from th is side ra th e r  th an  th e  blast furnace 
th a t  work m ust he done.

The Sulphur Question.
In  th e  case of su lphur, th is  elem ent is almost 

invariably  best when lowest. There are  those who 
lay every evil to its  account, and o thers wTio m ain 
ta in  it  to be alm ost harm less, w hilst even aga in  
th e re  are  cases where, according to  Longm uir, 
su lphur may be advantageously  added to  low sul
p hu r Swedish iron. The field of foundry  prac tice  
is so wide and  diverse, and th e  classes of castings 
made by various w orkers so d ifferen t, th a t  i t  is 
possible th a t  th e  adheren ts of both sides are  r ig h t 
for th e ir  own practice. In  the  case of lig h t cast
ings w here surface and  skin are  of the  u tm ost 
im portance and which frequently  have to  be 
machined all over, th e re  is a very defin ite lim it, 
and th a t  no t a very h igh  one, beyond which clean, 
sound, easily m achinable work cannot be made. 
For such work, th e  lower th e  su lphur th e  b e tte r , 
and i t  would ce rta in ly  be beneficial if never over 
0.06 per cent., although th is does no t m ean ag ree
m en t w ith the passing of iron th rough  an  electric 
furnace, to  b ring  th e  su lphur down to 0.01 per 
cent, o r thereabouts. In  norm al tim es th e  sulphur 
can w ith care  be kep t round  about 0.08 p er cent, 
and  easily below 0.125 per cen t., which can  he con
sidered the  lim it of safety. B u t from th e  com
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mencement of the coal strike  in A pril las t there  
was practically  no lim it to the sulphur in foundry 
cokes, and i t  has been qu ite  impossible to  keep 
w ithin hounds. I t  m ust be borne in mind th a t 
some foundry practice involves th e  use of 50 per 
cent, scrap, and sulphur therefo re  rap id ly  mounts 
up. I t  can be readily understood th a t  in the 
m anufacture of large castings on  which no fine 
machining o r finish is essential th a t  su lphur is 
sometimes a good friend, because i t  increases 
combined carbon and hardness and hence tensile 
strength . Our experience has shown th a t  with 
such high sulphur contents th e  tensile was usually 
above th e  average, and  against th is  i t  m ust be 
borne in mind th a t  the  iron was often sluggish 
and rarely norm ally ho t and  fluid. The tra n s 
verse, however, shows a decided decrease, showing 
th a t  brittleness is also increased. Therefore, 
although there  is such diversity  of opinion, iron- 
founders generally will agree th a t  th e  p ast six 
months, w ith its  excessively high sulphur, has been 
an unusually troublesom e period, an d  i t  is to be 
hoped th a t coke-makers w ill re tu rn  soon to norm al.

Cupola Slags.
In  th is connection some reference to cupola slags 

may no t be o u t of place. The chief purpose of 
such slags is undoubtedly to  g a ther together al' 
the refuse found inside a cupola a t  work ; separate 
th is from the m etal, and hence allow the la t te r  to 
come away clean a t  the ta p  hole. M any slags, how
ever, contain, besides unw anted refuse, too much 
iron and too much of th e  lin ing  of th e  furnace, 
both being sources of waste. C om paratively little  
work has been done w ith regard  to cupola slags, 
except th a t  the  cupola man studies its colour and 
natu re  and tr ie s  to  re la te  these to fu rnace work
ing. Surface colour is a very unreliable guide, 
but the powdered slag gives the  tru e  colour, and 
is far more inform ing. I t  is no t desirable th a t 
in cupola working the  slag should exert on the 
m etal such an influence as it  does in the  blast 
furnace, converter and open-hearth furnaces, bu t 
there  is one direction in which much more is 
desirable, and th a t  is in the removal of sulphur 
from iron to  slag. The very high percentage of 
sulphur now being m et with in foundry coke is a 
m atter of serious concern to the ironfounder, and
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a control of equilibrium  between su lphur in m etal 
and  slag would be highly advantageous. The mere 
add ition  of lim estone has a sligh t effect in  th is  
d irection , h u t n o t an  appreciable one when sul
ph u r con ten ts such as those ju s t re fe rred  to  a re  
being handled . M anganese also has th e  pow er to  
c a rry  su lphur .into the  slag, b u t th is , too, is an 
inadequa te  rem edy. As to “ p a te n t m edicines ” 
for th is  purpose, i t  has n o t been su rp ris ing  to  find 
th a t  these expensive rem edies fa ll fa r  sho rt of the  
claims made for them . U ndoubtedly th ere  is room 
here for scientific tre a tm e n t o f th e  problem.

An A m erican w orker, J .  W . Bolton, has sug
gested th a t  to  increase th e  hulk of slag p resen t 
m ay be an efficient m eans of reducing su lphur in  
the  iron. I f  the  slag m ade in a c e rta in  h ea t con
ta ins, say, 0.50 per cent, of su lphur, th en  if the 
to ta l w eight of slag he synthetically  increased by 
25 per cen t., an d  th e  percen tage  of su lphur 
th ere in  rem ains th e  same, th en  a g rea te r w eight of 
su lphur -will he c a rried  from  th e  cupola by the 
slag, and less will rem ain  for d is tr ib u tio n  in  the  
iron. I t  is proposed to charge sand, lim estone, 
etc., as the  basic constituen ts  for syn thetic  slag- 
form ing, and a t  first sigh t th is  may ap p ear cum 
bersome, unscientific an d  costly, b u t i t  m ay still 
be w orth try ing , for th e  to ta l ex tra  volume of slag 
to  be m elted would no t be g rea t. The same w orker 
shows th a t high cupola tem p e ra tu re  also helps in 
the same d irection . This P aper,*  which only came 
to  my notice a few days since, appears to  be an 
excellent one, and am ongst the  m ost inform ing 
on th e  subject, since i t  con tains th e  resu lts  cf 
technical work on a  p rac tica l scale.

The mode of occurrence of su lphur in  coke and 
slag is very  s trik ing . In  th e  case of th e  coke, th a t  
su lphur, p resen t as su lphate , is fa irly  harm less, 
and hence i t  does no t follow th a t  th e  coke h ighest 
in  su lphur gives most of th is  elem ent to  th e  m etal. 
Su lphur once in th e  slag as su lphate  is probably 
there perm anently , since calcium su lphate  is not 
readily  reduced under cupola conditions, b u t th a t  
p resen t as su lphide probably may pass to and 
from the sulphide to  sulphate  form, and  vice versa , 
depending on th e  degree to  which th e  cupola a tm o
sphere is an oxidising one or otherwise.

T he F o u n d ry .”  S ep te m b er 1, 1931,
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A New Aspect of Chills.
A lthough in the  production of ligh t castings 

ohill is one of the  w orst enemies, y e t to  many 
engaged in roll m aking, the  production  of chill 
is th e  very essence of th e  business. So fa r  as
the use of chillers is concerned, every iron is a 
chilling iron  to  some ex ten t, b u t th ere  are, of 
course, ranges of composition which a re  most
suitable for the work. In  th e  cupola, too, almost 
any iron may he chilled to  whiteness if m altreated , 
a fact which is, perhaps, b e tte r  known by those 
who are  try in g  to  keep the ir iron soft. F o r the 
production of th is class of work i t  was formerly 
the custom to  use charcoal iron  o r cold-blast iron, 
but th is  is by no means so universal to-day. These 
irons are somewhat out of the  ord inary  in th e ir 
analysis, principally  w ith  regard  to to ta l carbon, 
and they are  n o t easily m atched exactly in  com
position by modern ho t blast irons. Also they
possess physical properties of h igher value than  
ordinary  irons of approxim ately sim ilar analysis. 
To a certa in  ex ten t, th e  older irons owe th e ir
popularity  to-day to  a m istaken notion on th e  p a r t 
of th e ir users th a t  no o ther iron can equal them , 
an exaggerated  idea, which is supported  also by 
the makers, as certain ly  they have been equalled 
by the “ refined ”  irons on the m arket. I t  is 
certa in  th a t  all cast-iron assumes its norm al sta te  
when melted, and th a t  any chill, closeness of grain 
or other d is tin c t qualities do not reappear except 
from the cause which originally produced them  in 
the pig. L igh t ironfounders, if they  will have 
faith  and  tak e  th e  risk, will find th a t  iron which 
has been chilled u n til w hite by external causes, 
such as chillers, dampness, etc., and no t by any 
change in composition, can be rem elted under 
normal conditions and cast perfectly grey. I t  is, 
of course, only when the  analysis is known to  be 
th a t of a norm ally grey iron th a t  i t  can be defi
nitely said the chilling is due to  ex ternal causes, 
and reference is only made to  such. B u t if th is  
be the case, i t  is not a t all clear, and no reason 
has been yet given th a t  will convince anyone who 
only believes w hat is proved, th a t  cold-blast irons 
in the foundry are necessarily superior to other 
irons of sim ilar analysis, such irons or the  scrap 
from them  being subjected to  repeated rem eltings 
in the  foundry.



In  no class of castings is th e re  a c learer field 
for th e  use of analysis, and ye t the chilled-roll 
industry  has been singularly  neglected. A chill 
may he perfectly  hard  an d  w hite, and  yet be use
less, for o th e r p roperties a re  requ ired  of it, and 
unless a  check be kep t upon th e  iron in use such 
m ust no t in frequen tly  occur. A dm itted  th a t  a r t i 
ficial chillers will always be essential, b u t the con
tro l of the  dep th  and  ch arac te r of chill lie n o t so 
much w ith th e  chiller as w ith th e  iron. W hen 
deep chills a re  requ ired , as in  a large roll, i t  is 
necessary to  re so rt to very low silicon of th e  o rder 
of 0.5 p e r  cen t., and in  surveying the  range of 
irons w ith such low silicon i t  is found th a t  th is  is 
alm ost always accom panied by h igh  su lphur, itself 
a chilling agen t. The chill from  high su lphur is 
weak and b rittle , and ends ab rup tly , and is o ften  
associated w ith those h a ir  cracks which in the  end 
ru in  a  roll, and th e  surface is also often freely 
scattered  w ith blow-holes. S u lphur should he kept 
low, b u t if th e  p ig-irons a re  high in  su lphur th is  
is no t possible, and th e re  is room for low silicon 
irons, lower in su lphur th a n  those now regularly  
ob tainable in q u an tity . I t  is p a rtly  on th is  
account th a t  th e  possibility  of sem i-steel for th is 
work should a p p e a l, as th e  silicon m ay :be reduced 
by steel scrap w ithou t effect on su lphur, and  a 
som ewhat d ifferen t pig-iron used in itia lly . Phos
phorus is  k ep t low, because th is  shortens the 
period of solidification, and hence aids chilling, 
and, of course, because h igh  phosphoric iron  is 
much more b ri tt le . M anganese is advantageous, and 
although i t  is said  th a t  i t  is an expensive elem ent 
to add, in the  case of high-class rolls, th is  is a 
negligible fac to r, and m anganese should certa in ly  
be presen t up to  1 per cent. A m anganese chill, 
unlike th a t  of su lphur, spreads ou t in to  th e  core 
of th e  casting  in  fibres, and th e  in te rio r itself is 
always tougher when th is  elem ent is present. The 
high to ta l carbon of the  charcoal iron is not easily 
matched, h u t when steel is m elted w ith th e  pig 
the to ta l carbon usually  increases, co n tra ry  to 
general opinion, and here ag a in  we are  faced hv 
semi-steel, for high to ta l carbon is an im p o rtan t 
factor, reducing th e  liab ility  to  con trac tion  and 
also lowering th e  m elting  po in t, which, by reduc
ing the range of solidification, causes an increase

350
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in chill. In  high-class American chilled castings 
such a s  car wheels, which a re  so extensively m ade 
in the S tates, nickel and chromium are  also used 
as additional chilling agents, chiefly on account of 
the streng th  they give to the  iron.

Since th e  preceding rem arks were w ritten  in 
August, two articles of no te  have appeared in T h e  
F o u ndry  T rade J ournal which en tire ly  substan
tia te  my conclusions. The first one deals with 
chilled oar wheels, and i t  is shown th a t  whereas 
wheels which failed in service contained an average 
of 0.188 per cent, sulphur, those showing longest 
life had an average of 0.142 per cent, sulphur, and 
the wheel selected as hav ing  actual longest life 
only 0.120 per cent. There is much th a t  is com
parable in chilled wheels and  chilled rolls, and ex
perience in one should be applied  where possible 
to the other. The second artic le  relates to  roll 
practice, and  i t  is shown how' essential it  is if 
best results are to  be obtained th a t  su lphur in 
chilled rolls for hot rolling should be under 0.08 
per cent., a figure unobtainable in low silicon irons, 
cupola melted, w hether in  th is  country  or America. 
These articles are  merely quoted in support of the 
statem ents already made.

Conclusion.
B y these general considerations i t  has been the 

object briefly to  show how' fa r  the control of com
position may control th e  depth and character of 
chill, and  although i t  is ap p aren t th a t  the produc
tion of these rolls is th e  task  of highly skilled 
craftsm en there is much room for im provem ent 
and for a g rea ter degree of ce rta in ty  in the  ob
tain ing  of successful results. I t  is my purpose 
not so much to in s tru c t in  the a r t  of m aking 
chilled rolls as to  open ou t for inspection the 
factors on which th is depends, th a t  those who 
to-day are neglecting such factors may view the 
field of the unknown.

In  bringing th is  address to  a close, i t  is apparen t 
th a t  in some respects th e  m atters on which I  have 
touched may be though t of only m inor im portance. 
I t  cannot, however, be denied th a t  in  considera
tions of quality  the most im portan t factor is the 
iron. W ithou t good iron good castings cannot be 
made, and th e  best of labour, effort and thought 
in o ther directions is merely throw'n away. No
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am ount of skill in o ther branches of the  foundry  
in d u stry  can  com pensate for th e  deficiencies of th e  
raw  m ateria l used, or of th e  m elted iron  produced, 
and i t  is to  these th a t  a tten tio n  should be called.

Discussion.
T h e  C h a irm a n  (M r. F . H olberry) said  they  had 

listened to  a very able P res iden tia l Address, and 
he th ough t i t  a p ity  th a t  courtesy dem anded th a t  
they  should n o t discuss i t  th a t  n ig h t.

In  proposing a  vote of th an k s  to  th e  P res iden t 
for h is address, M r. H . L. R e a so n , Senior Vice- 
P res iden t of th e  In s titu tio n , said  everybody appre
c iated  the  th o u g h t and  tim e  devoted by th e  B ranch- 
P res id en t to  th e  collecting of d a ta  and  placing 
before them  so m any aspects of foundry  work. H e 
had practically  d ea lt w ith  all th e  m ain  po in ts in  
the  foundry , commencing w ith th e  value of science 
in the  foundry , passing on to  analyses of irons and  
also dealing  w ith  th e  s tan d a rd isa tio n  of piig-iron 
and  th e  im p o rtan t m a tte r  of chilling. T he address 
suggested foundrym en w ere a t  a d isadvantage, as 
they had  no m eans of a scerta in ing  exactly  the  
n a tu re  of the  m a te ria l they  were using. In  fa ir 
ness to  th e  b la s t fu rn ace  i t  should be said  th a t , 
considering th e  way in which p ig-iron  was made, 
it  was w onderful how some of th e  b last-fu rnace 
m anagers and  chem ists b rough t ou t such a  good 
product. Take th e  o rd in ary  b la s t fu rnace , which 
looked no th ing  m ore th a n  a glorified cupola, the 
coke and  ore p u t in  a t  th e  top  by m echanical 
means, a f te r  which i t  was le f t to  Providence to 
b ring  th e  iron  o u t to  th e  correct analysis a t  the  
o ther end. U ndoubtedly i t  w as a t  th is  end of 
the business th a t  scientific help was required . 
W ith  reference to  th e  question  of p ig-iron  of the 
same or equal analysis g iv ing  widely different- 
physical p roperties, th e  B a-anch-President s ta ted  
th a t  g rad ing  should he done by analysis, fra c tu re  
and  physical p roperties, everyone w ith a knowledge 
of irons knew th a t  analysis d id  n o t te ll them  every
th ing . I t  was possible to  have p ig-irons of th e  same 
analysis w ith h igh  and  low physical p ropertie s.

The question of th e  s tan d a rd isa tio n  of pig- 
iron associated itse lf w ith th e  question of 
s tandard is ing  test-bars, an d  M r. Young pointed  
o u t a t  th e  C onvention th a t  they  were up 
aga in s t a difficult problem. Chem ists were
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unable to locate the whole of the ing re
dients in pig-iron which affected the  physical 
properties, so th a t there  was qu ite  a  wide field for 
research. As the Branch-Pre&ident had  pointed 
out, those in terested  in  th e  ironfounding indus
try  were looking forward to  receiving a g rea t deal 
of help from the  Research Association, whose work, 
he believed, was going to  place th e  industry  on 
a higher plane than  i t  had ever previously occu
pied. I t  was going to  tak e  them  along the  road 
of progress. They had now arrived  a t  a certa in  
s ta te  of proficiency and excellence in  th e ir pro
ductions, h u t w ithout th e  application  of science 
to the ir work they would stay  w here they  were. 
They m ust either go forw ard or lose ground, and, 
in view of the work which was being taken  in 
hand by th e  Research Association, he had  every 
confidence th a t  th e ir industry  was going forw ard 
so th a t they would hold th e ir position in the  indus
tr ia l world and regain  th e  position of being the  
first industria l nation  in th e  world.

M r . W. J . F la v e ll , in seoonding, said he was 
ra th er impressed by a  le t te r  he read  in T h e  F o u n 
dry  T rade J o u rn a l , and was very much surprised 
when he read it, beoause i t  seemed to  strike  w hat 
he thought was a note of discord as to  how the 
Blackpool Convention was carried  on. The w riter 
apparently  though t th a t  they  ought to  go there , 
as some came to  th e  B ranch m eetings, looking very 
serious, and perhaps savage, because they had 
made up the ir m ind th a t  they  would a ttack  the 
reader of the  paper. W ere they to s it a t the Con
vention day a fte r day listen ing  to  no th ing  hint 
papers? H e though t tney  would agree th a t  a t  the  
In s titu tio n ’s A nnual Conventions they were not 
only oalled together to  receive ins truction  by th e  
reading of technical papers, b u t th a t  i t  should be 
regarded as an annual g a thering  where perhaps 
friends who had not m et for a  long tim e m ight 
renew the  friendship, so m aking th e  Convention 
not only in teresting  and instructive, b u t pleasur
able as well.

N



f
354

Lancashire Branch.

A DISCUSSION ON HARD CASTINGS.

A t the m eeting of the  L ancash ire  B ranch of the 
In s titu tio n  of B ritish  Foundrym en, held on 
October 1 a t  th e  M anchester College of Technology, 
M r. J .  P e l l  (Rosegrove), who opened th e  dis
cussion, said th e  problem  of how to avoid hard  
castings had caused much trouble  to  foundrym en 
du rin g  the  las t few months. H av ing  become accus
tomed to  th e  use of m ate ria l which gave excellent 
results, they  suddenly found th e  supply of th a t  
m ate ria l stopped; and i t  was replaced w ith 
m ateria ls a b o u t, th e  qualities of which they  knew 
noth ing , although they m ight have heard  th a t  th e  
character was n o t good. The foundrym an had 
th en  to  ask him self : W h a t re su lts  shall I  ge t?  
M ust th is  m ateria l be used in the  same propor
tions as the previous m ateria l?  T h a t was the  type 
of th in g  which happened du ring  th e  recen t coal 
strike . The o rd in ary  supply of foundry  coke was 
stopped, and  they had  to use coke of an unknown 
quality , b u t they  were expected to  produce ca s t
ings up to the  usual s tandard . H e would give th e  
mem bers an account of his own experience in  the? 
hope th a t  th e ir  comments would afford some 
guidance for the  fu tu re .

W hen the  stocks of coke gave o u t a fresh lot 
was procured which, in  his opinion, was very high 
in su lp h u r; i t  was very friab le  and would no t carry  
th e  accustomed load. M uch more had to  be used 
th a n  would be necessary w ith proper coke. On 
the  first occasion i t  was used he m ade careful 
observations. The first 6 or 7 cwts. of th e  m etal 
were poured in to  castings which did not require  
m achining and were k ep t separa te  from th e  rest. 
The following m orning, on exam ining them , be 
found th a t the  first m etal poured was qu ite  h a r d . 
T ak ing  the  castings in th e  order in which they 
had been cast, th a t  hardness dim inished, and the 
last castings, although n o t in accordance w ith th e  
form er s tandard , could be drilled , filed, or
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machined. On the following days he adopted this 
p rocedure: The first 4 or 5 shanks of m etal (about 

cwts.) were poured in to  castings of litt le  im
portance ; i t  d id  no t m a tte r  w hether they were 
hard or soft. O perations were then  carried  on in 
the usual way, and although the fluidity  of the 
metal was not w hat could be desired, they were 
fairly successful and they were able to carry  on. 
In  charging the  cupola he had to ligh ten  the 
charges and use more coke in  order to  procure 
metal sufficiently hot to run  th e  ligh ter castings. 
Usually they melted 15-ewt. charges w ith 1^ cwts. 
of coke, but with th is  high-sulphur coke they  used 
I f  cwts. to a 12-cwt. charge. The bed was in 
creased to  help to carry  th e  burden. H e had  no 
means of ascertain ing the  exact su lphur content, 
but it  could be assumed th a t  i t  was any th ing  up 
to  0.1 per cent. T aking i t  a t  th a t  figure, there  
should be, roughly, 1 lb. of sulphur in a bed 
charge of 12 cwts. H is opinion was th a t  during  
the m elting operations the  first 7 or 8 cwts. of 
metal, in its descent th rough  the coke bed, 
absorbed a large q u an tity  of the sulphur, and by 
tapp ing  a t very short in tervals they clarified the 
coke bed somewhat. Som ething of th is n a tu re  
must have happened, because the  m etal th a t  was 
afterw ards b rought down could be machined. If  
he had allowed much m etal to  collect in th e  cupola 
he would have had more hard  castings. H e m ight 
be m istaken in supposing th a t  sulphur was the 
factor which determ ined the  hardness of the  metal, 
and th a t was the  point on which he wished to hear 
the. views of th e  o ther members, m any of whom 
m ust have experienced the  same difficulty. W h a t
ever the  cause was, no such trouble  occurred when 
using local coke. H e could usually tak e  meta) 
from the cupola two or th ree m inutes a fte r  m elt
ing commenced and get m achinable castings.

He made a v isit to  a  foundry which had been 
engaged on th e  same class of work b u t had to  shut 
down. The same poor coke was used, and the 
results were a la rm in g ; a num ber of the castings 
cracked in cooling. I t  was generally understood 
th a t  ligh t tex tile  castings, in particu la r, required 
sand th a t was only sufficiently moist to  bind to 
gether ; if wet facing sand was used h a rd  castings 
were sure to: make the ir unwelcome appearance.
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In th is case th e  troub le  was n o t due to wet facing 
sand, nor to  th e  m ixing of th e  i r o n ; care was 
taken  every day to  ascerta in  how th e  castings were 
for m achining. As soon as possible each m orning 
some of the  ligh te r castings were tr ied , by m utual 
agreem ent w ith th e  forem an of th e  tu rn in g  shop. 
The m ix tu re  he was using a t  the  tim e th e  hard  
castings were produced was a fa irly  good one, the  
approxim ate analysis b e in g :— G raphitic  carbon. 
2.95 ; combined carbon, 0.40 ; silicon, 2.68; su lphur,
0.060; phosphorus, 0.98; and m anganese, 1.07 per 
cent. I t  was taken  from a stock in  use previous 
to  the  s tr ik e ; in  fact, no th ing  was changed except 
th e  coke.

T h e  C h a ir m a n  (M r. H aigh) said he was sure 
th a t  m any of the members who continued working 
d u ring  th e  coal s trik e  experienced difficulties 
sim ilar to those described by M r. Pell. Ju d g in g  
from the  analysis the m ix tu re  should have given 
a m achinable casting .

M e. H i l l  said about 18 m onths ago, when fu r
nace coke was scarce, he experim ented  w ith  a soft 
coke showing a  high su lphur con ten t, an d  resulted 
in  sim ilar troub le  to  th a t  to  which M r. Pell had  
made reference. The m etal was h a rd  for the  first 
10 cwts. In  his opinion th e re  was no rea l rem edy 
so long as th a t  coke was u se d ; he th o u g h t the  
m etal m elted too low in  the  fu rnace  and  became 
oxidised. To th e  eye i t  appeared  to  be oxidised; 
it had a d ifferent appearance from  o rd in ary  white 
iron. In  the  m iddle of th e  blow i t  would become 
grey, b u t still i t  was h ard er th a n  usual. W h a t it  
was a t  the  end of the  blow they  never knew, 
because when they  had  m elted about 3 tons it  
bridged over. U nder such conditions good resu lts 
could not be expected. Two furnaces were used 
on a lte rn a te  days, and  a gang of men were em
ployed in  clearing ou t one for the  following day. 
The castings were full of ho’es as well as being 
h ard . The trouble persisted  u n ti l  a  fresh  supply 
of coke was obtained. I f  a |  cwt. of th e  h a rd  
m etal scrap th u s  obtained was added to  a l0-owt. 
charge when only good coke was used, i t  would 
tu rn  th e  whole charge w hite.

T h e  C h a ir m a n : W hat was th e  appearance when 
you tapped  i t  ou t?

Mr . H ill  said when the  h o tte s t m etal came
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down i t  seemed in itia lly  w hite hot, b u t quickly 
became dull, pasty  looking, and poor runn ing . 
The h o tte s t m etal would come down a f te r  they had 
melted about a ton , a fte r  which the  m etal 
gradually  became worse, and so long as tapp ing  
was possible i t  was associated w ith a skin of greasy 
appearance, which never cracked. The m etal was 
usually “ blown.”

T h e  C h a ir m a n : H ow do y o u  a c c o u n t  for th e  
o x id a t io n  w h ich  y o u  s u g g e s t  h a d  t a k e n  p la c e ?  
Was th e  b la s t  in c re a se d ?

M r . H il l  replied th a t  they had adhered to  th e ir 
usual practice. There was only one row of tuyeres. 
The m elting was slower, and since bridging was 
encountered he concluded th a t  m elting was a t  a 
point lower than  norm al.

T h e  C h a ir m a n : Y ou w o u ld  sa y  t h e n  t h a t  y o u  
h a d  o x id a t io n  o w in g  t o  t h e  m e ta l  b e in g  in  c o n ta c t  
w ith  th e  b la s t  f o r  a  lo n g e r  p e r io d  t h a n  u su a l .

M r . H i l l : Yes; m elting too low .
M r . P e l l  r e m a rk e d  t h a t  i n  h is  case  th e y  w ere  

n o t  m e lt in g  to o  low , b e c a u se  h e  h a d  t a k e n  th e  p r e 
c a u tio n  of in c r e a s in g  th e  c o k e  b e d  b y  6 in .

M r . H i l l  a d d e d  t h a t  a n o th e r  m a n  p u t  co k e  on 
u n t i l  h e  co u ld  o n ly  g e t  on e  ^ -cw t. c h a rg e  to  th e  
c h a rg in g  d o o r, b u t  s t i l l  h e  h a d  th e  sa m e  t ro u b le .

T h e  C h a ir m a n  : H e  ought not to  have been
troubled very much w ith  oxidation.

M r . B a r n e s  said he was in terested  in  the
smallest size of castings, rang ing  from  1 oz. to  
40 lbs. a t  the  most. D uring  the  coal s trike  they  
had bad coke, and they  found th a t  th e  best way 
to deal w ith i t  was to  burn  i t  in th e  furnace the 
day before using it . They thus elim inated much 
of the  sulphur. W hen used for m elting, the
method was to  run  for a tim e w ith full blast and
then  reduce i t  to  half. W hen m aking carpet- 
sweeper wheels, which had to  be drilled from  the 
solid boss, b u t before they  had experim ented by 
burn ing  the coke th e  day before i t  was used and 
reducing the  b last, they  could not be machined 
even w ith high-speed steel.

T h e  C h a ir m a n  : Do you mean th a t  you fired the 
coke in the  cupola?

M r . B a r n e s : Y es; the  cupola was filled up not 
quite to  the  charging hole w ith th e  bad coke; it 
was th en  fired and allowed to  b u rn  to  a red heat,



and as the  charge became red th rough  i t  was w ith 
draw n from  h ea rth . I t  w'as ju s t slaked and  left 
to  d ry  ou t itself, and was used th e  day a fte r . 
The troub le  ,was splendidly overcome in  th a t  way. 
No accounts of th e  percen tage of loss were kep t. 
At th e  tim e th e  coke was burned  th e  fan  was k ep t 
going. The men could no t s tay  while th e  charg ing  
was going on because of th e  su lphur th a t  was 
evolved.

T h e  C h a ir m a n  said if the  whole of the  trouble 
was due to sulphur, one would expect the  coke 
samples to  show an abnorm al su lphur content— say 
two or th ree  tim es th e  o rd inary  am ount. Could 
anyone say w hat th e  su lphur con ten t of the 
coke was?

A m em ber r e m a rk e d  t h a t  h e  h a d  k n o w n  c o k e  to  
c o n ta in  0 .2  p e r  c e n t ,  o f  s u lp h u r ,  w h ic h  w as 2 \ 
t im e s  a s  m u c h  a s  t h e  u s u a l  p r o p o r t io n .

M r . H . S h e r b u r n  said the  problem was im 
possible to solve on account of insufficiency of 
evidence. C ertain ly  several factors had  been 
given, b u t as long as those stood alone th e  in fo r
m ation was inadequa te . They were n o t to ld  the 
composition of the coke, th e  heigh t of th e  bed, or 
w hether the  analysis of th e  p ig-iron was sim ilar 
to  th a t  used the  day before. U ntil more definite 
chemical d a ta  was available they could only express 
opinions. T h a t was one of the  difficulties often 
experienced in the  foundry. A very doub tfu l sug
gestion was th e  p robability  of oxidation  being the  
cause of th e  trouble. I t  had  no t been established 
th a t  ox idation  was the  cause of iron being tu rn ed  
w hite. The proportion  of silicon would have some 
bearing  on the problem , which emphasises the  
necessity of an ac tua l analysis being available. If  
the sulphur con ten t in th e  casting  was given it  
would provide an avenue for exploration , b u t as 
th e  evidence stood, opinions, which had  slender 
foundations, could only be expressed.

T h e  C h a ir m a n  said they had no evidence which 
enabled them  to  say definitely w hether th e  trouble 
had been caused by excess of su lphur in  th e  coke, 
by oxidation, by slow m elting, or by some o ther 
action. U nfo rtuna te ly , M r. Pell had  not been in 
a position to command expert advice, an d  they 
had not an analysis of the  m etal a f te r  m elting.

M r . H . S h e r b u r n  s a id  in  o r d in a r y  p r a c t i c e ,
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using a good coke, the  correct bed charge m ight 
easily be determ ined by no ting  the  tim e taken  
for th e  first molten m etal to appear from the  tim e 
when the  blast was s ta rted . I t  was, however, 
courting d isaster to  apply the same practice w ith 
a new coke w ithout previously obtain ing some 
knowledge of its chemical composition, particu larly  
sulphur and ash. F u rth e r  inform ation  should he 
sought as to  its mechanical properties.

M r . P e l l  rem arked th a t  m etal was b e in g  
“  brought down ” in 11 to  12 m inutes.

T h e  Ch a ir m a n  rem arked th a t  if the m etal was 
appearing in  11 m inutes the m elting would be 
satisfactory as fa r  as the tim e was concerned. If  
m elting became slow a fte r th a t , som ething had 
evidently happened to th e  height of the coke b e d ; 
it  was e ither falling or g e ttin g  harder.

M r . H il l  said in his case the  m ix ture  was never 
altered. W ith  one lot of coke good resu lts were 
shown, b u t when th is consignm ent was exhausted 
and a fresh supply obtained the trouble described 
arose, indicating  th a t  the m ix ture  was not a t 
fau lt. The m ix tu re  referred  to was made up of 
equal quan tities of pig-iron and scrap, a reliable 
brand of Scotch iron form ing 30 per cent, of the 
whole charge.

M r . J o w e t t , a fte r  being assured by M r. Pell 
th a t  th e  coke on breaking revealed the presence 
of brown specks, rem arked his firm had had 
sim ilar coke which contained over 0.2 per cent, of 
sulphur, and th e  chem ist a ttr ib u te d  the brown 
spots to sulphur.

M r . P ell  : I f  the trouble is a m a tte r  of ox ida
tion, why does no t a sim ilar s ta te  of affairs exist 
when using good coke?

M r . H . S h e r b u r n  suggested th a t the question 
whether the trouble was due to sulphur could be 
settled by analysing the raw m aterials used and 
the iron which came out. People who were m anag
ing foundries should have a t the ir disposal all the 
knowledge available. I f  by m aking an analysis 
they could get a clearer idea w hat th e  cause of 
th e  trouble was it  was fa r  be tte r to do th a t th an  
to dismiss the  subject by casually blam ing the 
coke and , w hat is more im portan t, the position 
would be im proved for handling a sim ilar situation  
should it  ever again arise.



T h e  C h a ir m a n  said conditions could n o t be con
sidered norm al as regards good qua lity  coke if  it  
contained 0.1 per cent, of su lphur. In  M r. P e ll’s 
case all would agree th a t  the  troub le  arose from 
the  change in  th e  coke, b u t on pure ly  scientific 
grounds a  definite conclusion could no t be draw n, 
because th e  evidence was insufficient, and  he was 
a fra id  the  members could no t help m a tte rs  forw ard. 
The axiom  of a p rac tica l m an was—using the  same 
b rand  of pig-iron and  th e  same b last, th e  same 
results a re  obtained. Sometimes they  were, and 
sometimes th ey  were no t, and th e  reason was not 
clear. I t  was here th a t  th e  chem ist should in te r 
vene. U n til th e re  was a system of working 
laboratories in  connection w ith a num ber of fu r 
naces, so long would these troubles «arise, which 
th e  p rac tica l m an, however good he m igh t be, 
oould n o t solve, and so long would they  be in  the 
hands of the  people who sold m a te ria l to them . 
D uring  th e  coal s tr ik e  his firm got some bad coke, 
and  they  overcame th e ir  troubles in  various ways. 
They found i t  was useless increasing th e  coke bed. 
I t  m igh t be necessary to  reduce th e  proportion  of 
iron in the  charge, b u t a solution could n o t be 
obtained by m ain ta in in g  the  s tan d ard  proportions. 
They worked to  a s tan d ard  bed. They did not 
raise th e  bed more th a n  6 in. a f te r  the  trouble  
began, b u t they  reduced the  charge of iron  15 per 
cent, for th e  same w eight of coke. W hen they  had 
finished, th e  sam e analysis, th e  same maohine- 
ab ility , and th e  sam e te s ts  w ere shown. I f  a 
foundrym an used the  stan d ard  p roportion  of iron 
w ith coke of th a t  descrip tion , he would have con
s ta n t trouble, and would be compelled to re 
arran g e  his m ixing. F o r instance, he m ight have 
to  increase the m anganese. I t  was to  be deplored 
th a t  some foundries had to  shu t down owing to  
in ferio r coke. I f  proper in fo rm ation  had  been 
available those foundries could have continued 
working. Such in fo rm ation  could be procured 
through th e  C ast Iro n  R esearch A ssociation. 
Indeed, du rin g  the  coal s tr ik e  thousands of tons 
of castings were b rough t o u t to  s tan d a rd  analyses, 
and passed th rough  all th e  tests. In  th e  case 
under discussion, perhaps the  troub le  was due to 
oxidation , and i t  was possible th a t  i t  could not 
be cured by any of the rem edies which were adver
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tised. E vidently  som ething had happened to  the 
coke, b u t w hat i t  was could no t be established 
un til they knew the  analysis of the castings.

M r. J .  M a st er s  asked w hether Mr. Sherburn 
had any experience of arsenic in coke.

M r . H . S h e r b u r n  said th a t  i t  was unusual to 
estim ate arsenic in coke, b u t no doubt i t  m ight 
sometimes be present, although i t  is doubtful if 
the am ount would ever be sufficient to have any 
m aterial effect on th e  m etal melted w ith such a 
coke.

T h e  C h a ir m a n  pointed  o u t th a t  the  arsenic in 
an ordinary  foundry coke was negligible. In  the  
case under consideration the coke was high both 
in sulphur and ash, and th e  la t te r  m ight affect 
the re su ltan t m ixture.

M r . K ey said the chem ist would probably tell 
them the percentages of the  ingred ien ts which were 
usually found in term s of carbon, ash, volatile 
m atter, and sulphur. A dm ittedly, th is was 
helpful, b u t i t  was as fa r as the  chemist would go. 
A firm were m aking a certa in  kind of casting. 
They made 24, which were apparen tly  sound. The 
following blow, carried  out under identical 
m aterial, m elting, and m oulding conditions, 
another 24 castings were made, b u t no t one of 
those was fit to machine. Samples of th e  two lots 
were taken  to  the  laboratory, and the  analysis 
did not show th e  slightest difference. This hopeless 
condition le ft the  industry  in a s ta te  of chaos.

T h e  C h a ir m a n  said th a t po in t was brought ou t 
a t th e  Blackpool Conference. Mr. B uchanan com
pared the  production of a pig-iron to the  b ir th  of 
a child, and said ju s t as two children m ight be 
outw ardly alike and yet have d ifferent qualities, 
so also m ight two castings. One could make a 
casting th a t  was qu ite  satisfactory , and then  pro
duce another th a t  was unsatisfactory , although 
chemically they m ight be absolutely the same.

M r. H . S h e r b u r n : Is Mr. Key opposing the 
u tility  of chemical analysis?

M r . K e y , replying in the negative, sta ted  th a t 
the chemist analyses for definite ingredients, b u t 
goes no fu r th e r. The analyst will not touch the 
question of oxidised iron, owing to  insuperable 
difficulties. Doubtlessly, sulphur is the  prim ary 
cause of the  condition of the  iron exhibited. The



speaker could show 40 tons qf iron which contains
1.24 per cent, of silicon, which has exactly the 
same h a rd 1 appearance. The su lphur percentage 
is 0.4 per cent.

T h e  C h a ir m a n  : Unless th a t  iron has absorbed a 
large am ount of sulphur to b ring  i t  up to th a t, 
it would not norm ally tak e  place w ith a cupola.

M r . K ey  : The res t of th e  analysis is normal, 
and characteristic  of th e  d is tr ic t from  where i t  
was obtained , ©xcept th a t  th e  m anganese is 0.3 per 
cent., which is lower th a n  usual. I n  M r. P e ll’s 
case no doubt su lphur has been th e  cause of 
the trouble.

M r . M il e s  said as the C ast Iro n  R esearch Asso
ciation  had been m entioned, i t  ough t to  be made 
plain th a t  th a t  body did no t work for the  mem 
bers of the In s titu tio n  unless a  paym ent was made.

T h e  C h a ir m a n  said th e  C ast Iron  Research 
Association would take  up any problem subm itted 
to  i t  by th e  subscribing members. The results of 
its work would n o t be public inform ation , bu t 
would be the property  of the  members if the 
problem was of general in te res t. I f  i t  was a 
special problem, the  work would be of a more or 
less confidential character.

M r . P e l l  said he w anted to  know w hether there  
was any way of avoiding these h a rd  castings, and 
he had carefully explained the  m atte r , b u t i t  was 
p ractically  impossible for him  to ob tain  some of 
th e  details desired, because a chem ist was not 
employed a t th e  works. H e believed in th e  foundry 
chem ist, and would be glad to  have one associated 
w ith him  in his work. The proceedings concluded 
w ith a  vote of thanks to M r. Pell.



Lancashire Branch.

DISCUSSION ON THE SLOW-FILLING OF MOULDS

This subject was also discussed a t  th e  opening 
m eeting of th e  session. The question was opened by 
M b . M ea d o w cr o ft , who w rote th a t  a t  the  present 
tim e in th e  foundry tra d e  jou rnals quite a num 
ber of new developments in  w orking practice were 
being d ea lt with. The investigations of M. Ron- 
ceray, of Paris, in to  the  question of sm all gates 
and the abolition of risers were in teresting . I t  
was necessary to  know w hat changes took place 
in th e  mould during th is slow filling, and, from  his 
own experience, he though t i t  would be beneficial 
in  some jobs w ith a deep section and a small super
ficial area, b u t on jobs w ith a  large superficial 
area, such as ta n k  plates, i t  was desirable to  fill 
the mould as quiokly as possible in order to obviate 
cold shuts. In  p la te  castings 2 in. or 3 in . th ick  
many failures w ere due to  slow filling. The expo
sure of the  oope face to th e  g re a t hea t of the  m etal 
over too long a period brought about th e  collapse 
of the  cope before th e  m etal reached it. The 
investigations of M. Ronceray were a step in 
the r ig h t direction, and many of th e  kno tties t 
problems the  foundrym an had  to  tackle would 
vanish if the theories p u t forw ard by the b rillian t 
French foundrym an were proved to  be correct. 
The c ra f t would then  become more of an  exact 
science, and g rea t assistance would be given to  
the  practical foundrym an.

T h e  Ch airm an  (Mr. J . H aigh) observed th a t  the  
slow filling of moulds was an in te resting  ques
tion . A short tim e ago i t  would have been thought 
a revolutionary suggestion. As he understood it, 
the idea was th a t, instead of runn ing  as quickly 
as possible, which was th e  general p ractice, a num 
ber of very fine runners form ed a k ind of 
sieve through  which m etal wias poured. Mr. 
M eadowcroft suggested th a t  the  exposure of the  
cope face to  the  g rea t hea t of th e  m etal over too 
long a period brought about th e  collapse of the



cope before the  m etal reached it . H e believed th a t  
was so. W hether th a t  could be overcome by th e  
em ploym ent of a large num ber of small runners 
was another question.

M r . R. A. M il e s  (Newton H eath) rem arked 
th a t  the  illu stra tions given in T h e  F o un d ry  T rade  
J o urn a l  showed m ainly small castings.

T h e  C h a ir m a n  said he th o u g h t th e  w rite r did 
not in tend  to  w rite  abou t la rge  castings w ith big 
exposed areas, bu t to  deal w ith  sm aller castings. 
One illu s tra tion  showed a th ick  section and a th in  
section. In  th a t  case th e  usual p rac tice  would 
be to p u t the ru n n er w here the  th ick  section would

-<??/
R u h h e q

F i g . 1 .— T h e  F a st  R u n n in g  o f  t h is  C a stin g
RESULTS IN A S lN K  H O L E  IN THE PO SIT IO N
S h o w n .

receive a large feed; b u t M. Ronceray p u t a num 
ber of small runners— th ree  or fou r—instead  of 
one la rg e  ru n n er . H e should say i t  would be 
impossible to  ca rry  th a t  o u t w ith  large c a s tin g s ; i t  
m igh t do w ith  small castings.

M r. M i l e s  : P ig-iron w ith  h igh phosphorus runs 
slowly in to  th e  mould an d  rem ains fluid a long 
tim e. I t  would be b e tte r  if fu r th e r  inform ation 
were available as to  such m etal se ttin g  solidly 
before comm ending or condem ning th e  m ethod of 
pouring  as suggested by M. R onceray.

T h e  C h a ir m a n  : W h a t appeared  in te res tin g  was



th a t  a casting  w ith a lot of small runners of 
different lengths was shown.

M r . H ogg  (B u rn le y )  a s k e d  i f  i t  w e re  p o ss ib le  to  
r u n  a  p ip e  of 4 in . to  §  in . i n  s e c tio n  v e ry  slow ly , 
a s  su c h  p ip e s  w e re  f r e q u e n t ly  m a d e  i n  h is  w o rk s .

M r . A. S u t c l if f e  (Bolton) described a easting 
abou t 2 |  in. wide and 6 in . to  8 in . long, w ith 
lugs a t  each end for tu rn in g  purposes, one a 
square lug and th e  o ther round. Such a  casting 
m ust be ru n  slowly to  g e t i t  solid. An a ttem p t 
to  run  i t  quickly would re su lt in  a “ sunk ”  cast
ing, as shown in  Fig. 1. H e believed th e  m ain 
po in t was th e  s itu a tio n  of th e  ru n n er. H e re
ferred  to a flywheel arm  which was ru n  a t  the  
end, and in  th e  cen tre  of i t  th e re  was a  section 
4 ,in. thick, 18 in. deep, and 15 in . wide, which 
was scabbed all over a t th e  opposite side to  the
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F i g . 2 .— A F l y w h e e l  A rm  S cabs i f  R un 
from  t h e  E n d , and sh o u ld  be C ast  
from  t h e  P o sit io n  S h o w n .

runner, as shown in  F ig . 2. The reason for th is 
was th e  ru nn ing  a t  th e  end, which was undoubtedly 
th e  wrong position. The correct position is ind i
cated in F ig . 2. The speaker explained th a t  a 
30-in. la the  bed m ust be cast w ith  hot m etal 
quickly, from  one end only, otherwise th e  flats 

•will be defective. R unning  from both ends, e ither 
in the  oase of a  la the  bed or planing-m aohine table, 
is liable to  show a cold shu t a t  the  place where the  
two stream s meet.

T h e  C h a irm a n  said th is was a  common practice 
in a shop he knew, where they  had a oasting 8 ft. 
long of a box section, about 9 in . sq. w ith cores 
in. They would ru n  th a t  w ith two runners, about 
2^ in. deep and \  in. wiide. The m etal was ru n  in



a t one end and  had to trave l over 8 ft. The cast
ings came out very well, p resen ting  good m achin
ing properties. H e was convinced th a t  m any 
soabbed moulds were due to  th e  runners being too 
large and th e  m etal en te ring  a t  too g re a t a 
velocity. The best method of ru n n in g  depended 
upon the  lehgth , size, and  shape of the  casting. 
No p a rticu la r place of ru n n in g  can be definitely 
established for all castings.

A M em ber  instanced oarding-m achine cylinders. 
Some firms ran  those w ith a box ru n n er p u t down 
th e  inside of th e  core and a flat ru n n e r  in  the 
mould. O thers, w jtli equal success, adopted  p ou r
ing a t  th e  top w ith  10 to  12 small inlets, b u t they 
did n o t pour slowly.

T h e  C hairm a n  : No, i t  is not always a  question 
of slow pouring. I t  is more a question of a large 
num ber of small runneTs against a small num ber 
of large runners.

M r . M a st e r s  s a id  M . E o n c e ra y ’s a r t i c l e  s t a te d  
d i s t in c t ly  t h a t  c a s t in g s  u p  to  2 c w t. w e re  r u n  w ith  
a  f - in .  c i r c u la r  r u n n e r — t h a t  w o u ld  be  a  s in g le  
r u n n e r .

T h e  C h a irm a n  : B u t  h e  g iv e s  i l l u s t r a t i o n s  of a  
s e r ie s  o f  r u n n e r s .

M r. M a st e r s  said M. R onceray gave one defi
n ite  illu s tra tion  w here i t  was inga ted  in the  
bottom  w ith  a ru n n e r 2 in. long and ^ in. wide. 
The dow ngate was about § in. d ia ., so th a t  the 
ru n n e r was b igger in  a rea  th an  th e  dow ngate. 
T h a t oasting came o u t well. I t  was c ircu lar and 
weighed ju s t  under 2 cw t., and i t  had  th e  ap p ea r
ance of a  piston ring . H e th o u g h t th e re  was no 
reason to  suppose th a t  M. R onceray w anted  a 
series of sm all runners. One could ru n  a  fairly  
big oasting w ith a single runner.

T h e  C h a ir m a n  said he knew th ree  foremen who 
had different methods of ru n n in g  a sim ilar pulley; 
and they each got fa irly  sa tisfactory  results . I t  
could not be laid  down dogm atically th a t  th e re  
was one way of doing it , and  one alone. I t  was 
qu ite  possible to  ru n  a oasting of 2 cwt. w ith 
a ru n n e r of 1^ in. x I f  in. The discussion showed 
th a t  there  were a good many th in g s yet to  be 
found out in foundry  practice—th a t  they  had not 
yet a rrived  a t finality.
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London Branch.

PRESIDENTIAL ADDRESS.

The first m eeting of th e  session was held a t the 
rooms of the  In s titu tio n  of M arine Engineers, 
M inories, London, on October 13, the B ranch- 
P residen t, Mr. H . 0 . S later, in  the  chair.

T h e  B r a n c h - P r e s id e n t , in opening the pro
ceedings, said th a t  a vacancy had occurred on the 
Council through th e  resignation  of M r. Gaskin, 
owing to ill-health , and he proposed th a t  Col. 
Cheesewright be elected to  fill the  vacancy.

This proposition was seconded by Mr. T. D. 
Robertson, and carried  unanim ously.

T h e  B r a n c h -P r e s id e n t  then  read his P residen
tia l Address.
Ge n t l e m e n ,—

In  opening the first m eeting of the session as 
B ranch-President . my first duty  is to extend a 
hearty  welcome to  all members and visitors, though 
it has been custom ary to leave th is u n til th e  end. 
I t  is sometimes well to d ep a rt from ordinary 
formal procedure, for i t  is obvious th a t  th a t  has 
been one of our g rea te s t fau lts. Our m eetings 
have been too “  cold ’’ ; members and  visitors 

-simply a ttend ing , listening to  the  lecture and 
discussion, and departing  w ithout even an in tro 
duction. T hat should be our first reform . Some 
hold high and in fluential positions, o thers quite 
humble ones, b u t by the mere fac t of th e ir  a tte n d 
ing the m eetings of the  B ranch indicates^ a keen 
in terest in th e ir  c ra f t and the engineering 
industry  and entitles them  to  th e  respect of all.

Undoubtedly the London B ranch is a t  a dis
advantage by the  fact th a t  i t  spreads over such a 
large area. Members seldom come in to  contact 
with one another except a t the meetings, and there  
are qu ite  a num ber who cannot a tten d  except on 
very special occasions. As a Branch we m ust set 
ou t to know one another.



On en te ring  th e  B ranch 11 years ago w ith  the  
ob ject of increasing th e  num ber and possibly 
gleaning some in fo rm ation  th a t  would elucidate 
some of th e  a p p a ren t m ysteries of the  iron- 
founders’ c ra f t, from both  the  p rac tica l and 
scientific s tandpo in t, i t  was ev iden t th e  Associa
tion  possessed men of capacity  on both  sides. 
Undoubtedly my ideas and  m em bership have been 
justified. The inform ation gained, coupled w ith 
prac tica l experience and observations, have been 
helpful in opening up a c learer vision of foundry 
m a tte rs  an d  m ade me more in te rested  and 
observant th an  perhaps I  would o therw ise have 
been.

Even in th e  g rea te s t distress a  member can be 
happy in  th e  knowledge th a t  he has th e  whole of 
the  members of th e  In s titu tio n  a t  h is hack from 
whom he can seek advice in a confidential 
m anner. T h a t being one reason we should, as 
members, do our u tm ost to  develop the  social side 
of th e  In s titu tio n  so as to  know whom to  approach 
for advice on a p a rticu la r subject. Through being 
in  constan t touch w ith th e  mem bers so long, I  am 
convinced th a t  even in  th e  London B ranch  th ere  
a re  men capable of g iv ing  sound advice on every 
deta il of foundry procedure, p rac tice , and 
problems.

The Control of Buying and Selling.
E very foundry  forem an should know, w ithout 

reference to  th e  cost office, exactly w hat h is p ro 
ductive and  non-productive costs are . H e  should 
be aw are of th e  purchase price of his m ateria ls  
and have th e ir  selection, for he knows the  quality  
necessary for any class of work he has on hand . 
I t  is one of th e  m ost essential item s of foundry 
efficiency. This is asserted  w ith all due respect to  
buyers, very few of whom have any rea l know
ledge of th e  p itfa lls  of foundry  life.

E xcept for large firms, who have th e ir  buying 
departm ents en tire ly  independent from  o ther p a rts  
of th e  works, i t  is usual to  find one m an controlling 
both buying and selling prices. H ere  is th e  incen
tive  fo r p rocuring  in fe rio r m ateria l, very often 
unsu itab le  for the  purpose for which i t  is requ ired , 
and when th is procedure does no t tu rn  ou t sa tis
factorily  th e  foundry  forem an has to  shoulder th e  
burden, and  if  he complains th a t  th e  defects arise
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from cheap or unsuitab le  m aterial, th e  climax 
resembles the  explosion of a “ Jack  Jo hnson .”

I t  frequently  oocurs th a t  for th e  sake of trad e  
a fa irly  large order would be accepted a t a low 
selling price, irrespective of w hether i t  be in trica te  
or heavy work. In  th is  case, too, th e  commercial 
man can cover him self, for the  onus of cheap pro
duction falls on th e  foundry forem an.

Cheap production may cause m isunderstanding 
or even serious trouble  between employer and em
ployee, and unless th e  forem an can prove his case 
with actua l figures, it  is difficult for him  to  re ta in  
his position. I t  th u s  becomes essential th a t  any 
foreman should carefully scrutin ise all charges and 
itemise all branches of production . The establish
m ent of an accu ra te  system places the  forem an in 
a position to  co-operate in ascertain ing  th e  real 
cause of a trouble  or a high cost.

By having figures and facts a t  hand, opponents 
are  less likely to  take  advantage, and shop m atters 
run  smoother th an  if ignorance prevails on one 
side. I t  may be though t th a t  these conclusions 
are merely theoretical, b u t they  are  based on p er
sonal experience, and have induced m e to  advocate 
incessantly the  b e tte r  education of th e  foundry- 
man in commercial m atters. F o r the  successful 
m anagem ent of a foundry one m ust be well 
equipped commercially, p ractically , an d  tem pera
m entally.

The Objects of the Institution.
The objects of th e  In s titu tio n  as laid  down in 

the Rules are ra th e r  vague, the w ording of Rule 2 
can mean anything, and could be in te rp re ted  so 
as to re s tr ic t our activities. My conception of the 
objects of the  In s titu tio n  were ra th e r more 
definite and more inclined to  follow the impression 
one would get from the  crest, “ Science H and  in 
H and  with L abour.”  I  believe th a t  the 
founders of the In s titu tio n  could see th a t  the 
fusion of the two elements were necessary to 
national efficiency in the  foundry industry , and 
no doubt realised th a t  they had a real and difficult 
problem to  surm ount, for even to-day th e re  are 
still suspicions lu rk ing  in  the minds of many as to 
possibility of reconciling the  two, and there  cer
ta in ly  exists a section who believe them  to  be 
d iam etrically  opposed.
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I t  is here where the  real work and  in te re s t of 
th e  In s titu tio n  lies, in  b ridg ing  th e  gu lf th a t  
exists. This can only be accomplished by getting  
in to  contac t w ith all concerned in  th e  foundry 
industry  and  bring ing  to  the top  those th a t  would 
otherw ise rem ain  in the  m ire. To accomplish this 
scientific and prac tica l papers cannot be depended 
upon, b u t i t  m ust also be dem onstrated  by the 
in s titu tio n  of b e tte r  conditions in foundry life, 
for obviously th e re  is still much to  be desired in 
th is direction

The Apprenticeship Problem.
I t  has been custom ary in  th e  p a s t for B ranch- 

P residen ts to re fe r to  th e  vexing apprenticeship  
problem. Ins tead  of p ropounding personal views, 
it  may serve a  more useful purpose to  ou tline the 
successful scheme opera ting  a t  the  works of 
Messrs. J .  and E . H all, of D artfo rd , who have 
k indly consented to  its  publication .

The scheme, which is d iagram m atieally  outlined 
in F ig . I ., follows in some respects th e  published 
reports of the  C o n tinen ta l o rganisations, in so 
much as i t  incorporates a pre-apprenticeship  
period.

K nowing the  B ritish  boy as I  do, th is  p re 
appren ticesh ip  period should a t t r a c t  boys to  the 
foundry instead of d riv ing  them  away, as is said 
to  be th e  case on th e  C ontinen t. An in te resting  
fea tu re  is th e  fac t th a t  du rin g  th is period th e  boys 
a tten d  for one day each week a t  th e  looal 
technical in s titu te , there  to follow up such 
elem entary subjects as lead up to  th e  science of 
engineering.

Before signing any inden tu res th e  boys are 
requ ired  to  pass an exam ination , and, additionally , 
o ther su itable boys m ay sit, b u t if successful they 
a re  requ ired  to spend six m onths in  the  works 
before being bound.

Each boy thus selected will be bound by inden
tu res  as an  app ren tice  to a trad e  and  s ta r t  upon 
a regu lar five years’ course. D uring  the  first year 
th e  boy receives a varied  in s truc tion  in one d e p a rt
m ent, and a tten d s technical classes for two 
evenings each week; A fter the  first annual 
exam ination  those boys who receive the  highest 
num ber of m arks are  aw arded a “ D ”  certificate, 
which enables them  to undergo a h igher tra in in g



during  th e ir  second year, including one day per 
week a t the  technical school. O ther apprentices 
continue w ith the ir shop tra in in g , supplem ented 
by evening classes.
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B oys engaged betw een 
14— 16 y ea rs  of age

E x a m in a t io n  fo r  A p p r e n t ic e s h ip .

E x a m in a t io n  at  E n d  o f  1s t  Y e a r .

S killed  Jou rneym en D raughtsm en, 
F orem en and  
W orks Staff

W orks M anagers, 
H eads of Depart* 
m ents, D esigners 

an d  F o rem en

F i g . 1. T h e  E d u ca tio n a l  T r e e  of M e s s r s . J .
& E . H a l l , o f  D a r tfo r d .

Sim ilarly, a f te r  the second y e a r’s tra in in g , the 
more successful apprentices who gain “  C ”
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certificates will be allowed two days p er week a t  
the local or some o ther approved technical 
college. The th ird  y ea r’s exam ination  is for a 
“ B ” certificate, the gain ing  of which en titles the 
holder to  be graded  “ E ng ineering  P u p il ,” and 
s till h igher studies a re  p lanned for his advance
m ent.

B riefly, th e  basic difference betw een th e  system 
devised by Messrs. J .  and  E. H all and  most o thers 
is th a t  a b rig h t youth  w ith am bition is n o t destined 
to  become a fully-fledged skilled workm an on com
ple ting  his tim e, b u t is fitted  to  assume an  im
p o r ta n t position in  th e  technical d irection  of an 
engineering  works.

One g re a t step tow ards b ridg ing  th a t  gulf would 
be th e  stab ilising  of employm ent, unem ploym ent 
is m ost dem ora lising ; i t  has a g re a t  tendency to 
m ake bad men worse and  good men bad, energetic 
men apa th e tic , and to  rob them  of th e  incentive 
of becoming good p a ren ts  and tru s tw o rth y  citizens. 
We cannot afford to  lose th e  in te re s t of these  men 
if we a re  to  keep o u r p lace in  th e  world m arkets, 
for if we lose th e  in te re s t of good skilled work
men we lose na tio n a l w ealth.

Gentlem en, I  am exceedingly proud  th is  evening, 
for never since th e  inception  of th e  London 
B ranch has a m eeting  been honoured w ith  the  
presence of a  p ast and p resen t P res id en t of the 
In s titu tio n  on its opening n igh t, and I  sincerely 
t ru s t  th a t  th e  B ranch will be encouraged thereby 
and m ake good progress du ring  th e  coming session.

Co-operation of Members.
M r . A. W i l l i s  moved a vote o f  th an k s  to  the 

B ranch -P residen t for his Address. H e  was very 
pleased to  see M r. S la te r in  th e  P re s id en tia l C hair, 
because he was one of th e  oldest mem bers of the 
In s titu tio n , and had  been one of its  m ost active 
members. H e had  been very much stru ck  by a 
rem ark  in the  Address, to  the  effect th a t  i t  was 
useless to  expect th e  Council to do th e  en tire  
w ork ; they could no t do any th ing  w ithou t th e  co
opera tion  and  help of th e  members. H e rem em 
bered, du ring  his te rm  of office as Secretary , th a t  
the  Council decided to  do  ce rta in  th in g s ; they  
sen t o u t notices and  endeavoured to  g e t th e  mem
bers to  say w hether they  would tak e  p a r t , b u t 
they  did n o t m eet w ith much ‘'nccess, because the
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members did not co-operate. H e hoped Mr. Slater  
would be able to  in fuse  some enthusiasm  and 
in terest in to  the members on th e  social side as well 
as on th e  lecture side, so th a t  th ey  would have  
greater success during th e  present session, as 
obviously there was likely to be less trouble in  the  
labour world. There had  been, during h is term  of 
office a s  Secretary, tw o coal strikes, tw o railway  
strikes, three or four m oulders' strikes, and so 
forth, and they  had had to p u t off various func
tions because "of these incid en ts. In  connection  
with the organisation  o f v is its  to  works, which 
was a good idea, during th e  la st tw o years they  
had had to  drop off to  a certain  ex ten t ow ing to  
th e  excessive railw ay fares. H ow ever, he thought 
th at they should now be on th e  upward grade.

M b . A . R .  B a r t l e t t ,  in  seconding, said th e  
Address was o f very great in terest, and h e  had  
brought out po in ts which, he was sure, had 
interested  all those present. As Mr. W illis had
said, th e  point which affected them  most was the  
question o f th e ir  organisation  in  L on d on ; they  
w anted to  g et th e  co-operation o f every member 
as far as possible. H e agreed w ith  Mr. W illis in  
his remarks about the lack of a tten tio n  on the  
part of the members. H e  was rather disappointed  
at the m eeting th a t  ev en in g; there should have 
been more, especially havin g  regard to  th e  fact 
th at thev had th e  P resident of the In stitu tion  
present.

T h e  B r a n c h - P r e s i d e n t ,  in  thanking th e  mem
bers, said th a t they  must go  farther back  
than th e  present. I f  he had worked enthu
siastically  for th e  In stitu tio n  he could see in the  
In stitu tio n  another way, for those in terested  in 
th e  w elfare o f the industry , of help ing towards 
better  conditions. W hat he m eant by going  
further back was th a t he had had th e  good fortune  
of starting  in  th e  foundry under Mr. E llis. Mr. 
E llis was" a very en thu siastic  m an, and it 
was during his tim e i f  anyth in g  went wrong 
he was g iv en  good advice, and th a t  was 
a princip le which every foundry foreman  
should fo llo w ; they m ust not use coercion, but 
must persuade a lad to  do the r ig h t th in g , and if  
he inad verten tly , or eTen m ischievously, did 
wrong, they  m ust correct him  in  a fa therly  way. 
H e hoped, when he vacated th e  office o f P resident, 
the m em bership would be tw ice as large as a t  the
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present_ tim e, and th a t  th e  m eetings would also 
be very en thusiastic . H e was going to  try  to 
recover some of th e  enthusiasm  which M r. W illis 
had said had  been lost. H e had taken  on the 
Secretaryship  when they were absolutely a t  th e ir  
lowest ebb, an d  he felt th a t  he (M r. W illis) m ust 
tak e  th e  cred it for any success w ith which the 
B ranch has met.

H e then  called upon th e  P res id en t (M r. Oliver 
Stubbs) to address the members.

The Presidential Discussion
Mb. O l iv e r  S tu bbs said he realised the  difficulty 

they had in  th e  London B ranch in  g e ttin g  good 
m eetings, owing to  th e  wide area  over which the 
members were spread, b u t if they only got a small 
num ber, who were sincere in  the  work they were 
doing, th e ir  efforts would n o t be in  vain . H e 
would like to  associate him self w ith th e  P re s id e n t’s 
rem arks w ith regard  to  M r. W illis. H e had  m et 
M r. W illis on m any occasions in connection with 
Council work, and  he had  certa in ly  alw ays been 
very struck  w ith his enthusiasm  an d  his sincerity . 
H e though t they  would agree th a t  th e  work thev 
were now se ttin g  o u t to  do was of the  u tm ost 
im portance, and  th e re  were, to- h is m ind, many 
questions upon which they could dwell w ith  advan
tage. I f  he were to offer them  a word of advice, 
i t  would be to  th is effect, th a t  w hatever they  did 
in th e ir  B ranches, they  m ust n o t m ake th e ir 
P ap ers  an d  discussions of such a n a tu re  th a t  they 
were going to  c u t o u t th e  m an who was working 
in th e  foundry  and  so stifle th a t  criticism  and 
exchange of opinions which, to  his m ind, had  been 
th e  foundation  and th e  upbring ing  of the  In s ti tu 
tion. They m ust encourage by all m eans discussion 
from  all th e ir  members. H e believed th a t  th e  
best work of th e  In s titu tio n  was to  m ake th e  
hum blest member feel th a t  he was of th e  u tm ost 
im portance to  th e  success of th e  B ranch. They 
should discuss questions th a t  w ere re la tive  to 
th e  success of th e  foundry  business. The B ritish  
C ast Iron  R esearch Association should deal w ith 
the m ore scientific side of the  in d u stry , because 
there was no g e ttin g  away from the  fac t th a t  they 
were only going to be employed by th e ir  employer 
so long as they  w ere able to  keep h is confidence 
and show him a re tu rn  for th e  services for which 
he was pay ing  them . D ealing w ith th e  sm aller



num ber of apprentices en tering  th e  foundry 
nowadays as compared w ith the  past, he suggested 
th a t  th e  members should consider in th e ir  own 
Branch w hat were the reasons th a t  they were not 
a ttra c tin g  the youths to the foundry as they did 
in the past. The foundry was looked upon as a 
d irty  place. A t th e  same tim e, i t  was a very 
im portan t industry , and they  were not m aking 
the apprentices to-day in anyth ing  like the  p ro
portion required  to  carry  on the industry . The 
question of g e ttin g  more members to  the m eetings 
of the London B ranch had also been referred  to. 
He was bound to tell th e  members of th e  Branch, 
however, th a t  they had ju s t as good members 
in th a t  B ranch as any other. H e had borne 
testim ony a t the  Convention a t  Blackpool to  the 
very efficient m anner in which one of th e ir 
members, M r. R obertson, had read  M r. E llio tt’s 
P aper on E lectric Furnaces. If  they had 
men of th a t  calibre among them  it was 
the ir own fa u lt if they did not make 
the ir B ranch a success, b u t every member m ust 
feel th a t  he was personalia responsible for doing 
som ething to make i t  a success. I t  was no good 
saying, “ Don’t  you th ink  i t  was a ro tten  m eet
ing? ” w ithout saying to  themselves, “ How much 
have I done tow ards m aking th e  m eeting a suc
cess? ” They m ust all carry  th e ir fa ir share of 
the work of th e  B ranch, and he was convinced 
th a t if they did, they were going to have in 
London a very much bigger Branch th an  they had 
in th e  past. C ontinuing, he said he wished to 
refer to  the action of Colonel Cheesewright, who 
had verv generously and  kindly offered th a t  if 
any members of any of the  Branches of the In s ti
tu tion , who were subscribers to the  official organ, 
un fortunate ly , should be in  w ant of employment, 
provided the ir subscriptions were not in arrears, 
he would be pleased to  give them  four free inser
tions of an advertisem ent in T h e  F o u n d ry  T rade 
J o u r n a l . H e (M r. Stubbs) did n o t w ant the 
members to lose sight of th is  opportun ity . H e  had 
an idea th a t  many firms of ironfounders in the 
country had not been supporting  the In s titu tio n  
as they should have done. H e believed they  were 
all agreed th a t  the In s titu tio n  was the m eans of 
tra in in g  foundry foremen and m anagers, and they 
were doing so to the benefit of those who were
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fo rtu n a te  enough to employ them  afterw ards, and 
he fe lt th a t  foundry employers should give 
them  more support. H e  h ad  much pleasure in 
hand ing  to  th e  P res id en t a nom ination , duly pro
posed and signed, for a subscribing firm, which, 
he believed, was th e  first received by th e  London 
B ranch. H e  referred  to  th e  Rodney Foundry 
Company, L im ited . T h a t was only one, and  a 
good m any of them , if tac tfu lly  approached, would 
follow th e ir  lead.

The B r a n c h - P r e s id e n t  proposed a vote o f  thanks 
to  M r. Stubbs, the  P res id en t of the  In s titu tio n , 
for a ttend ing  the  m eeting.

M r . E l l is  (a past-presidem t) seconded, and 
comm ented on th e  h a rd  work involved in  
carry ing  o u t th e  duties of th e  Presidency. 
There had been a  danger, i t  seemed to  hiim a t 
times during  recent years, of th e  In s titu tio n  ge t
tin g  ra th e r  too academic. An enormous num ber 
of papers were read  a t  the  B ranches and a t  the 
In s titu tio n  Conference, and they  all seemed to 
tend  too much tow ards th e  scientific aspect, whilst 
the  moulders who had n o t had  any education in 
science sometimes wondered w hat th e  speakers 
were ta lk in g  about. H e fe lt qu ite  ce rta in  th a t 
th a t was the  ease even th a t  evening, and there  
were some of them  who were moulders purely  and 
simply and had no t had an oppo rtun ity  of study
ing the h igher branches of th e ir  c ra ft, although 
they were deeply in terested  in them . H e was 
certa in  th a t  they oould rely upon the P residen t, 
d u ring  his te rm  of office, to  ra ise  th e  s ta tu s  of 
the foundrym an, an d  all papers, if  they  were to  
be scientific, m ust be in  some way applicable 
directly  to  the  foundry , so th a t th e  average foun
drym an could grasp  w hat th e  sc ien tist was saying.

M r . S t u b b s , acknow ledging th e  vote of thanks, 
expressed the  hope th a t as the  re su lt of th a t  m eet
ing  th e  London B ranch would become very much 
stronger. H is whole aim and ob ject was to en
courage the  B ranches in  th e ir  work, because if the 
w ar had ta u g h t us no th ing  else, it was th a t  the 
tim e had come when we should mix w ith one 
ano ther much more th an  had  been th e  case iD 
the  past. A nother th ing  i t  had ta u g h t was the  
usefulness of oast iro n ; owing to  th e  difficulty 
experienced in ge tting  non-ferrous m etals, they 
had learned a w onderful lot, and  to th e  foundry- 
men of th is country  they were largely indebted.
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Coventry Branch.

SOME NOTES ON PATTERN PLATES.

By J. E. Bates.
This P aper can be regarded as an amplification 

of the leoture subm itted  by th e  A uthor to  the

B U D
F ig . 1.

December, 1920, m eeting of the  Coventry B ranch 
of th e  In s titu tio n  of B ritish  Foundrym en, and 
p rin ted  in  Vol. 23, No. 224, of T he F oundry  T rade 
J o u rn a l . In  th is P aper th e  A uthor dealt very 
briefly w ith  th ree  h inds of p a tte rn  pla,tes—double
sided plates, tra n sfe r plates, and sectional plates.

In  describing sectional p lates, which are  of a p a r
ticu larly  useful type, th e ir  adoption can confi
dently be recommended, especially in small repeat 
orders. The m aking of th is  p la te  calls for more 
care th an  .any o ther type of p la te , and  i t  is pro
posed to  re la te  experiences, both pain fu l and 
otherwise.

The sectional p la te  is p a r t  of one complete p late, 
which is in two, three, or m ore sections as is 
m ost convenient and desirable. A t first th is p la te  
was cast w ith  a thickness of £ in .—th a t  is, the 
same thickness as th e  complete plates-—but i t  was 
found possible to  make them  7-16 in . thick, which



378

shows several advantages, and  m akes th e  produc
tion  of th is p late  a still cheaper proposition by 
p reventing  th e  locking up of valuable m etal.

F I G .  2 .

Tun OCPTH Of 5-WO 
ro at shaycd ro
PGSYinr QuuGhyo  ___

F/G. 3.

V77Z/X/////X/////A

FIG. 4-.

FIG. 5 .

F I G .  G

I t  is of v ita l im portance th a t  th e  m achining of 
th is tack le  be dead accurate. This is illu s tra ted  
by reference to  F ig . 1, w here the  m achined faces



A m ust finish dead accurate  on the  cen tre  line 
of th e  pin-holes B ; the  distance between A and
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F I G.  7

F /G  A .

C m ust be the sam e as between A and D ; the 
cen tre  between E  and E  m ust be the sam e as the
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centres betw een C—C and  D—D ; th e re  should be 
no step a t  F  when th e  boxes a re  together.

I t  is th e  prac tice  in  some foundries to  allow a 
to lerance of 1-64 in. between th e  bore of th e  box 
pin-hole and th e  d iam eter of th e  pins themselves. 
W hatever i t  is decided to  allow in  th e  production 
boxes, th ere  should be n o t m ore th a n  5 o r 6 thou 
sand ths of an inch in  p a tte rn -p la te  tackle. I t  
is also a d is tin c t advan tage  to  have th e  box pins 
casehardened, both in th e  p la te  tackle and also 
in  th e  foundry  tackle.

Assuming th a t  th e  tackle is accurate , a th in  
p la te  is first screwed on each of th e  half-boxes on 
the  jo in t side. This is shown in  F ig . 2. This 
is necessary in  order to  p reven t th e  sand from 
being ram m ed o u t of th e  box du rin g  th e  tim e the 
m ould is being  made.

The p a tte rn s  a re  now laid  o u t on th e  odd side 
to th e  best advan tage . C are m ust be taken  to 
keep w ith in  th e  lim its of the  fram e. The ram m ing 
up of th e  m ould is im p o rtan t, and , w here i t  is 
possible, th e  bottom  mould should be ram m ed up 
on a m achined plate- W here th is  is impossible 
on account of an  irreg u la r jo in t-line, th e  jo in t, 
especially tow ards the  outside of th e  p la te , should 
be as level as possible to  ob ta in  a satisfactory  
joint-face. Needless to  say, th e  mould m ust he 
ram m ed dead h a rd —th e  harder the  b e tte r . Even 
th e  m a tte r  of p a rtin g  sand should receive a tte n 
tion , as th e  o rd inary  shop p a rtin g  sand is not 
sufficiently good for p a tte rn -p la te  moulding. 
There are  on th e  m ark e t several b rands of p a rtin g  
sand which can be used to  advantage.

W hen th e  complete mould has been ram m ed up, 
th e  p a tte rn s  should be preferab ly  rapped  through  
th e  top p a r t  in  o rder to  p reven t uneven rapp ing , 
which occurs when the  moulds a re  separa ted . The 
th in  p la te  th a t  was tem porarily  screwed on is now 
removed, and th e  dep th  of sand th a t  is now 
exposed is shaved w ith a sharp  trowel, as shown 
in  F ig . 3. T his is necessary, as th e re  is a 
probability  th a t  w here th e  tw o moulds a re  laid  
alongside and  clam ped to g e th er th e  sand will 
bulge, and th is would be fa ta l.

W hen th e  boxes a re  clamped together th ere  will 
be visible th e  jo in t-line. This has to  be carefully  
filled in and finished. The p a tte rn s  a re  now w ith 



draw n, th e  ru nner cut, and the  mould is finished 
and completed. In  th is  type  of p late i t  will be 
advisable to  ru n  th e  p la te  through  th e  mould.

A flat machine p la te , correctly  drilled , is laid 
on a bed of sand. This p a rticu la r p la te  has two 
small locating studs or p ins on th e  cen tre  line of 
the  box pin-holes. Two fixed bushes a re  now 
placed over these pins. The fram e is located on 
th is p la te , and the  mould is then  closed over the 
whole.

Too much a tten tio n  cannot be paid  to th e  ques
tion  of w eighting or clam ping the  whole to  p re 
vent s tra in in g  during  casting . I t  is of v ita l 
im portance th a t  th e  thickness of each individual 
section p la te  does n o t vary  in thickness, as any 
varia tion  means “ flashing ” on th e  jo in t of the 
one th a t  is th icker th an  its  fellows. This is 
shown a t A, F ig. 4.

In  a ll plates, especially of th is type, i t  is desir
able to  have efficient risers to  ease th e  s tra in .

The tackle shown applies to  the tra n sfe r or 
single-sided p late . The foregoing rem arks also 
apply to  the  double-sided p late , hu t, of course, the 
tackle is somewhat different

Instead  of being located by drilled bushes cast 
in the  cen tre  of the  p late , these studs are  solid 
when oast in, and a re  afte rw ards drilled to  a jig. 
This is illu stra ted  in F ig . 5, where A and B a re  
the  positions of th e  locating studs in double-sided 
and single-sided p lates respectively.

The m oulding-m achine fram e is slightly altered , 
the princ ipal a lte ra tion  being the  rem oval of the 
centre bar, as shown in  F ig . 7. The reason for 
its rem oval is th a t  i t  in terfe res w ith the  range  of 
p a tte rn s  th a t  can be u tilised  for th is  type of 
p late. The locating pins a re  altered , of course, 
to  su it the  plate.

A t p resen t tackle lim its th e  A uthor to  a p la te , 
all th e  sections of.w hich a re  all of one type. I t  
is hoped shortly  to  im prove slightly  and arran g e  
th a t  tran sfe r and double-sided sections can be 
used a t  the same tim e.

A nother type of p la te  m entioned was th e  com
plete p la te  on th e  tran sfe r principle. F ig. 1 shows 
the moulding box for th is plate.

An in te resting  artic le  by Mr. H eggie recently 
appeared i n  T h e  F o u n d r y  T r a d e  J o u r n a l , in w h i c h
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he described w hat he called a  reversible p late. 
All these m ethods of casting  th is  type  of p late  
have to re so rt to d rilling  by jig  or “  M .O.”  a fte r  
th e  p la te  is cast. The less drilling  of the plates 
a f te r  th e  casting  th e  b e tte r  i t  will be. B u t on the  
tra n s fe r  system, d rilling  to  jig  a f te r  casting  is 
f ra u g h t w ith  danger, besides being an expensive 
operation . The defective jo in tin g  of the  casting  
can be due to  th is  cause.

By using a steel fram e of a tee  section (Fig. 6), 
with, lugs already  drilled  to  jig  before casting, 
ensures a perfec t jo in t, assum ing, of course, the 
p late  tack le  is m achined accurately.

One m ethod th a t  is sometimes used for locating 
the special box when i t  is la id  side by side is th a t  
th e  box p in  lugs in terlock w ith  each o ther, th e  box 
pins passing th rough  fou r lugs in stead  of two. 
I t  is suggested th a t  th e  m ethod adopted in th is 
special box is m ore sa tisfac to ry  because th e re  a re  
no in terlocking lugs w ith  a  double depth  of lugs, 
say 9 in ., th rough  which th e  box pins have  to  piass, 
and i t  requ ires very accurate  d rilling  to  ensure 
correct location, toge ther w ith  freedom from  the 
trouble of th e  box pins b ind ing  w ith th is depth  
of lugs. C om parative methods a re  illu s tra ted  a t 
E , F ig . 1, and in F ig . 7. To ensure th e  pins 
passing th rough  both  sets of lugs th ere  would 
have to  be a t  least 1-64 in. clearance in th e  p in 
holes. This is certa in ly  too much, and 5-1,000 in. 
should be th e  correct allowance.

One of th e  g rea te s t objections so fa r  advanced 
aga in s t the  general adoption  of the  tran sfe r 
p la te  is th a t  in th e  case of m achined castings 
th e re  is 50 per oent. of th e  unm achined faces in 
th e  top of th e  box. T here is much to  be said in 
support of th is  objection. There is th is  also to 
be s ta ted —th a t  a  good num ber of castings have 
to  be m achined all over, and  ap paren tly  i t  onlv 
requires a li t t le  more care  to  ensure clean 
m achine-m ade castings.

H ith e rto  th e  fac t th a t  a fresh  se t of tackle 
for each size of p la te  has caused some to  hesi
ta te  upon its adoption, because th e  tackle is 
m ore expensive, and, fu r th e r , if th e  box pin 
centres varied  th e  tack le  would no t duplicate. In  
order to  obviate th is, a box was made th a t  is as 
n ear universal a s  possible. In  th e  m ain  th is  box
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is sim ilar in p rinc ip le  to  th e  one previously 
referred  to. The dim ension of th is  box should be 
of a size to  accom modate the  la rg est p la te . Figs. 
8 and  9 illu s tra te  its  construction .

I t  will be observed th e re  is only a lug a t  one 
end of th e  box. This is drilled to  a s tan d a rd  size 
to  accom modate vary ing  d iam eter pins. The shanks 
are all of th e  s tan d ard  size ju s t m entioned, and 
the  effective p a r t  of th e  p in  is  of the  d iam eter 
required  to  su it the  boxes which will he eventually 
used in  conjunction  w ith  th e  p late . The peculiar 
stepping of th e  walls of th e  box is shown in 
F ig . 9.

W hen th e  two half-boxes a re  la id  alongside each 
o ther th e  stepped walls form  a  bearing  for a  sliding 
bush, which is also d rilled  sim ilar to  th a t  of th e  
fixed lug  on th e  end of th e  box.

In  m aking th e  p la te  in th is  box th e  p a tte rn s  are 
arranged  so as to  come w ith in  th e  lim its of the 
p la te  to  be ¡made.

In  se ttin g  out, the  job m ust be worked from the 
end of th e  box which has th e  fixed lug, when the  
m oulding opera tion  is iden tical w ith  th e  previous 
box. The half-boxes a re  th en  laid  alongside each 
other.

One of th e  box pins of th e  requ ired  size is fixed 
in th e  fixed box lug, and  th e  fram e (F ig. 6) is 
fitted  o n ; th e  position  an d  cen tre  of the  opposite 
pin-hole is then  m arked on th e  sand, which is cu t 
away u n til th e  bearing  slide (F ig. 9) is exposed to 
receive th e  sliding bush (Fig, 8). T his is cleaned 
free from sand, and th e  sliding bush w ith th e  
second pin fitted is th en  placed in  th e  bearing  
slide. To get th e  co rrect position th e  fram e is 
again  placed over th e  m ould; th e  sliding bush is 
then  b rough t to  its  exact position. The box is 
then  clam ped to g e th er, which firmly fixes the  
bush. The mould is th en  finished by filling in th e  
sand around  the  slid ing  bush, and th e  fram e is 
closed by a fla t mould and  th e  p la te  is oast.

An accessory to th e  p a tte rn  p la te  is a m aster 
ru n n er, shown in  F ig . 10, which is particu la rly  
useful for p la tes which a re  m ade for th e  produc
tion  of m alleable iron  castings. I t  would also 
apply in a lesser degree to  alum inium , and  in  some 
instances could be applied  to cas t iron and  the 
yellow m etals.
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To those connected w ith the  m alleable iron 
industry  i t  is common knowledge th a t  special and 
additional methods of ru n n in g  have to  be adopted 
in  order to  produce sound castings, the  ru n n er in 
the  top  being much heavier and  different in section 
from the  runner in th e  bottom . To use th e  shop 
phrase, “  feeding knobs ” have to  be provided.

In  m aking the  tra n sfe r p la te , obviously the 
runner in th e  bottom  mould is th e  same as in  the  
top. If  th e  runner is m ade to  su i t th a t  which 
is required  for th e  top, th en  i t  will be in  the 
bottom, and  th is  will undo th e  work of th e  top 
runner. So i t  becomes necessary to make the  
ru nner to  su it th e  bottom  mould, and  th en  to  
fit a  loose supplem entary  ru n n e r which fits over 
the bottom  ru n n er, and when th e  top half of the 
mould is m ade th is  supplem entary  ru n n er is used. 
W hen th e  bottom is m ade i t  is om itted. There 
is an objection to  having separa te  runners for 
each p late. W hen re p e a t orders a re  received the  
p la te  can be found, b u t very often th e  supple
m entary  ru n n e r is  missing, or has become 
dam aged or broken. To overcome th is a m aster 
top ru nner was made. I t  is suggested th a t  there  
should be th ree  sizes of th e  runner, as follow s: 
(a) One suitab le  fo r lig h t castings, (b) for 
medium, and (c) for heavy castings. The one 
shown in Fig. 10 is of th e  m edium  size.

Three iron p a tte rn s  were .made up  of a  semi
circular section I  in . rad ius, w ith a  locating peg 
cast on. These were in halves and dowelled 
together, as a t  A in F ig . 11. W hen th e  tran sfe r 
plate is made, the using of P a tte rn  A, Fig. 11, 
produces a  ru n n er such as is shown in section 
a t B, F ig. 11.

W hen m aking a tra n sfe r p la te  they a re  arranged  
on th e  cen tre  line  .of th e  box a t  a d istance of 
41-in. centres. The p a tte rn s  a re  a rranged  on th e  
odd side in  th e  position m ost convenient to  the 
ru n n e r ; when th e  mould is m ade th e  ingates are 
cu t in to  th e  spherical knobs. The top  runner, 
which is th e  m aster ru n n er, is m ade of cast iron, 
the section of which is m ade according to  past 
experience. The centres of these knobs are 
identical w ith  th e  centres of th e  bottom  knobs, 
and the  under side of the  m aster ru n n e r is shaped 
to fit over th e  bottom  knobs.

o
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I h e  use of th is ru n n e r can be well im agined,
th e  m oulder only needing one of each size and
shape, i t  being understood th a t  th e  p a tte rn -p la te  
m oulder m akes h is p la tes to  su it th e  m aster 
ru n n er . This m ethod  can also be used in  th e  
double-sided p la te . Obviously, th e  adoption of 
th is  m ethod o f ru n n ers  m eans th a t  th e  p la te  will 
be lig h te r for handling , an d  th e re  will be consider
able economy in th e  use of p a tte rn  m etal.

A type  of p la te  which, for th e  w an t of a  b e tte r 
nam e, is re fe rred  to  as a  m aste r tra n s fe r  p late .
The fla t p la te  is of cast iron of th e  required
dim ensions, and is m achined on both  sides. The 
p la te  is th en  drilled to  th e  m oulding box jig . A 
cen tre  line is th en  scribed on th e  p la te  and  th e  
exact cen tre  is found betw een th e  box pin-holes. 
One j- in . hole is th en  drilled , and th en  a t  every 
given cen tre  fu r th e r  ¿-in. holes a re  drilled  equ i
d is ta n t from  each other. W hen th e  p late  is 
drilled correctly  i t  is desirable to recess th e  holes, 
say to  a dejpth of 3-16 in ., and  th en  fit small 
b lank w ashers fo r th e  purpose of b lank ing  ofi the 
holes n o t covered by th e  p a tte rn  when th e  p late 
is in  use. This m aste r tra n sfe r  p la te  is shown in 
F ig . 12.

W hen th e re  is a p a tte rn  or series of p a tte rn s  
to  fit on to  such a p la te , these p a tte rn s  are drilled 
to  a  jig , a good plan  being to  supply th e  p a tte rn 
m aker w ith  a jig , and le t h im  fit h is dowels by the  
aid of th e  jig , so th a t  when th e  p a tte rn  is received 
in th e  foundry  i t  is only necessary to  fit i t  on the 
m aster p la te .

Castings have been m ade on th is  ty p e  of p la te  
which have given a  perfec t jo in t, b u t so fa r  the 
au th o r has not been successful in  o b ta in in g  a 
p la te  in  which all th e  holes a re  correct.

In  conclusion, a  new arran g em en t m ade for 
fasten ing  p a tte rn  p la tes to th e  “ A daptab le  ” 
m achine may be of in te res t. A fram e is m ade 
and m achined bo th  sides. I t  h as two lugs, one 
on each end, which a re  iden tica l w ith th e  lugs on 
the  p a tte rn  p la te . Each lug has a TT-shaped slot 
a t  its  o u te r end, as is illu s tra ted  in F ig . 13, where 
A A are  holes for screwing th e  fram e to  the 
m achine; BB, p a tte rn -p la te  ad ju s tin g  screws; and 
CC, U-shaped holes for fa s ten ing  th e  p a tte rn  
p la te  to  th e  fram e. W hen th e  p a tte rn  p la te  is



fitted on th e  fram e the two are  fastened together 
by coach screw-bolts and wing nu ts . To free 
the  p late  i t  is only necessary to  loosen th e  nuts, 
and the  (bolt and n u t will then  slide out. The 
fram e is fastened, in th e  first place, to  the 
machine. Fig. 14 shows an enlarged view of 
method of holding and screwing the p a tte rn  p late 
to  th e  m achine fram e.

Provision is also m ade for ad ju sting  the  p late 
in case i t  is not sittin g  qu ite  level. T his is done 
by means of four sets of pins, two on each side in 
convenient positions (B, F ig . 13).

Discussion.
T h e  C h a i r m a n  (M r. G. E . R oberts), in inviting  

discussion, said th a t  he th o u g h t they  would all 
agree th a t  th ere  was plenty of food for thought 
in what they had listened to  th a t  n ight.

M r. C. D i c k e n  (V ice-President), a fte r  express- • 
ing his in te rest in the  lecture, asked th ree  ques
tions. (1) W hat m etal did th e  au th o r consider the 
best for p a tte rn  plates? (2) W hat clearance did he 
consider should be allowed in pin holes to  bring 
out a perfect casting, say a round job 12 in. deep 
and cu t in halves? (3) D id the au th o r advise th a t 
a.5 ,000th p a r t  of an  inch clearance was the best 
to work to for p a tte rn  p la te  m aking, and was it 
sufficient for cheap jobs? So fa r  as sectional 
plates were concerned, some twelve years ago, he 
believed, there  was one brought o u t by W ilkinson 
and pa ten ted , which was somewhat sim ilar to  the 
one which had been described. F u rth e r, d id  the  
lecturer th ink  it  wise to  draw a hard  and  fas t ru le  
with regard  to the  m aster ru n n er?  A m aster 
runner for different jobs was in his opinion no t a 
good practice. Every job should have a m aster 
runner of its own. Also, had th e  lec tu rer any 
experience of V-shaped pins? Such pins, he 
believed, were used in the most up-to -date  works, 
with an ad justab le  n u t in th e  back of the p in  hole 
as used on the box p a rt, so th a t  in case of any 
varia tion  in the  p in  hole, or w earing of the pin 
hole in the box p a r t , i t  was overcome by an a lte ra 
tion of the  reg ister.

M r . F. H . H u r r e n , A.I.C . (past B ranch-Presi- 
dent), rem arked th a t  one th ing  in  p articu la r 
had struck  him . H e would like to  know 
w hat exactly were th e  advantages in the

o  2
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sectional p late , as i t  seemed to him  th a t  th is  
method was ra th e r  an expensive one, even for 
small rep e titio n  orders. I t  occurred to  him  th a t  
to  p repare  sectional p lates, which were undoubtedly 
ingenious, i t  was necessary to  use ra th e r  a large 
'box, and he should have th o u g h t th a t  for small 
repe tition  orders i t  would have been cheaper to  
have m ade a single p la te  and use a small size 
box. The lec tu re r did n o t re fe r to  p lasters, and  
for cheapness th e  p las te r p a tte rn  p la te  could n o t be 
beaten , bu t, u n fo rtuna te ly , i t  was frag ile . The 
universal box which M r. B ates m entioned was 
certa in ly  qu ite  un ique to  him , and  one which he 
th ough t was capable of g re a t developm ent. L ike 
M r. Dicken, he could no t qu ite  see the  value of 
th e  m aster feeder and of placing all th e ir  p a tte rn s  
on th e  p la te  to  su it th e  feeder, w hereas the  feeders 
should be made to  su it the  p a tte rn s . P la tes  for 
th ree- o r fo u r-p a rted  jobs, and  th e  details of 
m anu fac tu re  of some really  in tr ic a te  castings 
would have form ed an  in te re stin g  section of the  
P ap er. The lec tu re r suggested p ins and  lugs 
should be case-hardened, and i t  would be in te re s t
ing to  know th e  effective life  of the  p a rts  so 
tre a ted . I t  was found th a t  even w ith a case- 
hardened  p in  a f te r  a considerable tim e  in the 
shop these showed a  c e rta in  am ount of wear.

M r . A b r a h a m  asked w hat th e  lec tu re r considered 
to  be th e  cheapest m ethod of m aking a p la te  for 
a p a tte rn  w ith 100 to  m ake up?

The Lecturer’s Reply.
M r . B a t e s , in  reply to  the  po in ts raised, sta ted  

th a t  the  composition which he had found most 
useful fo r m etal for th e  purposes he had  described 
was 85 of lead, 10 of antim ony, and 4 o r 5 of tin . 
I f  they  desired to  cheapen the  m eta l a litt le , then  
they  could e lim inate  one of t in  and su b s titu te  one 
of antim ony. W ith  th is  m etal he had  found the  
con traction  very constan t a t  1 / 32nd of an  inch per 
f t . By in troducing  bism uth  th e  con trac tion  could be 
reduced very considerably, b u t, u n fo rtu n a te ly , a t  
th e  sam e tim e, th e  cost was appreciably  increased, 
because much bism uth had  to  be added to  m ake 
any real difference in the  contraction . M ention 
had been m ade of boxes, and  a su itab le  to lerance 
for pins on boxes o f 6-in. deep. H e th o u g h t th a t  
for close-jointed work, even a t th a t  d ep th , they
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should a ttem p t no more than  0.010 in . clearance. 
The suggestion th a t  a sectional p la te  had  heen 
placed on the  m arket by W ilkinson led him to 
rem ark th a t  if, if he was correctly inform ed, th is 
sectional p la te  depended for location on a V-groove. 
The lecturer said th is sectional p la te  was cast with 
a  male V, and th en  th e  fram e fitted on the 
machine had a female V. The obvious objection 
to th is was th a t  they  were depending on the con
traction  for the ir location. In  th is  instance the 
p la te  had a  male V, and the  end of th e  fram e was 
open, and they were slid in. T here was no means 
except the contraction for ge ttin g  the  side loca
tion. There were no m eans a t all in  th is method 
except by p u ttin g  each p la te  against ano ther to 
ge t the  end location, which did n o t seem a very 
desirable method to adopt. F u rth e r, th is  p a r t i
cular article of W ilkinson’s only re fe rred  to  
double-sided plates. Personally , he did no t see 
how it  could possibly refer to a tra n sfe r sectional 
plate. A nother objection was th a t  if there  were 
four plates all sliding in to  th is fram e and No. 1 
was completed, in  order to remove it, Nos. 2, 3, and 
4 had to  be taken  o u t first. Now by using those 
which he had shown with the  p ins on the. fram e, 
each one was entirely  independent an d  could be 
separated  and removed w ithout d is tu rb ing  any of 
the others. W ith  reference to  the  m aster runner 
being unnecessary, he insisted th a t  in a number 
of cases, probably 20 to  25 per cent, of these 
plates, these m aster runners could be used. 
M aster runners were not  good for every type of 
plate he had  made— it  a ll depended on th e  job. 
The m aster ru n n er had its lim itations, b u t w ithin 
them it could be used to advantage, always being 
sure th a t  th e  section of the m aster runner was on 
the  heavy side. H e did no t th in k  he would be 
justified in displacing th e  d iam eter pins by V- 
shaped ones, as he had n o t had much difficulty 
with the form er. W ith  reference to  th e  expense 
of sectional plates, a box of 14 in. x 11 in ., 
a rranged  in th ree  sections, would allow for each 
being about 4^ in. wide. In  th e  tran sfe r p late 
they had a p a tte rn  p la te , moulding a box of a 
size 4J in. x 5 |  in ., and he suggested th a t  to make 
a p late  and using such a box was not an expensive 
operation. H e did not know w hether i t  was the
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practice  to  use very small boxes on the  m ach in e ; 
th e  sm allest boxes he had  seen used to  any 
ex ten t were 12 in. square, assum ing th a t  the  
14 in. x 11 in. size was one of th e  sm allest boxes 
used. Then for a small job or order, such as 100, 
provided i t  would gO' in  th a t  section of 4J in . 
width, th e  cheapest way was to  m ake a  sectional 
tra n sfe r p la te . As to  the  life of case-hardened p ins, 
when using o rd in ary  pins, they  h ad  to  be fre 
quently  replaced, since in troducing  th e  case- 
hardened p in , some a year ago, he had  had to 
replace none, and th e  re su lta n t castings were quite  
good in respect to  th e  jo in ting .

The lec tu rer understood from Mr. D icken a t  th e  
close of the  m eeting th a t  th e  composition of the 
m etal which showed a con traction  of only 
half a m illim etre to the foot, was 50 per cent, lead 
and 50 per cent. tin .

A vote of thanks to  the lec tu re r closed the 
m eeting.
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Birmingham Branch.

ELECTRIC FURNACES IN THE FOUNDRY.*

By D. Wilkinson.
Since the  inception of th e  electric furnace indus

try  rap id  progress has been m ade, and to-day there  
are over 1,000 electric furnaces of various designs 
used in the m etal industries of the  world. They 
are used in the  m anufactu re  of every varie ty  of 
tool, alloy and constructional steel, for steel cast
ings, for high-grade cast-iron, and for m elting 
brass, bronze and non-ferrous m etals generally.

In discussing th e  subject of electric furnaces the 
w riter has considered i t  b e tte r  to  omit any de
tailed description of the construction  of various 
furnaces. Views and diagram s are common in the 
technical papers.

Nature of Current Used.
In the early days of the  electric steel furnace 

there was keen rivalry  between the  arc and induc
tion type of furnace. There was little  or nothing 
to choose between th e  quality  of the  product from 
either furnace, bu t the  com parative s tru c tu ra l sim
plicity of the  arc fu rnace  gave i t  so much advan
tage in first cost and in m aintenance, and also in 
operation, th a t  the g rea t m ajority  of furnaces in 
use to-day a re  of th e  arc, or modified arc, type. In  
discussing furnace construction th e  question is 
sometimes asked why a lte rn a tin g  cu rren t is exclu
sively used. One very convincing reason is th a t  it  
is cheaper to generate. B u t in addition  to its ex tra  
cost, there is ano ther reason why d irec t cu rren t is 
not used, although th is second reason is perhaps 
more a theoretical th an  a p rac tica l one. D irect 
current passing through  a compound liquid bath 
of any description always exerts an electrolytic 
effect. A fam iliar example is the  o rd inary  electro

* A P aper read  before th e  B irm ingham  B ranch  on N ovem ber 12, 
1921.



p la tin g  opera tion , where, on passing th e  cu rren t, 
m etal is dissolved a t one pole and deposited on 
artic les suspended from' and in elec trical contact 
w ith th e  o ther pole. A nother example is th e  above- 
m entioned furnace, in which alum inium  is m anu
fac tu red . This fu rnace is, in  effect, a carbon 
trough , in  which is m elted alkaline  alum inium  
double fluorides. In  the m olten m ate ria l is dis
solved p repared  alum ina. D irec t c u rre n t is passed 
th rough  th e  ba th , and th e  n e t resu lt, o m itting  
all in te rm ed ia te  chemical reactions, is th a t  a lu 
m inium  is liberated  a t  one pole, and carbon m on
oxide gas a t  th e  o ther. If , in  e ith e r of th e  above 
examples, a lte rn a tin g  c u rre n t were to  be substi
tu ted , all action would cease. The cu rre n t, revers
ing  o r a lte rn a tin g  its  d irection  of flow anyw here 
from 20 to  50 or 60 tim es per second, each a lte r
n a tion  would exactly reverse the  work of the  p re
vious one, and  so no electrolytic action would be 
possible.

The theore tica l objection  to  th e  use of d irect 
cu rren t in  an electric steel fu rnace  is th a t  th ere  
m igh t be a tendency for m etalloids to  accum ulate 
a t  one pole, and  th is  accum ulation  would reduce 
th e  speed of refining, and would also m ake the  
finished steel less homogeneous. W hether o r not 
th is  would actually  occur in  p rac tice  th e  w riter 
cannot say, b u t ce rta in ly  th e  possibility is there . 
In  any  case, to  the  best of th e  w rite r ’s knowledge, 
a lte rn a tin g  cu rren t is invariab ly  used in  commer
cial electric fu rnace  work, d irec t-cu rren t being used 
only in a few experim ental furnaces.

The Efficiency of the Electric Furnace.
There a re  several a rc  furnaces on th e  m arket 

capable of producing excellent steel. They vary  a 
litt le  in shape, in  th e  a rran g em en t and  num ber of 
electrodes used, in th e  way they a re  connected to 
the  tran sfo rm ers  and in th e  cha rac te r of th e  lin ing , 
b u t th e ir  differences are  in m inor s tru c tu ra l details 
ra th e r  th an  in  principle. Each type  possesses 
w hat a re  claim ed to  be w ell-m arked advantages 
over o ther types, b u t local conditions under which 
c u rren t can be obtained will frequently  be the 
deciding fac to r in se ttlin g  th e  m ost su itab le  fu r 
nace. Very low c u rre n t consum ption per ton  of steel 
is frequently  claim ed for new designs, b u t usually
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low cu rren t consum ption depends fa r  more upon 
careful operation th an  upon furnace construction. 
The m an who is tem pted by very low figures may 
find his ideal elusive. On the point of cu rren t con
sum ption some furnace salesmen are  incurably o p ti
mistic. F igures obtained by th e  w rite r over a series 
of 1,100 runs show an energy consum ption of 797 
kw.-hrs. per ton  of steel in  the  ladle. The furnace 
was worked w ith one slag only, and the  steel was 
required very hot. A nother set of figures from  a 
furnace of a different type working w ith two slags 
showed a  cu rren t consum ption of ju s t over 900 kw.- 
hrs. per ton  of steel in th e  ladle. In  each case the 
figures were obtained by d ividing the  to ta l con
sum ption, as shown by th e  furnace kw. m eters, by 
the to ta l weight of steel in  the  ladle. F igures a re  
sometimes published showing an energy consump
tion, m elting cold charges, as low as 550 kw.-hrs. 
per ton of steel. An overhaul of th e  kw. m eters 
should be recommended in  these cases.

I t  is not a difficult m a tte r  to  obtain  a rough idea 
of the minimum cu rren t consum ption per ton of 
steel. Taking th e  o rd inary  calorie and om itting  
all calculation, we may say th a t  in  one ton  of steel 
a t a tem perature  suitable for castings there  will 
be a t least 375,000 calories. The slag will con
ta in  600,000 calories per ton . As th e  to ta l weight 
of slag, when w orking w ith two slags, will be ap
proximately 18 per cent, of th e  weight of the  steel, 
we have another 108,000 calories. T aking the heat 
equivalent to  the  kw .-hr. a t  865 calories gives 
483,000 -7- 865 = 558 kws. required to  furnish  
the heat contained in one ton  of steel ready 
for pouring. A certa in  am ount of h ea t is 
generated, and some is absorbed, by chemical 
action w ithin the  furnace, b u t very much more 
than is generated by refining reactions will be lost 
through unavoidable causes. These a r e :— (1) Elec
trode losses; (2) rad ia tion  losses; (3) cooling w ater 
losses; (4) losses during  skim m ing; (5) losses du r
ing charging and fe t t l in g ; (6) variable losses while 
the furnace is stand ing  and when i t  is relined.

All these item s have to be paid  for, so should 
appear as cu rren t consumed in figures g iving th is 
information. Heavy hea t losses obviously occur 
during the skimm ing of th e  first slag, and during 
fettling and charging the furnace. The losses in



394

the  electrodes will sometimes am ount to  as much 
as 10 per cent, of th e  cu rre n t used. Economical 
opera tion  is m ore likely to  resu lt from  a tte n tio n  to  
these deta ils  th an  from m inor va ria tio n s in fu r
nace design. W hen w orking w ith  one slag only, 
the h ea t losses from  skim m ing will be c u t o u t and 
the reduced weight of slag will requ ire  less cu rren t, 
bu t when all is considered, i t  is safe to  say some of 
th e  figures occasionally published do n o t represent 
th e  am oun t of e lec tric ity  requ ired , over a period, 
to  produce one ton  of steel w ith th e  .sulphur and 
phosphorus reduced to  a m inim um .

The Chemistry of the Process.
The lin ing  of th e  fu rnace  m ay be acid o r basic. 

The acid lin ing  is m ade w ith silicious refrac to ries, 
and  is used where th e  m ateria ls  to  he m elted are 
considered sufficiently p u re  to  requ ire  no refining. 
W ith carefu l w orking a  sligh t reduction  of sul
p h u r and  phosphorus m ay be obtained , h u t the  re 
duction  is no t g rea t, and is difficult to  ob ta in  regu 
larly . G enerally speaking, however, th e  p rim ary  
object in  using an  electric fu rnace  for steel m elt
ing is to  reduce these elem ents to  th e ir  lowest 
am ounts, and in  th is  case a  basic lin ing  is essential.

Phosphorus and  su lphur can only be removed 
from  a m olten b a th  of steel by a slag contain ing  a 
high percen tage of lime. Such a slag canno t be 
used on an  acid or silicious lin ing . E xactly  as the  
lim estone in  the  cupola fluxes th e  silica, o r sand, 
on the  iron, so th e  lime in  th e  slag would flux the  
silica in  the  fu rnace  lin ing , and th e  re su lt would 
be its  rap id  and com plete destruction . To avoid 
th e  fluxing action of th e  lime, a basic lin ing  is 
used. G enerally th is is m ade of calcined dolomite. 
Upon th is  m ate ria l the  lime in  th e  slag has no 
chemical action.

The charge, w ith in  reason, nray be composed of 
p ractically  any so rt of siteel scrap, h u t as a 
lengthened refin ing period m eans a reduced out- 
n u t and an increased c u rre n t consum ption per ton, 
i t  is usually found b e tte r  to  select a good quality  
of scrap. I t  is less costly to  use good scrap  th an , 
w ith  an in fe rio r scrap, to  use more c u rre n t and 
ob tain  less steel per day. The slag-form ing 
m ateria ls , lime, sand, iron ore and a li t t le  fluor
spar, should be charged in to  the  fu rnace w ith the
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scrap. Using a good scrap of a fairly  regu lar com
position, the w riter has found i t  best to  charge, 
say, 10 per cent, of the  scrap, th en  add th e  slag 
form ing m aterials, followed by th e  rem ainder of the 
scrap. By carefully p roportioning the  lime and ore 
and m ixing them  w ith the charge, th e  phosphorus 
and carbon will both be reduced to the  required 
percentage by the  tim e th e  m etal is m elted and 
sufficiently hot enough to  skim. W ith  good scrap 
contain ing carbon 0.4 per cen t., and phosphorus 
0.06 per cent., th e  phosphorus will be reduced to  
about 0.005 per cent., and the  carbon to  under 0.1 
per cent. In  the presence of ia sufficient am ount of 
lime th e  phosphorus in  an oxidised b a th  forms 
phosphate of lime, which is a stable constituen t of 
an oxidised basic slag. The carbon is oxidised to 
carbon monoxide, which escapes and burns. The 
removal of th e  phosphorus is the  resu lt of reactions, 
a t  a low tem pera tu re , between ferrous phosphide, 
oxides of iron and lime. S tead , R idsdale and 
others have show-n th a t  phosphorus exists in a basic 
slag as an oxide in com bination w ith four atom s of 
lime. The following equations express th e  re 
actions : —

I. 2 F e ,P + 5 F e20 3 = 3FeO- P o0 5 +  l lF e + 2 F e 0 .
I I .  2FeaP + 8F eO  = 3FeO. P 20 5 +  l lF e .

Probably both of these reactions go on together 
during the oxidation  of the  ba th . The combination 
of the  ferrous pho&phiate w ith the  lime is expressed 
by th e  equation :—

3FeO. P 30 5+ 4C a0  = 4 0 a0 , P 20 5+ 3 F e0 .
The resu lt of th e  above reactions is the  form ation 

of te tra  basic phosphate of lime, which, as noted 
above, is a stable constituen t of an oxidised basic 
slag. The oxidation  of the  carbon is according to  
the reac tio n s: —

I. 3Fe1C + F e„0 1 = 3 0 0 -l-llF e .
II . F e3C + FeO  = CO +4Fe.

Both of these reactions go on together. Usually, 
during the m elting down, about 15 to 20 per cent, 
of the sulphur is elim inated, b u t th is  does not 
always occur. The bath  should be skimmed imme
diately i t  is sufficiently ho t to  stand  the  hea t losses 
due to th is operation. The skimm ing should be 
thorough, as any slag left behind will re tu rn  its
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phosphorus to  the steel du ring  the  deoxidising 
period. I t  may be of in te re s t to  no te  the  w riter 
has found th e  bath  sam ple invariab ly  lower in 
phosphorus th an  the  finished steel, no m a tte r  how 
carefully  th e  skim m ing was carried  out. This is 
due to  the  lin ing  holding a th in  coating  of slag a t 
the  slag line and  on th e  po rtion  of the  back lin ing 
exposed when th e  fu rnace  is ti l te d  for skimm ing. 
D uring  th e  reducing period of th e  ru n  the  phos
phorus is reduced from  th is  slag and re tu rned  to 
th e  steel. W hile th e  steel is free from  slag i t  will 
he found of advantage to  add a li tt le  ferro-silicon 
to  deoxidise i t  and so speed up  th e  operation  of 
the second slag.

The second, or reducing , slag is now added. I t  
consists of lime, sand and a litt le  fluor-spar. W ith  
the  h ea t of the  arcs above and  th e  steel below these 
m ateria ls speedily combine an d  m elt. W hen they 
a re  m elted, and th e  surface is com pletely covered 
by th e  neiwly-formed slag, a m ix tu re  of ferro- 
silicon and carbon is sprink led  over it. The car
bon should be as free as possible from  sulphur. 
The m a te ria l usually  used is  a form  of re to r t c a r
bon obtained d u ring  the  d is tilla tion  of oil, and  
known as oil cake. I ts  first action  is to  complete 
the  deoxidation of th e  steel. I t  is to  sho rten  th is 
period th e  ferro-silicon is added a f te r  skimm ing. 
W hen deoxidation is complete th e  sulphur removal 
commences. U nder the  in tense h ea t of th e  arc, the 
lime and  carbon form  calcium carbide, and th is 
reac ts w ith th e  ferrous sulphide of th e  steel form 
ing calcium sulphide, which is a stable constituen t 
of a non-oxidising o r reducing slag.

3F eS + C aC 2+2CaO  = 3F e+ 3C aS  +  2CO
A t th is stage, a sam ple of slag tak en  o u t of the 

fu rnace and quenched in w ater will d is in teg ra te  to  
a  w hite powder, and will give off a d is tinctive 
odour of acetylene gas. I t  is im p o rtan t to  m ain 
ta in  reducing conditions in  the  fu rnace , as if any 
oxidation  takes place su lphur is re tu rn e d  to the 
steel. Calcium sulph ide read ily  oxidises to  su l
phate , and in th is  form  i t  reac ts w ith  th e  iron 
form ing lime, sulphide of iron and oxide of iron, 
both of which la t te r  a re  tak en  up  by th e  steel.

C a S + 2 0 2 = C aS 0 4.
C aS 0 4+ 4 F e = F e S  + 3FeO +C aO .
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S ulphur is also removed by th e  ferro-silicon. The 
reaction is somewhat involved and ra th e r  tech
nical, b u t the  u ltim ate  resu lt may be w ritten  a s :__

2 OaO +  2 FeS + Si = 2 CaS +  S i0 2 +  2 Fe. 
E ither carbon or ferro-silicon alone will effectively 
desulphurise the  steel, b u t the  w riter has found 
th is operation  to  be under be tte r control when 
they a re  used together. I t  may be noted th a t  
desulphurisation cannot be carried  o u t u n ti l the  
slag and bath  have been thoroughly deoxidised. If 
oxide rem ains in the  slag th e  stab le  form ation of 
calcium sulphide would be preven ted  by the 
following re a c tio n : —-

FeO +  CaS = FeS +  CaO.
The resulting  ferrous sulphide would be re tu rned  
to the  bath.

W hen the  steel has acquired the casting  tem 
p era tu re  and th e  slag is white, th e  finishing alloys 
should be added and th e  steel cast. The w eight of 
ferro-alloys added will, of course, depend upon the 
percentages of silicon, manganese, etc., required  
in the steel. W ith  a well-finished h ea t the  pro
portion lost is n o t serious. I t  may be noted  here 
th a t deoxidatio.n can be carried  o u t so thoroughly 
in the electric furnace th a t  i t  is possible, before 
the ferro-alloys are added, to  tak e  a spoon sample 
and cast a te s t ingot which shall be sound and 
perfectly free from any  trace  of blowholes. The 
w riter has done th is  w ith a  m etal contain ing 
99.8 per cent. iron.

The physical characteristics of electric steel, as 
compared w ith o rd inary  steel, are  g rea te r homo
geneity and freedom from segregation, a  higher 
elastic lim it and yield point, and a more m arked 
resistance to fa tig u e  both in use and on the 
testing machine. This last characteristic  is also 
indicated by an  increased contraction  of a rea  in 
the tensile test. All these characteristics m ight 
be expected to  resu lt from th e  rem oval of phos
phides and  sulphides, w ith the ir usual hardening  
and em brittling  effects. Any required  tensile 
strength  may easily be obtained by varying the  
carbon conten t of the steel.

Non-Ferrous Electric Furnaces.
The electric m elting of non-ferrous m etals has 

lately come to  the fron t, especially in America.



Obviously, the  type of fu rnace suitab le  for m elt
ing steel would n o t be suitab le  for m elting brass, 
bronzes carry ing  lead, alum inium  and o ther m etals 
and alloys easily vaporised or overheated . Some 
bronzes, and the  nickel alloys, m ay be successfully 
m elted in furnaces of th e  steel type  ; b u t, generally  
speaking, non-ferrous m etals a re  n o t successfully 
melted by allowing th e  arc  to  s trik e  th e  charge. 
The in tense h ea t of th e  arc , betw een 3,500 deg. C. 
and 3,800 deg. C., will readily  vaporise even 
copper ; and losses by vo la tilisa tion  a re  heavy. As 
zinc boils a t  930 deg. C. and  lead a t  1,580 deg. C., 
it is ev iden t these m ust be kep t from  con tac t with 
the  arc  when m elted. Copper is volatile a t  
2,310 deg. C., so th e re  is a g re a te r  m arg in  he re ; 
b u t even th is m etal will readily  vaporise when the 
arc plays on i t  a f te r  m elting. Basically, i t  is a 
question of th e  ra t io  betw een th e  h ea tin g  effect 
of the  a rc  and th e  conducting power of th e  metal. 
When the energy in p u t is h igher th an  th e  ra te  of 
heat conduction th rough  the  m etal, th e  tem pera
tu re  under th e  arc  rises rap id ly , and volatilisation 
occurs. I f  th e  h ea t can be poured before the  m etal 
under the  a rc  reaches its boiling po in t, losses will 
be small ; b u t alloys con ta in ing  zinc, lead, a n t i
mony and  o ther m etals of low boiling po in ts will 
suffer heavily.

In d irec t arc hea tin g  is successfully used in 
several furnaces. One ty p e  consists of a cylindrical 
shell, w ith small doors located on the  axis a t each 
end. The electrodes en te r th rough  these doors. 
A t one end is a tap p in g  hole, and, w ith th e  excep
tion  of th is hole an d  th e  doors, th e  walls of the 
cylinder are  unbroken. This enables the  furnace 
to  be ro ta ted  upon its  axis, and  d u ring  m elting 
th is ro ta tio n  takes place. The arc is struck 
between th e  ends of the  tw o electrodes, and the 
ro ta tion  of th e  furnace, by rolling th e  charge 
over, continuously exposes fresh  surfaces to  the 
heating  action  of th e  a rc  and  th e  heated  lining. 
This resu lts in  a very even tem p e ra tu re  g rad ien t 
d u ring  th e  m elting  and  in  th e  m axim um  hea t 
tran sfe r to  th e  m etal. The m elting  loss in  th is 
fu rnace is said to  be under 2 per cen t., even when 
m elting tu rn in g s  and  borings.

A nother successful type has a trough , made of 
carborundum , crossing th e  furnace above the

3<J3
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hearth . This trough  is filled w ith carbonaceous 
m aterial, and th e  electrodes en te r i t  from each 
end. The resistance of the  m ateria l in  th e  trough 
to the passage of the cu rren t generates h ea t which 
is rad ia ted  on to  the charge beneath , directly from 
the resistor trough and ind irectly  from the roof 
and walls. As there  is no a rc  in th is furnace, the  
risk of losses by volatilisation  is considerably 
reduced.

Several o ther in teresting  types are  on the 
m arket. Obviously, w ith th e  c u tt in g  o u t of 
crucible costs, th e  g re a te r  cleanliness of th e  fu r
nace operation , the reduced m etal losses (g ran ting  
these are  achieved), and  th e  high therm al efficiency 
which can be obtained as compared w ith o rd inary  
crucible furnaces, th e re  should be an extensive 
field for the electric fu rnace in th e  non-ferrous 
foundry.

The Electric Furnace in the Iron Foundry.
A t th e  p resen t tim e a tten tio n  is being d irected 

towards th e  electric furnace as an iron foundry 
appliance. From  th e  earliest days of electric 
furnace developm ent pig-iron has been reduced 
from th e  ore by various types of fu rn ace s; but 
the use of the  electric furnace e ither to  replace 
the cupola or as an ad ju n c t to  it, has only recently 
been seriously considered, b u t th e  tim e has not 
yet come for th e  cupola to  be ousted from its 
present position. I t  is qu ite  conceivable, how
ever, th a t  for certa in  purposes the  increased cost 
of electrically-treated cast iron m ight be compen
sated for by its im proved quality , ’always g ra n t
ing th a t  the improved quality  exists in the  casting  
and not in th e  im agination . I t  is easily possible 
to obtain as poor an  iron from an electric furnace 
as from the cupola. W hen properly handled, the 
resulting im provem ent is so m arked th a t  for 
certain  classes of work th e  increased cost should 
not be prohibitive. B u t for general castings the  
increased selling price would quite  prevent sales, 
and no good purpose can be served by im proving a 
m aterial in  a m anner th a t pu ts i t  o u t of the  
m arket.

The replacem ent of the cupola by the  electric 
furnace may be considered along the lines of w'hat 
is now known as the  m anufacture  of synthetic 
cast iron.
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In  1915, when th e  shortage  of h em atite  was very 
acute , th e  w rite r, in a  search for supplies of th is  
m ateria l, w ent over a  sm all works w here synthetic 
cast iron was being m ade in  an  o rd inary  electric 
furnace. V arious grades, from  w hite to  all grey, 
were being produced. T he frac tu red  surfaces were 
a ll very finely g ra ined , an d  th e  tensile  s tren g th  of 
the grey iron  was said to  he 20 tons p er square 
inch. The ven tu re , desp ite  th e  abnorm al demand 
for h em atite , was no t a  financial success, doubtless 
owing to  th e  size and  unsu itab le  design of the  
furnace.

The production  of syn the tic  cast iron  was 
developed on a la rge  scale in  F ran ce  during  the  
w ar for the  m an u fac tu re  of cast-iron  shells. A 
descrip tion  of th e  process was given in  a  P ap e r 
read  before the Iro n  and S teel In s ti tu te  a t  the 
Septem ber m eeting, 1919, by C. A. K eller. This 
gentlem an was among th e  earlies t p a ten tees  of 
processes for m aking cast iron  d irec t from  th e  ore 
by electrical m ethods. The syn thetic  iron process 
is simple in  p rincip le. S tee l tu rn in g s , m ixed with 
carbon in  th e  shape of sm all coke or charcoal and 
a p roportion  of lime an d  sand, is charged in to  an 
electric  fu rnace. As th e  charge h ea ts  up  the  
carbon combines w ith  th e  steel, reducing its  m elt
ing p o in t considerably. The lime and sand serve 
a  double purpose. They reduce th e  h igh  con
ductiv ity  of th e  chaTge, and  so enable an o rd inary  
voltage to  be used in  th e  fu rnace. The lime, 
under th e  strongly  reducing conditions resu lting  
from th e  am oun t of carbon p resen t, combines w ith 
th e  su lphur in  th e  steel and  carries i t  in to  the  
slag. The silica of th e  sand is reduced to  silicon 
by reaction  w ith iron  and carbon, and resu lts  in 
th e  p roduction  of grey  cast iron . The process 
can be closely controlled, and  yields a  really excel
len t cast iron . As m uch as 300 tons p er day of 
th is  m a te ria l is  said to  have been m ade by th is 
m ethod a t  L ivet, F ran ce , where th e re  is a very 
large  in s ta lla tio n  for th e  genera tion  of electric ity  
by w ater power. The c u rre n t consum ption is 
s ta ted  to  have been as low as 675 kw .-hours per 
ton.

According to  figures given in th e  P a p e r a 
rem arkably strong  iron was ob tained . T he follow
ing composition is g iv e n :—C arbon, 2.90 p er cen t. ;
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silicon, 1.75 per c en t.; m anganese, 0.50 per c e n t.; 
sulphur, traces; phosphorus, 0.05 per cent. From  
this iron a tensile s tren g th  of 50 kilos, per sq. mm. 
is said to  have been obtained. The rem arkable 
streng th  will be recognised when i t  is calculated 
in to  B ritish  term s. The resu lting  figure is 31.74 
tons per sq. in. I t  certa in ly  seems an almost 
incredible tensile streng th  for a  cas t iron of any 
description or composition. W hile the  w riter has 
obtained some excellent tensile results w ith elec
trica lly -trea ted  cast iron, th is  figure goes far 
beyond th e  best he has ever seen.

Synthetic cast iron can be m ade in any o rd i
nary electric steel furnace, and during  th e  period 
of the war th e  w riter assisted  in  carry ing  out 
tr ia l runs which, so fa r  as p roduct 'was concerned, 
were very satisfactory , b u t th e  cost was too high. / ( x O T f ^ X  
In these tr ia l  runs, th e  tu rn in g s  contained c a r b o n /^ "  - y \  
0.42, silicon 0.21, m anganese 0.79, su lphur 0.066/ 
and phosphorus 0.058 p e r cen t., and th e  co k *pQ 'JIE C K N ^ ' 
carbon 88.40, volatile m a tte r  1.36, su lphur 0.93| '  ,
and ash 9.21 per cent. \  J

I t  is necessary to  use tu rn in g s  and to  mix S
thoroughly the ground  coke w ith  them  in  order 
to economise energy. O rdinary foundry or forge 
scrap does n o t expose sufficient surface to  th e  car- 
burising action of th e  coke m ixed w ith  i t  to  com
plete carburisa tion  before m elting. I f  th e  charge 
melts before carburisa tion  is  complete, i t  can only 
be completed by solution of th e  carbon in  the  
molten m etal, and  th e  solution becomes slower 
and more difficult th e  h igher th e  percen tage of 
carbon rises. To in troduce ab o u t 3 per cent, of 
oarbon in to  th e  resu lting  cast iron, 5 per cent, 
of ground coke is necessary; 5 per cent, of lime 
and a little  sand is added to  form a desulphurising 
slag. This m ix tu re  is charged on th e  preheated  
hearth  of an electric fu rnace 'and th e  cu rren t 
switched on. C arburisation  begins a t a dull red 
heat, and becomes more rap id  a s  the  tem p era tu re  
rises. As th e  ohargei becomes sem i-m olten, the  
action is  very energetic, and by th e  tim e  fusion 
is complete, in th e  neighbourhood of 3 per cent, 
of carbon, will usually have been absorbed by the  
metal. By the  action  of th e  lime, th e  sulphur 
will be considerably reduced, and th e  resu lting  
m etal will be a good quality  white iron. In  opera-
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tion  i t  was found m ore economical to  ad d  the 
silicon by m eans of ferro-silicon ra th e r  th an  by 
th e  reduction  of silica in  th e  furnace. W hen, 
a f te r  add ing  th e  ferro-silicon and rabb ling , a te s t 
sam ple showed a grey homogeneous frac tu re , the  
m etal was poured o u t and cast.

The composition of th e  p ro d u c t showed the  
su lphur was reduced considerably; th e  phosphorus 
was n o t a lte red , and  th e  m anganese lost usually 
abou t 10 p e r cen t, of its  con ten t. To replace th is 
loss a few pounds of 80 per cen t, ferro-m anganese 
were added to  th e  ladle. The analysis of one heat 
was :—Combined carbon 0.47, g rap h itic  carbon 
2.16, silicon 2.28, m anganese 0.84, su lphur 0.022, 
and  phosphorus 0.060 p er cent.

The Physical Properties of Synthetic Iron.
Tensile te s ts  tak en  on m a te ria l of th is  analysis 

gave th e  following resu lts  : (1) 21.5, (2) 19.9,
(3) 21.2, and  (4) 21.0 tons per sq. in.

T ransverse te s ts  tak en  on a  b a r  2 in. x 1 in ., 
w ith  3 f t . cen tres, gave 39.2 owts. w ith  7/16 in. 
deflection, and  39.4 cwts. w ith  7/16 in . deflection. 
The specific g ra v ity  was 7.53. As th e  average 
specific density  of g rey  cast iron  is abou t 7.2, the 
h igher specific g rav ity  of syn thetic  cast iron  shows 
i t  to  be of a considerably increased density . The 
conditions u nder which i t  is m ade ensure its  p er
fect deoxidation ; and  its  freedom  'from o th e r dis
solved, occluded o r  combined gases w ill be 
rendered ce rta in  by th e  te m p e ra tu re  to  which i t  
is raised , and  th e  strong ly  reducing slag cover
ing lit while in th e  fu rnace. M ieroseotions showed 
th e  g rap h ite  in  a n  extrem ely fine s ta te  of division 
and  uniform ly d is trib u ted  in  a  m a tr ix  of pearlite  
and  silico-ferrite.

The m eta l is intensely h o t and  very fluid. 
M oulds cast w ith  f t  had  to  be p repared  w ith  g rea t 
care  if smooth castings were to  be obtained . W hen 
poured in to  the  m oulds i t  rem ained  fluid for a con
siderably longer period  th a n  cupola m eta l; and 
its  feed ing  qualities w ere obvious when th e  sink
ing down of th e  ru n n ers  and  risers was observed. 
The castings were close g ra ined  and  sound, and 
th e  high specific g rav ity  resu ltin g  from  th e  close 
g ra in  m arks i t  as being  su itab le  for lig h t cast
ings to  res ist in te rn a l p ressure. I t s  flu id ity  was 
such th a t  th e  runners  w ere reduced in num ber
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and in size w ithout the sligh test tendency tow ards 
cold shuts or mis-runs. D ry-sand moulds had  to 
be closed w ith g rea t care and cottered  very tigh tly  
to p revent runouts, and if a ru n o u t did occur 
it  was very difficult to  stop it.

The Duplex Process.
The use of the electric furnace as an ad junct 

to th e  cupola will effect a considerable saving in 
cu rren t consum ption, and th e  quality  of the  re 
sulting m eta l can ibe b rough t up to  th e  figures 
obtained from synthetic cast iron. If th e  electric 
furnace is to be developed in  th e  cast-iron indus
try , i t  will be essential to  ob ta in  th e  u tm ost 
economy, as when everything has been done to 
cu t down th e  cost to th e  minim um  the  m etal will 
still be expensive. The purchase and m aintenance 
of an electric furnace and th e  h igh  price of electric 
cu rren t add a serious item  to  th e  costs of grey- 
iron eastings. M elting in  the  cupola is  certainly 
cheaper th an  m elting lin th e  electric furnace, and 
in the  in terests  of economy th is  should be done. 
As regards the composition of th e  m etal Ithus 
trea ted  'w hen com pared w ith  syn thetic  oast iron, 
the use of hem atite  would g ive an  equally low 
phosphorus; b u t, in th e  w rite r ’s opinion, a mode
ra te  am ount of phosphorus would n o t be objection
able. In  fact, he is inclined to  believe th a t  phos
phorus up to  0.3 o r 0.4 per cent, would be an 
improvement, as it  would increase th e  rig id ity  of 
the  m etal .and y e t n o t be sufficient to  induce 
brittleness This percentage could readily  be
obtained by th e  use of a medium phosphorus pig 
and steel scrap.

The w rite r’s experience leads him to th in k  a basic 
lining in an electric fu rnace is no t a t  all suitable 
for iron foundry  requirem ents. The furnace itself 
could be so modified th a t  i t  would be much cheaper 
to erect and m ain ta in , and more convenient for use 
with cast iron th an  any th a t  has as y e t come under 
his notice. Few foundries require  molten iron
more th an  th ree  or four hours daily. The foun
dries requiring  molten iron continuously, th a t  is, 
for 20 to  24 hours per day, are so few th a t  they do 
not enter in to  th e  general question. This in te r
m itten t demand for m etal is a source of serious 
trouble and  expense w ith a basic lined furnace. U n
less a basic lin ing is kep t constantly  hot, i t  rapidly
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d is in teg ra tes  and is destroyed. A t th e  tem pera
tu re  requ ired  for cast iron, a  basic h e a rth  in con
tin u a l use would la s t a t  least several m o n th s; b u t 
if i t  were allowed to 'co o l off each n ig h t i t  would 
no t las t m any days, owing to  the  severe s tra in s  
set up  by a lte rn a te  expansion and  con traction , 
cracking th e  lin ing  an d  m aking i t  spall off when 
re-heated.

The w rite r would suggest, in s tead  of a basic 
hearth , a  n eu tra l one m ade of carbon. This would 
not be possible in  steel m elting , as th e  steel would 
a tta c k  and destroy i t ;  b u t cast iron already heavily 
charged w ith carbon, would have no action on it. 
The calcareous slag requ ired  would also, if properly 
proportioned, be w ithou t chem ical action  upon it. 
The fu rnace  itself should be b u il t up a f te r  the 
m anner of a n 'a i r  fu rn ace ; well braced w ith buck- 
staves an d  side p la tes T here is no need for an 
electric fu rn ace  hand ling  cast iron  to  be tilted . A 
furnace, solidly bu ilt, w ith  walls and roofs of the 
h ighest quality  firebrick, hav ing  a  h ea rth  about 
5 f t .  X 2 f t .  6 ins., w ith  w ell-tapered sides about 
1 ft . 8 ins. deep, would hold th ree  tons of cast 
iron, and th e  slag requ ired  to  refine it . The elec
trode  holders could he e ith e r a ttach ed  to  th e  walls 
or b u ilt up separately . A t one end a tap p in g  hole 
and  spout should be located, and  a t  th e  o ther end 
a charg ing  spout should be fixed. This spout should 
be sloped gently  upw ard from th e  to p  level of the 
h earth , and  should be closed where i t  en ters the  
fu rnace  by a sm all door. The roof should, p refer
ably, be movable to  fa c ilita te  repairs . A door on 
th e  side opposite th e  electrodes would allow th e  re
fining to be controlled, and  would also enable the 
slag to  receive all the  hand ling  i t  would need. The 
hea rth  should be m ade of ground coke mixed with 
hot p itch  and  t a r  in  su itab le  proportions and 
solidly ram m ed in to  place. Two electrodes only 
would be requ ired , w ith  Scott connections to  three- 
phase c u rre n t a t  the  tran sfo rm ers (E lectro-m etals 
system). Such a furnace would, w ith  care , la s t as 
long as an a ir fu rnace , and would be considerably 
cheaper to  build th a n  an  o rd inary  electric furnace. 
Also, i t  would n o t come to  any harm  however fre 
quently  i t  was cooled down. A fu rnace  on these 
lines could easily handle  20 tons of oast iron  du rin g  
an afternoon. The w rite r has n o t h eard  of a fu r 
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nace of th is description in o p e ra tio n ; b u t if there  
is one he would be very glad to  receive particu lars 
of its working, as he is of the opinion i t  would be 
economical in upkeep and in cu rren t consum ption.

A proposed process of such a fu rnace in  an 
ironfoundry would be as follows :—About two hours 
before the  cupola would be p u t on blast, th e  fu r
nace, cleaned and patched a fte r  the  previous day’s 
run , would be charged w ith about one ton  of small 
scrap from the last heat. A liberal am ount of 
ground coke would be spread over th e  iron. C ur
ren t would be applied slowly a t  low power in itially , 
gradually increasing as th e  furnace warms up. 
A fter from 1J to  I f  hours, the  scrap would be 
melted and covered w ith the  ground coke, and the 
furnace would be fairly  hot. The lime, sand and 
fluor-spar to form the  slag would then  be charged, 
and by the tim e the  cupola was delivering m etal 
the slag would be m elted, the furnace would be hot, 
and the iron already in i t  would be in  good condi
tion. From the  cupola two tons of m etal would 
be tapped and poured down th e  charging spout 
into the  furnace, m ixing w ith the  iron an a  slag 
already there. The full cu rren t, from 700 to  800 
kilowatts, would be switched on, and refining 
would begin. The firs t h ea t would probably require 
about half an hour’s run . E xperience would soon 
show the  correct tim e ito s ta r t  th e  fu rnace so th a t  
by the  tim e th e  first hea t wias refined the  furnace 
would be a t  the full tem perature.. Two tons would 
be tapped out, and ano ther two tons brought from 
the cupola and poured in to  th e  rem ainder of the 
charge left in the now highly-heated furnace. De
oxidation and desulphurisation would be rap id  
under the action of the  ho t active slag. A t in 
tervals, as the slag became spent, i t  would be p a r
tially raked off and new slag-form ing m aterials 
added. By adding carbon, fluor-spar and  lime as 
required, a strongly reducing slag could readily 
be m aintained. By working in th is m anner, tak ing  
out only two tons per tap , leaving th e  rem aining 
ton to  mix with the  fresh cupola m etal, i t  would 
be possible to make a tapp ing  every fifteen m inutes, 
tak ing off two tons of thoroughly deoxidised, de
sulphurised and superheated  m etal. The m etal, as 
drawn off, would be a t such a tem p era tu re  th a t, 
if covered with blacking, i t  could be kept u n til the
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nex t ta p  was made, and s till be sufficiently ho t to 
satisfy the  most exacting  dem and for ho t iron. 
W ith  good cupola practice  and tre a tm e n t under 
these conditions, m etal of faultless composition and 
properties could be relied on.

In  conclusion i t  may briefly be no ted  th a t  iron 
for malleable castings tre a te d  in th is  m anner would 
be certa in  to  give a tensile s tren g th , and  an elon
gation  a f te r  annealing  th a t  would be a  revelation 
to founders accustomed to  th e  p resen t quality  ol 
castings. W ith in  a very few years one may ven
tu re  to  s ta te  g rea t developm ents along these lines 
will occur, w ith advantage both to  founder and 
consumer.

DISCUSSION.
T h e  C h a i r m a n  said in  B irm ingham  they  were 

very u n fo rtu n a te ly  placed w ith regard  to  electric 
furnaces, as there  were no t m any in operation, and 
i t  was no t an easy m a tte r  for those in terested  to 
see them . In  Sheffield, however, an d  o ther towns 
they  were much more num erous, and doubtless in 
those a reas th e ir  members would be more fam iliar 
w ith th e ir  p rac tica l working.

Decarburisation of Ferric or Magnetic Oxides.
P r o f . T u r n e r , in  proposing a vote of thanks to 

Mr. W ilkinson for his P ap e r, said M r. W ilkinson 
had given them  th e  reactions th a t  took place in 
the fu rnace  and  more particu la rly  in reference to 
the  m elting of steel. There was only one litt le  sug
gestion he would m ake. M r. W ilkinson sta ted  th a t 
th e  two reactions—th e  reaction w ith  ferric  oxide 
and  ferrous oxide—'both w ent on together. T hat 
was perfectly tru e . The ferrous oxide did n o t melt 
w ithout decomposition and ferrous oxide was un
known to  them  as a p u re  substance. W h a t hap 
pened was th a t  th e  ferric  oxide and  ferrous oxide 
combined together to  form a  fluid m agnetic oxide 
which was th e  active agen t, and if they  exam ined 
th e  slag under th e  microscope they  saw th is  mag
netic  oxide which had  been in solution throw n out 
in its  charac te ris tic  crystalline form . In  explain
ing w hat w ent on in  the  fu rnace  he generally  com
bined these two reactions, instead of p u tt in g  them  
separately , and worked o u t w hat occurred on the 
basis of m agnetic oxide. I t  recalled w hat was
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quite an active discussion of some 25 or 30 years 
ago, the  question being what was th e  agent which 
led to oxidation in the puddling furnace or in the 
steel furnace, and as to w hether it  was really 
ferric oxide or magnetic.

The Choice of a Furnace.
In  connection with the  in troduction  of electric 

furnaces, the au thor had well said th a t  the  con
ditions under which the cu rren t could he obtained 
often determ ined the  furnace to  be employed. 
W here they were dependent, as they were in the 
Midlands, upon supplies of electricity  which were 
designed for o ther purposes p rim arily  they  m et 
with difficulty. H e questioned w hether th e  B ir
mingham E lectricity  Comm ittee would be prepared 
a t the present moment, or w hether they had the 
necessary machinery and the necessary power av a il
able to provide cu rren t for m etallurgical purposes 
on anything like a large scale. They remembered, 
for instance, in Sheffield w hat trem endous develop
ments were necessary to  m eet requirem ents during  
the war. H e was inform ed t h a t  a  furnace was 
recently purchased and brough t in to  the  B irm ing
ham d istric t—a furnace of the type to which Mr. 
Wilkinson had referred—for the  m elting of non- 
ferrous alloys. Single-phase cu rren t was required, 
and difficulty was m et w ith on account of the in te r
ference with the general electric system of using 
furnaces of the size of the one in  question, tak ing  
a ton charge. The resu lt was th a t  th e  furnace 
had not been used. There m ight be o ther reasons 
connected with the s ta te  of trad e  and so fo rth , bu t, 
a t  any ra te , th a t  was the  reason given to  him. 
The purchase of an electric furnace where they  had 
not a supply of electricity guaran teed  and ready 
at hand was a very small p a rt of the  to ta l expense 
in many cases. A t the present tim e he had small 
and large types of furnaces—he m eant large for 
the laboratory, though very small in comparison 
with the furnaces of which M r. W ilkinson was 
speaking—ten or a dozen of them , and  every one 
of them wanted e ither a different kind of cu rren t 
or a  different quan tity  of cu rren t. For some he 
required a  d irec t cu rren t, while in others he 
required an a lte rna ting  cu rren t.

H e began with a voltage of som ething over 
two, such as was used for alum inium  deeomposi-
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tion . A nother fu rnace requ ired  a voltage of about 
20 to 25, while for iron and steel he needed, say, 
75 up to  150, according to the  circum stances. The 
resu lt was th a t  in his case he requ ired  to  ta p  off 
from one source of supply all these d ifferent 
voltages.

Non-Ferrous Electric Furnaces.
F o r th e  non-ferrous trad es  in  th e  B irm ingham  

d is tr ic t th e re  was an enorm ous possibility  in th e  
d irection  of e lectric m elting . I n  A m erica he 
understood th a t  th e  la rg est works a t  th e  p resen t 
tim e had  practically  given up  coke m elting , and 
he believed he was co rrec t in saying th a t  over 400 
electric furnaces were employed in  connection w ith 
the  non-ferrous m eta l in d u s try , m any of them  
m elting a ton  a t  a tim e  o r more, in th e  U .S.A . 
and  C anada. I t  was n o t merely th e  cost of 
elec tricity  here, though th a t  was, of course, an  
im portan t po in t. B u t speaking  n o t as an  electrical 
engineer b u t as a  m e ta llu rg is t i t  appeared  to  him 
th a t  for m anu fac tu ring  purposes w hat they  
requ ired  was a  definite supply of e lec tric ity  su it
able for th e ir  purpose and  more o r less devoted to 
th a t  purpose if they  w'ere goihg to  carry  on a large 
m etallurg ical in d u s try  dependent upon elec tric  
m elting. T here  were several fu rnaces w orking in 
the  B irm ingham  d is tr ic t a t  p resen t, b u t his 
an tic ipa tion  was th a t  in fu tu re , and in th e  no t 
very d is ta n t fu tu re , th ere  would be a very  large  
increase in  th e  am ount of electric m elting, no t 
only in  th e  iron  an d  steel trad es, b u t also in  the  
non-ferrous industries. There had  been a d is tinc t 
set-back, of course, since th e  w ar. D uring  th e  w ar 
expense was com paratively  of li t t le  account, and 
th ere  was a g re a t dem and, b u t a num ber of fu r 
naces th a t  were w orking during  the  w ar had  closed 
down n o t merely because m any branches of the  
m etal industries were alm ost a t  a  s tandstill, b u t 
because a t  th e  close of th e  w ar a num ber of fu r 
naces would have been closed down even under 
norm al conditions because they  were n o t 
economical. W hen, however, one saw how flexible 
and adap tab le  electric c u rren t was u nder su itab le  
conditions, and how losses were d im inished and 
quality  im proved, one could no t b u t feel th a t  th e re  
was a  g rea t fu tu re  for electric m elting in various 
d irections. H e saw a photograph the o ther day
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of an installation by K eller for the synthetic pro
duction of cast iron, showing a  long row of electric 
furnaces used for th is purpose, and i t  was an 
extremely impressive p icture . Those furnaces, like 
others of which he had spoken in our own country, 
he believed were no t a t  work a t  p resen t because 
the special necessity for them  had passed.

Me. H . L. R e a s o n , in seconding the motion, said 
he could corroborate Prof. T u rn e r’s s ta tem en t th a t  
an electric furnace in B irm ingham  could not be 
used owing to  difficulties regard ing  the  supply of 
current. H e agreed w ith P ro f. T urner th a t  if the 
non-ferrous industry  was going to  abandon the 
present method of m elting and  tak e  up electric 
melting special arrangem ents would have to  be 
made for the supply of cu rren t. If  suitable 
.current could be supplied for m elting economically 
non-ferrous metals by elec tricity  on a commercial 
basis progress would be made, ¡because when m elt
ing metals in cupolas or open furnaces all sorts of 
troubles were met, and a f te r  blam ing everyone 
attached to the foundry i t  was finally found to be 
the method of m elting which was responsible. 
There was no question th a t  electric m elting was 
the correct method. M r. W ilkinson had estab
lished th a t the  results obtained from electrically- 
melted metal were fa r superior to m etal m elted in 
a cupola and the sam e rem ark  applied to the  non- 
ferrous trade.

The vote of thanks was warmly accorded to  Mr. 
Wilkinson.

Scientific Control.
Me. E. N. W e i g h t  said th a t  the cupola was 

altogether too litt le  under control for m aking the 
best of ironfounding. P a r t  of the  success of the 
electric furnace was no doubt due to the  scientific 
control, and i t  was up to  them  as foundrym en to 
apply the same care to the use of the p lan t th a t 
they already possessed. H e had no t th e  slightest 
doubt th a t the product of the ir cupolas could be 
very much improved by the application of more 
scientific control. The cupola was a dust and 
smell-emitting contrivance, which they generally 
placed as far from themselves and th e ir office 
windows as they possibly could, and  i t  obviously 
was in a position in which it was very often  neg 
lected. If the cupola man tu rned  up to  his work
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regularly  and  nothing very te rrib le  happened he 
was a fra id  he was very o ften  left to  ca rry  on as 
best he could. T ha t was n o t r ig h t, an d  one lesson 
to be derived from  th e  P ap e r was th a t  if they could 
not have electric furnaces they could a t  least make 
be tte r use of th e  furnaces already installed .

M r . P . H o l b e r r y  asked th e  lec tu re r if d irec t 
castings could be made in electric fu rnaces from 
th e  ore. I f  th a t  was so th e re  were v ast possi
bilities ahead of the  electric fu rnace  in  the  cast- 
iron in d u stry . M r. W ilkinson also m entioned the 
m elting of steel tu rn in g s  in conjunction  w ith  small 
coke in an electric furnace, and he would like to 
know w hat would be th e  resu lt if cast-iron  tu rn in g s  
were m elted in the  same m anner.

Electric Furnaces for Roll Making.
M r . A r t h u r  P a r s o n s  said th e  lec tu re r spoke o f 

in itia lly  charg ing  one ton  in an electric furnace 
which was m elted and  supplem ented  by two tons 
from  th e  cupola. Supposing they  were requ ired  to  fill 
a lad le holding ten  tons? The lec tu re r, he u n d e r
stood, said the  h ea t would be sufficient to  allow of 
w aiting  u n til th e  n ex t two tons cam e along, which 
would be prac tica lly  fifteen m inutes, and  so on 
u n ti l  th e  q u an tity  of te n  tons fo r th e  roll was 
obtained . Before casting  a  chilled ro ll i t  was very 
necessary to  ta k e  a sam ple for ascerta in ing  the 
chill. This took a  considerable tim e  to  cool before 
it  was ready to  b reak  in  such a m anner as to  give 
an o p p o rtu n ity  of judg ing  th e  chill. H e  asked 
M r. W ilkinson if  th e re  would be sufficient tim e, 
a f te r  filling th e  ten -ton  ladle in  th e  m anner he 
suggested, and th en  have h a lf an hour to  g e t the  
sample broken? I f  th e  m etal would rem ain  fluid 
enough for casting  a roll a f te r  th a t  half-hour had 
expired, he  th o u g h t th a t  th e  electric fu rnace , in 
conjunction  w ith the  cupola, was a proposition well 
w orth try in g  by roll m akers.

T h e  C h a ir m a n  asked the  au th o r to  give power 
consum ption w hich would apply  to  th e  r e 
fining of cast-iron  u n d er th e  duplex p ro 
cess. The general consensus of opinion was th a t 
th e  electric fu rnace was unlikely to  replace the  
cupola and a ir  fu rnace  as a m elting u n it ,  b u t as 
a refining medium i t  was a valuable ad ju n c t. Hxs 
own estim ate  was betw een 200 o r 250 kw .-hours per 
ton  would be required  for th e  refining process.



The lec tu re r’s closing rem arks w ith regard  to 
malleable iron were in teresting , because they 
opened up a large field in the direction of m aking 
black-heart malleable, i t  being impossible to keep 
the sulphur sufficiently low in cupola m elting. The 
few people who were m aking it  a t the  present tim e 
in this country were m aking it  not from  the cupola 
but from the a ir  furnace. A pparently  black-heart 
malleable iron was a m etal which in the very near 
fu ture would be more popular in th is  country  very 
largely on account of the successes which the 
Americans were able to show with th a t  m aterial. 
Those who had seen recently  the  am azing reports 
from the American research departm ents and the 
figures given could have no doubt, w hatever engi
neers m ight say, th a t  b lack-heart malleable cast
ings were equal to the E uropean m ateria l. The 
electric furnace was no t only able to melt m etal 
without any addition of su lphur, b u t it  gave them 
an opportunity  of decreasing i t  where th a t  m ight 
be necessary. A point on which Mr. W ilkinson m ight 
have laid more emphasis was the  ex tra  fluidity 
given to  the  metal. The electric furnace gave them  
an opportunity of heating  to  any ex ten t, h u t they 
had under control, simply by the ad ju s tm en t of 
the amperage, the  possibility of ra ising  the m etal 
to practically any desired degree above the m elting 
point. They had not th a t  advan tage  by any o ther 
means, and th a t was a most valuable quality  of 
the electric furnace in the case of cast iron.

The Author’s Reply.
Replying upon the discussion, M e . W i l k i n s o n  

admitted th a t the electric furnacem an did have 
tribulations, especially in his early days. I f  all 
the expense could be cu t ou t, o r if expense was 
no object, he had no doubt th a t  in less th an  ten 
years there would not be a m elting furnace of 
any description save electric furnaces in the  whole 
world. The difficulties were easily overcome by 
intelligent application , and there  was no question
ing the ease of operation . W hen the m etal was 
melted electrically, difficulties still existed. There 
was a new set of characteristics to be lea rn t 
before the best way of handling the  m etal was 
ascertained in order to secure sound castings. 
Electrically-melted steel did not always set and 
cool along the same lines as steel melted in e ither
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the  open-hearth  or converter. Unless extrem e 
care was taken  electric steel was much more liable 
to  crack ing  on account of its  excellent quality . 
As to the  cost of non-ferrous m elting , he was of 
opinion, on th e  whole, th a t  i t  would he cheaper 
to  m elt in a n  electric fu rnace th a n  in  a crucible 
furnace. The efficiency of a p roperly  designed fu r 
nace used for non-ferrous alloys would be about 
80 per cent. T he losses judged  by  th e  published 
figures would be no t more th a n  2 p er cen t., and  
tak in g  in to  consideration  the  con tro l over th e  m etal 
and the  en tire  absence of d ra u g h t—th e  m elting  all 
being done in  a closed cham ber—it  would be 
realised th a t  a very m uch lower m elting loss would 
be experienced. Even w ith cu rren t round  about 
Id . a u n it, he was of the  opinion th a t  i t  would be 
cheaper to m elt brass in an elec tric  fu rnace  th an  
in a  crucible. The ac tua l hand ling  could be 
en tru sted  to  a  m an who would use his intelligence. 
As to w hether segregation  would occur one could 
hard ly  say short of te s tin g  th e  m a tte r . On the 
question of size, he said electric steel furnaces 
handling  a  30-ton charge were n o t exactly 
common, b u t th ere  were ten  or a dozen in  th e  world 
a t p resen t, and there  would be no  difficulty a t  all 
in designing a furnace to  m elt 30, 40, o r even 50 
tons of cast iron. As to  the  use of cast-iron tu r n 
ings, he did no t know an y  reason a t  all why they  
should n o t be used.

In  reply  to  th e  C h airm an ’s question, he expressed 
the  opinion th a t  a fu rnace  ru n  on th e  lines he
ind icated  would n o t consume more th a n  95 to
100 kw.-hours per to n  for refining— 150 kw. per 
ton  would be a n  outside figure. In  m any 
places troubles were experienced w ith grey-iron 
castings, which would be en tire ly  avoided if
electrically-prepared m etal were used. M otor car 
cylinders would be very much b e tte r  m ade from 
electric cast iron  th a n  o rd inary  cupola m etal. 
R eferring  to  b lack -heart malleable iron , he 
rem arked th a t  o rd inary  B ritish  irons tre a te d  in 
th e  furnace would have the  su lphur reduced to  
such an ex ten t th a t  th ere  would n o t be the
slightest difficulty in  g e ttin g  b lack-heart m ate ria l, 
and they  would ob ta in  a m etal superio r to  the  
average m etal produced in Am erica. In  the 
m alleable iron industry  the  elec tric  fu rnace  would
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have a much better opening than  in the cast-iron 
industry . L igh t steel castings were com paratively 
dear, and malleable iron could be made th a t would 
give results approaching 75 per cent, of the results 
obtained by steel easting, both in  tensile streng th  
and elongation, and. moreover, i t  could be pro
duced a t a price so much below th a t  of steel cast
ings th a t  there  would be no difficulty in finding a 
m arket for it.
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Sheffield Branch.

A t th e  opening m eeting of th e  session, held on 
October 21, Mb . J o h n  W a t s o n ,  th e  newly-elected 
B ranch-P residen t, occupied th e  chair. M r. 
W atson was elected to  th e  B raneh-Presidency 
during  his absence, and th e  m eeting  was his first 
appearance am ongst his old colleagues, who 
accorded him a very h earty  welcome.

PRESIDENTIAL ADDRESS. 
The Apprenticeship Question.

M r. W a t s o n  prefaced his A ddress by th an k in g  
the m eeting for th e  honour they  had  conferred on 
him, and called the  a tte n tio n  of th e  mem bers to  
the  very a ttra c tiv e  program m e which w arran ted  
a good a ttendance  a t  th e  fu tu re  m eetings. H e 
would like to  b ring  to  th e ir  notice one o r two 
th ings which in th e  near fu tu re  were sure to  be 
discussed by th e  G eneral Council, and these were 
m a tte rs  upon which every B ranch should express 
its  opinions. T here was, first, th e  old question of 
appren tices and  how they  were to  ob tain  com
p e ten t workmen. To some th a t  m igh t appear to  
be a question which had been thoroughly  th rashed  
ou t, b u t much nonsense was now being p u t forw ard 
about th e  technical- education of apprentices. 
A fter tw en ty  y ears’ experience he th o u g h t a long 
app ren ticesh ip  was a g re a t m istake. The period  of 
tra in in g  in  th e  shop should n o t he m ore th a n  
from  four to  fo u r an d  a half years, and  a fte r 
th a t  period he should be com petent and tu rn ed  
a d rif t to  m ake a m an of him self. The age of 14 
years was th e  best tim e to  ge t a lad in to  th e  shops. 
A t 16 a lad ’s ideas were changing very rap id ly , 
and when he had  been highly technically  educated  
he usually came in to  th e  shop w ith  a certa in  
am ount of conceit, which destroyed his usefulness 
and h is chance of becoming a  really  good workman. 
I t  m ust no t be tak en  th a t  he w as w ithou t ideals, 
b u t a f te r  all i t  was necessary to  keep the  facts 
and rea lities before them . The g re a t fac t was
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th a t a boy or m an went in to  th e  works to earn 
money for himself and to learn  to  become a good 
workman. A t p resent apprentices were given far 
too much liberty  in m ixing with the men. They 
should be tra ined  a p a rt from th e  men, because in 
nine cases o u t of ten  the  youths to-day learned 
much th a t  was no use to  them . W hen the  boy had 
been grounded in  the  essentials of moulding it 
was then the  tim e for him to  work am ongst men, 
to learn how to  build up th e  moulds. H is long 
experience showed th a t  the  best resu lts  were 
obtained from boys who were tra in ed  away from 
the men.

Technical education should be carried  ou t a t  the 
works. When a boy was w orking all day he did 
not feel inclined to  go to  th e  technical college 
whilst his brother went to  th e  p ictures. N ot more 
than one in every 100 lads w ent to  a technical 
college for the  sake of instruction . The m ajority  
went because they were forced to  do so. The resu lt 
was they go t a sm attering  of knowledge which 
was no use to them . H e though t the  b e tte r  plan 
would be to  give a lad a certa in  am ount of in struc
tion each day in the  works in technical subjects, 
and show him when a th ing  arises how his technical 
knowledge would help him . I t  could th ere  be 
better explained to  him why, for instance, certain  
jobs were run one pa rticu la r way. H e should be 
told th a t technical knowledge alone was no t going 
to make him a good workman and  one qualified to 
earn his livelihood. Some may th in k  th a t  th a t  
was a waste of tim e, b u t i t  was a g rea te r w aste of 
time to learn technical subjects outside th e  shop.

The Production of Castings.
In the In s titu tio n  of B ritish  Foundrym en an y 

thing th a t savoured of politics w'as out of order, 
and they were entirely  concerned w ith the  technical 
side of their business. B u t they m ust see w hat 
was happening all round them . Unless a larger 
production per man was to  be obtained from 
British foundries they would p u t themselves ou t of 
the world’s trade. Foundrym en could aid in the 
m atter of production by “  ham m ering away ” a t 
buyers to  simplify the ir castings. I f  designers 
would only work hand-in-hand w'ith the practical 
foundryman much work which now has to  be made 
by hand could be made by machinery. If  th is
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were done eventually  most of th e  p resen t day 
foundry work would be done by machines. Big 
strides had  been made in th e  use of th e  m achine 
in the m oulding shop, and before long he believed 
th e re  would be g rea te r strides still. One of th e  
first th ings th a t  would happen was th a t  the 
ram m ing m achine would be en tire ly  superseded. 
Q uite recently  he had stud ied  a novel k ind  of 
m achine in  which there  was n e ith e r ram m ing nor 
ja r r in g . The sand was p ro jected  in to  th e  mould and 
an excellent mould w ith a good face was obtained. 
I t  was a new developm ent, and should be w’atched. 
H e was hopeful th a t  th e  B ritish  w orkm an would 
see th a t  i t  was b e tte r  for him self th a t  he should 
be paid  on results. I f  lie were they  would soon 
regain a hold on the  world’s trad e .

Continental Conditions.
In  F rance they were w orking very hard . The 

product was excellent, th e  prices lower th a n  those 
p revailing  in th is  country  and, moreover, the 
foundries were full up. They were m aking money 
and the men were working very hard . In  Belgium 
th e  men were working h a rd e r th an  in 1914. All 
th a t  was very d is tu rb ing , b u t he hoped they  would 
soon g e t settled  tim es, which would come about 
when th e  men them selves realised th e  im portance 
of o u tp u t. Since he had  re tu rn ed  from  New 
Zealand he learned w ith pleasure from a  B ritish  
foundrym an th a t  the  few men who were working 
were doing much b e tte r  th a n  in th e  p a s t. T ha t 
was a source of pleasure to him , because he had  a 
g re a t love for the  B ritish  workman, and a f te r  his 
ten  years’ experience in Sheffield he did n o t know 
of men capable of tu rn in g  o u t 'better work than  
the  Sheffield moulders.

DISCUSSION.
M r . D a r ł b y , in opening th e  discussion, said th a t  

he agreed w ith th e  P res id en t th a t  som ething 
needed to  be done on th e  appren tice  question. 
A t his works the  foundry  apprentices and  those in 
th e  p a tte rn  shop w ent to  classes tw o or th ree  a f te r 
noons a  week, and  they  also effected exchanges— 
the  boys in the  p a tte rn  shop going in to  the  foundry 
and vice-versa. There was no doubt, however, th a t  
there was a g rea t need for im provem ent. In  th e ir
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works they  were working th e  boys under th e  
control of one man, who received ex tra  rem unera
tion  for instruc ting  th e  lads. The p ractice  had 
been in operation  only six m onths, b u t he believed 
i t  was producing good results. I t  was intended 
th a t  lectures should also be given to  the  boys. H e 
was a g rea t believer in the  m oulding machine, and 
had recently  seen the  sand throw er a t  work, and 
he though t i t  had  excellent points. The chief 
objection was the dislike of the  workmen to  them . 
H e failed to  see th e  reason, because i t  obviated 
much hard  work. U n til th e  men were prepared  
to work by results he was a fra id  th e  moulding 
machines would not get a fa ir  chance.

Moulding Machines.
M r . B r a d l e y , a fte r endorsing th e  P res id en t’s 

views on th e  subject of apprentices, said th a t  in 
some cases employers w anted to ge t too much from 
the  boys instead  of teaching them  how to work 
properly. W ith  reference to  moulding machines 
elim inating a  certa in  am ount of labour, a t  his 
works they were no t g e ttin g  th e  hoped for results 
from the machines, b u t perhaps w ith a little  more 
experience in th e ir  handling  they  would he able to 
get good results in th e  fu tu re . H e could say, how
ever, th a t  the  men were working much b e tte r  now 
than  in the  past.

M r . D a w s o n  said he was not capable of express
ing an opinion on the appren ticesh ip  question, hu t 
he thought th a t  w hat th e  P res id en t had  sta ted  
with regard to w hat was happening in F rance and 
Belgium was rig h t from w hat he had seen himself. 
There was no comparison in the way the  French 
and the Belgian workmen worked with the British.

Technical Classes at the Works.
M r . S h a w , a fte r  th an k in g  M r. W atson for his 

address, said th a t  the  appren tice  question was a 
vital one, b u t i t  had tw o aspects if M r. W atson 's 
ideas were p u t into force to  which he desired to 
draw a tten tion . The first was th a t  th e  employers 
m ight simply use these boys to  cheapen produc
tion. T ha t was not fa ir to  the boys. Again, the 
employer who m ight give the technical tu itio n  
during the  day tim e and pay  som ething specially 
for supervision during  his moulding tim e m ight 
leave a t  the end of four and a half years, ju s t

p
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when the  boy became most useful. T h a t obviously 
would n o t be fa ir  to  th e  employer. H e  th ough t 
th e  only way to  ob tain  th e  special tra in in g  was to  
m ake i t  compulsory for every employer to  give 
special technical tra in in g  for so m any hours per 
week up to 18 years of age. I t  would also ten d  to 
m ake good citizens if a portion  of th e  boys’ tim e 
was devoted to  th e  study of economical questions. 
W ith  regard  to production , th e  use of m oulding 
m achines was generally re s tr ic ted  to  repetition  
work. To cope w ith e ith e r A m erican or C on ti
n en ta l practice, semi-skilled w orkers should be 
employed a t  least on th e  ram m ing, even if th e  
finishing and closing w ere le ft to  th e  moulders. 
The very lack of apprentices would force the  more 
extensive use of m achines eventually  as i t  had  done 
in  America. T^he teach ing  of appren tices is 
compulsory in  Germ any.

Faulty Systems.
E n g i n e e r  C a p t . M o o r s h e a d , R .N ., said th a t  he 

was n o t well qualified to  speak on th e  sub ject of 
foundry  apprenticeship , because th e re  were m any 
difficulties in  such tra in in g  th a t  d id  n o t obtain  
elsewhere ; he h a d , however, h ad  considerable 
experience of general engineering  apprenticeship .

H e  called to  m ind tw o p a rtic u la r  cases in  large 
firms. In  one, where prem ium  appren tices were 
taken , th e  firm definitely s ta ted  they  undertook  
to  teach  them  n o th in g ; in  th e  o ther, where the  
prem ium  bonus system was successfully in  opera 
tion , th e  appren tices were exploited to  increase 
production  w ithout reg a rd  to  tra in in g .

Such m ethods were of th e  past, for if boys were 
b rough t in to  th e  w orks and  regarded  as m erely 
commercial m achines to  get as m uch o u t of as 
possible, they  m ust dismiss th e  question of any 
im provem ent. T h a t was n o t p laying th e  gam e w ith 
th e  boys.

W ith  regard  to  th e  p o in t th e  B ranch-P residen t 
referred  to  of allowing them  to  work w ith  th e  
m en, they  m ust n o t overlook th e  fa c t th a t  any 
p roper tra in in g  m ust be on system atic lines and 
m ethodically carried  ou t u nder am ple supervision, 
and  ju s t d e ta ilin g  a boy to  work w ith  a m an did 
n o t m eet th e  case.

D efinite theo re tica l in s tru c tio n  was necessary 
during  w orking hours, and  th is  in su red  a certain
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general standard , b u t should be regarded as sub
sid iary  to  the  im portan t technical in struc tion  th a t 
was available in a city like Sheffield.

As regards age, th e  P res iden t suggested 14; he 
thought 16 was early  enough, and th e  two years’ 
ex tra  school education was im portan t.

The la te  Lord F ish e r’s idea in  in troducing the  
new scheme of tra in in g  of officers in th e  Navy 
was th a t  an  early age of en try  was m ost im por
ta n t, b u t th is  has subsequently been modified and 
a la te r age adopted, while a system of en tering  
public school boys a t  17 o r 18 had been attended  
by most successful results.

M r . B r a d l e y  said w ith regard  to th e  question 
of educating the apprentices classes had been 
formed a t  Messrs. Osbornes and  D aniel D oncaster’s 
works. There th e  boys were ta u g h t during  work
ing hours in a school, and were paid  for th e ir tim e.

p 2
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Coventry.

GAS IN THE EOUNDRY.*

By A. Docking.
Towns gas has for m any  years been a keen com

p e tito r of solid fuel, b u t to-day its  h igh  cost and 
low calorific value has m ade i ts  u se on a la rge  
scale prohibitive, and  consequently m any indus
tr ia l  consum ers are  in sta lling  th e ir  own gas- 
m aking  p lan t. Two large p lan ts  have recently  
been installed  in  C oventry, w ith  a  resu lt th a t  
th e  Gas C om m ittee decided a t  th e ir  la s t m eeting 
to  reduce th e  p rice  to  th e ir  la rge  consum ers to 
2s. 6d. p er 1,000 cub. ft.

T he figures in  Table I . a re  based on the  re tu rn s  
of th e  Gas D ep artm en t a t  th e  y ea r end ing  Decem
ber last. F rom  these figures i t  will be seen th a t  
th e  loss per 1,000 cub. fit. sold will be 7-jd., and, 
as s ta ted  a t  th e ir  la s t m onthly m eeting, a loss 
of revenue of over £34,000 p er annum .

T he figures fo r th e  cost of suction  gas made 
on th e  consum ers’ prem ises from  a n th ra c ite  coal 
show th a t  tow n’s gas a t  2s. 6d. p e r 1,000 cub. f t . 
is s till 9 |d . p er 1,000 cub. f t . d eare r th a n  suction 
gas, and th a t  w ith  th is  reduction  i t  pays th e  
large user to  in s ta l h is  own p lan t. The price of 
C oventry gas a t  2s. 6d. per 1,000 cub. f t .  will be 
th e  cheapest gas in  th e  B ritish  Isles.

The reason why gas can be produced on the  
consum ers’ prem ises cheaper th a n  a t  th e  gas
works is  th a t  th e  la t te r  have alw ays given more 
a tte n tio n  to  th e  m anu fac tu re  of by-products th an  
to  th e  m an u fac tu re  of gas. The to ta l B .T h .U .s 
in a to n  of ootal is 31,340,000, and  th e  am ount 
taken  from  thlis in  gas a t  the gasw orks is  only 
6,000,000, or less th a n  one<-fifth, th e  rem ainder 
being le ft in  th e  coke, ta r ,  etc. The am oun t pro
duced from  th e  sam e to n  of coal by a  suction  gas

* A P a p e r  p resen ted  before th e  C oven try  B ran c h  on  N o v em b er 
16, 1921.
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p la n t would be over 26,000,000, an d , therefo re , if  
gas undertak ings wish to  com pete w ith  suotion gas 
they have to  supply a low-grade gas m ade by 
th e  com plete destructive d is tilla tion  of the  coal. 
This low-grade gas, ¡known a s  suction  gas, is no t 
novel as applied  to  industry . Thousands of p lan ts 
are  in  daily  use in  th is  coun try  fo r th e  d riv ing  
of gas engines, and i t  has given th e  sam e sa tis
fac tio n  as tow n’s gas a t  one-th ird  th e  ru n n in g  
cost. In  th e  sam e way, a s  B .T h .U .s can  be applied  
to  th e  d riv ing  of in te rn a l com bustion engines so 
they  can he applied  to  in d u s tr ia l heating . 
Obviously one B .Th. (J. is as good as ano ther, and 
th a t  w hatever tow n’s gas can  do, so can  suction 
gas.

Heat Value of Fuels»
Fig . 1 shows th e  com parative num ber of h ea t 

un its, from  different fuels, th a t  can be purchased 
for a  given sum  of money. The size of each illus
tr a tio n  is in  d irec t proportion  to  th e  h e a t u n its  
available, so th a t  i t  can be seen a t  a glance 
th a t  p e tro l is th e  m ost expensive, and  gas coke 
th e  m ost economical, m ethod of producing hea t 
un its . I t  will be noticed th a t  although  oil con
ta in s  4.5 tim es th e  h e a t u n its  of petro l, per u n it 
cost, nevertheless i t  only contains abou t onei-third 
th e  h e a t u n its  of g as  coke.

Combustion of Solid Fuel.
The process of th e  d irec t bu rn ing  of coal and 

sim ilar solid fuels may be divided in to  th ree  
stages, th e  first (being th e  d riv ing  off of volatile 
m a tte r  in  gaseous form s which takes place a t  a 
com paratively  low tem p e ra tu re  and  independent 
of any a ir  supply. The second stage  is th a t  of 
th e  residue—which is mostly carbon—b u rn ing  w ith 
w hat is called p rim ary  a ir . The th ird  stage  takes 
place when th e  volatile  gases, already  being given 
off, combine w ith  the  oxygen of w hat is called 
secondary a ir , and  b u rn  as a  flame on th e  top  
of th e  fire. Com bustion of these gases only takes 
place a t  a re latively  h igh  tem p era tu re . H ence, 
if  th e  top  of th e  fire is cold com bustion will not 
ta k e  place, in  which case m ost of th e  gases from  
th is  volatile  m a tte r  will pass in to  th e  flue in an 
u n b u rn t condition.

D isadvantages of Solid F uel.—W ith  all forms
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of solid fuel, w hether employed for d irec t or indi
rect firing, the  fuel has to  be handled, generally 
by hand, to  th e  furnace, and th e  clinkers and 
ashes have to  toe removed a t  frequen t intervals, 
which work involves tooth tim e an d  labour. In  one 
engineering firm in th e  Leeds d is tr ic t the  coal and 
ash wheeling alone am ounts to  no t less th an  £2.000 
per annum .

The tem pera tu re  of th e  solid-fuel fire is con
tinually fluctuating , and th e  opening of the  fu r
nace door and feeding w ith fresh  fuel will always

" O r f f
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COAL Q M  c o m

F i g . 1 .— T h e  P u r c h a s i n g  P o w e r  
o f  M o n e y  E x p r e s s e d  i n  H e a t  
U n i t s  o f  F u e l .

cause a  drop in the  tem pera tu re , and when the  
fire is completely b u rn t through  the  hea t given off 
is then in excess of th a t  required.

Pulverised Coal.
Many of th e  drawbacks otf solid fuel can he 

eliminated by the  use of pulverised fuel. W ith  
th is system th e  coal is first crushed, then  dried, 
and conveyed to  the pulveriser, where i t  is pow
dered to  a high degree of fineness. I t  is fed to  
the furnace through suitable p ip ing  by means of 
compressed a ir. Very high efficiencies and uniform
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tem pera tu res  a re  obtained w ith th is  system of 
firing, an d  low -grade fuels w ith a  h igh  per cent, 
of ash can he used. A lthough pulverised fuel has 
m any  advantages, i t  can only be used in  very 
large works, as otherw ise th e  in itia l outlay  on 
p lan t is very  heavy, and th e  sav ing  effected, a f te r  
allow ing for a ll on cost charges, would n o t he a 
business proposition.

Gaseous Firing.
F ig . 2 show® th e  d is tribu tion  of B .T h .U .s a f te r  

d is tilla tion  of coal, 'according to  modern works 
practice.

T he calorific value of th e  gas is approxim ately 
450 to 500 B .Th.U .s p er cub. f t .

Classification of Gases.
Fig. 3 shows th e  different gases which may be 

produced from  th e  b itum inous coal or an th rac ite . 
The d irec t d is tilla tion  of coal produces coal or 
coke-oven gases toge ther w ith  coke. W hen coke 
or an th rac ite  is used in  a gas-producer p lan t, and 
steam  is passed th ro u g h  th e  fuel bed, w ater gas 
is produced. W hen, however, a ir  and  steam  are 
passed th rough  th e  fuel bed a lte rn a tiv e ly , in 
opposite d irections, sem i-w ater gas is formed. By 
passing a ir  and steam  th rough  th e  fue l bed in  one 
d irection  only th e  gas known as p roducer, or 
suction, is made. In  certa in  m etallu rg ical opera
tions a ir  comes in to  contaot w ith  incandescent 
coke, and th is  produces w hat is known as blast 
fu rnace  gas. I t  will be  seen from  F ig . 3 th a t  
th e  calorific values of these gases vary  from  500 
to 100 B .Th.U .s per cub. f t . ,  h u t a f te r  th e  requ isite  
am ount of a ir  has been added th e  calorific value 
of th e  m ix tu res varies from  83 to  70 B .T h.U .s 
p er cub. f t . a p a r t from  b last-fu rnace  gas. A lthough 
th e re  is a  considerable difference betw een the  
calorific values of th e  o rig inal gases, yet a fte r  
each gas has received its  correct volume of a ir 
to  ensure com plete combustion the  final m ix tures 
contain  alm ost th e  sam e num ber of B .Th.U .s.

Generation of Producer Gas.
The first stage for th e  production  of producer 

gas takes place in th e  combustion zone of th e  
g enera to r w here th e  carbon of th e  coke combines 
w ith the  oxygen of the  incom ing a.ir and form s oar-
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bomo acid gas, which passing through  the  cen tra i 
portion  of th e  fire, called th e  reducing  zone, 
splits up in to  carbon monoxide and oxygen. The 
la t te r  combines w ith a fu r th e r q u an tity  of carbon, 
and again  forms carbon monoxide, w hilst th e  
volatile gases a re  driven off 'in th e  d is tilla tion  
zone. W hen, however, th e re  is a  .presence of w ater 
in the  form of steam , the  oxygen of th e  w a te r com
bines w ith a  fu r th e r q u an tity  of carbon again 
form ing carbon monoxide, releasing hydrogen 
which is  consequently also p resen t in th e  gas. The 
nitrogen of the atm osphere .passes th rough  the  fire 
unaltered .

No separate  boiler is  requ ired  for modern p lants, 
as th e  steam required  for passing th rough  the 
fuel bed can  be generated  by th e  h ea t of the  gas 
made inside th e  generato r. This a rrangem ent in-

COAL DISTILLATES
6t RESIDUE
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Com~ . it,.* C*»u G*. Com. Lorn.
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F ig .  2 .— D i s t r i b u t i o n  o f  B .T h .U .s  a f t e r  
D i s t i l l a t i o n  o f  C o a l.

creases th e  efficiency of th e  p lan t, besides 
making th e  genera to r a  self-contained u n it. 
The gases a fte r  leaving th e  genera to r 
pass th rough  a  scrubber, in  order to  re
move the foreign m a tte r  p resen t. A scrubber 
generally consists of a  vertical bed of coka through 
which w ater is sprayed, and th e  irreg u la r path  
of the gas through  th is  lied causes particles of ta r  
to  be deposited, th e  la t te r  being washed away by 
th e  w ater. W hen additional cleansing is required  
th e  gas passes through a  purifier com prising a 
number of tray s  filled w ith iron oxide o r o ther 
suitable m aterial;

Advantages of Gaseous Firing.
Gaseous firing possesses d is tinc t characteristics 

of its own, and in recen t years has become increas
ingly popular for heating  purposes. I t  is both 
reliable and labour-saving, besides ensuring more 
uniform  quality  th an  can be obtained by th e  use 
of solid fu<eL A dditionally, i t  is clean to  use, can
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be d is trib u ted  to  any desired po in t, and is un
doubtedly th e  cheapest of all fuels in  th is  country. 
Moreover, i t  can readily  be used for in te rn a l h ea t
ing, which is o ften  a  very desirable fe a tu re  as 
aga in s t ex te rn a l hea ting , which is necessary w ith  
solid fuel. W hen fu rnace  work is requ ired , the 
operator has merely to  tu rn  on the supply and 
lig h t up . P ractically  no fu r th e r  a t te n 
tion  is required , and  th e  tem p era tu re  can be 
regulated  to  w ith in  close lim its w ith th e  assu r
ance th a t  i t  will rem ain  constant. P roducer gas 
is most economical, as i t  can  be generated  a t  
approxim ately  one-th ird  of th e  cost of coal gas 
a f te r  allow ing for Capital outlay , maintenlamce 
and depreciation .

Applications o f Producer Gas in W orks .—There 
is, indeed, an  enorm ous scope for gaseous firing, 
not merely for engineering  purposes, b u t fo r all 
in d u s tria l applications of heat. Thus i t  can be 
conveniently and economically applied to  chem i
cal, glass, sa lt, w ire, sugar, tex tile  and m etal- 
sm elting works, besides being p articu la rly  a d a p t
able fo r brew eries an d  bakeries.

Perfect Combustion.
P erfect combustion only takes place when th e  

gas receives a full and sufficient supply of a ir, and  
under these circum stances i t  does not m a tte r  
w hether th e  flame is w hite, straw  or blue, for in 
each case th e  whole of th e  B .Th.U .s contained in 
th e  gas will be converted  in to  heat. I t  therefore  
follows th a t  if each ty p e  of flame produces th e  
sam e am ount of heat, th en  th e  h ea t of th e  w hite 
flame, being spread over a g rea te r a rea , is not so 
in tense  as th e  h e a t of th e  blue flame, which is 
shorter and therefo re  more concentrated .

A low in ten sity  flame canno t be used for high 
tem p era tu re  h ea tin g , hence in  cases where in tense 
local h ea t is required , the blue or colourless flame 
should always be used. P roviding, however, th a t  
th e  whole of th e  B .T h .U .s con tained  in th e  gas 
a re  being  u tilised  fo r doing usefu l work, i t  does 
no t m a tte r  w hat k ind  of a  flame is employed.

P erfec t combustion depends upon th e  correct 
m ixing of th e  gas and  a ir . W hen a  w hite flame 
is employed th e  co rrec t ad ju s tm en t can be easily 
determ ined by i t s  lum inosity , fo r a flam s which
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is producing its  maximum am ount of ligh t is 
hav ing  all its  B.Th.TJ.s completely ¡burnt. W hen 
a b lue or colourless flame is used, th e  proportions 
of gas and  a ir  should be ad justed  so th a t the  small 
ad jacen t portions of brickwork or o ther refrac
to ry  m ate ria l give o u t th e  g rea test possible 
am oun t of lum inosity . W hen th is  obtains, the  
m axim um  am ount of h ea t is being produced.

Imperfect Combustion.
Complete combustion cannot take  place w ithout 

heat. If , fo r example, a coil of w ire be passed 
over a  candle flame th e  la t te r  will be im mediately 
extinguished. I f  th e  gases, in  gaseous firing, 
im pinge upon a  cold surface before proper com
bustion  has tak en  place, combustion will be
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arrested  and B.Th.TJ.s will be w asted. This dan 
be exemplified by placing a ke ttle  w ith a clean 
m etallic bottom , filled w ith cold w ater, over a 
Bunsen flame. A t th e  commencement, when the  
w ater is cold, th e  gas flame stretches beyond the 
bottom  and  up  the  sides of th e  kettle . This is 
due to  th e  fa c t th a t  there  is a relatively  cold 
zone of u n b u rn t gases underneath . This zone of 
u n b u rn t gases is a poor conductor of heat, and 
p revents a rap id  increase in tem perature . When, 
however, th e  bottom  of th e  ke ttle  has warmed up 
improved combustion will resu lt, and th is can be 
observed by w atching th e  contraction of the  flame. 
I t  will be readily  appreciated  th a t  a  cold surface 
in th e  v icin ity  of combustion produces waste
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which, m ight lead to  a serious loss if  pe rm itted  
on a large scale. In  m odern boiler construction  
provision is m ade for a  large flame a rea , so th a t 
th e  relatively  cold p la tes of th e  boiler will not 
in te rfe re  w ith  combustion.

In  th e  reverbera to ry  fu rnace  a long, w h ite  
flame is often used. B u t i t  has been shown th a t  
when th e  a ir  is added outside th e  flame th e  la t te r  
ex tends a  considerable leng th , and, ow ing to  th e  
volum e occupied by i t ,  has li tt le  in ten sity . H ence 
when i t  comes in  con tac t w ith  a cold body th e  
combustion of its hydrocarbons w ill be a rre sted  
and free carbon deposited. Thus, upon  ligh ting  
up  the fu rnace  carbon is deposited upon th e  cold 
walls. The sam e bakes place when cold m ateria l 
is  p u t  in  th e  furnace, and  th is  deposition of 
carbon is  a  d irec t loss of B .T h.U .s. This te n 
dency of a w hite flame to  drop its  carbon is d is
advantageous, and , when circum stances perm it, a 
blue flame should be used in preference.

Systems of Gaseous Firing.
There are  four d is tin c t m ethods of applying gas 

and  a ir  when gaseous firing  is used for in d u s tria l 
purposes. These are  generally  known a s : (11
Low-pressure g a s ; (2) h igh-pressure gas; (3) gas 
and a ir b la s t; (4) gas an d  a ir  m ix tu re .

Low-Pressure Gas.—O rdinary  coal gas is sup
plied a t  low pressure, and  in  th is  system i t  is 
used exactly as i t  leaves th e  tow n’s m ains. This, 
in m any cases, is very uneconom ical owing ro the  
p rim ary  a ir  hav ing  to  be induced in to  th e  bu rner. 
The am ount of induced a ir  n a tu ra lly  depends upon 
th e  pressure of th e  gas, an d , consequently, varies 
w ith  it. Coal gas requires, approxim ately , five 
tim es its  own volume of a ir , so th a t ,  unless th e  
p ressure be reasonably good, an insufficient 
am ount is induced. The a ir  th u s added, however, 
does not in tim ate ly  m ix w ith  th e  gas, so th a t, in 
order to  provide sufficient oxygen for complete 
com bustion, a considerable excess of a ir  is required, 
th e  hea ting  of which is a source of loss. Con
s ta n t ad ju s tm en t of both gas and  a ir  is required, 
consequently the  control of th e  fu rnace  is en tire ly  
in  the  hands of the  operator. Economy w ith th is 
system  is there fo re  very difficult to  obtain .

H igh  - Pressure Gas. — H igh  - p ressure gas is
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ano ther system which is sometimes employed, but 
th is does no t give sa tisfactory  results. The mains 
and  in te rn a l fittings have to w ithstand  th is ex- 
cesslive pressure (which is generally 3 to  12 lbs. 
to  th e  sq. in .), and th e  am ount of leakage tak ing  
place is a con tinual source of trouble. The cu t
tin g  action of th e  gas, passing a t  a  h igh velocity 
th rough  a relatively  small nipple, causes th e  la tte r  
to enlarge, thus up se ttin g  the correct ad justm ent. 
In  th e  h igh-pressure system, th e  nipple has to  be 
renew ed from  tim e  to  tim e  to  keep the  consump
tion  approxim ately  constan t.

The difference in  the  density of th e  two gases, 
id  est, a ir  being 1, gas being 0.5, makes i t  impos
sible for them  properly  to  diffuse or mix together 
in  th e  lim ited  space (between the  nipple and the  
b u rner nozzle, consequently im perfect combustion 
is th e  resu lt. Could th e  stream  of gas and a ir 
en te rin g  th e  fu rnace  be seen, i t  would be found 
to consist of layers of gas and a ir  alternately . 
This s tra tifica tion  cannot be avoided in th e  high- 
pressure system, w ith th e  resu lt th a t  a considerable 
portion of th e  gas passes th rough  the combustion 
space in  an  u n b u rn t condition, w ith subsequent 
com bustion usually tak in g  place in the  flues.

Gas and A ir  B la s t .—A nother system is th a t  of 
sep ara te  gas and a ir under pressure. W hilst th is 
system  gives a  g rea te r in tensity  of h ea t the con
tro l is, like th e  foregoing, also in the  hands of 
th e  operator. T he gas an d  a ir  have little  oppor
tu n ity  of in tim ate ly  in term ix ing , and th e  gas 
consum ption cannot even be approxim ately guar
anteed, as if both  gas and a ir  cocks are  not pro
perly  ad justed  th e  consum ption will be ou t of all 
proportion  to  th e  work done. The gas and a ir 
cocks requ ire  constan t ad justm ent, as the  tow n’s 
pressure or th e  dem and in  o ther p a rts  of the works 
affects each individual furnace.

Gas and A ir  M ix tu re .—The fourth  system is 
th a t  of in tim ate ly  m ixing together a definite quan
ti ty  of gas and a ir  in th e ir correct theoretioal 
proportions in accordance w ith th e  calorific value 
of th e  gas. Thus a defin ite m ix tu re  is always 
m ain tained  even u nder fluc tuating  conditions of 
gas pressure and load on the  service mains. The 
operator cannot change th e  gas and a ir propor
tions, v'hich, when once set for perfect combustion,
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always rem ain fixed. I t  is impossible to  g e t excess 
of e ith e r gas or a ir, hence w aste fuel and oxidisa
tion  are  avoided. The avoidance of excess gas 01 
a ir  is, however, practically  impossible wiith the  
th ree  systems already referred  to. The system of 
definitely m ixing gas and  a ir  is th e  only p rac tica l 
solution to  th e  problem of gaseous firing.

The advan tages claim ed for th e  system  a r e :
(1) The gas and air, once se t to  give a  p re d e te r

mined m ix tu re  and pressure, is  autom atically  kept 
constan t under a ll conditions; (2) i t  is independent 
of th e  tow n’s p ressure; (3) i t  is independent of 
the  opera to r; (4) i t  gives g rea te r ease of m anipu
la tion , together w ith a  la rg e  sav ing  in  gas con
sum ption ; (5) i t  gives perfect combustion a t  all 
tim es; (6) uniform  tem p e ra tu re  is ensured.

Gas and Air Incorporator.
Fig. 4 shows a special type  of gas and a ir  in 

co rpora to r m ade in accordance w ith th e  D ocking 
pa ten ts. Gas and  a ir en te r th e  (F ig . 5) valve A
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by m eans of separa te  passages, a f te r  which they 
pass along the  passage B and so en te r the  m ix
ing cham ber C. D ue to  th e  action of the ro tary  
fan  D both gas and a ir  a re  in tim ately  mixed 
together, and are  then  discharged, under a slight 
pressure, th rough  th e  delivery port E  to the  ser
vice m ains.

In  order to secure a  m ix ture  of gas and a ir at 
a predeterm ined proportion and pressure, i t  is 
necessary to  ensure th a t  gas and a ir  en te r the

F ig .  5 .— S e c t io n  op G a s  and Am I n c o r p o r a t o r .

inoorporator on equal term s. To a tta in  th is, a ir 
is taken  d irec t from th e  atm osphere, while the  
pressure of th e  gas is reduced to n eu tra l by pass
ing i t  th rough  a governing device.

H av ing  reduced th e  gas to  th e  same pressure 
as th e  inooming a ir , both a re  now allowed to pass 
in to  th e  m ix ing  valve located 'a t th e  top of the 
machine. F ig . 5 also shows a sectional plan of 
th e  m ixing valve, and i t  will be seen th a t  th is 
consists of inner and ou ter sleeves, in which are 
cu t th ree  ports, 1, 2, and 3 for gas, <air and mix
ture  respectively. T hesuction  set up by th e  machine 
induces gas and a ir  th rough  th e ir  respective
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ports, which a re  cu t in  such a  m anner as to  
allow of m odification of th e ir  p roportions by 
ro ta tin g  th e  inner sleeve, according to  th e  calorific 
value of th e  gas. This is ind icated  by a  small 
tes t-bu rner fitted  on th e  m ix ture  o u tle t pipe. 
O rdinarily  th is  ad ju s tm en t is m ade by hand , b u t 
by fitting  special tem perature-contro l devices th is 
regu la tion  can he m ade autom atic. T he pressure 
a t  w hich th e  m ix tu re  is delivered is de term ined  
by th e  relief valve F , which is a ttach ed  to 
d iaphragm  K by m eans of th e  spindle H . W hen 
th e  m achine is s ta r te d  up  th e  p ressure rises in 
th e  service pipes E , and th is  p ressure is com
m unicated  to  th e  cham ber J  (by m eans of th e  pipe 
G), so th a t  th e  d iaphragm  K is raised . T his move
m ent lif ts  th e  relief valve F , and  allows th e  su r
p lus m ix tu re  to  pass back to  th e  lower end  to  th e  
delivery passage B. The end of th e  spindle H  
projects beyond the  d iaphragm  K , and  connects 
w ith  th e  spindle L, upon which is m ounted a  m ix
ing valve sleeve M. This ensures th a t  each move
m en t of th e  d iaphragm  ac tu a tin g  th e  relief valve 
is also tran sfe rred  to  th e  m ix ing  valve, th u s au to 
m atically  covering and  uncovering all th e  ports 
in th a t  valve sim ultaneously. I t  will be seen th a t  
these two movem ents a re  synchronised in such a 
m anner th a t  as th e  p ressure ten d s to  rise, in  the 
service m ains, above its  norm al value, so th e  
volume of th e  gas and  a ir  passing th rough  th e  
m ixing valve is au tom atica lly  reduced to  
correspond.

W hen a cook is opened, allowing m ix tu re  to  
leave th e  service pipe, th e  m om entary  drop in 
pressure allows th e  d iaphragm  to  fall, p a rtly  
closing th e  relief valve, and  p a rtly  opening the  
m ix ing  valve. The am ount which these valves 
are  opened and  closed depends on th e  am ount of 
m ix tu re  tak en  from  th e  service p ipe, u p  to  th e  
fu ll capacity  of th e  machine.

The m achine is constructed  so th a t  i t  is im
possible to  g e t a m ix tu re  w eaker th a n  th ree  
volumes of coal gas to tw o volumes of a ir . Since 
coal gas is no t explosive when m ixed w ith a ir  in 
th is  proportion , the  m ix tu re  delivered is perfectly 
safe. W hen low er-grade gases a re  used th e  
m achine is ad justed  by th e  m akers to  ensure a 
non-explosive m ix ture, th u s  ren d erin g  th e  system
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absolutely fool-proof in th e  hand  of the most care
less opera to r.

This system  is now in  use for all classes of 
ind u stria l h ea tin g : H ea t tre a tm en t of metals,
drying of cores, tu b e  m anufacture , brazing, and 
sim ilar work. The same incorporator will supply 
a  m ix tu re  which is su itable for high-speed steel 
furnaces, carbonising and re-heating  furnaces, 
lead pots and cosletising baths, tem peratures 
being obtained from  1,500 to  100 deg. C.

Furnace Designs.
The supply of fuel in gaseous firing is under 

such p erfec t control th a t  tem pera tu res can be 
m ain ta ined  by th e  expenditure  of ju s t the am ount

F i g . 6 .— R e f b a c t o k y  B u r n e r  B r i c k  D o c k in g  
S y s t e m .

of B .T h.U .s required  to  perform  th e  requisite 
heating . In  th e  case of solid-fuel furnaces, how
ever, i t  is necessary to  burn a much larger am ount 
of fuel th an  is requ ired  for heating  the  work 
and furnace, th e  surplus going to  w aste merely in 
order to  secure uniform ity  of tem pera tu re . The 
feeding of th e  fire w ith fresh fuel m ust of neces
sity  reduce th e  tem pera tu re  of the furnace, hence 
th e  need for p roviding for th e  m aintenance of a 
fire so hot th a t  the  drop in tem p era tu re  resu lt
ing from stoking will not bring  th e  fu rnace below 
the  required  tem pera tu re . T his method .is waste
ful. besides dem anding constan t and  watchful 
a tten tio n  on th e  p a r t  of th e  opera to r in order to 
m ain tain  a  reasonably co n stan t tem perature . 
The work to  be heated  m ust be kep t fa r  enough 
from the  fires in order to  avoid damage from the
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products of com bustion. This consideration  de 
m ands, in m any cases, com plete isolation of the 
work in muffles or cham bers. This system is ex
tra v a g a n t, beoause th e  whole of the  brickwork 
contain ing  th e  fire, toge ther w ith th e  brickw ork 
of muffles and flues, m ust be ra ised  to  a  consider
ably h igher tem p e ra tu re  th a n  the  work dem ands 
before th e  work itself can reach its  requ ired  
p e ra tu re . I t  is q u ite  tru e  th a t  m any gas-fired 
furnaces a re  b u il t on these lines, in  o rder to  
exclude th e  products of com bustion, although  m  
these cases th e  gas flame is allowed to  im pinge 
d irectly  on to  the  walls of th e  muffles, which is a 
d is tin c t advan tage  over th e  solid fuel fire. I t  
should be noted th a t  w ith such work as re -h ea t
ing , annealing  of brass, e tc ., carried  o u t in  a 
cham ber in  which open gas flames are  bu rn ing , 
come to no harm  from  products of com bustion 
when th e  ovens a re  opera ted  under a system which 
ensures perfect com bustion. T he evils which 
usually accrue from  an excess of oxygen cannot 
ex is t if th e  gas is supplied m ixed w ith exactly 
th e  correct am oun t of oxygen needed for com
bustion  and no -more. The products of com
bustion a re  carbon diox ide and  w ater, and if the  
gas used is reasonably clean n e ith e r of these can 
do harm  to  steel o r brass. In  any  case, they  are  
less harm ful th a n  oxygen, which is always p resen t 
in a  muffle chamlber.

In  a ll fu rnaces th e  hea tin g  of th e  brickwork is 
a considerable source of loss. I t  should be borne 
in  mind th a t  every cubic foot of brickwork which 
has to  be raised  to 1,000 deg. C. requires 0.42 pence 
w orth  of coal gas (a t 4s. 2d. p e r  1,000 cub. f t .) . 
This obviously po in ts to  th e  necessity of keeping 
the hea ting  chamlber as small as possible, con
sis ten t w ith the  size of th e  work to  he heated.

H av ing  found th a t  m etal b u rners  quickly 
w ear away, thus necessita ting  pu lling  down of 
the  firebrick lin ing  a t  frequen t in tervals, a c a r
borundum  b u rner has been designed, which obvi
ates th is necessity. C arborundum  will stand  a tem 
p e ra tu re  of 2,200 deg. C., land h as  a  tensile  
s tren g th  four tim es th a t  of firebrick, so th a t  th is  
bu rner will o u tlast the  lives of several firebrick 
linings. T his is il lu s tra ted  in  F ig . 6.

T able 2 shows th e  m anner in  which the h ea t
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un its  aTe d is tribu ted  in  a  m elting furnace, using 
gas and e lec tric ity  respectively, and  compares 
th e ir  costs. I t  will be  seen th a t  o u t of a to ta l 
of 1,575,000 B .T h.U .s, 842,000 a re  used for h ea t
ing  up th e  brickwork, 32,000 a re  lost through

T able 2 .—Showing Comparison of Heating Cost 
Using Gas and Electricity.

Gas.
B.Th.Us

Electricity.
B.Th.Us.'

Heating Metal ......... .. 380,000 380,000
Latent H eat ............. .. 40,000 40,000
Kadiation Losses .... .. 32,000 —

Heating Pot ............ .. 16.000 —
Flue Gases ............... .. 265,000 —
Heating Brickwork ... 842,000 842,000

1,575,000 1,262,000
The use of electric furnace (assuming no radiation 

losses) would save 213,000 B.Th.Us.

Co st .
1.575.000 B.Th.Us. in gas cost 14s. (with gas at 4s. 

per 1,000 cub. ft.)
1.262.000 B.Th.Us. in electricity cost 370 kw. at 

l^d. per kw. =  46s. 3d.
From this will be seen tha t on this type of furnace 

electrical energy must be procurable a t .455d. per kw. 
if it is to be used as a substitute for town’s gas.

rad ia tio n , w hilst th e  w aste gases carry  away 
265,000 B .Th.U .s. Thus th e  actua l hea ting  of the 
m etal only requires 26.7 of th e  whole, so th a t 
in  order to  increase th e  efficiency of th is  p lan t the 
B .Th.U .s required  for heating  the brickwork must 
be considerably reduced, w hilst the  w aste gases 
should be u tilised . The form er implies th a t  be tter 
refrac to ries are  required. E xperim ents are  being 
m ade in  th is  d irection  by m aking special refrac
tory bricks of a porous n a tu re , so as to  reduce 
th e ir  heat-conducting  properties, w hilst they are 
faced w ith a carborundum  m ix tu re  so as to  pre
sen t a h a rd  surface.

Pre-heating.
Considerable economy may be effected by pre

heating  th e  work, which may be carried  ou t in a 
separate chamber heated  by w aste gases, or in  a
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sa lt b a th  (if oxidisation is to be avoided). In  
some furnaces arrangem ents are m ade to  p re-heat 
the  incom ing a ir  by passing i t  th rough  a  pre-

F i g . 7 .— S e c t i o n  o f  a D o i l e r  A d a p t e d  f o r  
G a s e o u s  F i r i n g .

viously heated  passage. This system  results in  a 
g radually  ris ing  tem p era tu re , because as th e  a ir 
gets h o tte r  so w ill th e  fu rnace  tem p era tu re  in-

F i g . 8 . — D i a g r a m  o f  C o r e  O v e n  H e a t e d  b y  
G a s e o u s  F i r i n g .

crease. I f  th is  a rrangem en t is to  work success
fully i t  m ust be provided w ith some m eans of 
tem p era tu re  control, and herein  lies a serious
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difficulty when o p era ting  w ith  separate  gas and 
a ir ow ing to- th e ir  varying densities. Gas and 
a ir m ix tu re  can, however, be satisfactorily  pre
heated , as therm osta tic  control modifies the  supply 
of bo th  a t th e  same tim e, and, sinoe both gas and 
a ir a re  delivered by th e  incorporator correctly 
proportioned, i t  does no t m a tte r to  w hat tem pera
tu re  they a re  raised , providing th is  is below the  
tem p e ra tu re  of combustion, th e  proportions, in  
all cases, rem ain ing  constan t and accurate.

F ig. 7 illu s tra tes  th e  application of gaseous 
firing to  an  ord inary  sectio-n-boiler for the heat
ing of works and offices. I t  will be seen th a t  the

F i g . 9 .— G a s-f ir e d  M e l t in g  F u r n a c e s .

bed of fuel has been replaced by layers of fire
brick. A series of gas burners provided with 
nickel gauze nozzles a re  placed underneath . By 
th is system of firing th e  tem p era tu re  can be easily 
regulated , and practically  no labour is required.

H eated  a ir  is frequently  used for dry ing p u r
poses, th e  a ir being m ade to pass round  a  series 
of steam -heated  tubes, a f te r  which i t  passes on 
to  th e  work which i t  is required  to dry. The 
use of steam  fo r th is purpose is most economical, 
owing to  th e  condensation and o ther h ea t losses 
between th e  boiler and the  appara tu s. When 
gaseous firing  is used, h ea t losses are  practically  
elim inated, as no t only can the heating  chamber
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be placed inside th e  d ry ing  machine, b n t even the  
h ea t of th e  products of com bustion can be u tilised.

In  engineering w orks du ring  th e  afternoon  la rge  
coke fires a re  m ade up for h ea tin g  th e  core ovens, 
a f te r  which th e  cores a re  ru n  in, and th e  doors 
sealed. The fires a re  usually kep t in  th ro u g h o u t 
th e  n ig h t, and th e  cores w ithdraw n th e  follow
ing m orning. This m ethod is hoth crude and  
w asteful. In  th e  first place, th e  fuel is n o t b u rn t 
economically, p ractically  no secondary a ir  being 
available. F u rtherm ore , th e  m oisture in th e  cores 
is re ta in ed  in  th e  oven, w hilst th e  a ir , in s tead  of 
being in  c irculation , is p ractically  s ta tio n a ry .

F i g . 1 0 .— G a s - f i r e d  R e v e r b e r a t o r y  M e l t i n g  
F u r n a c e .

Owing to  lack of circu lation  th e  w ater vapour, 
genera ted  by th e  h ea t, rem ains on th e  surface of 
th e  cores. This vapour is, however, a had  con
ductor of heat, thereby  h in d e rin g  th e  d ry ing  p ro
cess. I t  is well known th a t  w et clothes, hanging  
o u t in  a  good wind, w ill dry  rap id ly , even jf 
th e  tem p era tu re  of th e  atm osphere is low. In  
th e  same way, a li t t le  warm  a ir  on th e  move is 
fa r  more effective th a n  a la rge  q u an tity  of 
s ta tio n a ry  a ir, even though  th e  la t te r  be a t  a 
h igh tem pera tu re .

F ig . 8 shows a core oven heated  by gaseous 
firing. A m otor-driven fan  draw s a ir from  th e  
oven and forces i t  down a vertica l p ipe and  so
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th rough  th e  tubes of th e  gas furnace. I t  is then  
re-d istribu ted  th roughou t th e  core oven by means 
of a cen tra l duct, and is thus kep t in constant 
c ircu lation . I t  will be seen th a t , a p a rt from 
rad ia tio n  losses, th e  whole of th e  h ea t p u t in to  
th e  cham ber rem ains ins’ide th e  oven. The au thor 
recently  investigated  some large core ovens of 
th e  old type, and found th a t  th e  therm al efficiency 
was under 5 per cent. The therm al efficiency of 
th e  arrangem ent shown in  F ig . 8 is, however, 
w ithin th e  neighbourhood of 55 per cent.

The ty p e  of fu rnace  recom mended for th e  m elt
ing of m etals, such as nickel alloys, malleable iron,

F i g . 11.—V i e w  o f  a B a t t e r y  o f  C a r b u r i s i n g  a n d  
N o r m a l i s i n g  F u r n a c e s .

gunm etal, alum inium , and w hite-m etal alloys, 
varies w ith  th e  norm al q u an tity  requ ired  per heat. 
Thus for small w eights, say 80 to  100 lbs.,^ a 
crucible type of po t fu rnace is recommended which 
requ ires 3 to  4 cub. ft. of coal gas per 1 lb. of 
gunm etal m elted a t a cost of 5d. to  6d. per 100 
lbs. W hen, however, th e  h ea ts  average about 300 
lbs. and upw ards, a  reverbera to ry  type  is  recom
mended which requires 2 to 2£ cub. f t . of coal 
gas per 1 lb. of gunm etal m elted a t  a cost of 3d. 
to  4d. per 100 lbs. F igs. 9 and 10 show 
respectively a b a tte ry  of gas-fired m elting 
furnaces and a gas-fired reverberatory  furnace, 
the la t te r  being th e  most economical of
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all systems for m etal m elting, especially 
the  h ea tin g  is effected by producer gas. *Vitn 
th e  fo rm er type h ea t u n its  a re  requ ired  to  hea 
up  th e  po t wiiich, u n fo rtu n a te ly , us a poor con
ductor of heat. F u rtherm ore , th e  average life  °  
a pot is  only abou t 36 heats. W ith  th e  reverbera- 
tory  ty p e  th e  flame im pinges d irectly  on to  the  
m etal, w hilst ra d ia n t iheat is  reflected from  th e  
walls of th e  fu rnace . In  add ition , th e  reverbera- 
to ry  type can be bottom  tap p ed , so th a t  only clean 
m etal comes o u t, th e  scum and oxide being  le f t 
behind. W ith  crucible m elting  th e re  is  alw ays a

c e rta in  am ount of trouble  w ith  th e  oxide, owing 
to  its  being  pouifed from th e  top.

F ig . 11 shows at b a tte ry  of carburising  and no r
m alising fu rnaces working on th e  gas- and air- 
m ix ing  system.

In  co n tra s t w ith  th e  above, F ig . 1'2 shows th a t  
for th e  firing  of six furnaces no less th an  four 
men a re  seen handling  the  fuel.

DISCUSSION.
T h e  B r a n c h - P b e s i d e n t  (M r. E . Carey H ill) said 

th e  au tho r had  compared th e  use of gas for m etal 
m elting in four or five d iffe ren t m ethods. P e r
sonally, he had had experience in  h igh-pressure 
gas m elting, and in  w hat was m ore or less the
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approved m ethod of gas and a ir m ixing. H e 
could tell them  th a t  th e  m ethod of m ixing the 
gas and  a ir  in  an incorporator before passing into 
the fu rnace  resulted  in a  saving of 7,000 to  8,000 
cub. ft. per ton  of alum inium  melted, as compared 
w ith th e  h igh-pressure gas, in  which th e  gas is 
supplied  under p ressure of 12 Ihs. per sq. in. and 
in jec ts its  own a ir . T h a t was a corroboration of 
one po in t. H e hoped th a t  they would have had 
a  li t t le  more illu s tra tion  of the saving of waste 
gases for th e  heating  of core stoves and  ovens. 
The lec tu rer had  outlined a  method of hea ting  a 
core oven, b u t an efficient m ethod of u tilising the 
w aste gas from  a suction gas p lan t used for m etal 
m elting—for instance, for the  drying of cores— 
would be welcome, instead of having to  use the 
fresh suction gas for th a t  purpose.

Tests on Morgan Furnaces.
M r. E . P l a y e r  rem arked th a t  th e  use of gas in 

th e  foundry was by no m eans new. D uring the 
w ar h is firm had  an opportun ity  of m aking some 
very in te resting  tests in m etal m elting. A battery  
of th ree  M organ tiltin g  furnaces, 600 lbs. capacity, 
employed on m elting brass swarf, were tested  for 
a  period of six m onths’ continuous service, accurate 
records being taken  in respect of fuel consumed, 
lalbour involved, m etal losses and m aintenance and 
repairs, linings, crucibles, etc. One of th e  fu r
naces used coke fuel and one tow n’s gas, using 
th e  o rd inary  K e ith  type b u rner w ith a ir  supplied 
a t  3 lbs. per sq in. pressure. On a short ru n  the 
coke-fired furnace appeared  to be the most 
economical, th is  being due to  th e  fac t th a t  only 
the fuel cost and th e  m etal losses were ascerta in
able. Over th e  period of n o t less th a n  a week 
th e  oil fu rnace  appeared to  be th e  most 
economical, owing to lower labour costs in running  
the furnace. Over a  period of a m onth or more, 
however, th e  gas fu rnace  proved to be easily the 
best, th e  saving occurring chiefly in  th e  largely 
extended life  of crucible, lining, and burners, to 
gether w ith very low labour costs and low m etal 
losses, these economies coun terac ting  th e  ra th e r 
h igher fuel bill.

I t  is in te resting  to no te  th a t i t  was necessary to 
carry  o u t p ro trac ted  observation in order to  ascer
ta in  definitely th e  best all-round type of furnace, so 
fa r  as regards to ta l costs.
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Core Ovens.
All th e ir  core ovens, con tinued  Mr. P layer, had 

been fired for some years w ith tow n’s gas a t  the  
ordinary town pressure w ith  a separate  a ir  supply, 
b u t th a t  they had now changed over to a gas and  
a ir  m ix tu re  supply  by m eans of m ixing th e  gases in 
correct p roportions for perfect combustion a t  the  
burners.

In  regard  to  oore d ry ing , th is m ethod had  been 
adopted n o t so m uch on account of th e  cost of fuel 
as for th e  reason th a t  very accura te  tem p era tu re  
control is possible, a  factor of the  highest im por
tance  in  drying such delicate cores as w ate r-jack e t 
cores for motor cylinders. H e had y e t to  see a 
coke-fired oven where sufficiently accu ra te  tem pera
tu re  control could be obtained. They had  found 
by converting the coke-fired ovens to  gas-fired th a t  
th e  loss in  b u rn t or badly d ried  cores had  been 
dim inished to  a negligible am ount, owing to  the  
fac t th a t a few tes ts  enabled m axim um  and  m in i
mum tem pera tu res and tim es to be established, 
which figures were easily worked to  by a m an in 
charge.

Utilising Waste Heat.
H e agreed th a t  th e  u tilising  of w aste h ea t from 

furnaces was a  serious one, particu la rly  when m elt
ing m etal, as som ething like 50 per cen t, of the 
h ea t generated  was w asted in th e  form  of hot gases. 
In  th is  connection no doubt could possibly be e n te r
ta in ed  as to the  value of accurately m ixing th e  gas 
and a ir  before supplying i t  to  th e  furnace.

Before th is system was adopted  a t  th e ir  works 
th e  furnacem an dealt w ith  th e  proportion  of gas 
and a ir  as he chose, and  i t  was a common th ing  on 
going through  th e  foundries to  observe la rge  flames 
issuing from the furnaces, rep resen ting  excess gas 
which was going to  waste, the  furnacem an him self 
being quite  unconcerned, as he did not have to pay 
for fuel. W ith  th e  gas and  a ir m ix tu re  the a d ju s t
m en t of the bu rner is tak en  ou t of th e  o p e ra to r’s 
control, as he can only open o r close th e  cook, and 
consequently the only w aste th a t  can arise  th rough  
carelessness on the p a r t of th e  fu rnacem an  occurs 
when the  bu rners are  le f t on a f te r  the  m etal has 

¥ been tak en  out of th e  crucible.
Mb. P l a y e r  rem arked th a t  a  B elfast firm had  p u t 

on th e  m arke t a core-drying oven in  which th e  ho t 
products of com bustion were circu la ted  in  a m anner
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sim ila r to th a t  illu s tra ted  by Mr. Docking, with 
th is  difference, th a t w hilst they  brought th e  hot 
a ir  from  th e  h ea tin g  furnace, together w ith the 
p roducts of combustion, and circulated  these in  the 
sitove, they also had  a  by-pass on the top  of the 
shove which could be ad ju s ted  to allow of the escape 
of m ore o r less of th e  ho t gases, such escape 
ta k in g  off th e  steam  or ho t gases removed from  th e  
cores. This appeared  to  him  to be necessary, iis 
unless th e re  is a definite out-flow from th e  stove, 
th e  cores are  liable to be merely steam ed instead 
of dried .

Pre-mixing is Advantageous.
M r. F . H . H u r r e n , A .I.C ., said he was pleased 

to  h ear th e  eulogy th a t  M r. Docking gave to  the 
pre-m ixed system, as in  h is works they had1 been 
using th a t p a rticu la r system for ju s t over seven 
years. From  experience i t  could he said th a t  it 
wias adm irab le  in every respect. They had  used 
th e  pre-m ixed system for m elting alum inium , gun- 
m et al, and  core drying, and even used i t  for d ry 
ing  shanks and ligh ting  up th e  cupola. I t  was 
found th a t  th is  was a  considerable economy over 
various other systems th a t  have been, tr ied . W ith  
reg ard  to  th e  bu rn ing  of gas and in jecting  th e  a ir 
under pressure, i t  was found on a  te s t m ade some 
years ago th a t the  pre-m ixed system gave a saving 
of approxim ately  75 per cent, on th e  gas consump
tion  for the sam e am ount of work done. The gas 
firing of core stoves was s ta rted  about four years 
ago, and  i t  was found th a t  th e re  was n o t only a 
g re a t saving in  fuel consum ption compared w ith 
coke, b u t th e re  was also a considerable saving in 
labour charges. T he labour charges on gas-fired 
core stoves were p ractically  nil. Personally  he was 
no t aw are th a t  th e re  was any controversy a t the 
p resen t tim e as to th e  respective efficiencies of p it 
and  barre l fu rn ace s ; it was qu ite  definitely settled 
th a t  th e  la tte r  were th e  better. The crucible costs, 
now very low, due to  tb e  use of barrel furnaces, 
was previously som ething like £80 to  £90 per 
m onth.

The Lecturer’s Reply.
M r . D o c k i n g , in h i s  reply, observed th a t  there  

was only one po in t to  answer, th a t  was th e  ques
tion raised  by Mr. Carey H ill of th e  drying of 
cores by waste heat from the furnace. No doubt
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th e re  was a g re a t deal to  be said in favour of thus 
proposition, but, un fo rtuna te ly , m ost core ovens 
were a long way from  th e  furnaces, and to  ca rry  
the spen t products a  long d istance when they  were 
a t  a  com paratively  in itia l low tem p e ra tu re  
would be useless, as by the tim e  they had conveyed 
these w aste gases along th e  necessary flues to  the  
core ovens th e  h ea t would be practically  absorbed. 
Moreover, in using w aste h e a t for core oven® by 
conducting i t  direct, in to  th e  oven would m ake it 
alm ost impossible fo r th e  men to work in  th e  ovens 
w ith any degree of com fort. I f  th e  core ovens were 
situ a ted  n ear to th e  furnaces, he suggested 
ru n n in g  th e  w aste gases in to  a  tu b u la r fu rnace, 
where th e  ex terio r of th e  tubes could be heated, 
and th e  a ir m ade to  pass by m eans of a fan  or 
n a tu ra l d raugh t througjh th e  inside of th e  tubes 
to  the  core ovens. By this method no spen t p ro
ducts could en te r th e  ovens and the  cores would he 
dried by a  warm cu rren t of a ir  passing th rough  
the  ovens, which he considered would be a n  ideal 
method, moreover by th e  adoption  of th is  m ethod 
perfeot regulation  of tem p era tu re  could be assured 
by the  use of dam pers.

This undoubtedly was a good m eans of u tilising  
th e  spen t products from  furnaces, b u t he believed 
the  day was not fa r  d is tan t when furnaces would 
be so. designed th a t  alm ost every B .T.U . would 
be put to  useful work in th e  furnace, th a t  is, by 
using good insu la ting  m ate ria l to  p revent rad ia tion  
losses and using th e  spent gases for the  p re-heating  
of th e  m etal and th e  pre-heating  of th e  gas and 
a ir  before en tering  the furnace. M any furnaces 
were designed to  do th is, b u t he was sorry to  say 
the  design left much to  be desired.
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METAL MOULDS IN THE FOUNDRY.*

By S. A. E. Wells.f
In  a  general sense th e  casting of m etals in the  

foundry  falls under two m ain h ead in g s: —
(1) M ethods in  which sand is -employed for 

m aking m oulds and th e  moulds a re  unavoidably 
destroyed in  rem oving th e  casting.

(2) M ethods wihere m eta l moulds a re  employed 
and used tim e a fte r  tim e. The use of m etal 
moulds m ay be divided in to  th ree  c lasses: —

(a) T h a t in  which th e  m eta l flows in to  the 
mould solely u nder its  own w eight.

(ib) W here add itional externally  applied pressure 
is used to  force th e  m eta l in to  th e  mould.

(c) W hen th e  mould consists in  p a r t  only of 
m etal.

Gravity Castings.
Included  in  th e  first class are moulds which are  

used for th e  p roduction  of ingots, strip s , billets, 
e ts ., for subsequent m echanical tre a tm e n t in  the 
m an u fac tu re  of w rought m etals and alloys.

These m oulds vary  considerably in  size and  shape 
an d  a re  m ostiv m ade of oast-iron, one possessing 
a  close fine g ra in  being preferred .

In  m ak ing  cast-iron  moulds for producing repe
ti tio n  casitingis a s  bases for th e  m anufacture  of 
w rought m ateria l, a num ber of factors m ust be 
considered. The mould m u s t be of a very con
ven ien t form, capable of being opened and closed 
in  a  m inim um  tim e  w ith  low labour charges. I t  
m ust also ibe constructed  of such a  size th a t  the  
abstrac tion  of h ea t is regulated  to  produce a 
un iform  g ra in  ingot.

M oulds a re  m ade in  sections, usually halves, and 
a re  oast in  sand to  th e  shape desired. W hen

* A L ec tu re  read  before a  jo in t m eeting  of th e  L ondon  B ranch  
of th e  I n s ti tu tio n  of B ritish  F o u n d ry m en  an d  th e  In s t i tu te  of 
M etals on  D ecem ber 7, 1921.

t  M r. W ells is  connected  w ith  th e  N a tio n a l P hysica l L ab o ra to ry .



casting  these sections allowance is m ade so th a t  
they  can  be read ily  m achined to  fit one ano ther, 
to  pe rm it of easy p a r t in g  to  release th e  sokd 
casting .

The inside surfaces which a re  in  co n tac t w ith  
th e  m olten m eta l a re  m achined also, an d  '' worked 
mp ”  by m eans of em ery cloth, th u s  p rov id ing  a 
smooth surface  which will be reproduced upon th e  
finished " ingot. T he sections of th e  m ould a re  
finally d am ped  together, th e  m ost common m ethod 
being by  m eans of rin g s and  wedges, a quick 
and  very effective m ethod.

The influence of th e  mould upon th e  m eta l 
poured in to  i t  should be considered in  o rd e r to  
determ ine some s tan d a rd  of re la tionsh ip  betw een 
them .

M olten m etal poured in to  a  small cast-iron  mould 
is cooled very rap id ly , resu ltin g  in  a fine uniform  
g rained  m etal su itable fo r successful m echanical 
w orking. However, w ith  increasing size of ingots 
th e  problem of p roducing a  uniform  g ra in  becomes 
a  more difficult m atte r .

In  a la rge  in g o t of m eta l cooled from  th e  m olten 
to  th e  solid sta te , when poured rap id ly  in to  a 
cold m etal mould, th e  im m ediate effect of con
ta c t  w ith th e  walls of th e  mould will be to  “ chill 
off ”  th e  surface layers o f th e  ingots, following 
which, solidification w orks inw ards from  th e  walls 
of th e  mould, th e  cen tre  being th e  la s t to  solidify.

The cen tre  rem ain ing  m olten considerably longer 
th a n  th e  re s t is th u s called upon to  Teed th e  
rem ainder of th e  ingot, u n til liquid  con traction  
ceases, therefo re  th e  cen tre  will be seen to  con
tr a c t  in th e  form  of a rough  inverted  cone. Be
n ea th  th is  cone fu r th e r  con trac tion  has probably 
occurred, an d  a chain  o f cav ities form ed w hich m ay 
extend a considerable way down in to  th e  ingot.

These a re  known as con trac tion  cavities, an d  
will be revealed upon  su itab ly  sp littin g  th e  ingot 
vertically  th rough  th e  cen tre .

I f  a  cross section of th e  in go t is ta k e n  some
where about th e  m iddle of its  length , and  etched 
w ith a  su itab le  reag en t to  develop th e  macro- 
s tru c tu re , i t  will he found th a t  th e  g ra in  so re 
vealed will vary  considerably.

The layers in  con tac t w ith th e  walls of the  
mould hav ing  solidified rap id ly  will be found to
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consist of a fine dose  g ra in , while th e  rem ainder 
will g radually  increase in  g ra in  size the  nearer 
th e  cen tre  of th e  ingot its  location.

I t  will now be understood th a t the  cen tre  of the  
ingot consists of a m ore or less coarse-grained 
core, the  object m ust be th e  elim ination of th is 
core as f a r  as possible by contro lling  the  various 
fac to rs affecting th e  ra te  of cooling. These may 
be conveniently  classified as follow s: —

(a) The pou ring  tem pera tu re  of th e  metal.
(¡b) The ra te  of pouring  th e  m etal.
(c) The abstrac tion  of hea t by the mould.
Assuming th e  pouring  tem pera tu re  of the  metal 

to  be th a t  generally accepted as the  s tandard  for 
the  m etal concerned and pass on to  consider 
th e  ra te  of p o u rin g ; th e  ra te  of pouring  will 
vary  w ith  th e  class of m etal and type  of ingot 
being dealt w ith, and is best se ttled  by experi
m ent.

A ssum ing the , h ea t ab strac tion  fac to r to  be 
already  settled , a  pouring  ra te  should be ascer
ta ined , so th a t  a  minim um am ount of m etal only 
rem ains m olten in th e  mould a t  any tim e during  
pouring.

In  th is  way th e  complete horizon tal section of 
the  ingo t solidifies uractioalily sim ultaneously in 
successive b u t undefined layers, each layer only 
being requ ired  to  feed th e  one im m ediately be
n ea th  it.

Thus when th e  mould is completely filled w hat 
liqu id  co n trac tion  rem ains to  tak e  place is small 
and  m ay he read ily  followed up w ith molten metal. 
P ip in g  of th e  ingot is there fo re  arrested  and 
m inim ised.

The ra te  of pouring  is best- controlled by tiltin g  
th e  m ould fo rw ard  to  a n  angle of 15 to  45 degs. 
to  th e  floor, and pouring  the  m etal in  a steady 
continuous stream  down th e  incline form ed by 
the  lower surface of th e  mould, and  by employ
ing some m echanical m eans of concen tra ting  the 
stream  in  th e  mould.

The concen tra ting  of th e  stream  so th a t its  
surface is small is m ost necessary where very slow 
ra te s  of pouring  axe employed, in  o rder th a t  the 
stream  m ay re ta in  its  tem p era tu re  instead of dis
s ip a tin g  h e a t by stragg ling  about th e  surface of 
the  mould in a com paratively th in  film.
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Some types of m oulds are  of such a shape th a t  
one may accomplish th is  by u tilising  th e  p a r 
ticu la r shape of th e  mould to  th is  end. Sm all 
d iam eter billeit m oulds and  square  section moulds 
are some of these ty p es ; in th e  la t te r  case th e  
angle formed -by th e  junction  of two sides is miade 
use of.

Tihe casting  of s trip s  is one of those cases where 
control of th e  stream  is essential and difficult.

A t the  N ational Physical L aboratory , fo r th e  p ro 
duction of lig h t alloy s trip s  for ro lling , a  very 
successful m ethod has been developed for th e  
mechanical control of r a te  of pouring . I t  con
sists of th e  provision of a sm all V-shaped groove 
cu t from top  to  bottom  a t  one -side of th e  s tr ip  
mould. F ig . 1 illu s tra te s  a horizontal section 
th rough  th e  mould w ith a sketch of th e  V-groove 
alongside. I t  m ust be borne in  m ind th a t  the

F i g . 1 .— T y p e  o f  M o u l d  u s e d  a t  t h e  N a t io n a l  
P h y s i c a l  L a b o r a t o r y .

resu lting  V-shaped ru n n e r  le f t on th e  edge of the  
s trip  is to  he removed before -any m echanical work
ing. This ru n n e r wo-uld -be unaffected by the  early 
w orking and rem ain  in  th e  weak cast s ta te , and 
therefo re  unable to  accom modate itse lf to  the  
extension of th e  stri-p as a whole. Serious crack
ing would resu lt from  om itting  to  remove the  
runner.

The p ou rer’s responsib ility  in  employing the  
V-groove consists in  keeping a  steady  stream  flow
ing, which ju s t keeps th e  groove filled to  its  m ax i
mum. A nother -most useful function  of the  V- 
groove is  to  assist in  e lim inating  splashing. The 
size of th e  groove varies w ith  th e  ra te  desired to  
be -employed; fo r example, q u ite  a sm all groove 
would be used for a lum in ium  and its  alloys, where 
the  ra te  of pouring  is very slow, and a  consider
ably la rger groove for brasses, w here a fas te r
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ra te  is required . The abstraction  of lieat from the  
ingo t by the  mould is th e  nex t factor to consider.

The depth  of chill im parted  to the ingot depends 
upon th e  wall thickness of th e  mould and the  
tem p era tu re  of th e  mould. All o ther factors ibeing 
constan t, th e  th icker th e  wall of th e  mould the 
g rea te r will be th e  depth of chilling.

Two ingots of 70/30 brass were poured into hot 
sand moulds, th e  bottoms of which consisted of

F i g . 2 . — G r a i n  G r o w t h  a s  I n f l u e n c e d  by  
L i g h t  C h i l l .

ligh t and heavy chills, £ in. and 1 | in . th ick  
respectively. The lightly-chilled ingo t developed a 
fa irly  coarse colum nar g ra in  grow th, which merges 
in to  massive g ra in s, while th e  heavily-chilled ingot 
has developed a m uch finer colum nar g ra in , extend
ing to  about double the  dep th  of th a t  of th e  lightly- 
chilled ingo t before m erging in to  th e  massive grain  
grow th a t  th e  cen tre . Figs. 2 and 3  show vertical 
sections of th e  tw o ingots, rep resen ting  a to ta l 
dep th  of 2 in. on th e  actual sections. The walls 
of the  moulds w ere purposely constructed of sand,

Q
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and made ho t in order to  keep down opposition 
g ra in  grow th.

Ingots dem onstra ting  th e  effect of m ould tem 
p era tu re  w ere m ade in  precisely th e  sam e m anner 
to th a t  fo r th e  “ wall thickness ”  ingots, also 
using 70/30 brass. The ingots w ere cast upon 
l i - in .  chills, which w ere used cold, 300 and 
500 deg. O. respectively. The effect of th is  tem 
p era tu re  varia tion  has been to  dim inish the^dep th  
of chill as th e  tem p e ra tu re  rises. F igs. 4, 5, and

F i g . 3 .— G r a in  G r o w t h  a s  I n f l u e n c e d  by 
H e a v y  C h i l l .

6 a re  vertical sections of the  ingots, rep resen ting  a 
to ta l dep th  of 2 in. of th e  ac tua l sections.

Mould Temperature Variations.
The effect of mould tem p e ra tu re  varia tio n  upon 

the casting  of small round  billets of an  alum inium  
alloy has been determ ined. A te m p e ra tu re  range  
extending from  150 to  500 deg. C ., ris ing  in  steps 
of 50 deg. C., was investigated . U sing a constan t 
pouring tem p era tu re—namely, 700 deg. C.— and 
utilising  a slow ra te  of pouring , employing a



stream  having a cross-sectional area  of approxi
m ately  l-10 th  sq. in ., a series of small billets were 
obtained, which, when suitably sectioned vertically 
and m acro-etched, provided in te resting  results. 
T em peratures from  200 to  350 deg. C. appeared to 
give sim ilar results, all being of a  fine g ra in , w ith
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F i g . 4 .— I n f l u e n c e  o f  C h i l l  T e m p e r a t u r e  
o n  G r a i n  G r o w t h .

freedom from contraction  cavities (Figs. 7 and 8). 
The b ille t produced from the mould stand ing  a t 
150 deg. C. was generally coarser in  g ra in , except 
for th e  surface layers in  im m ediate con tac t w ith 
th e  mould, and had  developed a cen tra l chain of 
con traction  cavities extending  alm ost to  the  
bottom  of th e  b ille t. In  th is  case th e  b ille t appears 
to  have cooled too rap id ly  on th e  surface, leaving 
a m olten cen tre , which had  to  co n trac t su bstan ti
ally w ithou t a  reasonable chance of feeding. The 
h igher tem p era tu re  moulds, 400-500 deg. C., pro
duced billets hav ing  a m uch coarser g ra in , increas
ing in size w ith  ris ing  mould tem pera tu re , 
accom panied by a certa in  am ount of contraction ,



fo rm in g  c a v i t ie s .  O b s e rv a t io n  h a d  s h o w n  t h a t  
th e s e  b i l le ts  h a d  t a k e n  a  c o n s id e ra b ly  lo n g e r  t im e  
to  so lid ifv  t h a n  th o s e  m e n t io n e d  a b o v e , so  t h a t
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F ig . 5 .— I n fl u e n c e  o f  C h il l  on G b a in  
G b o w t h .

th e  coarser g ra in  was an tic ipa ted . I t  will 
be seen th a t  w h a t th ickness of w all and  tem pera
tu re  of mould to  employ is largely  a m a tte r  of 
experim ent. So m any sizes of ingots and classes 
of m etals a re  dealt w ith , each req u irin g  tre a tm e n t 
to  su i t its  own special case, th a t  to  lay down a 
definite ru le is difficult. I t  is, however, w orth  
no ting  th a t  m etals of th e  heavy classes w ith  h igh 
m elting  po in ts requ ire  lig h te r moulds, used a t  
h igher tem pera tu res, th a n  those of th e  lig h t alloy 
classes when a com paratively heavy mould a t  a 
lower tem p e ra tu re  is employed.

Mould Facings.
The facing  of th e  mould is of th e  u tm ost 

im portance, and  should be ca rried  o u t frequently . 
D ressings of g rap h ite  o r  plum bago and  oil, la rd  
oil, Kussdan tallow , beeswax, and o rd in a ry  dom estic 
black-lead all have th e ir  special purposes.
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Rate of Pouring.
In  th is  class, moulds specially designed and con

s truc ted  to  cope w ith  th e  extensive production of 
small p a r ts  an d  fittin g s of m achines and  in s tru 
m ents w here accuracy and  in terchangeahility  are  
required  a re  included. The various methods used 
a re  known as die-casting processes. A suitab le  die 
o r m ould is constructed  of steel, and is so made 
th a t  w hen th e  mould is opened th e  casting  will 
e ith e r fa ll ou t o r can  be easily ejected. The

F i g . 6 . — I n f l u e n c e  o f  C h i l l  T e m p e r a t u r e  
o n  Gbain G r o w t h  A l m o s t  D e s t r o y e d .

design and  construction  of th e  dies constitu te  the 
v ita l fac to r in  th e  successful operation  of die- 
casting  processes.

Choice of Dies.
F irs tly , th e  choice of m ate ria l is of u tm ost 

im portance, as th e  num ber of castings th a t  can 
be produced from  a  single se t of dies varies w ith 
th e  properties of th e  steel from  which th e  dies 
a re  m ade. Chrom e-vanadium  steel is most widely 
used, and  10,000 castings m ay be tak en  as a  fa ir
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average yield  for a properly constructed  d ie  of 
th is  m ateria l.

A  d ie  is usually  a  costly  p iece of p la n t to  con
struct, which m akes i t  essen tia l to  em ploy only  
very skilled labour for  th e ir  production . A  sim ple  
die' m av cost £30  to  produce, w hile there is a 
dem and for very  com plicated dies costing  as m uch  
as £100. D ies should consist of as few  partin gs  
as possible in  order to  avoid fins.

The ch ief difficulty in  d ie  design  is  th e  neees-

F i g . 7 .— Co n t r a c t io n  C a v it ie s  i n  C e n t r e  o f  
I n g o t . V e r t ic a l  S e c t io n .

sity  for quickly rem oving th e  finished casting , and  
th e  designer is  frequently  com pelled to  resort to  
th e  use of loose parts and cores for th e  form ation  
of projecting  parts. As fa r  a s  possible dies should  
be m echanically  operated , so th a t th e  d ies are  
opened and cores and ca stin g s rem oved in m inim um  
tim e w ith  low est labour charges. D ies m ust be used  
at a constan t tem perature to  preven t changes of 
dim ensions b e in g  brought abou t through  exp an 
sion o f th e  die.
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Venting.
C arefu l allowance m ust be made for shrinkage, 

and  gates and  ven ts carefully  planned and located. 
The gates need only be small, as th e  pressure 
employed ensures a rap id  filling of the mould. 
The ven ts need only be of a  very sm all area  
owing to  th e  h igh  pressure employed, although 
some arrangem en t of ven ting  is essential. The 
spaces between th e  die faces, although serving to 
remove a portion  of th e  trap p ed  a ir , a re  insuffi-

F i g . 8 . — S h o w i n g  V a r i a t i o n  in  G r a i n  S i z e  
f r o m  O u t s i d e  t o  C e n t r e  o f  I n g o t . 
V e r t i c a l  S e c t i o n .

c ien t to  pe rm it of a complete escape of a ll th e  
a ir  trap p ed .

Pressure Castings.
Pressure is applied by a num ber of means—either 

by a pum p exerting  pressure directly  upon th e  
m etal, by  a ir  p ressure upon the  top of th e  molten 
m etali or by a head of m olten m etal. C asting is 
usually oarried out in  a machine, the  principle of 
which* is sim ilar in all designs. T he m etal is
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melted in a lined imetal crucible fixed inside a gas- 
or oil-heated furnace. P assing down in to  the  
m olten m etal is a  tu b e  of Tefractory m ateria l, 
which is connected a t  its  u pper end w ith  a nozzle, 
th rough  which th e  m etal is forced in to  th e  mould. 
A sprue-cu tting  device is provided, by m eans of 
which th e  flow of imetal is controlled a t  th e  nozzle. 
By ra ising  th e  c u tte r  th e  m eta l is allowed to  flow 
th rough  the nozzle in to  th e  mould, and by lower-

F i g . 9 .— F r a c t u r e  o f  C h i l l e d  I r o n , W h i t e  
I r o n  G r a d u a l l y  M e r g i n g  i n t o  G r e y  
I r o n .

ing the  cu tte r , when th e  mould is filled, th e  flow 
of m etal is a rrested  and th e  casting  p a rted  from 
th e  gate .

T he application  of a ir-pressure upon the  surface 
of th e  m olten m etal is found  to  he th e  m ost suc
cessful method of forcing th e  m etal in to  th e  die 
mould. The crucible is fitted  w ith  an  a ir - tig h t 
cover, and connected th rough  a contro l valve to  
a source of compressed a ir . By opening  th e  valve 
pressure is applied to  th e  m olten m etal, which, 
when th e  sp rue-cu tter is ra ised , forces th e  m olten
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m etal th rough  th e  nozzle in to  all th e  in terstices 
of th e  most com plicated dies.

The dies, having heen assembled and fixed to 
th e  m achine over th e  nozzle, a re  carefully  heated 
by m eans of an o rd inary  Bunsen burner. The 
tem p era tu re  of th e  furnace is so ad ju sted  th a t  
th e  m etal is k ep t a t  a tem pera tu re  a li tt le  above 
its  m elting  point. Im m ediately th e  mould is filled, 
and alm ost w ithou t a pause, the  die should be 
opened and th e  casting removed while still hot. 
The dies should (be cleaned ou t occasionally and the  
surfaces dressed, a fte r  two o r th ree  operations, 
w ith ibeeswax, R ussian  tallow, or la rd  oil mixed 
w ith  plum bago. This fac ilita tes the  extraction  of

F i g .  10.— D i a g r a m  o f  C a s t i n g  o f  U n e q u a l  
S e c t i o n .

th e  casting and also protects th e  surface of the 
mould.

The process in  which mechanical pressure is 
employed directly  upon th e  m etal is particu larly  
well su ited  to  large castings of an open character, 
w here freedom from  blowholes and o ther irregu
la rities , combined w ith  a good finish, is desired. 
In  th is case th e  top  and bottom  of th e  mould are 
constructed  as two sep ara te  un its , w ith th e  top 
h a lf con ta in ing  th e  cores. The lower half of the 
m ould is p reheated  to- a su itab le  tem pera tu re  and 
ju s t  sufficient m etal for th e  finished casting  poured 
in . The top  h a lf is th en  forced down in to  the  
bottom , m aking  a m eta l-tigh t jo in t and forcing 
th e  m etal in to  th e  in terstices of the mould. This
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m ethod is applied for th e  m anu fac tu re  of c ran k 
cases, gear-hoxes, cylinders, e tc ., for m otor-car 
and  aeroplane engines. .

D ie castings can be produced accu ra te  to  w ith in  
1-1,000 in ., including holes. T hreads, both ex
te rn a l and in te rn a l, of any  desired p itch  aJbove 
24 to  th e  in ., m ay be cast. D ie-casting processes 
applied to  rep e titio n  castings work o u t a t  much 
lower cost th an  any  o ther ex is ting  m ethod. Alloys 
for die-casting m ust be of fine, close g ra in , low in 
shrinkage, and th e  m elting  p o in t should n o t exceed 
650 deg. C. Alloys of lead, tin , antim ony, zinc, 
and alum inium  are  usually  employed, b u t a com
m ercial success has been m ade of alum inium - 
bronze contain ing  small percentages of iron.

Chills.
There are two m ain reasons why chilling in sand 

o r loam mould is p rac tised . I t  is n o t, in  these 
cases, the  w ant of a perm anen t mould, b u t to  pro
duce one or o ther of tw o conditions : (a) The
equalisation of th e  ra te  of cooling w here castings 
are  of vary ing  section; (b) to  produce a casting  
from  one quality  of m etal h av ing  two d is tin c t 
grades of p roperties in itself. The firs t condition 
can be applied to  any m eta l o r alloy w hich does not 
become “  chilled ” in  th e  sense th a t  c e rta in  grades 
of cast iron  do when b rought in to  co n tac t w ith  a 
metallic surface. C astings of unequal section ten d  
to  con trac t a t  different ra te s  d u rin g  cooling, and  
i t  follows th a t  the  po rtion  m ost rap id ly  cooled 
completes its  con traction  first, th e  heav ie r po rtion , 
w ith  a slower fall in  tem p e ra tu re , con tinu ing  to  
con trac t a fte r  th e  lig h te r po rtion  has ceased. 
This condition gives rise  to  stresses in  castings, 
which increase as the  differences in  thickness of 
section a re  more pronounced.

L iquid  contraction  and shrinkage m ay be 
regarded  as simple con traction  only, and  it  may 
be reasonably assumed th a t  castings in cooling con
tr a c t  tow ards th e ir  own cen tres w hen th e  casting  
is of equal section. A casting  hav ing  a form 
sim ilar to  th a t  shown in F ig . 10 obviously will have 
two independen t cen tres of con traction . The ligh t 
portion  will oool rap id ly , w hile th e  m assive portion  
will cool slowly, so th a t  th e  whole casting  behaves 
ra th e r  like two d is tinc t castings, th e  re su lt being  
th a t  th e  con traction  is d irected  tow ards th e  cen tres
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A and B respectively of th e  two sections, produc
ing  a p lane of weakness a t  th e  junction  of the  
tw o sections, th e  m etal draw ing away from the 
junction . To produce th e  ideal conditions found 
in  a casting  of equal section i t  is therefo re  neces
sary  to  hasten  th e  cooling of th e  heavier por
tion . To b rin g  th is  about, a chill is inserted  when 
ram m ing up th e  mould to  form th e  lower surface 
of th e  heavy section, and so rap id ly  abstrac t the  
h ea t and hasten  th e  cooling, thus equalising th e  
r a te  of cooling th roughou t th e  casting. By th is 
m eans th e  opposing forces a re  neutralised , and the  
p lane of weakness a t  th e  junction  of th e  two sec
tions is e lim inated  by th e  m erging of th e  two 
cen tres of con traction  in to  one. C ast iron is 
mostly used for “  chills,”  although brass and alu
m inium  have been employed for certa in  classes of 
work. C om paratively ligh t chills may achieve the 
ob ject of equalising th e  r a te  of cooling, and the  
heavier th e  chill employed th e  more rap id  will be 
th e  abstrac tion  of heat. The use of chills requires 
th a t  they  be provided w ith some m eans by which 
they  m ay be held in position in  th e  m ould, and for 
th is  purpose rods a re  usually  cast in to  th e  backs 
of chills. Chills, when used for these purposes, 
m ust be free from  ru s t and  evenly coated with 
plumbago. T he la t te r  m ay be rubbed on dry  or 
mixed w ith  w ater and pain ted  on, the  chill being 
dried before use. The use of chills w ith green- 
sand m oulds requires th a t  th e  moulds are  le ft open 
u n ti l ready  to  cast, as m oisture from th e  mould 
tends to  condense on th e  surface of th e  chill. 
Chills a re  usually  in serted  in th e  mould by bedding 
ag a in s t th e  p a tte rn  an d  ram m ing up with the 
mould. P lane  surfaces requ ire  only flat pieces of 
m etal as ohills, b u t curved surfaces requ ire  the  
p rep a ra tio n  of chills of th e  desired cu rvatu re.

Variations of Properties by Chilling.

T he production of castings from  one quality  of 
m etal, hav ing  tw o grades of p roperties in  itself, 
is lim ited  to  grades of cast iron which possess the 
p roperty  of tl ch illing .” The effect of contact w ith  
a m etallic surface is to  produce an extrem ely hard  
surface upon a casting  hav ing  a com paratively 
soft centre. F ig . 9 shows th e  effect of chilling on 
the  frac tu re . The bottom  shows the  typical hard
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w hite-iron fra c tu re  passing g radually  in to  soft 
grey, th e  hardness being determ ined by th e  con
dition  of th e  carbon presen t. The sudden cooling 
of th e  surface has p reven ted  th e  sep ara tio n  of 
th e  g rap h ite , and  th e  iron is th u s  le ft w h ite  by 
th e  carbon being  re ta in ed  in th e  combined condi
tion . The thickness of th e  h a rd  w hite surface 
layer is  influenced by th e  tem p era tu re  and  th ick 
ness of th e  m etallic chill and  also th e  tem p e ra tu re  
of the  m olten m etal. “  C hilling ” cast irons m ust 
have a  low phosphorus con ten t, and th e  silicon

C h ILL R o l l  M o u l d

F i g . 11.— M o u ld  s e t  u p  f o r  
C a s t in g  S m all  C h il l e d  
K o ll .

should be of th e  order of 1 per cen t. Table I . 
shows analyses of three samples of p ig-iron su it
able for chilling : —

T a b l e  I .— Typical Analyses o f Chilling Irons.
Cc. 0.84 0.50 0.60
Gr. 2.51 2.49 2.26
Si. 0.81 0.94 0.96
Mn. 0.66 0.72 0.60
P . 0.48 — 0.50



Chilled RoUs.
T he chilling of cas t iron  is most extensively 

practised  in  th e  m anufacture of rolls for rolling 
mills, w hich requ ire  to  be externally  chilled in  
o rder m ore successfully to  resist wear by abrasion. 
C erta in  classes of car wheels a re  also chilled on 
th e  tre a d  in  order to  provide a  h a rd  w earing 
surface. F ig. 11 shows a vertical section of a 
mould set up  fo r casting  a  small roll. The mould 
is a composite one of sand o r loam and m etal, the 
m etallic portion  consisting of a cylinder or series 
of cylinders bored out to  size, whilst the neck and 
coupling a re  moulded in  sand. The roll is gated  
a t  th e  bottom , and  th e  g a te  should be cu t ho ri
zontally  a t  a  ta n g en t in  order to  induce a ro tary  
m otion around  th e  axis of th e  roll. By th is  m eans 
any sullage is concen trated  in  th e  centre, which 
assists in producing a clean surface to  the  roll. A 
feeder head  is provided by ex tending  th e  coupling. 
To conduct th e  h ea t away rap id ly , and so give the  
requ ired  dep th  of chill, th e  area  of th e  cross-section 
of th e  chills should a t  least equal the  a rea  of the 
cross-section of th e  ho t m etal in contac t w ith  them . 
The surface of th e  chills should be well coated 
w ith  plum bago, and used dry  and hot enough to 
p reven t th e  condensation of w ater vapour.
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PRESIDENTIAL ADDRESS.

By R. O. Patterson.
T h e  B ran ch -P  r e s id e n t , in  delivering his 

address, s a id :—-
G entlem en,—The foundry  tra d e  to-day is u n 

doubtedly passing  th rough  th e  w orst phase in  its  
whole h isto ry . N ever in  th e  mem ory of m an has 
business been so scarce as a t  p resen t. I t  would 
ap p ear th a t  we w ere experiencing ano ther s trik e , 
i.e ., th e  s tr ik e  of th e  buyer who will n o t pay 
the  present-day price of castings, th e  re su lt being 
very nearly  a to ta l cessation of orders. This s ta te  
of affairs has always happened  in  p as t years a fte r  
w ars, and  is, in  th is  case of suoh huge dim ensions, 
in  d irec t p roportion  to  th e  size of th e  la te  w ar. 
The position  has been seriously affected also by 
strikes bo th  in  our own tra d e  and  in  th e  coal 
industry .

The false s ta te  of p rosperity  d u rin g  and imme
d ia te ly  a f te r  th e  w ar led all of us to  believe th a t  
th is  com fortable s ta te  of affairs was going to  be 
continued indefinitely. However, th e  pressing 
needs of th e  w orld have been satisfied, and  orders 
irrespective of price a re  a th in g  of th e  past, so 
th a t  th e  sooner we buckle to  an d  g e t back to  
norm al o u tp u t and cost, th e  b e tte r  fo r everyone 
concerned. This will be a m a tte r  of tim e.

One canno t expect a g re a t world upheaval, such 
as the w ar, to  go p a s t w ith o u t leaving its  m ark  
behind. Exchanges have been throw n in to  a s ta te  
of chaos, so th a t  th e  question of export is nearly  
an im possibility, and, w ith  ou r expo rt tra d e  gone, 
we a re  in  a very parlous sta te . I t  therefo re  
behoves every m an to p u t h is  b est foot forw ard  
to  try  and b rin g  th ings back to  a reasonable s ta te . 
U ndoubtedly prices m ust be s till fu r th e r  reduced, 
o u tp u t  p er m an m ust be increased, and  every



possible m eans m ust b e  used to  endeavour to  
cheapen th e  finished article.

Improvement in Foundry Practice.
In  th e  foundry , I  th in k  th a t  th ere  a re  many 

d irections in  which im provem ents can be m ade. 
One of th e  m ost im p o rtan t ones is  in  th e  direction 
of g e ttin g  castings standard ised , so th a t  a serious 
a tte m p t could be made to  in troduce m achine 
m oulding in to  our d is tric t. The apathy  of the 
users of castings tow ards s tandard isa tion  is very 
difficult to  unders tand , b u t i t  is largely due to  the 
insane cu t- th ro a t com petition between founders 
which obtained before th e  war, resulting  in  cast
ings being sold a t  considerably less th an  th e ir tru e  
w orth. To-day, w ith h igher labour and  m aterial 
costs, these users of special castings cannot afford 
th e  price , the  re su lt being th e  present s ta te  of 
affairs.

I f  we tak e  th e  exam ple of s tre e t castings, such 
as m anholes, etc. E very surveyor, w hether of a  
large city  or of a coun try  village, has his own pet 
ideas as to  how a manhole should be made, instead 
of discussing th e  m a tte r in th e ir  In s titu tio n  and 
agreeing to  a s tan d ard  so th a t  the  founder could 
q u ite  safely spend an adequate sum in m aking 
first-class p a tte rn s  and box parts , th u s  helping to 
produce th e  artic les a t  a  cheaper ra te . Now th is 
s ta te  of affairs obtains in  a more o r less degree 
th ro u g h o u t th e  whole of the  B ritish  engineering 
trad e , and I  only hope th a t  th is  p a r t  of the  lesson 
of th e  p resen t slump will be tak en  to  h ea rt. I 
am  glad  to  see th a t  the  P res id en t of th e  In s ti tu 
tio n  of A utom obile E ngineers took u p  th is  question 
of ind u stria l standard isa tion  very thoroughly in 
his opening address a few days ago, and  I  hope 
th ere fo re  th a t  some progress in  the  r ig h t direction 
may be th e  result.

A nother field in which there  a re  large possi
b ilities for economies is in  the  d irection  of scientific 
research.

The British Cast-iron Research Association.
As most of you a re  aw are, the B ritish  Cast I r°n 

R esearch A ssociation has been formed during the  
p ast tw elve m onths which, in my opinion, is one 
of th e  g rea te s t advances the  foundry industry  has 
ever taken . The lists of th e  problems which have



464

been handled by the  D irector of R esearch, an d  which 
appear m onthly in T h e  F o u n d r y  T r a d e  J o u r n a l , 
give you some idea of th e  work going on. These 
problems have been subm itted  by firms who a re  
members of th e  Association, an d  th e  resu lts are  
only supplied to members.

Now, G entlem en, I  th in k  th a t  you will agree 
th a t  these problem s constitu te  a  very in te restin g  
program m e of v ita l im portance to  every foundry- 
m an. Y et th e  apa thy  shown generally , and p a r t i
cu larly  on th e  n o rth -east coast, can only be
described as appalling . O ut of all th e  foundries 
in  our neighbourhood only some tw elve to  fifteen 
have become members. Now the  A ssociation cannot 
exist jr ith o u t th e  full suppo rt of th e  foundry 
trad e , and I  appeal to  each of you n o t to  re s t 
u n ti l  your firm has become a member.

W ith  regard  to  th e  program m e of the
B .O .I.R .A ., I  th in k  th a t  the  subjects ap p er
ta in in g  to th e  cupola a re  of g re a t  in te re s t
an d  offer a very large field for economies in  th e
foundry, for even w ith  th e  best-know n p ractice  
th e re  is a wide m arg in  before an y th in g  like 100 
per cent, efficiency is gained.

Apprenticeship Training.
A nother sub ject which is ind irec tly  connected 

w ith  foundry  economies is the  education  of foundry 
apprentices. This sub ject has -been discussed by 
your Council and an a tte m p t has been m ade to  get 
classes in s titu ted  by th e  educational au tho rities , 
b u t I  reg re t to  say th a t  so fa r  we have been unable 
to  m ake headw ay, ap paren tly  owing to  our 
ignorance on th e  sub ject of red -tape  pulling . 
However, we have no t yet given up hope, and 
tru s t  th a t  before long we shall win some m easure 
of success. On th e  o ther hand , i t  is qu ite  possible 
th a t  an y th in g  done in  th is  d irection  will have to 
be done by ourselves. In  th is  case i t  would appear 
th a t  each foundry o r a  group of a few foundries 
would have to  provide a fair-sized room to  be used 
generally  by th e  men for recreation  purposes and  
on occasions for a lecture . The lec tu re rs would 
have to- be provided by th is In s titu tio n , and if the 
subjects were arranged  in some so rt of o rder, I  
have g rea t hopes th a t a very large am oun t of 
spade work would be accomplished. I  am qu ite  
sure  th a t  foundry  boys and young men have only
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to  be s ta r te d  along th e  r ig h t p a th , and in  a 
short tim e an  immense am oun t of enthusiasm  would 
be aroused.

I t  is very ev iden t to  me th a t  the abominable 
feeling of hostility  which exists to-day between 
employer and  employee is largely due to the  lack 
of in te res t taken  by th e  men in th e ir  work and 
also the  “ up ag a in s t a stone wall ”  feeling which 
is bound to  exist when a  man only knows the 
a lphabe t of his job. B y th is I  mean th a t  i t  m ust 
be very discouraging to  an in te lligen t m an to  make 
castings day a f te r  day  and to  know no more abou t 
bis business th an  to ram  th e  sand around the 
p a tte rn .

I f  th a t  m an knew enough about iron so as to 
form  an in te lligen t opinion as to  th e  cause of a 
fau lty  casting  he would certain ly  have a g rea te r 
in te re s t in his work. As th ings obtain  to-day, all 
he can say is th a t  the  m etal is bad ! As to  how 
or why i t  is bad he knows nothing.

A nother view of th is hostility  leads one to th ink  
th a t  it  is th e  re tu rn  swing of the  pendulum  from 
th e  bad old pre-w ar days.

Now I  th in k  th a t  if th ere  was a works recreation 
room where employers could sit and ta lk  to  the 
m en, smoke w ith  them , -and ta lk  over foundry 
problem s of everyday in te rest, i t  would be largely 
responsible in  b ring ing  around th a t  feeling of 
confidence betw een both  p arties  which is so greatly  
to  be desired.

Now the  foregoing is only an idea, and  so far 
as I  know has not yet been p u t in to  p ractice, and 
i t  may possibly contain  some disagreeable features, 
b u t a s ta r t  w ith th is  problem has got to be made, 
and  in my opinion the  sooner th e  be tte r.

There is one item  of in te res t which I  should like 
you to  know, an d  th a t  is th a t  I  expect my friend 
M r. D avid  M cLain, of M ilwaukee, to  v is it th is 
country  in the  n ear fu tu re , an d  I  fully expect him 
to  give a P ap er on semi-steel. I t  will have to  be 
a special n igh t, b u t I  expect to  see a recoid 
a ttendance  here in view of th e  absorbing in terest 
of th e  subject.



East Midlands Branch.

A t a  m eeting held  on November 19 a t  th e  Tech
nical School, Leicester, a  P ap e r was read  by L ieu t. 
F . G. S k e rr itf  on  “ The E lectric W elding of Oast 
Iro n  and S tee l.”

The B ranch-P residen t, M r. W . T. E vans, or 
Derby, was p resen t, b u t he hav ing  lost h is 
voice, M r. S. H . Russell, of Leicester, deputised  
in the ohair.

THE ELECTRIC WELDING OF CAST IRON.

B y Lieut. E. G. Skerritt.

L ib u t . S k e r b j t t  h op ed  th e  m em b ers w ou ld  fo r
g iv e  a n v  sh o rtco m in g s, a s  i t  w as th e  first t im e  h e  
h ad  v en tu r ed  to  a d d ress su ch  a g a th e r in g  on a 
te c h n ic a l su b ject.

H e  s a id  e le c tr ic  w e ld in g  h a d  b e e n  k n o w n  fo r  
40 y e a r s ,  b u t  t h e  r e c e n t  in te n s iv e  d e v e lo p m e n t  c a n  
b e  a t t r i b u t e d  to  t h e  w a r . S h o r ta g e  o f  c a r b id e  a n d  
o x y g e n  le d  in  m a n y  o ases  t o  tihe s u b s t i t u t io n  c f  
e le c tr ic  a r c  w e ld in g  fo r  o x y -a e e ty lo n e  w e ld in g . T h e  
im p ro v e m e n ts  m a d e  r e s u l t e d  in  i t s  b e in g  re c o g 
n ise d  as  a n  e n g in e e r in g  a n d  c o m m e rc ia l  su ccess , 
a n d  th e  r a p id  d e v e lo p m e n t o f  sp e c ia l is e d  p ro c e sse s  
is  d u e  to  th e  wiide sc o p e  o f  t h e i r  a p p l ic a b i l i ty .

Oxy-acetylene and electric w elding should n o t be 
regarded a s  replacing  one ano ther, b u t a s  supple
m enting each o ther, and  both processes were used 
by the au th o r. E lectric  welding can he placed in  
two d is tinct groups, one producing h e a t by the 
resistance of the m etal being welded to  th e  passage 
of the  cu rren t, and th e  o ther by using th e  h ea t 
of th e  eleotric arc. They a re  known as resistance 
welding or sectional welding, and  a rc  welding or 
surface welding. The differences re s t en tire ly  on 
methods and special applications. In  a rc  welding 
th e  heat is localised th rough  th e  aotion of th e  
eleotric arc, an d  no pressure is applied. In  resist
ance welding th e  h ea t is localised by the resist
ance to  th e  flow of th e  c u rre n t and  pressure is



applied. The contac t or resistance m ethod can 
be term ed a proper weldiing process, and  the other 
more correctly described as autogenous welding 
by th e  electric arc.

The m ethods of using resistance welding are 
b u tt, spot and seam welding ; and of arc welding 
by th e  carbon electrode and th e  m etallic electrode, 
th e  la tte r  sometimes bare  and sometimes covered.

Resistance Welding.

The process of resistance welding is based on the  
fiact th a t  a poor conductor of electric cu rren t wtill 
h e a t if  c u rren t is forced th rough  it , or th a t  a 
gjood conductor will heat if enough cu rren t is 
passed th rough  it. The resistance m ethod is the  
sim plest, and is lim ited  almost exclusively to  new 
work and to  articles of m oderate size, although 
latex  developm ents have m ade heavy steel members 
a  p rac tica l proposition. Tbe operation consists 
m ainly  in  clam ping the  pieces in  a machine, pass
ing  a  heavy c u rre n t th rough  th e  area of contact 
un til i t  becomes plastic and then  squeezing the 
pieces together to form a  weld.

O ast iron  cannot be commercially welded by th is 
m ethod as i t  passes suddenly from  crystalline to 
fluid s ta te  when a t welding tem pera tu re . W ith  
steel or w rought iron th e  tem p era tu re  m ust be 
k ep t below m elting  po in t to avoid in jury  to the 
m etal. The m etal must he heated  quickly and 
pressed together w ith sufficient force to push ou t 
a ll b u rn t m etal from  th e  jo in t. H igh-oaibon steel 
m ust be annealed a f te r  welding, h u t nickel steel 
welds readily , increasing th e  streng th . When 
welding copper and brass p ressure m ust be less 
th a n  when welding iron, cu rren t is cu t off the  
in s ta n t m etal begins to soften and pressure 
applied .

B u tt  welding consists of b ring ing  two pieces of 
m etal in  contact end to end o r side to  side, and 
th en  clam ping th e  ends between two heavy copper 
jaw s supplied w ith  a  la rge  cu rren t a t  low vol
tage. Tlhe m etallic  surfaces should be of p rac ti
cally the sam e cross section. A sligh t b u rr is 
form ed a t  junction , and  weld is finished off _bv 
ham m ering. The cu rren t is generally a lte rn a tin g  
single-phase. E lec tric  w elding can be used for 
bars, chains, tyres, fram es, w ires, and  the like.



Spot Welding.
Spot welding is a m odification of b u t t  welding 

used for jo in ing  sheet m etal. P la te s  to  be jo ined 
a re  placed between electrodes through  which a 
h igh c u rre n t is passed while p ressure is applied. 
In ten sity  of c u rre n t produces a  ra p id  rise  of tem 
p e ra tu re  which, combined w ith  pressure, tends to 
p rev en t oxidisation  in  th e  weld. The appearance 
is sim ilar to  flush-riveted welds. By rep lacing  
po in ted  electrodes w ith m echanically-driven elec
trodes, continuous seam welding can be ca rried  
out, and  th is  form  of continuous welding m achine 
is  becoming increasingly popular for jo in ing  m etal 
sheets to  form  oases, drum s, tray s , etc. H eavy 
spot welding is in an  experim ental stage.

Carbon Arc W elding.
The characteristic  princip le  of carbon a rc  weld

ing is th a t  an electric arc  is held betw een the  
m etals to  he joined, an d  th is  forms one electrode 
oif the c ircu it an d  a carbon rod or pencil m an ipu
la ted  by th e  welder which form s th e  o th e r elec
trode. By placing the  carbon electrode in  con tac t 
w ith  th e  m etal, th u s  d o sing  th e  c irc u it an d  in 
stan tly  w ithd raw ing  i t  aga in , tan electric  a rc  is 
form ed betw een th e  two electrodes, and  owing to  
the h igh tem p era tu re  of th e  a rc  th e  m eta l is 
m elted. E xperience has shown th a t  th e  m etal to  
be welded should be th e  positive electrode and  the  
carbon th e  negative electrode. I f  th is  o rder is 
reversed a  sh o rte r a rc  is ob ta ined , an d  particles 
of th e  caribou rod can  en te r th e  m olten m etal and  
cause brittleness. C u tting  can ,be done by caribou 
arc, tout few operator® can  follow a  sharp  line, and  
th e  (arc  leaves a very rough edge. B irec t c u rre n t 
is used of from  00 to  90 volts, an d  from  250 to  GOO 
am peres according to  th ickness of m etal.

M etallic Arc W elding.
M etallioiarc welding is a  m odification of th e  

carboneare welding. T he process is b e tte r fo r th e  
operator, for th e  electrode is  only 3-16 inch, and  
th e  welder has one hand  free  in  which to  hold a 
p ro tec ting  screen.

Arc Burn.
I t  is  very painfu l if  th e  rays reach th e  eyes 

e ither d irec tly  or reflected; th e  sym ptom s do- not



show a t  th e  tim e, b u t arise  about six hours later, 
an d  the  inflammation, rem ains several days.

A low voltage is requ ired  as in  th e  carbon arc, 
b u t c u rre n t is reduced to  50-175 am peres. The 
electrode usually  supplies th e  filling m ateria l.

P ro tec tion  for th e  sk in  as well as eyes is neces
sary  in  all a rc  welding. A wooden or m etal screen 
fitted  with coloured glass and large enough to 
p ro tec t forearm , face and  neck is desirable, th e  
r ig h t hand  being gloved, while in addition  a helm et 
is worn against reflected light.

Covered Electrodes.

P rac tica l te s ts  have -shown th a t  weldis with bare 
electrodes lacked d u c tility  and resistance to  shock, 
b u t m uch useful work is  done, and the cost of 
electrodes is less th an  half, and  th e  time occupied 
as tw o is to  th ree. Covered electrodes perm it the 
electro-m agnetic effect -of the  welding cu rren t to 
a c t upon th e  molten m e ta l; i t  -applies flux to  the 
weld a t  a ra te  -that adj-usts itself perfectly to  th a t  
of th e  m elting of th e  electrode an d  im parts to  the  
deposited m etal ce rta in  desirable characteristics. 
The electro-m agnetic action is in effect the  propul
sion of th e  m olten m etal from th e  electrode tow ard 
th e  m olten m etal in  th e  weld, thereby thoroughly 
u n it in g  th e  m etal to  be welded and th e  deposited 
m etal -from th e  electrode.. T here a re  possibilities 
of -defects a t  th e  junction  of old and new layers 
an d  -al-so -when new electrodes a re  inserted , b u t a 
rea lly  skilled opera to r can overcome these diffi
culties, weld perfectly vertically  and  overhead, and 
in any position bring  th e  slag to  th e  surface.

W elders requ ire  a g re a t am ount of tra in in g , and 
th e  id ea  th a t  th e  operation  is simple is respon
sible for m any disappointm ents. No welder should 
reg a rd  a job as impossible, though  w hether i t  will 
pay  is -often a determ in ing  factor. A good welder 
m ust be som ething of a  boiler sm ith , engineer, 
e lectrician , m oulder and  draughtsm an. I t  is often 
necessary to  know th e  cause of the  b reak ag e ; i t  is 
n o t fa ir  to a  custom er to  weld a piece th a t  is of 
too ligh t a section.

E lectric w elding -should be considered as supple
m entary  to  and no t supp lan ting  oxy-acetylene 
welding. The la tte r  is  generally  m ore su itable and 
economical on rep a irin g  small jobs and electric
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welding for heavy work. Record, 'advances in  the 
use of a rc  welding a re  in  app lica tion  to construc
tional work, roof trusses 'being welded in s tead  of 
rive tted , h u t m any people are  unw illing  to  risk  a  
new m ethod w ithou t th e  g u a ran tee  whioh tim e  s
alone oan give. I t  is su itab le  to  fasten ing  th e  steel p.
skeleton fo r reinforced concrete. One very  im - ir
p o rta n t advantage of welded jo in ts  is th a t  fo r oil- si
and  w a te r- tig h t s truc tu res . As com pared w ith a as
riv e tted  jo in t a  welded jo in t  is w a te r-tig h t up  to  iri
its breaking point. Ship  an d  m arin e  boiler rep a irs  
figure largely in  th e  work done w ith la rg e  masses co
of m etal, and  much money h as  been saved. Arc 
weldiing fo r boiler repairs is  now s ta n d a rd ; all gi
kinds of worn m achine sh a ftin g  oan be reinforced
and  m achined down to  th e  orig inal size. T ram 
ways can effect more economy by using electric  
welding on such th ings ‘as the  side fram es of tr a m 
way bodies, m eter fram es, th e  build ing  up of worn 
bolt holes, a rm a tu re  shafts and on the track .

M any successful repairs  to  oast iron  have been 
m ade w ith  steel electrodes, no effort being  m ade to  
deposit oast iron. W ith  th is m ethod of w elding 
th e  am ount of hea t applied a t  th e  weld has been 
found less thian w ith any o ther m ethod, an d  th e re 
fore extensive s tra in s  an d  con trac tion  .cracks are 
avoided. This is a  m ost 'im portan t p o in t in  cast- 
iron w elding. I t  enables oast iron  to  b e  welded 
in  situ  and w ithout pre-heatiing.

In  conclusion, L ieu t. S k e r r i t t  m entioned a 
num ber of rep a ir jobs u ndertaken  by h is firm and , 
passed round samples of electrodes. An in te restin g  
job, he said, was to weld a c ran k -sh a ft w ith  a 
three-fold frac tu re . I t  was in  a cellar th ree  storeys 
dow n; a  26-ih.p. m otor h ad  to  be ca rried  down to  
drive a  dynamo. This job cost £56, and had  stood 
two years, and w ithou t th is  m ethod th e  m ain  
shaft, w eighing 5 tons, would have had  to  be 
removed.

DISCUSSION.

Asked as  to  cost, th e  lec tu re r said he had  
worked out a calculation of 5s. per cubic inch. 
H e had  worked ou t th is  on ac tua l jobs, an d  found 
th a t  for jobs in  s itu  th e  basis is under th e  m ark, 
for jobs in  th e  shop i t  is  well over th e  m ark.
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M r . B axley iask&d w h e th e r  f o r  t h e  e le c t r ic  w e ld 
in g  o f  o a s t  i r o n  th e  m a te r i a l  b a d  to  b e  p re -h e a -ted .

L ibx it . S k e r r it t  referred  Mr. Bailey to the 
th ree  pieces of oast iron  exhibited, which were 
simply oast iron deposited w ith a  specially p re
pared  electrode of m ild steel which deposits cast 
iron. In  welding w ith such an electrode i t  is neces
sary always to p re -hea t in  exactly the  sam e way 
as i t  is  necessary to  p re-heat for oxy-acetyleno 
weldiing. All th e  o ther sam ples shown -where steel 
has been deposited on oast iron had been effected 
oo-ld.

M r . B a r r e t t  a s k e d  a b o u t  th e  w e ld in g  o f c o p p e r  
a n d  b ra s s .

L i e u t . S k e r r it t  said  he had no experience, h u t 
was advised a process would shortly he m arketed. 
H eavy castings could be welded by th e  electric arc 
w ithou t pro-heating , using a mild steel quasi-arc 
or o ther specially p repared  electrode. The carbon 
a rc  process was generally  considered appropria te  
for filling up la rge  blow-holes in  heavy castings.

A nsw ering fu r th e r  questions, L ie u t . S k e r r it t  
said w ith  reference to welding oast iron  assisted 
by in se rtin g  steel pegs on either side of th e  \  ee 
he w ould n o t g u a ran tee  a w ate r-tigh t or pressure- 
t ig h t job if he had  to  rely for th e  soundness of -the 
job on steel pegs a lo n e ; he would require, in add i
tion  to  th a t , perfect am algam ation of the  deposited 
steel w ith oast iron.

A  M e m b e r  s a id  h e  m a in ta in e d  th e y  c o u ld  g e t  
w a te r - t i g h t  a n d  p r e s s u r e - t ig h t  jo in ts  w ith o u t  a m a l
g a m a t io n  o f  t h e  m e ta l .

M r . B e n t l e y , P res id en t o f th e  Leicester Asso
ciation  of E ngineers, proposed a  vote of thanks 
to th e  lecturer. H e h ad  'been experim enting with 
oxy-acsty lene welding, and th ere  was no doubt 
difficulties ex is t which are  "easily overcome by the  
electric  process. .

M r . C l a r k e  (L o u g h b o ro u g h )  se co n d ed , a n d  in  
r e p ly  L ie u t . S k e r r it t  s a id  h e  w a s  g r a te f u l  to  know  
h e  h a d  in t e r e s t e d  th e m  in  h is  a d d re s s  on  su c h  a 
s u b je c t .



Scottish Branch.

MECHANICAL TESTS FOR CAST IRON.*

By F. J. Cook.

A P ap er on “ M echanical Tests for C ast Iro n  ” * 
was read  before a m eeting  of th e  C oventry B ranch 
on December 7 by M r. F . J .  Cook. The occasion 
was a jo in t m eeting w ith th e  C oventry E ng ineer
ing Society, and a good m uster of mem bers of 
both bodies were p resen t. M r. E . C arey H ill 
(B ranoh-President) was in  th e  chair.

DISC USSIO N.

T h e  P r e s i d e n t , in inv iting  discussion, said they 
had heard  a very in te re stin g  lecture , and  i t  had  
been an adm irable dem onstration  of m any of the  
scientific methods employed in m easuring  qualities 
of cast iron by m echanical tes ts.

Transverse or Tensile Test ?
M r . H a r l e y  said th a t  th e  lec tu re r had  always 

been ready  to  place th e  resu lts of his investiga
tions a t  the  disposal of th e  In s titu tio n . C ast iron , 
of course, was a very complex substance, an d  th e  
conditions which caused v a ria tio n s  were in 
num erable. The problem was to find some m ethod 
whereby th e  conditions for any p a rtic u la r  line 
of work could be stabilised  and k ep t co n stan t 
from day to  day. W ith  regard  to  th e  m ost im 
p o rta n t physical tes ts—th e  tensile  and tran sv erse  
tests— a g rea t deal had  been said as to  th e  best 
method of tak in g  them . W ith  heav ie r classes of 
work, doubtlessly i t  was very sa tisfy ing  to  an 
inspector to see th e  test-p iece on th e  casting  and 
then  to  see i t  broken off and tested . B u t w ith 
autom obile work th a t  condition was very difficult, 
because a m ajority  of the  castings were so sm all, 
and o ther factors would m ake th is  p ractice  a 
nuisance. W h at would have to  be done was th e  
s tandard isa tion  of m ethods of m aking  such te s t

* I h i s  p ap e r appears  in  th e  P roceed ings  fo r 1920-1921.
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bars. E very deta il in regard  to  the  m ethod of 
moulding and casting  test-bars should be definitely 
established. W hether i t  was actually  th e  best 
m ethod did n o t so much m atte r . W hat they 
should have was a  comparison between one iron 
and  another, and  betw een one foundry and 
ano ther. This could only be done when th e  same 
m ethods were universally  adopted. Obviously, 
th ere  still rem ained  th e  problem of w hether these 
resu lts corresponded to  th e  castings under 
exam ination . In  h is opinion, i t  was alm ost im 
possible to  g u a ran tee  th e  life and capability  of 
an y  castings from  a test-bar, b u t i t  would give 
some idea, particu la rly  if a sufficient num ber was 
tak en , of th e  quality  of the  m etal. However, in 
a  mould th e re  were o ther factors which operated 
e ith e r to  m ake th e  casting  a  good or a bad one. 
The question of th e  ram m ing of th e  mould, of the 
am oun t of m oisture there in , th e  condition and 
th e  k ind  of sand , and  the  method of runn ing  were 
am ongst these factors. A dditionally , th ere  was 
th e  casting  tem pera tu re . D r. Longm uir had 
proved th a t  th e  casting  tem p era tu re  had very 
s tr ik in g  resu lts on th e  s tren g th  of the  metal. 
B u t he would like M r. Cook or D r. Longm uir to 
tell them  w hether there  was any exact workshop 
m ethod of judging  th e  tem pera tu re  of molten 
cast iron . H e had  tr ied  a good many methods, 
b u t had  n o t y e t found a satisfactory  one of ind i
ca ting  some of th e  small differences in tem pera
tu re  such as were shown on th e  chart. W ith 
regard  to  th e  ‘‘ hardness ”  chart, where combined 
carbon, su lphur and  m anganese were shown, some 
rem arkable varia tions were obtained in  hardness. 
H e (M r. H arley) would like some expression of 
opinion from  Mr. Cook as to  w hether, if a  foundry- 
m an h ad  to  choose between a transverse  or a 
ten s ile  te s t, th e re  was any th ing  which favoured 
th e  one more th an  th e  o ther, and which was the 
m ore valuable. There was a very general consen
sus of opinion th a t  th e  transverse te s t was the 
m ore su itab le , b u t aga in s t th is  he quoted his ex
perience th a t  he had  never been able to  obtain 
tw o tran sv e rse  te s ts  which came ou t sim ilar, even 
though  th e  conditions, as fa r  as i t  was humanly 
possible to  ensure them , were th e  same. As to 
how or in w hat m easure te s t pieces represent a
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cast, o r the  quality  of a  num ber of castings, a 
g re a t deal would still have  to  be le f t to  the  
honesty and  ab ility  of th e  foundrym an. W ith  
reg ard  to th e  B rinell hardness te s t, he agreed th a t  
th is  te s t was n o t of much value in  cast iron. B u t 
he would like to  m ention in  connection w ith th is  
tes t, a lthough  i t  had  no th ing  to do w ith cas t iron, 
th a t  those dealing w ith  non-ferrous alloys, p a r
ticu la rly  alum inium , would find th e  B rinell te s t 
very useful in  ind ica ting  v a ria tio n s in  th e  com
position of the  alloy.

Troubles Through Growth.
M r .  G. K ir b y , of th e  C oventry E ng ineering  

Society, said, w ith  reference to  M r. Cook’s m en
tio n  of iron as used for Diesel engines, he had 
found th a t  iron  as used for superheated  steam  had  
a tendency to grow, so th a t  i t  had eventually  to  
he replaced by steel. Could M r. Cook te ll him  
of any p a rticu la r g rade  of iron  which he had  
found particu la rly  useful for h igh  tem p era tu res?  
I t  m ight be of in te re s t to them  »9 engineers. As 
to  th e  hardness of cylinders, and  th e ir  ab ility  to  
stand  wear and rubbing  and presen t a  good su r
face to  th e  piston, he expected th a t  th e  lec tu rer 
was aw are th a t  in  ce rta in  industries there, was a 
m ethod of ro lling  these cylinders in  o rder to give 
an artificial surface hardness.

Blast Pressure and Casting T em perature.
M r .  P l a y e r , being in te rested  in  th e  con tro l of 

b last pressures and casting  tem pera tu res , asked 
M r. Cook w hether he considered th a t  th e  p ressure 
was a  sufficiently accu ra te  gu ide  to  th e  volume of 
a ir  supplied d u ring  th e  blow to  allow the foundry 
m an to  ignore en tire ly  th e  ra th e r  difficult- 
problem of recording accurately  th e  volume of 
a ir?  H e had  in m ind th a t  in alm ost every cupola 
V ariations took place in  load, an d  i t  seemed pos
sible, a lthough  th e ir b last p ressure m igh t rem ain  
constan t owing to  the  m ake of th e  blower and 
o ther factors, th a t  they  m igh t be supplying d if
fe ren t q u an tities  of a ir p er m in u te  a t different 
portions- of th e  blow. T h a t po in t had  received 
considerable a tten tio n  in  foundries, an d  a t  his 
works they  had  considered p u tt in g  in  a volume 
recording m eter, b u t they  were n o t satisfied th a t  
th e  in s trum en ts  on th e  m ark e t were really reliable,
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although on the  C on tinen t expensive insta lla tions 
were being p u t  down. M r. Cook had  shown some 
in te restin g  ch a rts  ind ica ting  varia tions in  h a rd 
ness, and  particu la rly  in  tensile streng th , ob
ta in ed  by D r. L ongm uir w ith varying tem pera
tu re s  of pouring. L a te r he showed sim ilar charts  
of h is own, g iv ing  varia tions in tensile and tra n s 
verse s tren g th , an d  also in  hardness, w ith vary ing  
blast pressures. H e  would like to  know w hether 
M r. Cook considered h is own resu lts to  be due to  
th e  varia tio n s in  tem pera tu re , which are almost 
certain ly  consequent on th e  varia tions in the blast 
pressure. I f  so, th e  lec tu re r’s experim ents would 
seem to  follow on th e  lines of D r. L ongm uir’s ex
perim ents, w ith  th e  difference th a t  M r. Cook had 
m easured b last p ressure and D r. Longm uir the 
tem p era tu res  of casting. I t  was quite  easy to  
m ake a  series of te s ts  of blast pressures, and . care
fully  carried  o u t, some in te resting  resu lts sim ilar 
to  those ob tained  by M r. Cook would be available 
and  no  doub t valuable. A t his works they  were 
of th e  opinion th a t  such varia tions were only 
ind irectly  due to  b last pressure, b u t were directly 
th e  resu lt of th e  volume of a ir  supplied. T hat 
tem p e ra tu re  was a  considerable fac to r they had 
proved over and over again. H e hoped M r. Cook 
would te ll them  how to  ge t sound cvlinder cast
ings, which was a n  im portan t industry  in 
C oventry. They though t th e  question of tensile 
s tren g th  was ra th e r  over-laboured by many of the 
experts, because they  found li tt le  difficulty in 
ob ta in ing  tensile streng ths, b u t experienced con
siderable difficulty in  g e ttin g  100 per cent, of good 
castings.

Cast Iron for M achine Tools.
Mb. P . A. S h a w , Coventry E ngineering Society, 

rem arked th a t  he was very much in terested  in  w hat 
was said  respecting  th e  cast iron p u t in American 
m achine tools, and  said i t  was th e  general p rac
tice  when they  had  broken tools of th is so rt to  
replace them  by steel. H e  d id  n o t th ink  th a t 
th ey  gave th e  English foundries a chance of 
showing w hat they  could do in  the  m a tte r of good 
castings for m achine-tool work.

The D rill Test.
Mb . B b o u g h a b l  said th a t M r. Cook’s drilling 

tes ts  form ed an old po in t of contention between
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them . Some years ago M r. Cook convinced him  
(Mr. BrouighaJl) th a t  M r. Cook’s m ethod was th e  
r ig h t one for te s tin g  ca s t iron, and they designed 
and m ade a  m achine specially for th is  te s t. The 
resu lts , however, had  n o t been so good as he had 
hoped for, h u t th is  may have been b ro u g h t about 
th rough  th e  m achine n o t being designed for using 
large drills. M r. B roughall po in ted  o u t one p a r
ticu la r in stance  of th e  u n re liab ility  o f th is  te s t 
and  which th e  lec tu re r had  n o t explained. M r. 
Cook illu s tra ted  th e  m ix tu re  con ta in ing  0.5 per 
cent, of combined carbon and ano ther m ix tu re  
con ta in ing  1.2 per cen t, of combined carbon, and  
th e  drill-nardness te s t showed th a t  th e  m ix tu re  
con ta in ing  th e  sm aller percen tage  of com bined 
carbon was th e  hardest. M r. H arley  had  ra ised  
an in te restin g  p o in t in  connection w ith transverse  
tes t-bars. The question  of s tan d a rd  te s t  bars had 
occupied the a tten tio n  of th e  In s ti tu te  fo r m any 
years.

About ten  years ago a com m ittee was appo in ted  
to  deal w ith th e  m a tte r , b u t th a t  com m ittee had 
evidently  carried  ou t its work on th e  lines of a 
Royal Commission, because he believed th a t  up 
till now they h ad  announced no resu lt. H is 
opinion, based on m any yea rs’ experience, was 
th a t  th e  tran sverse  test-bars properly  m ade and  
properly  tested  told them  perhaps all they w anted 
to know.

N ecessity for Several Standards.

Of course, for d ifferent classes of iron different 
s tandards would have to  be adopted  ; for instance, 
a  d ifferent deflection would have to  be fixed for 
a so ft iron from th a t  of th e  h a rd e r iron. T heir 
m ethod of using a  transverse  b a r was to  cast these 
bars 11  in. square and m achine them  accura te ly  
to  1 in . square, and  then  carefully  te s t, p a r tic u 
larly  no ting  the  deflection. M r. H arley  had 
s ta ted  th a t  if th ere  was a  v a ria tion  of 1-32 in. in 
a  transverse  tes t-bar th e  resu lt ob ta ined  would 
be to ta lly  d ifferen t. To use tes t-bars  m ade under 
these conditions was a ltogether unreliable.

M r. Cook had m entioned D r. L o ngm uir’s C ar
negie R esearch work, h u t he m ust confess th a t  he 
had always en te rta in ed  a  ce rta in  am ount of doubt 
about th e  value of th is  research, so fa r  as had 
applied to  casting  tem pera tu res. D r. Longm uir
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claimed to  have m easured tem pera tu res of 1,400 
deg. C. du ring  his research work, b u t he had 
never been able to  find o u t w hat pyrom eter was 
used in th a t  research, nor did he believe there  
was, a t  th a t  tim e, any  pyrom eter existing which 
would m easure such a degree of tem pera tu re  
accurately .

B rinell Testing.

Mr. Cook had  m entioned the  small ball Brinell 
testing-m achine m ade by Messrs. A lfred H erbert, 
L im ited . A lthough very little  reliance could be 
placed on th e  B rinell te s t of cast iron, using a  
10 m /m . ball i t  had been found th a t  most reliable 
resu lts  could he ob tained  on close-grained cast 
iron  when using  th is  special machine, which car
ried  a  ball 1 m /m . in  d iam eter. In  a  recent 
investiga tion  on cast-iron piston-rings for m otor
c a r engines they  were able to  find th ree  different 
hardnesses in th e  w idth of th e  piston ring . Mr. 
B roughall exhibited  a  m icrograph showing th is 
small hall im pression on a piston rin g  which 
clearly  dem onstrated  th a t  th e  tin y  impression of 
th e  ball covered no less th an  400 g rap h ite  flakes.

A lluding to  th e  te s t which th e  lec tu rer asso
c ia ted  w ith the nam e of Mr. Owhridge, of the 
B ritish  P is to n  R ing  Company, M r. Broughall 
said th a t  th is  p a rticu la r te s t had  been dropped 
q u ite  a long tim e  as unreliable.

THE LECTURER’S REPLY.

The L e c t u r e r  (M r. F. J .  Cook), in replying to 
th e  points raised , said a  num ber of th ings had 
been touched upon which m ight be usefully known 
reg a rd in g  tensile  and  transverse  tests, hrom  his 
experience he though t th a t  th e  m ethod of m aking 
tesL bars  and  the ir size was one which would not 
be settled  by any one specification. In  reference 
to  th e  casting  otf tes t-bars for a  2- to  3-ton cylin
der, an d  also in  regard  to  small work generally, 
he agreed w ith Mr. H arley  th a t  different methods 
would have to  be adopted. As to  the question of 
tes t-bars  being oast separately , he rem arked th a t  
th e  old fundam enta l princip le  underly ing  these 
m a tte rs  was to  ensure as fa r  as possible th a t the 
conditions for these te s ts  should be the same.
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Tensile Test Preferable.

W hether the  te s t should be th a t  of a tensile b ar 
or a  transverse b ar depended on th e  im portance 
of th e  work. On th e  o ther hand , he th o u g h t th a t  
th e  best results o r the  m ost in form ation  had  been 
ob tained  for la rge  cylinders from  m achined tensile 
bars. The question of a rr iv in g  a t a specification 
which would give com parisons for th e  sam e class 
of work in  d ifferen t foundries was no t an easy 
one, b u t i t  should be borne in  m ind th a t  no bar 
would supply the  actual resu lts  of th e  castings. 
Obviously, i t  was no ind ication  th a t  th e  casting  was 
a  good one. However, if for a  long period they 
found th a t  th e  m etal on a s tandard ised  te s t-b a r 
cast in  a  definite m anner gave resu lts  on th e  bar 
which closely approxim ated, it was safe to assum e 
th a t  th e  castings a re  to  specification. Some people, 
i t  was tru e , declared th a t  tes t-b ars  were of no 
use, ibut th e  only a lte rn a tiv e  they  gave was 
th e  im practicable one of b reak ing  every casting  
and te s tin g  i t  for frac tu re . C oncerning th e  size 
of g rap h ite  plates, he had  invariab ly  found, as 
the results exceeded 18 tons tensile an d  approached 
19.4, so the  flakes of th e  g rap h ite  becam e la rg e r; 
they were longer and  very often  ra th e r  w ider. I t  
was a  curious coincidence, and he was dealing w ith 
th e  sub ject in a  P ap er which he had been asked 
to p resen t on belhialf of the In s titu tio n  in  America. 
Speaking of th e  A m erican specification, which was 
taken  on I j- ir i . round bar as oaist, th e  L ectu rer said 
he did n o t th in k  th is  was quite  sa tisfactory . H e 
had  only had one A m erican b a r subm itted  to  him , 
and  he had found i t  n early  one-eighth  of a n  inch 
oval, which would give a  d ifferen t re su lt bad  it  
been round, and so fa r  as he knew no formulae 
were available to  co rrec t ir re g u la r  c ircu lar tes t- 
bars. M r. H arley  had  spoken of th e  difference in  
th e  d ep th  of bars and th e  varia tio n s in  size, b u t 
i t  was obvious th a t  by eng ineering  formulae th e  
difference was as the  square of th e  dep th , an d  i t  
would be necessary to  square th e  difference in 
dep th  to  get the  proper resu lt. All tihe re su lts  he 
had  ob tained  were from  te s ts  m ade by g e ttin g  
away from  th e  skin a rea  and u nder th e  sam e con
ditions every tim e. The B rinell te s t was u n 
doubtedly a  very good one for alum inium , and  he 
hoped the}' did no t conclude from  w hat he had
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said th a t  he was condem ning th e  B rinell te s t for 
every k ind  of work. W h at he s ta ted  was th a t  i t  
was n o t good for oast iron. B u t i t  was an excel
len t te s t for many th in g s ; for surface hardness, 
such as in case-hardened p ins and artic les of tha t 
so rt. As to rolling surfaces of cylinder, th is had 
been used w ith regard  to  Diesel engine liners. The 
question of surface on Diesel engine liners was a 
very im portan t one; they required  to  have a per
fectly round bore, because i t  was necessary to  get 
an  accurately  fitting  p iston-ring  to  keep the 
cylinder case night. Rolling, to give good results, 
had to be very carefully done. I t  also needed good 
m etal, otherwise i t  became very uneven. They 
heard  com parisons m ade about the engines made 
to-day and those of years ago, and although oold- 
b last iron was b e tte r th an  hot-blast iron, there  
was ano ther factor which was often forgotten. In  
the old tim es i t  was n o t unusual when installing 
a n  engine to  ru n  i t  for weeks w ith a  view to  get
tin g  th a t  h igh  polish which produced th e  good- 
w earing properties, but to-day they had high-speed 
engines which were p u t on load alm ost a t once. 
As to  blast pressure and  th e  volume of a ir  sup
plied, th e  sub jec t was one which requ ired  a whole 
evening to  discuss. E xtensive research  was carried  
ou t in  th is  p a rticu la r field some years ago, and 
was available for those in terested . I t  was gener
ally la id  down th a t  th e re  were two functions, one 
of pressure and  th e  o ther of volume of a ir. Air 
volume gave efficiency or ou tp u t, and  theoretically 
th e  pressure required  for actual working was ju s t 
sufficient to  keep th e  a ir  in th e  cen tre  of the  
cupola. A ir would ta k e  th e  least line of resist
ance, which in  th e  cupola was a t  th e  sides. If  
they  did n o t get sufficient pressure th e  resu lt 
m ight be th a t  m elting was tak in g  place in  a small 
a rea  only. Sufficient pressure to  keep the  neces
sary volum e of a ir  in th e  cen tre  of th e  cupola in 
order to  p rovide th e  required  h ea t for proper 
m elting th roughout th e  a re a  was essential. T here
fore, theoretically , all th a t  was required  was suffi
c ien t p ressure to  ensure th a t  the  a ir  was well d is
tr ib u ted , and  w ith  th a t  th e  h ighest efficiency of 
th e  cupola was secured. By a ltering  the pressure 
and  carry ing  th e  idea fu r th e r  and  ge tting  the 
requ ired  ra tio  of volume, d ifferent resu lts of h a rd 
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ness and tensile streng th  could be obtained . The 
form ula was given by which th e  h ighest efficiency 
of th e  cupola could be obtained. B u t beyond th is 
ox idation  was caused, and o u tp u t fell, while the  
quality  of th e  iron m ateria lly  decreased. H e  did 
no t th in k  the  resu lts  obtained were a ltoge ther due 
to  tem p era tu re , b u t p a rtly  to p ressure, T he te s t 
w-hich he had  dealt w ith was sufficient to  give a 
sound “ K ,” and  he had  tes ted  from  2 ozs. to  
24 ozs. The tem p era tu re  was good, an d  th e  slow
ness w ith  which th e  m elt was m ade was effected 
by th e  volume of a ir . M r. Shaw had  spoken of 
th e  m eta l p u t  into A m erican tools, b u t h e  would 
like to  em phasise th a t  he had  n o t said th e  m etal 
generally  was b a d ; he only referred  to  th e  m etal 
in  th is  p a rticu la r A m erican b ar which was re fe rred  
to  him . H owever, he believed th a t  A m erican 
cast iron was in ferio r to English, and th is  was a 
m a tte r  which he was dealing w ith  in  his P ap er.

D rill Test U sefu l.
R egard ing  M r. B roughall’s p o in t th a t  his reference 

to  th e  O w bndge te s t  being som ewhat o u t of date , 
as i t  bad been dropped, he m entioned  it  as being 
one way of g e ttin g  over th e  difficulty of th e  d if
fe ren t sizes of in d en t and  th e ir  m easurem ent. Up 
to  date  he had a  record of 48,000 holes d rilled , and  
he had no diffidence in saying th a t  he had pinned 
his fa ith  on the  hardness te s t  if i t  was properly  
carried  out. There w ere also m any thousands of 
te s ts  n o t recorded. M r. B roughall's  m achine was 
a very good one, especially so fo r so fter m etals, 
b u t i t  did no t appear to  be sufficiently s trong  to 
work a  large drill. The difficulty was th a t any
th in g  which had a tendency to  whip, as is experi
enced w ith  a  small d rill when te s tin g  strong  irons 
(which was th e  fa u lt of th e  “ K e e p ” machine) 
reduced its  efficiency. T he resistance  was too 
g re a t for th e  type and  power of th e  m achine. 
W ith  sim ilar drills he had  found th e  same incon
sistencies, h u t w ith  o th e r drills and  pow er he had 
been able to  ge t consisten t results , and  also to  g e t 
very close figures w ith  reg ard  to th e  ra tio  of h a rd 
ness over long periods, and to  cu t o u t qu ite  a lot 
of difficulties w ith  cylinder work by th a t  and 
o ther tests. The g re a t tro u b le  w ith  transverse 
te s ting  was th a t  they had  very few people who 
were able to  diagnose th e ir  results.
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M e . B rough  all , in  proposing a vote o f  th a n k s  
to th e  L ectu rer, alluded to  Mr. Cook’s  many ac ti
vities for th e  good of the  foundry  trad e . Mr. 
B roughall re fe rred  to  th e  im portan t research 
whioh M r. Cook and  the la.te Mr. George H ailstone 
carried  o u t  in  connection w ith th e  struc tu re  of 
cast iron an d  an o th er im p o rtan t P aper on hlast- 
volume and  pressure.

M e . E lg ie  secon d ed , a n d  t h e  v o te , w h ich  w as  
ca rr ied  b y  a cc la m a tio n , w as su ita b ly  rep lied  to  by  
t h e  L ectu rer .

R
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Birmingham Branch.

A t a  m eeting  of th e  B irm ingham  B ranch  on 
December 10, held a t  th e  B irm ingham  M unicipal 
Technical School, M r. J .  Shaw read  h is well-known 
P ap er on “ Some P erp lex ing  F oundry  P rob lem s.”

A DISCUSSION ON 
SOME PERPLEXING FOUNDRY PROBLEM S

T h e  C h a i r m a n  (M r. W. J . Flavell) rem inded th e  
members of th e  in te re s t tak en  in  th e  B ranch  by 
M r. Shaw when he was a  member. Since th en  
M r. Shaw h ad  been connected w ith  one of th e  
G overnm ent D epartm ents, and  was now a t  Shef
field w ith  Messrs. The B righ tside  F o u n d ry  Com
pany. W hen th e  conference w as held a t  Blackpool 
M r. Shaw gave th is P ap er, and it  was followed by a  
m ost in te resting  discussion. T he Council of th e  
B irm ingham  B ranch th o u g h t i t  would be very 
useful and  in te re s tin g  to th e  B irm ingham  B ranch  
if they  could g e t i t  repea ted  so th a t  they  could 
have a  fu r th e r  discussion on it.

C o-operation with the B .E .S .A . Essential.

M r . H . L. R e a s o n ,  in  proposing a  vote of 
th an k s  to M r. Shaw for his P ap er, said a very  g re a t 
honour was conferred upon M r. Shaw d u rin g  th e  
w ar when he was engaged as an  ex p e rt on cast 
iron  a t  th e  M inistry . M r. Shaw  cam e in  close 
con tac t w ith th e  troubles in  th e  various foundries 
th a t  were called upon to  m eet very h ig h  te s ts  
requ ired  in  connection w ith  m unitions, and  th is , 
coupled w ith  b is previous experience in  connec
tion  w ith  te s t bars and  th e  study he had  given 
th e  question since th e  w ar, had  led him  to induce 
th e  In s titu tio n  to  give th e  question serious con
sideration . H e agreed w ith  M r. Shaw th a t  th e  
In s titu tio n  should advise a u th o r itie s  empowered 
to  lay  down specifications fo r cast-iron  test-bars. 
H e  (the  speaker) had  had  qu ite  te n  y ea rs ’ experi
ence w ith  the  B ritish  E ng ineering  S tan d a rd s Asso
c iation , and h is experience of them  and  th e ir
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tion  in to  force u n til they  had  consulted both th e  
m anufactu rers and  users. I t  was th e ir  du ty  as 
an  In s titu tio n  to  pursue  th is question and  to  ascer
ta in  where they  could assist th e  B .E .S .A . to  prepare 
specifications which could be worked in  such a 
m anner th a t  they  were not a t  the mercy of the 
whims of an Inspector, and so th a t  they could 
produce th e ir  test-bars w ith a regu la rity  th a t  was 
not going to  b ring  fo rth  trouble. The In s titu tio n  
could pursue  th e ir  work up to a  ce rta in  point, but 
when they w anted research which was going to cost 
much money they  had  to  stop. They were now in 
th e  very happy position of hav ing  the B .C .I.R .A . 
constitu ted  for th is  purpose.

Square and Round Test-bars.
M r. F r a n k  Hoi,b e r r y , in seconding the motion, 

said , w ith reg ard  to  test-bars, he agreed w ith Mr. 
Shaw th a t  th e re  ought to  be standard ised  test-bars 
if they were to obtain  correct readings or any 
sa tisfac to ry  results. H e would like to  ask what 
M r. Shaw though t would be the  difference in a 
tensile-bar oast square and  tu rned  round and a 
bar which was cast round.

T he vote of thanks was heartily  accorded to 
Mr. Shaw.

D ifficulty of Producing Pig-irons to Analysis.
M r. J .  E . F l e t c h e r , D irector of Research, 

B .C .I.R .A ., said M r. Shaw had practically  in 
troduced two defin ite topics. The first was a very 
tem p tin g  one, and one of v ita l im portance. There 
was some reason why two irons of sim ilar chemical 
composition should give physically d ifferent results, 
and M r. Shaw had h in ted  a t  one th ing  th a t  m ight 
possibly account for it. Those who had had any 
experience w ith  blast-furnace work, w ith hot- and 
cold-blast irons, knew th a t  th ere  was a difference 
betw een two such irons a lthough  they m ight be 
m ade practically  from the same m aterials. The 
difference in  th e  tem p e ra tu re  of the  working in  tlhe 
furnace was, a t  any ra te  to  h is mind, the  chief 
reason for the difference. There were several 
th in g s th a t  seemed to fix the  physical conditions of 
cast iron, and the  first in  im portance, as in the 
case of steel, was carbon. W hether carbon was 
relatively  high or relatively low had  a g re a t deal



484

to do w ith the  physical condition of th e  m ateria l. 
I f  i t  was h igh i t  would, if oast hot and chilled 
rapidly , give a ce rta in  resu lt. I f  i t  was h igh  in 
carbon, oast h o t and oooled very slowly, i t  would 
give ano ther resu lt, and  th e  resu lt M r. Shaw m en
tioned as a  k ind  of freak  was no t a ltoge ther a 
freiak. H e had  seen i t  m any tim es, an d  i t  was due 
largely to  c e rta in  fu rnace  operations th a t  had  
caused th e  iron in the well of th e  fu rnace  to  
become desiliconised. Especially in  th e  older type  
of slow-running furnaces th is  so rt of iro n  was not 
a t  all unusual. H e had  seen i t  som etimes when a 
fu rnace  had had  a “ h a rd  ta p ,”  and instead  of 
being tap p ed  a t  th e  usual, say, 12 o’clock, i t  was 
tap p ed  a t  6 o’clock n ex t m orning. H e th o u g h t as 
foundryimen they ought to  recognise th e  g re a t diffi
culties of th e  b last-fum acem en. Too m uch was 
said, as if th e  b last-furnacem an, w ith  h is  un 
wieldy, g igan tic  fu rnace, could opera te  i t  as though 
he were opera ting  a Siemens-M iartin furnace. I t  
was impossible to  do an y th in g  of th e  k ind . H e was 
ham pered to-day, and  he would ap p aren tly  be 
increasingly ham pered in fu tu re  w ith  ores th a t 
were physically finer, m ore siliceous and  more 
difficult to  deal w ith, and  he also bad  h is  fuel 
problem. I t  was certa in ly  g e ttin g  a li t t le  b e tte r  
now, b u t when th e  chem ist tr ied  to tak e  o u t of 
the  coke w hat some considered was th e  best p a r t  
of i t  and1 gave th e  rem ain ing  coke to  th e  blast- 
furnacem an to  do w hat fie oould w ith it th e re  was 
som ething resu lting  from th a t  difficulty which per
plexed th e  foundrym an from  day to  day. D uring  
th e  w ar they had  coke, occasionally, which con
ta ined  10 to  15 per cent, of m oisture and  which 
contained over 15 per cent, of ash. T h a t was the  
so rt of coke w ith  which foundry  m eta l had  to  be 
made during  th e  w ar to  give some of th e  resu lts 
th a t  engineers expected. There was no w onder
ing  a t  the  variab le  results th a t  had been obtained. 
The b las t fu rnacem an  w ent to  h is pyrom eter and 
expected to  find his 1,100 or 1,200 deg. and found 
instead  750, and he bad  burdened h is  fu rnace  for 
a c e rta in  expected stove-tem perature . H e  bad 
burdened it with his limestone, and i t  took a  tem 
p e ra tu re  of 1,000 deg. before i t  m elted th e  slag, 
probably, and under these conditions th e  blast- 
furnacem an had to work. I t  was a m ost difficult
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problem. H e saw practically  from day to  day the 
difficulties th a t  blast-furnacem en had, and though 
they  w ere g rapp ling  w ith  them  as well a s  they pos
sibly could, th e  p roduct varied . W hen they w ent 
to the m odern b last-furnace, w ith its big hearth  
and h igh ra te  of driv ing, and took analyses a t  
various p a rts  of th e  bed and found considerable 
variations, th e n  w h a t was th e  blast-furnacem an to 
do? How could he deal w ith it?  The resu lt was 
th a t  th e  iron  h ad  to be graded according largely 
to  frac tu re . Theoretically, i t  should be graded 
largely according to analysis, b u t when they had a 
dozen d ifferent varie ties  of iron in th e  one bed how 
could i t  be graded  by analysis? Of course, it  was 
largely  a  carbon question, b u t th ere  was also the 
v aria tio n  in  m anganese and silicon. The differences 
were largely due to  tem p era tu re  control in the 
b last-fu rnace. So fa r as irons were concerned 
hav ing  the  same analysis and giving different 
physical results, a g re a t deal depended then , of 
course, upon the ra te  a t  which th e  pig-iron had 
been oooled and th e  la te r  cupola m etal. H e had 
records year by year of irons made in  th e  same 
furnaces in the  w inter and in th e  summer with 
th e  sam e burdens. D uring  the  w inter tim e  the 
iron  was of a  d ifferen t n a tu re  from th a t in the 
sum m er, and these were very difficult m atte rs  for 
th e  foundrym an to  understand  when he got pigs 
th a t  analysed th e  same or very nearly  th e  same. 
T here was a very serious and  im portan t ratio  
between th e  combined carbon and th e  graph itic  
carbon in iron. T ha t ra tio  had to do really with 
th e  ra te  of iron cooling. I f  they  took the iron and 
quenched i t  r ig h t ou t in  iced' b rine they  would 
g e t from  th e  same iron no th ing  b u t practioally 
combined carbon and li tt le  or no graphite a t  all. 
The question of cooling had  a  very g rea t deal 
to  do w ith th e  difficulties th a t  M r. Shaw had 
m entioned.

Test-bars.

W ith  respect to the  tes t, he en tire ly  agreed with 
M r. Shaw th a t  if any sort of represen tative te s t 
was to be m ade, a tensile or a  transverse test, i t  
should have some re la tion  to  th e  ra te  of cooling 
and  some ra tio  to th e  thickness of the  casting  th a t  
th e  b ar was to  rep resen t, and i t  would be a m atte r 
of experim en t and judgm ent along those lines. 
They were suffering from having tests p repared for
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them , mad© to  fit alm ost every condition  w ithou t 
considering th a t  one easting  cooled quickly and  
ano ther slowly. H e though t th e  ten s ile  te s t-b a r 
should he m ade from  a  round  b ar, oast dry-sand, 
and  cast carefully  as th e  A m ericans had  suggested. 
The question had  n o t been tackled  as i t  o ugh t to  
have been in  th is  country , and  i t  was a m a tte r  
for th e  I .B .F ., in  conjunction  with th e  B .O .I.R .A ., 
as well as for those who m ade th e  m ate ria l. They 
would welcome a  com m ittee o r a council of advice 
and a rb itra tio n  when i t  cam e to  really  seriously 
considering w hat should be tb e  B ritish  s tan d a rd  
test-bar for cas t iron. H e th o ugh t, too, th a t  th e  
transverse  te s t  o u g h t to  be on th e  sam e lines as 
th e  tensile  te s t, if  i t  could be. An 18-in. tran sverse  
te s t would be very much b e tte r  th a n  a 12-in ., and 
if  a round test m achined fla t on tw o sides could 
he m ade for th a t  purpose i t  would be very m uch 
better.

Mercury in P ig-iron.
M e. R. B u c h a n a n  th o u g h t i t  was probably r ig h t 

to  say th a t  oxides had  a m arked influence on 
m olten grey iron. P ig-iron was such a complex 
body th a t  they  knew very li t t le  abou t it , an d  he 
m entioned th a t  somewhere in  th e  T echnical School 
was a  b o ttle  con ta in ing  liqu id  m ercury  which he 
obtained  from solid pigs. H e  agreed th a t  pigs 
d id  differ, although tb e  analyses were sim ilar. 
H e was quite  in  accord w ith w hat M r. Shaw  had 
said as regarded  th e  difficulty of g e ttin g  a test- 
bar which would ind ica te  th e  s tren g th  of th e  
casting  which i t  was supposed to  rep resen t. H e 
recalled th a t  he w rote a  P ap e r fourteen  or six
teen  years ago which he called “ The False  W it
ness of the T est-B ar,” th e  idea of which was to  
show th a t  although tes t-h ars  were honestly m ade 
and cast from the  same m eta l a s  w hat was going 
in to  th e  casting, they  d id  n o t rep resen t th e  
casting  as regarded  th e  s tre n g th  which th e  cast
ing  would he. H e suggested th a t  where i t  was 
possible th a t  th e  casting  should he te s ted  to 
destruction . H e agreed  th a t  i t  was desirab le  te s t- 
bars  should he more re la ted  to  th e  th ickness of 
the  casting  which they  rep resen ted . As regarded  
a  c ircu lar te s t-b a r being b e tte r  tlian  a  36 in. x 
2 in. x  1 in ., he  confessed th a t  he never m et 
difficulties w ith the  la t te r  b ar. In  h is opinion, 
the  deflection of a  transverse  te s t-b a r was more
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ins truc tive  th a n  th e  breaking stress of a tensile- 
bar.

Test-bars should represent the Metal.
M e . D. W i l k i n s o n  said th a t  a f te r  a  long ex

perience in  tes t-bars  of steel, cast iron  and non- 
ferrous m etals he had  come to  th e  conclusion 
th a t  th e  te s t-b a r should not rep resen t th e  cast
ing, b u t only th e  m etal p u t in to  th a t  casting. I t  
h ad  seemed to  h im  for some tim e  th a t  as regarded 
cast iron th e  whole question w anted handling  
carefully  and  revising. I t  was com paratively 
well known now w hat quality  of iron  was required  
to  make a heavy, a  medium and  a ligh t casting. 
W hat was to  p reven t carefu l research being car
ried  o u t for a  period by various m anufactu rers 
who w ere m aking  satisfac to ry  castings of various 
descrip tions on  one s tandard  test-bar m ade in  a 
c e rta in  defin ite  m anner and tab u la tin g  all the 
resu lts they  obtained? Then, a fte r  a  lengthy 
period, if a ll these various resu lts were compared, 
they  o u gh t th en  to  o b ta in  a  definite stan d ard  of 
s tren g th , both  tensile and transverse, which 
would give fa irly  accurately  th e  character of the 
m eta l requ ired  for various castings. As regarded 
th e  shape of th e  test-bars, th a t  was a very wide 
question. A circu lar tes t-bar in  steel cast v e rti
cally was useless. I t  was all a question of crys
ta llisa tio n . The cen tre  of a round steel test-bar 
was alwavs open and weak. S im ilar conditions 
occurred "with brass. Concerning th e  varia tion  
in  analyses and properties, he said  they  had ail 
known for a  long tim e th a t  analyses, no m atte r 
how carefully  carried  o u t, were no t th e  las t word. 
I t  m ust be some property  of th e  m etal itself.

M r  A. P a r so n s  inquired  w hether the  m etal
lu rg is t an d  chem ist were justified in  tak in g  i t  for 
g ran ted  th a t  th e  pu re  m etallic con ten t for cast 

•iron  was constan t. W ith  regard  to  test-bars 
from  th e  experience he had had of the  chemica 
compositions of iron, th e re  certa in ly  seemed to  
be a wide range of chill for identical compositions. 
H e was not <ming to lay all th e  blame on th e  com- 

t a & » gtl»T  « r e  „p , gainst t i e  hum an
elem ent. , .

The Lecturer s Reply.
Mb S h a w , r e p ly in g  u p o n  th e  d isc u ss io n , s t a te d  

t h a t  h e  w as p le a se d  t h e  v a r io u s  s p e a k e r s  w ere
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forw ard some definite proposals for specifications 
and  te s ts  for cast iron. T heir position on th is  
m a tte r  would th en  he qu ite  clear. M r. F le tcher 
an d  o thers had  endorsed h is (the speaker’s) view, 
th a t  th e  size of the  te s t-b a r should h ea r some 
re la tio n  to  th e  thickness of th e  casting  i t  rep re 
sented . To have th ree  sizes of b a r  m ig h t be cum 
bersome, b u t th is  was infin itely  superio r to  th e  
A m erican specification w ith  vary ing  te s t resu lts  
on th e  same size bar. I t  was o ften  s ta te d  th a t  
th e  tes t-b ar re su lt was no  c rite rio n  th a t  th e  
casting  would give th e  sam e resu lt, due to  d if
ference in  th e  ra te  of cooling, e tc. W h ils t th is  
was tru e , th e  b a r a t  least gave th e  custom er some 
idea  of th e  quality  of th e  m etal used, and  he 
could m ake com parative figures. I f  i t  be tak en  
for g ran ted  th a t  th e  te s t-b a r does no t necessarily 
rep resen t the s tre n g th  of th e  casting , th e re  can 
be no objection to  hav ing  a round  te s t-b a r , cast 
vertically  in  dry  sand . T his would e lim ina te  a 
num ber of variables, such as chilled corners, w et 
-sand, etc. In  short, conditions would be more 
stab le  and  resu lts more com parable. W hilst 
agreeing w ith all M r. F le tcher had said as to  the 
effects of quicker or slower cooling of m etal on 
th e  physical te s t results , he knew he also agreed  
th a t  these resu lts a re  also a ltered  by tim e  and 
tem p era tu re  effects in th e  fu rn ace  itself, even 
when showing th e  sam e u ltim a te  analysis. H e also 
endorsed all he said  w ith  regard  to  th e  difficulties 
of the  b last-fu rnace  m anager. H is  q uarre l w ith 
th e  la t te r  was th a t  they  should p u t “ o f f”  iron 
th rough  th e  furnace again , o r w arn his custom er, 
for i t  is often  sen t out to  find its level and  cause 
trouble. A fter than k in g  M r. W ilkinson for the  
list of irons th a t  bore ou t h is con ten tion , he 
referred  to  oxides, and said no definite conclusion 
could be draw n u n til some fa irly  accu ra te  m ethod 
of th e ir  de term ination  had  been found. T his is 
a function  of the B .C .I.R .A ., who will no doubt, 
■if i t  is a t  all possible, some day clear up th is  
m a tte r . W ith  regard  to  M r. P a rso n s’ question, 
i t  m ust be taken  for g ran ted  th a t  p u re  iron is 
alw ays th e  same, and th a t  i t  is the  effects of the  
o ther elem ents th a t  gives th e  varia tion  in 
s tren g th s and o ther p roperties.
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Sheffield Branch.

THE FLUIDITY OF MOLTEN METALS. 

By C. H. Desch, D .Sc., Ph.D.

A t a m eeting o i the  Sheffield B ranch of the  In 
s t itu te  of B ritish  Foundrym en held on Decem
ber 3, Dr. O. H . Desch, D .Sc., Ph.D ., of Sheffield 
U niversity , gave an in te re stin g  lecture on the  above 
subject. In  th e  course of hiis rem arks, Dr. Desch 
said  when the subject of th e  fluidity of molten 
m etals was looked in to  it  was very strik in g  th a t  
on th is , as) on imiany o ther foundry problems, so 
very li t t le  inform ation  existed in a published form. 
F lu id ity  was 'a th in g  of very g re a t im portance to 
every foundrym an, who had, of course, a very 
clear notion  of w hat lit m eant, and  'how i t  was 
controlled, b u t very l i t t le  scientific, organised 
knowledge of fluidity  existed. By fluidity they 
understood th e  p roperty  th a t  m etals had  of flow
ing freely , and so of filling readily  th e  cavity  of 
a  mould. A nything which dim inished th e  fluidity 
of a m etal m ade i t  more difficult to  fill a mould 
completely. The sharpness of castings depended 
on o ther factors as well as fluidity—th e  am ount 
of expansion th a t  took place a t  th e  m om ent of 
se tting , fo r example, affected th e  sharpness very 
g reatly , b u t fluidity  was one of th e  factors govern
ing  th a t  resu lt. The net effect, which th e  foun
d rym an called th e  fluidity  of h is  metal, was really 
the  re s u lta n t of a  num ber of d ifferent factors. To 
m ake a  te s t of fluidity  in th e  foundry, th e  method 
adopted was a simple, em pirical one. They simply 
m ade a  mould, of such a  form  th a t  i t  would reveal 
differences in fluidity  between different m etals, 
and th a t  was most easily done by using as the  
mould a  cav ity  m ade by embedding a long, narrow  
pa tte rn . I f  a  wooden rod a  foot long an d  of small 
section was taken , a  sand  m ould m ade with the  
aid of th a t  p a tte rn , and provided w ith a  pouring 
ga te  and  rise r, then , on pouring m etal in to  the  
m ould, a fluid m etal m igh t fill i t  completely; a 
m etal which was less fluid would fill i t  to  a  sm aller
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ex ten t, and  a  m e ta l which was very little  fluid 
would give only qu ite  -a sh o r t casting . T h a t was, 
of course, a n  em pirical te s t, which m easured w hat 
th e  foundrym an  w anted to  know—th e  pow er th a t  
th e  m etal had  of filling th e  mould. B u t th a t  was 
not a  sim ple p roperty  in  itself. M r. R iddel, a  
form er p res iden t of the In s titu tio n , was in  th e  
h a b it of using, in  Glasgow, a wedgensliaped m ould, 
s ta r tin g  w ith  a fa irly  th ick  mass an d  g radually  
tap e rin g  aw ay to a  kn ife  edge. H e  used t h a t  in 
th e  course of work on sem i-steel to  de te rm ine  the  
fluidity  of various seani-steel m ix tu res, a n d  he was 
k ind  enough to  give some of th e  re su lts  to  the 
Royal Technical College, Glasgow, while th e  lec
tu re r  was there, an d  they  were in  use in  th e  
foundry  teach ing . U ndoubtedly, found ry  teach ing  
in  Glasgow owed m uch to  th e  work of M r. R iddel, 
who h ad  b u ilt up in  th e  Technical College excellent 
foundry  classes, an d  was alw ays ready  to  give 
help  when required  to  all those who w ere con
cerned in th e  foundry industry .

Som e Japanese Experim ents.
T he am ount of work th a t  h ad  been done on 

fluidity  from  a q u a n tita tiv e  p o in t of view—th a t  
was, work d irected  tow ards ge ttin g  values for 
flu id ity  which could he expressed in  figures—was 
very small. One piece of work was sim ply an  
extension of th e  simple em pirical foundry  m ethod 
of which he h ad  spoken. Some tw o years .ago 
two Japanese workers a t  th e  U niversity  of K yoto 
undertook .a research  on the flu id ity  of m etals. 
In s tead  of using a  simple, -straight rod  as p a tte rn  
fo r m aking th e  mould, they  used a sp ira l of th e  
ty p e  shown in  plan  an d  section, F igs. 1 and  2 
respectively, in  o rder to  show u p  in  ,a still 
m ore strik in g  way th e  differences in  flu id ity  
between samples of d ifferen t m etals. T he mould 
was provided w ith  a pouring  ga te , and  a  rise r a t  
th e  cen tre . The p a tte rn  was embedded in  sand, so 
as to m ake a  mould in to  which th e  m etal could ru n . 
A very fluid m etal would be able to  fill thé  Whole 
of th e  marrow channel, r ig h t a s  fa r  -as th e  rise r 
a t  th e  cen tre  ; a  m etal which had  very li t t le  fluidity 
would only ibe able to  fill p a r t perhaps of th e  o u te r 
tu rn  of th e  sp iral, and  in te rm ed ia te  m etals would 
fill .an in te rm ed ia te  leng th . These w orkers p u r
posely chose a very long p a tte rn  in  o rd e r to  be
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able to  reveal g rea t differences in fluidity. As a 
m a tte r  of fac t, none of th e ir m etals ever filled 
more th an  th ree  tu rn s . The mould was m ade of 
fine sand, very carefully  dried  and  th en  brought 
to  a  ce rta in  definite tem pera tu re , th e  same in  all 
th e  experim ents. The m elted m etal was poured 
in to  th e  receiver, and when th e  receiver was full 
an iron  stopper was raised  an d  th e  m etal allowed 
to flow downwards and to  fill a s  much of th e  mould 
as i t  could. The q u an tity  used was large in  com
parison w ith th e  capacity  of th e  mould, so th a t  
th e re  was always a  large excess of m etal and a 
relatively  constant head. The investigato rs found 
g re a t differences betw een different m etals. The 
resu lts were shown by photographing  the  castings

F i g . 1 .— P l a n  o f  t h e  M o u l d  
f o r  t h e  J a p a n e s e  E x p e r i m e n t s .

th a t  were taken  ou t and m easuring their length, 
and, of course, the  length  of th e  castings was an 
indication  of the fluidity  of th e  m etal. In  every 
case the tem p era tu re  of th e  m eta l a t  th e  mom ent 
of casting  was taken—i.e., the tem p era tu re  when 
i t  wias in th e  receiver an d  th e  feeding head and 
th e  degree of superheat (the excess of tem pera
tu re  above th e  m elting point of the m etal) was 
recorded. They therefore  had th ree  fac to rs: the  
degree of superheat, th e  tem p era tu re  of th e  mould 
(which was kept as constant a s  possible), and the 
leng th  of th e  castin g ; and so one obtained an 
indication  of th e  fluidity  of the  metal.
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Viscosity.
Now actually  such a m ethod as th a t  m easured 

w hat th e  foundryiman wianted to  k now : th e  capa
city  fox filling th e  m o u ld ; b u t th a t  wias no t a 
single property , b u t was th e  re su lta n t of several 
d ifferent p roperties. T here was a  p roperty  which 
was known scientifically as fluidity . I f  they  com
pared  toge ther d ifferen t substances w hich were 
no t m etals, they  soon noticed th e  difference in  
fluidity, th e  difference in  th e  ease w ith  which 
they  flowed. E th e r, for exam ple, flowed more 
read ily  th a n  w a te r ; w a te r flawed m ore read ily  
than  glycerine, and  glycerine more read ily  th a n  
treacle. A nd so they  spoke oif th e  o rd e r of flu id ity  
of th e  m etals, o r  very often  they  spoke, in stead , 
of th e  order of viscosity, which was opposed to  
th e  o rder of fluidity . E th e r  had  a very low visco
sity  indeed, treac le  ¡a very h igh  o n e ; an d  so one 
m ight go on to o th e r substances w hich becam e more 
and more viscous u n til one scarcely th o u g h t of 
them  as  liquid  a t all.

P itch— A Liquid.
One did not o rd inarily  th ink  of p itch  a s  being 

a  liquid. I t  was a liquid, only a n  ex trao rd in a rily  
viscous one, and i t  would flow if only they  gave if 
tim e. I f  they  hung  up a  rod  of p itch  by th e  upper 
end. in course of tim e  i t  would flow; lit would 
gather in to  the  form  of a drop, and  a t  lasit th e  
drop would break off, ju s t a s  would happen  w ith 
w ater if they  allowed a drop to  h ang  from  the  
ceiling. B u t th e  order of viscosity was altogether 
different. The flow which took place in  a  fraction  
of a second in  w ater m ight requ ire  several m onths 
in the  case of pitch.

Testing of Viscosity.
The opposite of viscosity—usually expressed as 

the reciprocal of viscosity— was flu id ity . Viscosity 
was a very im p o rtan t p roperty  of m any substances, 
and they  often had to  te s t i t  in  th e  laboratory . 
F or example, if they were tes tin g  lu b rica tin g  oil, 
they  would w ant to  know its  viscosity in  th e  course 
of rou tine  labora to ry  tests, and th e  easiest method 
of determ in ing  i t  was by allow ing th e  liquid  to  
flow th rough  a narrow  opening. Suppose they had 
a vessel con ta in ing  liqu id  and  in  the  lower p a r t 
of th is  vessel they  fixed a narrow  tu b e  of known
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d iam eter, then  they  opened th e  end of th e  tube 
and allowed the liquid to  flow through  it, and 
noted w ith a stop w atch th e  tim e th a t  was required 
for a  definite volume of th e  liquid to flow through . 
T ha t was very easily done with ap p a ra tu s  which 
was sold fo r th e  purpose, usually called a  visoasi- 
m eter. The more viscous th e  liquid, th e  longer 
was th e  tim e  taken  for a  given volume to  flow 
through. T h a t was an accurate  method. If  they 
knew th e  d iam eter of th e  narrow  tube, and 
knew th e  density of th e  liquid, they could then  
calculate its  viscosity quan tita tive ly .

T T
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I ’m .  2 .  S e c t i o n  o p  t h e  M o u l d  s h o w n  i n

F i g . i .

Dr. Arpi’s Method.

I t  was n o t a very easy m a tte r to  apply th a t  
m ethod to  m etals, and, in fact, i t  had  no t been 
found practicable yet to  apply i t  to  oast iron  or 
s te e l; b u t to  m etals which had relatively low 
m elting po in ts i t  could he applied, and  th a t  work 
was done 'with g rea t accuracy a few years ago in 
Sweden by Dr. Arpi. The ap p ara tu s  shown in 
F ig . 3 was ra th e r  a delicate  one, h u t th e  essen
tia l  p a r t  was a  small receiver a t  th e  top , m ade of 
g rap h ite , and connected wiith i t  was a long tube  
of fused silica which had bulbs blown on to  lit and  
ended in  a  very narrow  tube, dipping in to  a  little  
crucible m ade of g raph ite . This portion of the 
ap p a ra tu s  was enclosed in a n  electric furnace, 
which could be kept a t  any required constan t tem-
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perature. There was an a rrangem en t by win eh 
gases oouLd be adm itted . Ih e  g rea t diffieulty w ith 
m etals wias th e ir  ox idation , and in order to  p re 
ven t th is one had  to keep an atm osphere of hydro
gen o r som ething sim ilar in th e  vessel; and , in  
fact, in th e  ac tu a l experim ents, hydrogen sa tu ra te d  
w ith ,a vapour of m ethyl alcohol was used. The 
best m ethod of ca rry in g  ou t th e  'test ,was to  place 
th e  molten m etal in  th e  li t t le  g rap h ite  crucible, 
and  then , instead  of allowing th e  liqu id  to  ru n  
down by g rav ity , to  draw  i t  up  by suction, an d  
to  find th e  tim e  th a t  was required  for th e  liquid 
to  rise  from  a certa in  m ark  to  an o th e r m ark. The 
tim e was noted, and th a t  gave an accu ra te  m easure 
of viscosity. This ap p ara tu s hav ing  been very 
carefully  constructed , i t  was possible to  g e t qu ite  
accura te  values for th e  tru e  flu id ity  o r th e  tru e  
viscosity of th e  m etal, free from  all in terfe rence  
by oxide films. The tem p era tu re , o f course, was 
too high for glass, and th e  vessel bad to  be m ade 
of fused quartz . The m ethod gave some very 
accurate resu lts  indeed.

Coil of Wire Method.
There was also another m ethod for determ ining 

the visoosity of m etals. Suppose they  had  a  w ire 
hung  from  a support and to  th e  end of th a t  wire 
they a ttach ed  a  weight in  th e  form  of a  fla t disc—a 
heavy w eight, so th a t  i t  would s tre tch  th e  w ire— 
and th en  they tu rn ed  th e  disc th rough  a  consider
able angle ^perhaps th rough  several tu rn s) and 
released it. Of course, th e  w ire untw isted, and 
th e  disc spun round. I t  overshot th e  m ark  and 
tu rned  back again , and w ent on oscillating  in  th a t  
m anner. I f  they carried  th a t  experim ent o u t in  a ir  
they found th a t  i t  took a  c e rta in  tim e to come to  
rest. I f  they  tu rn ed  i t  th rough  th e  sam e angle, b u t 
w ith  the disc in  a vessel of w ater, th ey  found  th a t  
i t  came to re s t sooner because th e  w ater offered a  
ce rta in  resistance o r fric tion . I f  they  carried  o u t 
th e  same experim ent dn glycerine of course i t  cam e 
to re s t Sooner, and  in  th a t  way they  could m easure 
the viscosity of th e  liquid. I t  was an  accurate  
method, once one or two li tt le  sources of e rro r  had 
been elim inated , and i t  was a  very convenien t one. 
T h a t also had  been applied to  m etals. D r. F aw sitt, 
in Glasgow, some years ago, m ade experim ents of 
th a t k ind , using a cast-iron  disc for m etals of low



m elting-poin t and  a  disc m ade of plum bago for 
h igher tem pera tu res. Obviously in th e  case of the  
plum bago there  had  to be a  w eight hung on the 
w ire as well, to  m ake th e  plum bago sink  in the  
metal.

The results of th e  Japanese  experim ents were 
expressed in  leng th  of casting obtained in the  
sp ira l mould. T in proved to  be th e  most fluid of

F i g . 3 . — D r . A r p i ’ s 
M e t h o d  o f  
D e t e r m i n i n g  t h e  
V i s c o s i t y  o f  
M e t a l s .

th e  m eta ls ; lead gave a casting very nearly  as 
long, and  zinc som ething very near to it. Then 
th e re  was a series of bronzes, one contain ing  20 
per cent, of t in  and 1 per cent, of zinc, and 
ano ther 10 per cent, of tin  and 2 per cent, of zanc. 
The percentage of tin  being so much lower in  the 
la tte r , th e  “ fluidity  was very much reduced. 
A lum inium  gave a very shoTt casting, th e  fluidity 
of th a t  m etal being very low. Then th e re  were

Results Obtained*
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some cast irons. Two grey  irons wore used a 
Cleveland iron, which gave a longer casting  thian 
even tin . I t  was tru e  th a t  i t  h ad  140 deg. C. ol 
superheat, /but i t  gave a casting  3,250 mm. long 
—over 10 ft. A Chinese iron  gave 2,822 mm. 
W hite  iron gave th e  shortest casting  of a ll— 433 
mm., only half as much as was obtained  even w ith 
alum inium . Then a crucible steel was ta k e n  of a 
0.4 per cen t, carbon w ith 200 deg. C. superheat, 
and it  gave 1,100 mm. This m ethod, therefo re , was 
found to  be p rac ticab le  for m etals even of high 
m elting-point. I t  d id n o t m easure flu id ity  in  the 
scientific sense, but i t  m easured w hat th e  foundry- 
m an w anted to  know—th e  capacity  for filling a 
mould.

The results obtained by Dr. F a w sitt’s m ethod of 
sp inn ing  a heavy disc were expressed in a  figure 
known as th e  coefficient of viscosity. The m easure
m ents were taken a t  tem p era tu res  from 65 up to  
215 deg. C. As th e  tem p e ra tu re  rose, so the 
coefficient of viscosity becam e less, i.e ., th e  m etal 
was more fluid. The h igher th e  tem p e ra tu re  th e  
more fluid was th e  m etal— th a t  was th e  case fo r 
all liquids, w ith >a few exceptions in  th e  cases of 
abnorm al substances, such as su lphur. T in, a t  a 
tem p era tu re  of 234 deg C., which was only two 
degrees above its m elting-point, had a viscosity 
about tw ice th a t  of m ercury, w hich was liquid  a t 
th e  ord inary  tem pera tu re . A t a  h igher tem pera
tu re  for th e  tin , th a t  value had  fallen. Lead, 
ju s t above its  m elting po in t, was m ore viscous 
th a n  t i n ; i t  also fell a t  a h ig h er tem pera tu re . 
B ism uth  had a low viscosity. T h a t p o in t was 
in teresting . I t  was som etimes th o u g h t th a t  m etals 
were ra th e r  sluggish—w atch ing  a  m olten m etal 
flowing, i t  seemed to be ra th e r  sluggish ; b u t, when 
i t  came to  m easuring the  tru e  viscosity, i t  was 
found th a t  most m etals were only from  tw o to  th ree  
tim es as viscous os w ater. T h a t was a  ra th e r
unexpected resu lt, b u t th e re  seemed to  be no doubt
abou t it. Of course, th a t  did n o t mean th a t they
would fill a mould -as read ily  as w ater.

Viscosity and Superheat.
If  they  com pared together th e  d ifferen t m etals, 

they found th a t  a t  any given tem p e ra tu re  th e  
order of viscosity was roughly th e  Same as  the* 
order of th e  m elting point. The h igher th e  melt
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ing  po in t of a  m etal the more viscous it was a t a 
given tem pera tu re . In  o ther words—an d  th is 
was th e  po in t th a t  in terested  the foundryimian— 
th e  g rea te r th e  am ount of superheat th e  g rea te r 
was th e  fluidity. T aking a m etal m elting  a t  200 
deg. and te s tin g  i t  a t  a  tem p era tu re  of 500 deg., 
which was 300 deg. of superheat, th en , a t  the 
sam e tem p era tu re  of 500 deg., te s ting  a metal 
which m elted a t  400 deg., and which bad there 
fore only 100 deg. o>f superheat, it would n a tu r
ally be expected th a t  th e  la tte r  would be more 
viscous or less fluid th an  the o ther.

Curves ob tained  for th e  more fusible m etals by

F i g . 4 . — V i s c o s i t y  o f  L e a d - T i n  A l l o y s  a s  
M e a s u r e d  b y  D r . A r p i ’ s  M e t h o d .

A rpi’s m ethod were free from  error. Different 
tem p era tu ras  from  100 deg. C. to 500 deg. C. were 
p lo tted  along th e  d iagram , while vertically  was 
p lo tted  the  coefficient of viscosity. Lead, which 
had a c e rta in  coefficient of viscosity, ju s t above its 
m elting  po in t, 327 deg. C., fell p re tty  regularly  
w ith  increasing  tem pera tu re . The viscosity of tin 
was much lower, h u t th a t  viscosity also fell w ith 
th e  tem pera tu re . I f  alloys of lead and tin  were 
tak en  (the o rd inary  solders) and sim ilar ex
perim ents m ade w ith them , i t  was found 
th a t  in every case th e  viscosity fell with rising 
tem p era tu re  along a curve very sim ilar to the
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curves for lead and iron, and those curves for 
th e  alloys of lead and tin  all fell p re tty  regularly  
between th e  curves for lead  and  for t in  (F ig . 4). 
Solder con ta in ing  th ree  p a r ts  of tin  to  one of lead 
had th e  lowest m elting po in t of all th e  solders. 
In  F ig . 5 th e  resu lts  for th e  alloys w ere p lo tted  
in a d ifferent way and  showed th a t  th e  alloy 
which was m ostly lead and con ta ined  only 
a  litt le  t in  has a  c e rta in  viscosity, and th e  alloys 
contain ing  m ore t in  had  successively lower and 
lower viscosities. So th a t  th e re  was com plete 
reg u la rity  in  alloys of th is  b ind, and every th ing  
seemed to  show th a t  if two m etals were alloyed 
together, provided th a t  they  dad n o t form  com-
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V olum e p e r  c e n t, o f Sn.

F i g . 5 .— V i s c o s i t y - T e m p e r a t t j r e  C u r v e  
o f  T i n - L e a d  A l l o y s .

pounds with one another, then  th e  fluidity  of th e  
alloy would come betw een th e  flu id ities of th e  
two metals.

The Com plexity of Fluidity.
F lu id ity , as understood by th e  foundrym an, was 

no t qu ite  a simple th ing . There were ce rta in  o ther 
factors th a t  entered in to  it . E v iden tly  one im p o rt
a n t factor w as the tru e  flu id ity  or th e  viscosity 
which he had been showing was m easured in 
those different ways. B ut th a t  was n o t the  only
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one. I f  i t  were, then a  m etal like m olten bism uth, 
which had a fluidity very little  g rea te r th a n  w ater, 
ough t to  fill a  mould w ith  very g re a t ease. B ut, 
of course, they  had o ther p roperties to  con
sider. In  th e  first place, as th e  m eta l was going 
into the  mould i t  was cooling. I t  was g iving up 
its  heat, and in  tim e  i t  would reach the  freezing 
po in t, and when i t  reached th e  freezing po in t it  
ceased to flow in to  th e  mould. Evidently , th e re 
fore, the ra te  a t  which th e  m etal gave up its  heat 
would b© an im p o rtan t factor. The specific heat 
of th e  m etal came in to  consideration—th a t  was a 
fac to r th a t  affected the mould-filling properties. 
Then still m ore im p o rtan t wias the  degree of 
superheat. The h o tte r  th e  m etal was— th at was, 
th e  h ig h er th e  tem p era tu re  above its  m elting 
po in t—th e  fu r th e r  i t  could go before i t  cooled down 
to  th e  freezing p o in t; so th a t , n a tu ra lly , if  they 
had1 to  fill a  complex mould h a rin g  a  large num ber 
of narrow  portions, th ey  requ ired  th e  m etal suffi
ciently  h o t so th a t  i t  should n o t freeze too soon. 
T he degree of superheat was of immense im port
ance.

Strength of A lum inium  Oxide.
And then  th e re  was, w ith many m etals, a  cer

ta in  ap p a re n t or false viscosity which was very 
s trik in g . One would be inclined to  say th a t 
a lum in ium  was a  particu la rly  viscous metal. I t  
gave, as they  had  seen from  th e  Japanese results, 
qu ite  short castings. The danger of ge ttin g  a 
cold sh u t in  a  casting  was g rea t w ith such a m etal 
as alum inium , and  on w atching alum inium  being 
poured- one would n a tu ra lly  get th e  im pression th a t  
i t  was a  viscous m eta l w ith very low fluidity. 
Now th a t  was n o t actually  tru e . E verything 
seemed to  show th a t  the m etal alum inium  was not 
really  more visoous or n o t much more viscous 
th a n  o ther imetals. B u t, of course, alum inium  had 
a rem arkable p roperty  of oxidising readily , and, 
u n like  most m etals, th e  film of oxide th a t was 
form ed on th e  outside had m ost rem arkable 
s tren g th . T here was a  very s trik ing  experim ent 
which was sometimes shown. I f  an electric cur
re n t was passed through a  wiire or a th in  rod of 
alum inium  and increased un til the  m etal melted, 
th e  m etal would n o t break through. I t  was pos
sible to  ta k e  one end of th a t  w ire and tw ist i t
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th rough  100 revolutions or more w ithout b reaking 
it, although the  w ire of a lum in ium  was actually  
liquid. This was because i t  was coated on th e  
outside w ith  a th in  sk in  of oxide of alum inium , 
and1 th a t  skin was so s tro n g  th a t  i t  form ed a bag 
which would suspend th e  m etal. I t  was q u ite  
rem arkable to ta k e  a li tt le  mass of alum in ium  and  
h ea t i t  up to  a tem p e ra tu re  w hich would no t only 
m elt i t  b u t would be h o t enough to  se t i t  on fire, 
and  y e t as .long as th is bag of oxide on th e  outside 
rem ained unbroken th e  liquid  m etal would n o t 
escape, and would no t catch  fire. T he ap p a re n t 
viscosity of alum inium  was due  to  th is  sk in . As 
th e  m etal was being poured in  a .stream through  
the a ir  th a t  stream  became enclosed in  a  th in  tu b e  
of oxide which had  th e  effect of viscosity, ju s t  as 
some liquids when they  were in th in  films had  all 
th e  properties of being viscous. I t  was rea lly  only 
a th in  skin th a t  was concerned. T ha t, h e  though t, 
was th e  m ain reason why alum inium  tended  to 
give these very short castings. The some th in g , 
of course, was seen in  o th e r .metals, a lth o u g h  prob
ably in  no m etal was i t  so s tr ik in g  as in 
alum inium  or in  m agnesium .

N atu ra lly , the chem ical com position of an  alloy 
played a g rea t p a r t  in th e  resu lt. The chemical 
composition m ight affect th e  flu id ity  of an alloy in 
several ways. In  the  first place, th e  presence of an 
im purity  m ight a lte r the tru e  flu id ity , h u t th a t  
influence was no t usually very g rea t. The m etals 
did n o t vary  much in flu id ity . T he co-efficient of 
viscosity ranged  from  th a t  of w ater, which was only 
ju s t over 0 .01, and  th a t  of th e  m etals was no t 
above 0.03, a t  m ost, so th a t  m ixing toge ther d if
fe ren t m etals did n o t m ake a very g re a t difference 
in  th e  tru e  fluidity . B u t i t  d id  m ake a very g re a t 
difference in th e  a p p a re n t flu id ity  in th is  way.

Berlin Castings.
Suppose th a t  an  iron  castin g  was requ ired  to  fill 

a very in tric a te  p a tte rn .
Some years ago (he did no t th in k  i t  was th e  case 

now) ce rta in  firms in  B erlin  used to  m ake some 
fancy iron-castings—which were very much sought 
a fte r—such artic les as f ru i t  s tands for tab le  cen tres 
and so on. They were a lm ost a s  de licate  as silver 
filigree work, b u t were m ade by using only oast 
iron. They were known as B erlin  castings. In
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order to  g e t the  very g re a t degree of fluidity  th a t 
was requ ired  for those elaborate castings, very 
high-phosphorus iron was used. From  2 to  5 per 
cent, of phosphorus was present in some of those 
castings. B rittleness, of course, d id  not m atte r , 
as they  w ere no t m ean t to  stan d  any shock; all 
th a t  was required  was a perfectly clean casting  in 
a very in tric a te  mould.

Indirect Action of Elem ents.
Phosphorus m ight possibly increase th e  tru e  

fluidity, though th is was by no m eans qu ite  certa in , 
i t  was possible—b u t i t  did  very much lower the 
m elting po in t of th e  iron, so th a t  iron, being poured 
a t  given tem pera tu re , had  a  much g rea te r range 
of tem p era tu re  before i t  became completely solid 
when w orking w ith a high-phosphorus iron th an  
when using a low-phosphorus m ateria l. The 
flu id ity  was increased in  th a t  way. Then, tak ing  
aga in  the  exam ple of cast iron , i t  was common 
knowledge th a t  silicon had  a g re a t influence on the 
flu id ity  of th e  iron , a high silicon iron  producing 
m ore fluid iron. There, again , th e  effect was prob
ably a n  ind irec t one. Supposing th a t  a white iron 
w ith very low silicon was taken , w ith all th e  car
bon in  a combined sta te , one knew th a t  i t  would 
be very difficult to  ge t an in tric a te  casting  in  th a t 
m etal. In  order to  get the casting, th e  m etal would 
have to  be m ade exceptionally hot. In  casting  
from  a crucible, th e  requisite  am ount of superheat 
could be ob tained , b u t in casting  from a cupola 
one could no t ge t th e  same degree of superheat, 
for reasons explained below. Differences would 
there fo re  be found betw een different grey irons. 
T ak ing  th ree  m aterials, a Swedish white iron, w ith 
all th e  carbon in  .a combined s t a te ; secondly, a grey 
iron, hav ing  relatively  large g rap h ite  p lates, and 
th e  carbon in the  free s ta te , w ith some areas th a t  
were free from  g ra p h i te ; and a th ird , where the 
g rap h ite  was in sm all particles d is tribu ted  much 
more closely th ro u g h o u t th e  m etal, so th a t  there 
was no portion  of th e  m eta l which was a t a  con
siderable d istance from th e  g raph ite . Mr. Riddel 
read  a P aper some tim e ago on the  flu id ity  of cast 
iron, and he suggested th a t  th e  g rea t difference 
between cast irons in the cupola was th a t, if a 
cast iron , hav ing  large g rap h ite  plates, was 
exam ined, th e  g rea te r p a r t of the  carbon would be
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in free condition—it  was as g rap h ite—the m atrix  
in which th e  g rap h ite  was embedded would be prac
tically  a low carbon steel. In  th e  cupola, the  tem 
p era tu re  th a t  was reached was n o t much above the  
m elting  po in t of th e  m etal, In  th e  case of white 
iron. In  a white iron  casting  th e  iron and  th e  iron- 
carbide were very closely in term ixed ; they had  ,a 
definite m elting po in t. As soon as th a t  m elting  
po in t was reached, th e  m etal m elted, ran  down 
through  the coke bed, and collected in w hatever re 
ceiver m ight be used there . The m etal was ob
ta ined  practically  a t  its  m elting  p o in t ; th e re  was 
no chance of m uch superheat. As soon as th e  m eta l 
was liquid i t  ran  down, and  as th e  h o tte s t p a r t  of 
the  cupola was th e  po in t ju s t where i t  was being 
m elted i t  r a n  down practica lly  a t  th e  m elting  
p o in t; i t  collected in  th e  receiver w ith very li tt le  
superheat, and th is  m etal had  to  be used for cast
ing a t  a tem p era tu re  only ju s t above its  m elting  
point. W ith  a grey iron, th is  was n o t the case. 
The larger th e  g rap h ite  p lates were the  longer i t  
took fo r th e  carbon to  be absorbed by th e  m atrix  
of the m etal.

Why High Silicon Irons Carry Superheat.
W here they had  very small g rap h ite  p la tes, 

there  th e  absorption was more rap id . O ther th in g s 
being equal, high-silicon tended  to  favour these 
larger g rap h ite  p la tes, and  a rela tively  low, com
bined-carbon m atrix . T herefore th e  h igh  silicon 
irons did not m elt u n ti l a  considerable degree of 
superheat had been obtained . The low-silicon 
irons m elted almost a t  th e ir  theo re tica l m elting  
point. T hat seemed to  account very largely  for the 
influence of silicon. I t  was probably no t a d irec t 
influence on the fluidity , b u t ra th e r  an ind irec t in 
fluence, by determ in ing  th e  ease w ith  w hich the  
carbon was tak en  up  by th e  low-carbon m a trix  of 
th e  iron. The m a trix  of a g rey  cast iron , co n ta in 
ing phosphide, was p ractically  a 0.9 per cen t, c a r
bon steel. The phosphide tended  to. b ring  down th e  
m elting po in t very much, and to  m ake th e  m ass 
flow m ore readily , bu t liquid cast iron was n o t ob
tained. u n til th e  g rap h ite  had  been absorbed. The 
g rap h ite  was shown by la rge  black masses, a t  con
siderable distances from some poin ts in th e  m etal, 
an d  a  la rge  su p erh ea t was requ ired  before these 
were completely dissolved, so th a t  th e  fully car-



503

burised liquid iron was no t obtained u n til a quite 
considerable degree of superheat had been ob
ta ined  ; hence m ore fluid m etal resulted.

E vidently , then , th e  chemical composition was 
most im p o rtan t in its  ind irec t effect—not in its  
effect on th e  ac tu a l fluidity , as m easured by means 
of a viscosim eter, b u t in  its ind irec t effect in a lte r
ing the  degree of superhea t ; and th is  was more 
m arked in  cupola practice  th a n  in  crucible m elting. 
Obviously, w ith a crucible or wdth an a ir  furnace, 
any  degree of su p erh ea t requ ired  could be ob
ta ined , bu t in the  cupola they were lim ited by the  
tem p e ra tu re  ,at which th e  m etal m elted an d  came 
down, and if  th e  constituen ts were in  such a form 
th a t  they reacted  readily  w ith  one another, as in 
a w hite iron , then  i t  was impossible to  ge t any g rea t 
degree of superheat in a cupola w ithout a lte ra tion  
of conditions. On th e  o ther hand, if  the  consti
tu e n ts  were such th a t  they  reacted  only sluggishly, 
th en  th ey  did n o t ge t com plete m elting u n til th ere  
was a considerable degree of superheat, and conse
quently  a h o tte r  m etal which ra n  more readily in 
the  mould was obtained. T h a t seemed to be the  
m ain influence of chemical composition.

Effect of Oxygen on Fluidity.
I t  would be very in te resting  to  know w hether 

th e re  was a d irect influence as well. In  the  case 
of steel i t  was known, of course, th a t  th e  pre
sence of oxygen affected th e  flu id ity  very greatly . 
I n  th e  presence of oxygen, one had  a relatively 
sluggish m etal, which did n o t ru n  so freely. The 
dissolved oxide undoubtedly, had a bad effect. The 
influence of o ther elem ents was com paratively 
li tt le  known, and th e re  was one po in t on which 
th e  au th o r would welcome discussion, and th a t
Was :__W hat was the  influence of very high silicon?
In  Sheffield i t  was th e  p ractice  to  m ake steel con
ta in in g  a high p roportion  of silicon—4 per cent, or 
thereabou ts—for electrical purposes, and he had 
never been able to ge t a quite definite opinion on 
th e  p o in t w hether th a t  m etal was more o r less fluid 
th a n  a steel of th e  same carbon con ten t w ith only 
the o rd inary  proportion  of silicon. As to  the  in 
fluence of o ther alloying m etals, very litt le  in fo r
m ation seemed to  exist. There m ust be differences 
in  fluidity , b u t they were so complicated by o ther 
factors th a t  i t  was no t easy to  say w hat was the
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actua l influence of added .metals on the flu id ity  of 
such an alloy as steel. A pparen tly  th a t  was a  po in t 
on which much m ore definite in form ation  was re 
quired, and  probably i t  would be wise, when a p ro
gram m e of foundry  research was being p lanned, to  
include ac tua l q u a n tita tiv e  experim ents on the  
influence of various m etals on the  flu id ity  of steel 
and of cast iron. T here was also, in cast iron , th e  
question of th e  possible presence of oxygen, which 
was raised  by M r. Shaw a t th e  A nnual Conference 
of th e  In s titu tio n . This was a very puzzling ques
tion , which could by no m eans be answ ered off
hand, b u t in  discussing th a t  question  o f th e  
possible influence of oxygen on cast iron i t  would 
be in te resting  to  consider, among o ther th ings, the  
influence of th e  oxygen on flu id ity . H e hoped i t  
m ight be possible to  a t t r a c t  th e  a tte n tio n  of some 
more scientific men to th e  problem s of the  foundry . 
This had  been a curiously neglected field of m eta l
lurgy. W hen i t  was considered all th a t  had  been 
done on the  processes of th e  m anu fac tu re  of steel, 
on th e  m echanical tre a tm e n t of steel, h ea t tr e a t
m ent of steel, and  so on, i t  was su rp ris ing  how 
li tt le  had been done 011 th e  properties which were 
all im p o rtan t in  th e  foundry . I t  was a m a tte r  on 
which accurate  d a ta  was needed, and  i t  would be 
well if th e  foundrym en, in  th e ir  own o rgan isations, 
could call the  a tte n tio n  of th e  scientific world to  
th e  rea l need th a t  th e re  was fo r accurate  in form a
tion  on th is  among o th e r points affecting th e ir  
industry .

DISCUSSION.

D r. W. H .  H a t f i e l d , in  opening th e  discussion, 
said he though t th e  lectu re  was typ ica l of th a t  
real assistance which they  as an In s titu tio n  could 
expect from  th e  U niversity. D r. Deseh had  dealt 
w ith a  problem of th e  g re a te s t p rac tica l im port
ance in  a de ligh tfu l an d  scientific m anner. Of 
course, as he had  poin ted  out, th ey  in  Sheffield 
were essentially in terested  e ith e r in  th e  flu id ity  of 
steel or in  th e  flu id ity  of cast irons, and those 
metals' lent themselves som ew hat ind ifferen tly  to  
th e  q u a n tita tiv e  m ethods of investigation  as 
described by Dr. Desch. The Jap an ese  m ethod 
was a  very in te re stin g  one, b u t of a  d istinctly
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practica l n a tu re . The other method, w ith certa in  
very considerable refinem ents, m ight be made 
applicable to  cast m etals. B u t tu rn in g  from th a t  
side, he suggested th a t  there wtas, am ongst obser
v an t foundry people, more inform ation concerning 
th e  tru e  viscosity or mobility of molten iron and 
the influence of the  varying elem ents on iron 
than  hiad been available to th e  Professor. The 
published q u a n tita tiv e  d a ta  bearing on th is sub
jec t really  was very scanty. W© lived in 
an age of applied science, b u t the  viscosity 
of liqu id  m etals was only one of those regions 
w here q u an tita tiv e  evidence was strangely lacking. 
T here was n o t a single physical constan t oif the 
m etals which had really been p u t on to  a  satisfac
to ry  basis by in tensive research in the  way th a t 
i t  should he, particu larly  now, when so much 
money was being spent on research. I t  could only 
be hoped th a t  those vast sums were being diverted 
in to  channels where they would he of real use— 
which he very much questioned.

Cupola Capable of Superheating.
Viscosity, tem pera tu re  and composition were 

th e  essential factors in steel and iron works, 
and he should like to assure th e  lecturer 
th a t  he personally, and a num ber of his 
friends, d id  no t feel th a t  absence of real 
knowledge on th is  subject which would be 
ap p a ren t from  w hat they had 'heard th a t  evening. 
H e was n o t in any sense deprecating w hat the 
lecturer had  said, b u t, to  tak e  cupola practice, he 
was a fra id  th e  lec tu rer had ra th e r  le ft in  the 
m inds of his hearers th e  feeling th a t  the cupola 
was somewhat- ineffective in providing th e  super
hea t required  for th e  runn ing  of oastings. Now 
such was n o t th e  oa-se. I t  was w ithin his experi
ence, and the  experience of a  num ber o-f practical 
foundrym en, th a t  they -might m elt w hite iron in 
the cupola and get all th e  required degree of 
superheat. S im ilar conditions exist for grey, hem a
tite , and phosphoric irons. The only po in t on 
which he was in real disagreem ent w ith the  lec
tu re r was th a t  he could no t follow him with his 
equilibrium  diagram  in  his explanation of the 
variable behaviour of grey iron as aga-inst white 
iron in the  cupola. W hen they heated  an iron to  
a certain  tem pera tu re  i t  rapid ly  a tta in ed  equili-
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bri'um for th a t  tem pera tu re . I t  was w ith in  the  
experience of .many oif those who were in te rested  
in th e  case-hardening process—the  cem entation  
process, th a t  if  they  heated  w rought iron  up  to 
1,137 deg. C., which was th e  eutec tic  p o in t, 1 
rap id ly  a tta in ed  equilibrium  as regarded  composi
tion in  contac t w ith th e  carbon, and very soon 
a tta in ed  4.3 per cen t, of carbon, which was the 
eutec tic , an d  m elted. H e  suggested to th e  P ro 
fessor th a t  in  a cupola the  grey iron  very rap id ly  
indeed m elted, owing to  the  fac t th a t  th e  response 
to  th e  conditions of tem p e ra tu re  and composition 
were such th a t  equilibrium  for th a t  tem p e ra tu re  
was im m ediately reached—reached a t  th e  velocity 
of o th e r chem ical an d  physical reactions, w ith  
which th ey  were fam iliar. T herefore th a t  d is
ab ility  was rem oved. I t  was qu ite  clear, then , 
th a t  th e  exp lanation , which he understood was 
M r. R iddel’s, was an  unsound one, and  was 
untenable.

The Effect of S ilicon  on Viscosity.
The lec tu re r had  ou tlined  th e  influence of s ili

con, and  asked w hether th e re  m ig h t n o t be a  d irec t 
influence in  decreasing the  viscosity of the  m etal. 
H e could assure D r. Desch th a t  th e  effect of 
silicon was to increase th e  viscosity. I f  th e  very 
valuable work done by W üst and  Petersen* was 
studied , i t  would be found th a t  th e  increase of 
silicon to th e  iron-carbon system  decreased th e  
solubility of carbon in iron. To ta k e  a  foundry  
iron  con ta in ing  3 per cent, of silicon, th e  eutectic 
for th a t  series contained som ething like 3.5 per 
cen t, of carbon, as a g a in s t 4.3 p er cen t, for th e  
simple iron-carbon euteotic, and therefo re  in  p rac
tice  i t  would be found th a t  silicon decreased the  
viscosity by reducing  th e  carbon co n ten t of the  
eutec tic , and  incidentally  increasing  its  freezing 
p o in t from  1,138 to  1,185 deg, C. I t  w as a  some
w hat subtle po in t, b u t w hat he w as say ing  was 
completely established by th e  fac t, well known to 
m any foundry  people, th a t  if they  wished to  m ake 
th e  finest castings they  purchased th e  Swedish 
w hite iron w hich h ad  the  eutec tic  of the  iron- 
carbon series, con ta in ing  som ething like  4.2 per 
cent, of carbon, and i t  was ow ing to  th a t  very

•  M éta llu rg ie , V o l. iii., p p . 811-820.



507

high carbon con ten t of th e  Swedish whit© iron 
th a t  such th ings as be lt fasteners were cast w ith 
the  g rea te s t ease. In  foundry irons one went up 
to  2.25, and even 3 per cent, of silicon, and those 
foundry  irons had  really a  h igher m elting  point 
th a n  the  Swedish w hite irons. T urn ing  to  the  
white iron  series, i t  was d e a r  to  all of them  th a t 
if  they  used too m uch scrap in  the  cupola they 
got a sluggish iron. The explanation was quite 
simple, on th e  hypothesis p u t forw ard bv Professor 
Desch. I t  was a  reduction  in th e  carbon content, 
and instead  of tak in g  th e  eutectic alloy they 
w ere dealing  w ith  an alloy which was nearer to 
th e  steels. I t  was quit© clear to  him  th a t  if they 
had  a sufficient degree of superheat, and if the ir 
com position was suitably  controlled, as regarded 
cast iron  they  need have no worry concerning its  
flu id ity , and he ven tu red  to  suggest th a t it  was 
w orth  th e  while of th e  foundry industry  to  look 
in to  th e  m a tte r  from th is point of view. There 
was m uch d a ta  and much knowledge available in 
th e  foundries, and  if they  would go forw ard and 
place in  th e  le c tu re r’s hands th a t  large mass of 
p rac tica l experience which they  possessed, he was 
qu ite  su re  Dr. Desch would correlate it  w ith 
known physical laws, and so build up a fund of 
knowledge which would be invaluable to  all of 
them  in  th e ir  foundry practice.

Oxides in Steel Castings.
As regarded steel castings, viscosity was purely 

a function  of tem pera tu re  and composition. They 
all knew, if  th e  carbon was slightly increased in 
th e  steel, w hat a g rea t difference i t  m ade to  the 
ru nn ing  of th e  m aterial. In  passing, D r. Desch 
had re fe rred  to th e  dissolved oxide. H e (the 
speaker) m ust lay it down, as a resu lt of long 
experience and much investigation, th a t  in  a 
Sheffield steel foundry, a t any ra te , oxide of iron 
should not occur. Oxide of silicon m ight, oxide 
of alum inium  m ight, b u t oxide of iron did net 
rem ain in  a properly made steel casting.

Fluidity of Electric Steels.
M r. F. D a r l e y  asked w hether Professor Desch 

could g ive anv inform ation  w ith regard  to  the 
fluiditv  o f steel from the  electric furnace. 
Recently, he had  experienced some trouble with
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“ b lo b s”  on th e  bottom  side of the  castings, 
fu r th e s t away from  th e  ru n n e r , which gave him  
th e  idea th a t  i t  was on account of the steel no t 
being fluid. The steel of which he was speaking 
was about 0.2 carbon, 0.17 silicon, 0.015 phosphorus 
and 0.4 per cent, m anganese. I f  they  increased 
th e  silicon, say, to  0.3 or 0.4 per cen t., th e  m an
ganese to about 0.7 to  0.8 per cent., and  th e  phos
phorus to  n o t exceeding 0.06 per cen t., would 
th a t  have any effect on th e  flu id ity  of th e  steel? 
W ould th a t  'have a  tendency to  overcome some of 
the  difficulties of which he  had spoken? H e  was 
speaking of steel from  the  electric fu rnace. They 
did n o t experience any trouble of th a t  k ind  when 
they used th e  Stock furnace.

M e . J .  S h a w  said he was q u ite  in  accord w ith 
Dr. H atfield  w ith reg ard  to cupola m elting . H e 
though t i t  was q u ite  clear th a t  they  ob ta ined  fa irly  
fluid m etal from  w hite iron , for m alleable p u r
poses a t  all events, b u t its “ l i f e ”  d id  n o t la s t 
very long. Tbe m etal set very m uch m ore quickly 
th a n  grey iron , probably due to  h igh  phosphorus, 
b u t n o t necessarily so, because h em atite  could ac t 
sim ilarly . As regarded  ac tu a l d a ta  for flu id ity , 
D r. Desoh had  throw n out several h in ts  to  them , 
b u t personally he knew of no m ethod excep t one 
sim ilar to  the  long tap e rin g  s tr ip  th a t had  been 
described. H e  th o u g h t th a t  was fa irly  un iversal, 
both in  th is  coun try  and  in  Am erica.

D ivergent Views on the Presence of Oxides.
W ith  regard  to ox idation , he th o u g h t D r. H a t

field was wrong. They had th e  positive opinions 
of equally p rom inen t men, who w ere q u ite  ce rta in  
th a t  th e re  was oxide in  steel.

D r . H a t f i e l d : W hat i s  t h e  e v i d e n c e ?
M r. S h a w  said  th e  evidence was th is , th a t  

in  ce rta in  definite laborator.ies th a t  were se t up 
for th e  purpose, oxide bad  been found. P ickard , 
in his C arneg ie  research, found oxidation  in w hat 
he called a w hite iron, which was a perfectly  grey  
iron.

D r . H a t f i e l d  : There, is n o t a n y  evidence in 
existence to-day to show th a t  th e re  is oxygen com
bined w ith iron  in  oast iron.

M r. S h a w  : Wihat abou t P ic k a rd ’s research?
Can you prove th a t  i t  is  n o t so? A re th e re  any 
m ethods existing  whereby i t  can  be proved th a t
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th e re  is n o t?  I beg to differ w ith yon. The two 
A m erican papers th a t  were published recently 
s ta te  definitely th a t  one cannot by any known 
m ethod m ake a  tru e  determ ination  of oxygen in 
iron.

D r . H a t f i e l d  : This is  a subject open to d irect 
research, research  which we have conducted, and 
I suggest o ther people should conduct it . Then, 
instead  of ta lk in g  about it , we should have 
evidence. I  have evidence, and am  quite  satisfied.

M r . S h a w  : I  c a n  o n l y  r e p e a t  t h a t  t h e  b u l k  o f  
e v i d e n o e  g i v e n  b y  t h o s e  'w iho a r e  e q u a l l y  q u a l i f i e d  
a n d  w h o  h a v e  c o n d u c t e d  r e s e a r c h  w o r k  is a g a i n s t  
y o u .

The Im portance of Specific Gravity.
M r. J .  R . H y d e  said th e re  was much th a t they 

all wished to  know about fluidity. They were try 
ing  to  find th e  basic trouble. Some said it 
was oxygen ; o thers ascribed i t  to absence 
of silicon o r phosphorus. A fter the  able case 
th a t  had  been p u t for both sides, they 
still fe lt th a t  they  w anted some accurate research. 
Dr. H atfield  had  referred  in a  theoretical way to 
th e  fac t th a t  the  difference in  th e  -specific gravity  
of th e  m etals, as tested  by th e  Japanese research, 
would have some influence on th e  runn ing  capa
bilities. F o r instance, most of th e  m etals had 
specific g rav ities of about 7 \ to 9, and i t  was 
obvious th a t  12 in . of head for a m etal of th a t  
g rav ity  would give distinctly  bigger pressure a t  
the  bottom  th a n  would be th e  case with alum inium, 
which was only about 2.6. H e would like to ask 
w hether th e  Japanese  workers had made -any 
research in which they had controlled th a t definite 
pressure -at th e  bottom. D id they make any 
a ttem p t to  -balance it?  Every  practical moulder 
knew th a t  he m ust always tak e  into consideration 
the am ount of head in casting anything.

M oulders Relieved from  Responsibilities.

E n g i n e e r  -Ca p t a in  M o o r s h e a d  said he had 
had experience of a large num ber of inquiries on 
defective castings. P rio r to  the war, naval con
struction  was to  a g re a t ex ten t held up by faulty 
castings. The whole of the  steam  run  of the 
“  Iron D uke ,”  the  ship he -was building, was kept 
back for th ree  or more m onths because of the non
delivery of th e  steel castings, of which many were
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failures. H e hoped th a t , w ith  the  experience of 
th e  w ar, th is  difficulty had  been overcome. From  
his po in t of view, all these inquiries always tu rn ed  
on th e  pa tte rn -m ak er, the  foundrym an, an d  the  
steel m aker. D r. Desch had  been a good friend 
to  th e  foundrym an, because he had definitely 
established th a t  i t  had no th ing  to  do w ith them , 
b u t was purely a question of th e  steel m aker. If  
the la t te r  m a in ta ined  th e  proper superhea t, then  
they would g e t th e  proper steel and th e  p roper 
casting . H e foresaw th a t  in all fu tu re  inqu iries 
the  foundrym en would say, “ W e are  all r ig h t, 
we have done ou r job ; i t  is th e  steel m aker who 
is wrong, and if you don’t  set him  rig h t, and go 
in for research, an d  show him how to  ru n  the  
m ateria l and  get th e  proper tem p e ra tu re  there , 
u n ti l th en  we can n o t do any b e t te r .’’ H e 
th o u g h t th a t  from th a t  p o in t of view th e  lec tu re r 
had relieved th e  foundrym an of a very g re a t re 
sponsibility.

Lead in A dm iralty Brasses.
The Japanese  experim ents w ere very in te re s tin g  

from  a ce rta in  p o in t of view, b u t i t  was a p ity  
they  were no t e laborated , and  th a t  th e  w orkers 
did n o t carry  o u t a series of experim ents w ith 
vary ing  degrees of su p e rh ea t, so as to  see w hat 
effect th a t  h ad  on viscosity and to  a rr iv e  a t  some
thing definite w ith  reg ard  to  th a t .  H e  noticed 
th a t  in th e  bronzes viscosity was very much 
reduced when lead took p a r t  in th e  com position. 
Well, th a t  had  always been ra th e r  a sore p o in t 
w ith th e  foundry  w ith  reg a rd  to  A dm iralty  
practice, and  he th o u g h t th e  p o in t arose in  a 
P ap e r read  before th e  In s ti tu te  of M etals th is  
year, in which th e  lec tu re r took exception to  the 
conservative view of th e  engineering  branch of 
the  A dm iralty , th a t  they would no t have any lead 
in  brasses. H e (the  speaker) th o u g h t th a t  th e  
Engineer-in-C hief, who was in  th e  chair, took th e  
proper view when he said th a t  th ey  in the  Service 
did no t consider them selves specialists in  th a t  way, 
and they had  such a broad field to  en te r th a t ,  
when i t  cam e to  a case of th a t  so rt, they  had  a t  
th e ir back the  scientific world and  m any scientific 
advisers, and  i t  was on scientific advice th a t  no 
lead was allowed in A dm iralty  bronzes o r brasses. 
P erhaps Professor Desch m igh t throw  some lig h t 
on th e  g re a t objection to  lead. H e had  m et w ith



511

m any failures, and lie supposed th a t  the  high- 
s tren g th  bronze which was required  in the 
Service for the  h igh pressures of hydraulic work 
an d  for to rpedo  work resulted in m any failures, 
and  th e  suggestion th a t  had always been p u t 
forw ard  was th a t  if a ce rta in  am oun t of lead was 
allowed th en  all would be well. Of course, those 
who p u t th a t  suggestion forw ard knew th a t  they  
were no t allowed lead, so th a t  th a t  was one way of 
“  dodging ” th e  subject. H e thought th a t  if 
P rofessor Desch would give some definite lines on 
which research  m ight be m ade, bearing in  mind 
the p rac tice  th a t  foundrym en had always in front 
of them , they  m ight g e t some tangible resu lt with 
regard  to production.

M r . T. B r o w n  said he h ad  repeatedly complained 
th a t  th e  m etals which they were ge tting  a t  the 
p resen t tim e from  certa in  furnaces were no t fluid 
enough. H e had  made experim ents to  see how far 
m etals would ru n , bu t the  Japanese method, which 
had  been explained th a t  n igh t, had  given him an 
idea for a  b e tte r experim ent th an  he had  made 
himself. H e was afra id  th a t  if they did they 
would find a very defective piece of steel where 
i t  had  solidified and frozen a t  th a t  particu lar 
angle. They m igh t get a good piece a t  the  end 
where i t  had  been ru n  in, b u t not where it  stopped 
runn ing . H is experience was th a t , within a 
distance of 2 f t . to  2 f t . 6 in. of where a casting 
was run  there  was sound casting, bu t beyond th a t  
distance i t  was full of small holes. The casting 
itself w'as perfect, but the holes were revealed on 
m achining. H e  contended th a t th is was owdng to 
the steel no t being sufficiently fluid or the tem pera
tu re  no t sufficiently high to  travel th a t  steel to 
its  destination .

The Lecturer’s Reply.
D r . D e s c h , in reply, said he was natu ra lly  very 

much in terested  in Dr. H atfie ld ’s rem arks, and in 
fact he was particu larly  anxious, in giving the 
P aper, to  g e t some expressions of opinion from 
those who had practical foundry experience, his 
own being m ainly in non-ferrous practice. He 
quite  agreed w ith D r. H atfield th a t  there did exist 
am ongst .foundrymen a g rea t deal of practical 
knowledge on th is  subject, b u t i t  had not found 
its  way in to  p rin t. He had searched through the
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volumes of th e  Proceedings of th e  In s titu tio n , and 
found very li tt le  indeed. The text-books and  o ther 
publications, contained scarcely any th ing , and  i t  
would be a very good th in g  if foundrym en could 
p u t together some of th e  knowledge which they  
undoubtedly possessed on th e  p ractical difference 
between m etals in  regard  to  th e ir  flu id ity . For 
his own p a rt , he should be very g ra te fu l to  receive 
any p rac tica l in fo rm ation  of th a t  k ind , which one 
could m ake use of in  a  discussion of th e  sub ject. 
H e had  had  to  go on a  very sm all am ount of d a ta . 
Dr. H atfield  expressed th e  hope th a t  U niversities 
would be able to undertake  work of th a t  k ind , and 
referred  to  th e  possibly un lim ited  funds for 
research. H e (the speaker) was sorry to  say  th a t  
those funds w ere very s tric tly  lim ited. The 
U niversities ju s t  now were in a m ost difficult posi
tion . They were hav ing  th e  g rea te s t possible 
difficulty in m eeting th e ir  o rd in ary  expenses, and 
every B ritish  U niversity  th is  year had  a  heavy 
deficit. An appeal was m ade by the  U niversities 
to  th e  G overnm ent for add itiona l help, and the  
G overnm ent had  replied  by c u tt in g  down the  
U niversity  g ra n t for n ex t year by £300,000.

Head Pressure Constant,
R eference had  been m ade by M r. H yde to  a 

source of e rro r in  the  Japanese  experim ents owing 
to th e  vary ing  am ount of pressure in  th e  head. 
H e should say th a t  although  th a t  was n o t 
thoroughly  provided aga in s t, i t  was very nearly . 
The Japanese  did n o t use equal volumes of th e  
different m etals, b u t equal w eights—40 kilo
gram mes— which would give a p ractically  constan t 
head in  each case. I t  w as a  huge head, very much 
larger th an  th e  am ount of casting , so th a t ,  having 
equal w eights, th a t  m eant th a t  for alum inium  
th ere  was a much bigger volume of m etal in  the 
head th a n  th e re  was for th e  iron, o r the lead 
or tin .

Cupola Super-heating.
H e was very in terested  to  h ear D r. H atfie ld ’s 

rem arks about the cupola, an d  he (the speaker) 
m ight qu ite  possibly be wrong in  th a t . H e had  
derived m ost of his in form ation  from  M r. R iddell’s 
experim ents, had  ta lked  th e  m a tte r  over frequen tly  
w ith him , had  seen his results, and  exam ined the  
products of casting  in  d ifferen t ways, and  i t
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seemed to liim th a t th e  explanation  was on the 
whole fa irly  correct. H e did no t th in k , somehow, 
th a t  equilibrium  was reached quite as quickly as 
D r. H atfield suggested. B u t he was very in terested  
to  h ea r th a t  i t  was possible to  m elt white iron 
in the cupola w ith  a considerable am ount of super
hea ting . H e should like to  ask D r. H atfield 
w hether th a t  was in  a cupola in which there was 
m ore th a n  one row of tuyeres.

D r . H a t f i e l d  : No, ju s t the  one row.
D r . D e s c h  : Then how do you ge t your super

hea t, because one would th ink  th a t  the  whole of 
th e  m etal was m elted above th e  tuyere  level?

D r . H a t f i e l d  : No, i t  is everyday experience in 
a ll m alleable foundries. Of course, in  m elting a 
w hite  iron  one m igh t ru n  w ith a fuel consum p
tion  of 3.5 cwts. per ton  of iron m elted, b u t where 
one i s  m elting  grey iron one may ru n  on a  fuel 
consum ption of 1.75, th a t  is half th e  fuel, and 
there fo re  th e re  is a complete substan tia tion  there  
o f th e  argum ent which I  placed before th e  
Professor. These facts a re  well known to  anyone 
in foundry  practice, and  may be confirmed.

D r . D e s c h  : I  th in k  th a t  is th e  explanation— 
th a t  when you are  g e ttin g  th is w hite iron casting 
for your malleable purposes you use a high fuel 
consum ption, and you therefore force i t  up to  a 
h igher tem pera tu re . T ha t is th e  fac t which I  had 
overlooked. The superheat is obtained in th a t  
case, ce rta in ly . T h a t does undoubtedly explain 
my difficulty. I  was speaking of casting under 
o rd inary  conditions, an d  of foundries where no 
m alleable iron  is produced. The experience there  
is th a t  if i t  is tried  to run a white iron under 
the  same conditions a t which grey iron is cast it  
runs cold. B u t the  two th ings are  quite con
sisten t, because D r. H atfield  has now supplied the 
inform ation  which I  did not possess. I  am very 
in terested , also, to  hear his account of the 
influence of silicon in its actually  increasing the 
viscosity, b u t I  did no t get an answer to  the 
simple question of th e  case of steel, as to whether 
th a t  4 per cent, silicon steel is m ore or less fluid 
th a n  a steel of the same carbon content. (Dr. 
H atfield  : Yes, i t  is more fluid.*)

* See G uertler a n d  T am m ann  Z e itseh rift fiir anovg Chemie , 
vol. x lv ii., p . 163.

S
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More O pinions on Oxides in Steel and Iron.

Dr. Desch w ent on to say th a t  when they  came 
to the  question of oxide in  steel, th en  he m ust 
frank ly  say th a t  he did n o t agree w ith  D r. 
H atfield, and  he had  to ld  him  so before. H e had 
on his side o ther au tho rities , 6uch as D r. McCance. 
He could n o t explain the behaviour of steel o th e r
wise th an  by assum ing a m arked solubility for 
th e  oxide in th e  liquid  steel. As to  its  being 
presen t in  cast iron, th a t  was still an open ques
tion , b u t he th o u g h t th e re  was some evidence. 
There was in  G reenland a  mass of n a tiv e  iron  of 
enorm ous size. I t  was formed below th e  surface 
of th e  earth  by the  reduction  of a basa lt con
ta in in g  large q u an titie s  o f iron oxide by carbon. 
I t  was a mass of n a tiv e  cast steel, p ractically . In  
th a t  steel th e re  was a very rem arkable  eutectic. 
I t  was th e  eutec tic  of iron  carbide and  iron oxide— 
a very beau tifu lly  formed carbide-oxide eu tectic. 
U ndoubtedly th is  was due to  th e  fac t th a t  i t  was 
produced below the  surface of th e  e a r th  and under 
pressure, so th a t  th e  gases were no t able to  escape 
freely, and th e  equilibrium  betw een oxide of iron 
and th e  two oxides of carbon was upset. 
B u t since a very large solubility  was ob ta ined— 
because th is  eutectic had been form ed from  liquid 
—under th a t  pressure i t  seemed to  him  all the  
more likely th a t  under atm ospheric pressure they 
had a decided solubility.

Lack of F luidity in  E lectric Steel Explained.
T hat also had  a bearing  on th e  question of Mr. 

D arley, who re fe rred  to  th e  difference in  fluidity 
between two steels of th e  same com position, one 
coming from  the  electric fu rnace  and  one from 
th e  Stock converter. Now he had been repeatedly  
told in  foundries th a t  th is  difference was regularly  
found when finding the tem pera tu res of two steels 
w ith  th e  optical pyrom eter to  be equal, tak in g  one 
steel from th e  electric fu rnace  and th e  o ther from 
a Tropenas converter. I t  was said th a t  th e  con
verte r steel m ain ta ined  its “ life ” in  th e  ladle 
longer th an  the  electric steel. Supposing th a t  to 
be th e  case— and he had been to ld  by several 
experts th a t  i t  was so—then  his exp lana tion  was 
t h i s : th a t  th e  m etal from a converter was n o t 
dead, th a t  the  reactions were n o t finished, th a t  i t
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contained dissolved oxide which was reacting  with 
the  dissolved silicon and manganese, and hea t was 
continually  being evolved; w hilst th e  electric steel, 
on the  o ther hand, was dead, and its  reactions 
had finished. There was an  in te rn a l source of 
h ea t in the  converter steel, which was not present 
in  the  electric steel. T hat was the  explanation  he 
p u t forw ard. I t  was purely hypothetical. As he 
had  said, they  had n o t th e  d a ta  for the direct 
influence of these elem ents on the  fluidity . So 
fa r  as a lte rin g  th e  m elting  po in t by bringing it  
down, of course th e re  was an effect, b u t the  re la 
tively small changes suggested would n o t a lte r 
th a t  very greatly .

The Lead in Brass Query.

C apta in  M oorshead had asked a question about 
the  effect of lead on bronzes and brasses. Since 
he knew th a t  in  Sheffield the  non-ferrous foundry 
industry  was a com paratively small one, he made 
very li tt le  reference to bronze or brass casting, 
b u t of course i t  was well known th a t  th e  fluidity 
of bronze o r brass was very greatly  increased by 
the  presence of lead. The Japanese a rtis tic  
bronzes always contained a very high per
centage of lead. The s ta tu a ry  bronzes 
m ade by E uropean  firms contained zinc 
and lead in  add ition  to t in , so as to increase the 
fluidity . This gave a m etal which flowed readily 
into th e  mould, and took a quite sharp  im pression. 
For a rtis tic  work, they undoubtedly w anted a high 
percentage of lead. B u t it  did  n o t follow th a t  
they w anted lead in A dm iralty bronze, and  he 
m ust say th a t ,  having gone in to  th a t  question a 
good deal, he was of opinion th a t  th e  A dm iralty 
was qu ite  r ig h t in m a in ta in ing  its  lim it to the 
lead-content in bronze. The experim ents which 
had been published lately  certa in ly  showed th a t 
an in ferio r tin-bronze was im proved by the addi
tion  of lead, by which they  could g e t sounder cast
ings, and could send up  th e  tensile streng th  quite 
considerably. B u t they  would no t increase the 
tensile streng th  th a t  they could g e t in  a good tin- 
bronze, and a few of the firms th a t  made A dm iralty 
gun-m etal, and  took care th a t  i t  was no t over
heated  o r oxidised, and also took g re a t care about 
the scrap th a t  they p u t in, got much b e tte r results
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th an  any of those firms th a t  added lead. All th a t  
the lead did was to  im prove th e  soundness and 
remove oxide from  an in fe rio r bronze, b u t as soon 
as they had a good A dm ira lty  gun-m etal the  
quality  was lowered a t  once by any add ition  of 
lead. Of course, for c e rta in  purposes, they  w anted 
lead th e re  for ease of m achining, b u t th e  
A dm iralty  p u t up  w ith th e  g re a te r  difficulty of 
m achining for th e  sake of h igher quality  of m etal.

Blow holes,
The question th a t  was asked in  reg ard  to  th e  

presence of th e  li tt le  blowholes was a  li t t le  diffi
cu lt to  answ er w ithou t looking carefully  in to  th e  
castings. The blowholes m ight be due to  excess of 
dissolved gases or to  im perfect flu id ity , both  of 
which were factors con tribu ting  to  the porosity  
of castings. H e had  n o t m ade any reference to  
the influence of dissolved gases, which he though t 
was a question th a t  needed a good deal of a tte n 
tion . The flu id ity  of a  liquid  was qu ite  consider
ably a ltered  by the  presence of dissolved gases, 
and to w hat ex ten t i t  w'as a ltered , or in  which 
d irection , was a m a tte r  for research in each case. 
They could no t p red ic t i t : i t  required  a  definite 
am ount of research to  find ihow fa r  the  flu id ity  of 
a m etal was influenced by these dissolved gases. 
I t  was qu ite  possible th a t  some of th e  differences 
which had been observed betw een electric steels 
and crucible steels, for exam ple, m igh t depend on 
differences in  the  q u a n tity  of dissolved gas, b u t 
a t  p resen t th e  am ount of research th a t  had  been 
done on th is  sub ject was altogether inadequate .

T h e  B r a n c h - P r e s i d e n t , i n  expressing th e  h ea rty  
th an k s of the  m eeting to  D r. Desch, em phasised 
w hat had  already been said on th e  im portance of 
collecting the  p rac tica l in fo rm ation  on these sub
jects th a t  was in  th e  possession of foundrym en, 
and b ring ing  i t  forw ard.
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Lancashire Branch.

AN IDEAL FOUNDRY. 

By W. H. Cook, M.I.M.E.

A t a m eeting  of the  B urnley section, held on 
December 6, M r. J . Hogg presiding, M r. W. H. 
Cook, M .I.M ech .E ., delivered a lecture  on “ An 
Idea l F o u n d ry ,”  in  which he considered the  
m a tte rs  which would come up for decision in e rec t
in g  and  equipping a  foundry  su itab le  for produc
ing rep e titio n  work in  fa irly  large quan tities of 
m edium  w eight castings.

Ventilation.
D ealing w ith  th e  build ing  itself he said th a t  in 

th e  p a s t th e  m oulder had had to  work under bad 
conditions, and  even in modern foundries the  con
ditions were fa r  from  ideal. Some were outw ardly 
very pleasing to  th e  eye, b u ilt of pressed brick 
w ith close jo in ts  nea tly  po in ted , and w ith pillars 
and  recesses of decorative design ; b u t inside there  
were rough o rd inary  bricks an d  wide, unpointed 
jo in ts , which provided resting  places for d ir t  and 
dust, and m ade i t  impossible to sweep properly 
th e  walls or to  w hitewash. If  pressed bricks could 
no t be afforded both inside and outside, he 
would p u t th e  common bricks outside, and use the  
smooth pressed bricks in ternally . To fac ilita te  
clean ing  and  p reven t th e  accum ulation of dust, all 
th e  corners should be rounded, not square. H e did 
n o t believe in lofty  walls. If  i t  were no t intended 
to  in sta l a trave lling  crane he would n o t exceed a 
h e igh t of 14 f t .  to  th e  eaves. In  th e  construction 
of th e  roof he would d e p a rt en tire ly  from the pre- 
senhday  practice, and follow the  m ethods adopted 
in th e  la te s t weaving-shed designs of carry ing  the 
roof upon beams placed outside, and m aking the  
inside as smooth as possible. I t  should all be 
p ain ted  or w hitew ashed. To ensure ligh t and  
brigh tness th e re  should be as much glass as pos
sible.
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If i t  was necessary to  have a  trave lling  
c ran e  and  th e  roof was high there  should n o t be 
a depressing blank wall b u t a side ligh t should be 
incorporated-. O ften a foundry  was darkened  by 
th e  rising  steam  and  fum es. To overcome th a t  
trouble a ven tila tio n  expert should be called in, 
th e  conditions poin ted  o u t, and  he should be in 
s truc ted  to  devise th e  best possible scheme to  c a rry  
away such fum es and  d u st and  pass them  in to  
closed vessels of w ater in order to  p rev en t th e ir  
being deposited upon th e  windows or sca tte red  
th rough  th e  neighbourhood. W ere i t  possible every 
foundry  should be compelled to p u t in m echanical 
ven tila tion , which would ensure proper a ir  c ircu la 
tio n  even on th e  dam p, muggy and  foggy days. In  
th e  le c tu re r’s foundry th ere  was a  signal proof of 
th e  ad v an tag es of m echanical ven tila tion . D u ring  
th e  w ar th is  foundry  was called upon to  m ake large 
qu an tities  of a  40 per cen t, zinc m ix tu re , and th e re  
were five or six men pouring  th roughou t th e  whole 
of th e  day. This m ix tu re  gave off a w hite  cloud 
of zinc oxide, which had a had  effect, even if only 
one was pouring. W ith  six i t  was unendurable. 
A ven tila tion  ex p ert was sen t for, and  h e  so 
a rranged  th e  ven tila tion  th a t  no m a tte r  how many 
were casting  or how much fum es arose, th e  atm o
sphere was cleared  and  m ade fresh in  less th a n  half 
a m inute. The brass foundry  w as now the  
h ea lth ies t p a r t  of th e  shop. I t  suffered very li tt le  
when influenza was rag ing .

Cupola Equipm ent.

I t  was very difficult to  advise ab o u t th e  type, bu t 
on two po in ts  he had  no h es ita tio n  : he  would no t 
have two heigh ts of tuyeres, no r would he have th e  
b last from only one side. Th'e m ost successful 
cupola they  had a t  work was 30 years o ld ; th ere  
was no b e lt; th e  b last passed in  a t  two tuyeres 
opposite to  each o ther. The resu lts  were very 
s a tis fa c to ry : h o t soft iron , reasonable coke con
sum ption  (2J cwt. to  th e  to n ) ; a good average 
life  to th e  lin ing . They had  none of th e  troubles 
due to  fusing of the  lin ing. This he a ttr ib u te d  to  
th e  fac t th a t  th e  a ir  in le ts  w ere of large area, 
abou t one-seventh of th e  a rea  of th e  cupola. A 
K eith-B lackm an combined electrioally-driven fan  
was particu la rly  efficient and  economical. The full
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blast pressure was 10 ozs. These resu lts were net 
o ften  surpassed, and th e  sim plicity of operation  
was very pleasing.

Some years ago he was told of some marvellous 
m elting  results, using I f  to 2 cwt. of coke per ton 
of m etal all in, a t  a foundry which tu rn ed  ou t in 
jobbing castings abou t 30 tons per week. H e was 
su rprised  to find the  cupola was a home-made affair 
ad ap ted  from  a boiler casing w ith two side pipes, 
no belt, and  ample a ir  inlets. When he tested  he 
found th e  reports were justified. A fter such ex
periences why should one instal a complicated 
a rrangem en t?

The Lay-out of the Cupola.
The position of th e  cupola was a m a tte r of im

portance. As generally  fixed th e  spout projected 
in to  th e  foundry, tak in g  up much space and 
m aking th e  appearance un tidy . H e suggested th a t 
i t  should be p u t (farther back, w itb a  wide and  high 
archw ay for approach, a large, covered-in stage to  
allow of good storing , w ith a self-registering weigh
ing-m achine sunk level w ith the floor, ensuring the 
charges being as desired from day to  day. A nother 
suggestion was to  p u t a ligh t roofed building over 
th e  pig-iron, coke and scrap stores. The cost would 
be more th a n  repaid  by the  saving of fuel and 
labour in  th e  wet w inter months.

Plate M oulding.
The best system  of p la te  m oulding th a t  could be 

found should be installed , and the  p lates should be 
finished as smoothly as possible, because the 
m oulder could only give castings which were 
replicas of th e  p a tte rn . A princip le which he 
strongly  recommended was th a t  the  p a tte rn s  should 
all be m ade to  p a r t  across a dividing line. In  the 
case of a sym m etrical p a tte rn  th e  line would bo 
th rough  th e  centre, in th e  case of irregu la r p a t
te rn s  th e  most p rom inent po in t would be chosen.

Tn every p a tte rn  th ere  was some suitable point. 
Even if  th e  p a tte rn s  were being used loose there  
was a decided advantage, as one p a r t could be ram 
med on a flat board , then  tu rn ed  over, and the 
o ther p a r t p u t in to  position for ram m ing in top 
p a rt. This would save troub le  for odd sides, jo in t
ing, and loose sand, which caused so many d irty  
castings in  loose p a tte rn  moulding.
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P late-m oulding Boxes.
The nex t po in t to  decide was th e  sizes of s ta n d a rd  

boxes. T here were m any d ifferen t opinions, h u t 
experience showed th a t  a m an would give a b igger 
production  on boxes which w ere n o t too  h eav y ; 18 
in . x 14 in. was his m axim um  for one m an to  handle, 
and he preferred  16 in. x 12 in. or even 14 in . x 
12 in.

Using the Plates.

D ifference of opinion existed as to  th e  m ethod 
of using th e  p lates, w hether on th e  bench, on th e  
floor, o r in  a m achine. H is experience was th a t  
w ith th e  hand-ram m ed, self-draw n m achine th e  
production  was 10 per oent. g rea te r th a n  w ith th e  
o ther m ethods, w ith  less fa tig u e  to  th e  w orker. 
Any in te lligen t person could be ta u g h t to  ram  and 
work th e  m achine, and he should become qu ite  
efficient in  one m onth. Only fou r thousand th s of 
an  inch play wias required  between th e  hole and 
th e  p in , th u s  avoiding tw is ted  castings, and  they 
could draw  deep p a tte rn s  w ithou t tu rn in g  over.

Space Requirem ents,

The average space for each m an should be 30 
sq. yds. An a rea  of 6 yds. x 5 yds. was sufficient 
w ith th e  ord inary  small castings, b u t for large ones 
40 sq. yds. was required . The m an could produce, 
if he willed, a t  least 80 boxes per d ay ; probably he 
oould do more.

Jar R am m ing

The question m igh t be asked : “ W hy n o t in sta ll 
ja r  ram m ing m achines P ”  H e had  stu d ied  th a t  
m a tte r  for some tim e, and  had  visited  o ther foun
dries to  see w hat they  were doing, an d  he bad  not 
yet seen a  m achine su itab le  fo r th e  shallow boxes 
his firm used ; th e re  was n o t sufficient w eight of 
sand to  give ram m ing pressure. P erhaps th is  diffi
culty  m igh t he overcome in th e  fu tu re , if so they  
would go fa r th e r  in to  th e  m a tte r , h u t so fa r  as 
th e ir  inquiries had gone ja r-ram m ing , w ith  its 
overhead charges .for upkeep, d id  n o t show any 
g re a t saving. In  fact, i t  w as a  long way behind  
the  L ancashire p la te  m oulder. H e knew  th a t  in the  
B urnley d is tr ic t press m achines were common, and 
did satisfacto ry  work- I t  was a question of custom.
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O vercom ing Sand Troubles.
H e came now to  w hat, in  his opinion, was one of 

th e  m ost im p o rtan t po in ts in re la tion  to the  pro
duction of clean, smooth an d  sound castings. T hat 
was a  question of sand. By fa r th e  g rea te r 
p roportion  of blown and d irty  castings were 
due to  th e  s a n d ; they  were seldom pro
duced by th e  p la te  moulder, b u t arose 
usually from  th e  loosening of th e  sand 
when rapp ing  in  loose p a tte rn  moulding. Many 
years ago he in s ti tu te d  a  system under which on 
a  p a r tic u la r  day each week th e  bad castings were 
la id  ou t an d  a  clerk m ade a report, in conjunction 
w ith th e  forem an m oulder, as to  th e  fau lts , th e  
cause of them , an d  th e  financial loss which arose 
from  them . This procedure had  very satisfactory 
resu lts , th e  percen tage of bad castings being re
duced from  abou t 6 to  2J per cent, upon an ou t
p u t round  abou t 120 tons per week. They found 
o u t how th e  losses arose. One moulder a f te r  cas t
ing  up and  knocking o u t h is boxes would tu rn  his 
sand over, w ate r it, tu rn  over again  and leave i t  
in  a  n e a t heap u n ti l th e  nex t m orning. This allowed 
th e  m oisture to  perm eate  th e  mass. A nother 
m oulder would knock o u t his boxes and th en  leave 
everything. The nex t m orning he would throw  
w ater over h is  sand , and cause some of i t  to  re
semble slush. H a rd  and blown castings were the  
resu lt. E xperience of th is  led him to  in sist upon 
every m oulder following the  form er course, and 
ever since he had had in his m ind th e  necessity, in 
an ideal foundry , of a system by .which every 
m oulder would be supplied each day w ith properly 
tem pered sand. Up to  th e  present he had  no t seen 
one which was q u ite  satisfactory , b u t if he were 
erecting  a foundry  he would install th e  best one 
he could find. This, combined with th e  use of the  
proper quality  of blacking and coal dust, would 
remove m any difficulties.

Shanking M etal.
W ith  reg ard  to  th e  carry ing  of the m etal he had 

always considered th a t  to  ca rry  i t  from th e  fu r
nace in  th e  shank was both dangerous and  
laborious, b u t i t  could only be replaced by th e  tro l
ley ladle, and unless everything was system atically 
carried  out th e  m etal m ight become too stiff before
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pouring. To remove the possibility of delay as 
much as possible lie recom mended m aking th e  tro l
ley axles d u st proof, and  using ball- o r roller-bear- 
ings and  cast-iron p la ted  runw ays kep t clean and  
free from  obstruction .

A full supply of th e  necessary small tools, such as 
brushes, riddles, etc., should be kept.

Core Shop Suggestions.

H e could say  no th ing  very special ab o u t th e  cores 
except th a t  he would certa in ly  have th a t  d e p a rt
m ent iso lated  from  th e  general foundry , w ith  am ple 
dry ing  stoves and  storage space. Every  core should 
be num bered, an d  a  c e rta in  num ber alw ays ready  
in a place from  which they  could be given o u t to  
the  m oulder w ithou t his going in to  th e  core shop.

H e was a  g re a t advocate of employing women in 
m aking small cores, on account of th e  g rea te r n e a t
ness of th e ir  work. T here  were so m any stoves to  
choose from  for sm all cores, each sa tisfac to ry  to  a 
point, th a t  no definite advice was necessary except 
to  see th a t  an  o u tle t of large a re a  was provided for 
th e  steam , etc. Cores did n o t requ ire  a g re a t heat, 
bu t th e  m oisture should be go t away as freely as 
possible.

T rim m ing Shop Notions.

G reat a tten tio n  should be p a id  to  th e  dressing 
or fe ttlin g  departm en t. I t  o ugh t to  be as p leasan t 
to  work in  as any o ther, b u t th a t  was n o t th e  ease 
a t  p resen t. The first step  he would ta k e  was the  
provision of a system of runw ays to  ca rry  th e  oast- 
ings from the  foundry  to  th e  ra t t le r s  in  ti lt in g  
skips. The barrels should be constructed  w ith th e  
sh a ft runn ing  in  ro ller bearings, the  sh a ft n o t to  
go inside th e  barrel. The g ea rin g  should be a t 
one end only, and th e re  should be no s tra p  to  th e  
fram ing  underneath . This would rem ove any 
danger of accident, and allow of th e  castings being 
easily dealt w ith when th e  b a rre l was em ptied. 
F inally , th e  whole m achine should be enclosed by a 
sliding cover, w ith dust pipes a tta c h e d  and con
nected to  a fan , thus carry ing  away practically  all 
th e  dust in to  a  w ater tan k . There i t  would se ttle  
and  could be periodically rem oved. H e would pro
vide am ple emery grinders, all connected to  th e  
same fan . F inally  he would have runw ays to  carry
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th e  castings to  th e  weighing-machine and  the  
stores.

Ample storage boxes were needed, and also space 
for the  exam ination  of the  castings before p u ttin g  
them  in to  th e  boxes, so th a t  any unsatisfactory  
ones which had  passed th e  dresser would be thrown 
o u t and charged to  the  moulder, or rejected  before 
any m achining cost had  been added.

Costing D epartm ent.
The costing dep artm en t was often  neglected, b u t 

he a ttached  as much im portance to i t  as to  any 
o ther p a r t  of the  foundry. B u t in a rrang ing  the  
m ethod of costing he would tak e  g re a t care n o t to  
carry  system too fa r. I t  should not 'be introduced 
if i t  m ade th e  fixed expenses too high.

An experienced forem an would keep things 
s tra ig h t, and he would certa in ly  appoin t th e  best 
foundry  m anager he could find, who knew his busi
ness and was strong b u t ju s t. To such a man he 
would give absolute control in  regard  to th e  work
men, reserv ing  to  him self th e  purchase of 
m ateria ls , th e  determ ination  of the  selling prices, 
and  a fa ir  criticism  of results.

DISCUSSION.

M e . P et.l  said if Mr. Cook would s ta r t  a com
pany to  build ideal foundries i t  wmuld undoubtedly 
be a good th ing  fo r the  members of th e  In s titu 
tion , b u t some of th e  points made in th e  address 
were open to  criticism . Fourteen  feet was a very 
low level for th e  roof. One m ust rem em ber th a t 
the  employer was expeoted to  provide so much 
cubic fee t of a ir  for every hum an being employed 
on th e  prem ises. If  th e  14 ft . gave them  th a t 
am ount ino doubt i t  would be all righ t.

In  his tim e he had heard  a good deal about 
cupolas, and he expected to  hear more. The fusion 
of lin ings had  caused him much trouble, and 
he raised th e  question a t  a  m eeting in M an
chester, and th e  conclusion arrived  a t by some 
of th e  members was th a t  h is tuyere area  was not 
sufficiently large. Since then  ‘ lie had made his 
tuyeres 4 \  in. d ia ., instead of 4 in., and he_ pro
posed to  increase it  to 6 in. when he rebuilt.

Speaking of blast pressure, M r. Pell said he was



524

working w ith 15 ozs. According to Mr. Cook, 
such b la s t pressure should re su lt in h a rd  iron, 
b u t he had  n o t found th a t  to  be so. The iron 
produced was n o t h a rd ; some of i t  m achined 
extrem ely well.

Replying to  questions p u t by Mr. B arnes, M r. 
C o o k  sta ted  th a t  they  weighed every ounce of coke 
th a t  w ent in to  th e  fu rnace , and every ounce of 
iron. W ith  regard  to  the  trouble  from steam , he 
advised th e  em ploym ent of mechanical ven tila tion . 
An ex p ert should be called in  and a  fan  of suffi
c ien t power installed.

M r . L a y f i e l d  said he had been concerned in  
p u ttin g  up a new foundry , and m any of th e  poin ts 
m entioned by Mr. Cook came up  for considera
tion. On th e  whole they  were in  agreem ent w ith 
Mr. Cook. B u t h is insistence upon m echanical
ven tila tion  was ra th e r  alarm ing. They were
tak in g  th e  walls up 15 f t .  to  th e  eaves, and
p u ttin g  in louvre ven tila to rs; so, from  w hat had  
been said, troub le  was to  be expected. They had 
no rounded corners, on account of expense. 
W ith  regard  to  th e  p las te r mould in  a job
bing foundry  m any th in g s had  to  be delivered 
th e  n ex t day in lots of tw en ty  or th ir ty . Such
could no t be done w ithout th e  use of p laster 
moulds, which w ere sa tisfac to ry  for a small 
num ber of articles. W hen 100 or 2*00 were re 
quired the  p laster mould was no longer useful. 
For carry ing  th e  m etal they  had  atn overhead 
system which he th o u g h t was th e  best. The m etal 
was carried  overhead on a single g ird e r upon a 
trolley. I t  was much quicker th an  carry ing  on th e  
floor, b u t there  was some difficulty when th ere  
were a lo t of byeways o r corners to  ru n  round, 
W ith  a s tra ig h t ru n  the overhead system  was cer
ta in ly  preferable. Could M r. Cook give any in fo rT 
rnation as to  th e  value of the  sand blast for small 
castings and was it w orth while to in sta ll such a 
p lan t?

M r . C o o k  replied th a t  he had  no t m entioned 
th e  sand b la s t because i t  was so m any years since 
they  stud ied  th e  question and decided th a t  i t  was 
unsu itab le  for th e ir  work. I t  did n o t com pare 
a t  all w ith  b a rre lling  and th e  o rd in a ry  m ethods 
of dressing. I t  was expensive. I t  was a b e tte r  
job in some cases b u t no t in others. H e did not
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approve of p u ttin g  in  louvres for ven tila tion  p u r
poses. They were of no use except upon a b rig h t 
day , b u t th e  foundrymetn had  to  m ake provision 
for ’ th e  dam p, foggy days—say, in November. 
W ith  mechanical ven tila tion  i t  did not m a tte r how 
foggy a day m igh t be, outside w ent th e  a ir. In  
th e  end m echanical ven tila tion  was cheaper.

A vote of thanks to M r. Cook concluded the pro
ceedings.
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London Branch.

SAND BLASTING.*

By E. L. Samson.
Probably all foundry men agree th a t  th e  fe ttlin g  

shop is one of th e  m ost unp leasan t spots to  be 
m et in th e  foundry . In  some cases a ttem p ts  have 
been m ade to  im prove conditions, b u t one of th e  
chief rem edies is still w anting  in  m ost foundries, 
i.e ., a  properly designed sand  blast equipm ent and 
dust-exhausting  arrangem ent. I t  is s tran g e  th a t  
san ita ry  factory  inspectors a re  not g iving th is 
keener a tten tio n  and insisting  upon sand-blasting  
preceding final fe ttlin g  operations. A properly 
sand-blasted casting , however 'com plicated  th e  
cores, should be qu ite  free  from  caked sand and 
powdery surfaces, allowing th e  final fe ttlin g  
operation , sudh as ch ipping and  g rind ing , to  be 
done w ithout ra ising  clouds of dust, add ing  to  th e  
practically  unavoidable troub le  of m etal dust 
arising  from th e  g rind ing  operation . B u t from a 
purely commercial poin t also, sand-blasting  pays, 
as shown by th e  following figures tak en  from 
actua l p ra c tic e : —

(1) To clean a m achine fram e 1 ton  in w eight, 
size 8 ft. by 12 f t. com bination oored and  s tra ig h t 
work—

H an d  cleaning ... ... 2 hours
Sand-blasting   ... 30 m inutes.

(2) M achine fram e, 3 f t . by 4 f t . ,  s tra ig h t 
work—

H and  cleaning ... ... 30 m inutes.
Sand-blasting ... ... ... 4 m inutes.

(3) Mower fram es, w eight 75 lbs., 12-in. cores, 
2 in. to  2^ in. d iam ete r; th ree  pieces—

H and  cleaning ... ... H  hours.
S a n d -b la s tin g   ... 9 m inutes.

(4) Jo u rn a l boxes, w eight 60 lbs., 90 pieces—
Tim e required  to rum ble ... 2 hrs. 16 minis.
T im e  re q u ire d  to  san d - b last 1 thrs.

* Paper read before the Ins titu tion  of B ritish Foundrym en 
(London Branch), December 9, 1921.
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In  add ition  to  the  actua l tum bling tim e  given, 
11 hours were lost in  packing in to  mill and  tak ing  
ou t, while w ith  th e  sand-blast tum bling  barrel 
th is  only took a few m inutes.

High versus Low Pressure Plants.
Before describing p lan ts such as m anufactured  

in  th e  U .S.A . in  d e ta i l ,  where sand-blast equip
m ents of the  m ost various designs are  used to  meet

a n d  T b a c k .

special requirem ents, i t  is in tended  to  give a few 
d a ta  of sand-blasting, especially w ith reference to 
high-pressure a ir  p lan ts  as m ade in th e  U.S.A. 
com pared w ith low-pressure p lants. M ost of the 
p lan ts  here  are  designed for a ir  pressures 
from  12 lbs. to  30 lbs. per sq. in ., while in  the  
U .S.A . th e  m ajo rity  of p lan ts a re  using from  -10 
to  80 lbs., and even h igher pressures. The reasons 
advanced’ for using low pressures, i.e ., wear 
an d  te a r  on p lan t and danger, have all been over-
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oome by properly designed p lan t, and, as regards 
th e  plea th a t  increased power is required , i t  has 
been satisfactorily  shown th a t , while a more 
pow erful compressor is needed, th e  ac tu a l cost 
to  remove, say, 1 lb. of iron  or steel is less in  
the  high-pressure th a n  in  th e  low -pressure equip-

F i g . 2 .— P e r s p e c t i v e  S e c t i o n a l  E l e v a t i o n  o f  a  
D o e l c a m  S a n d  B l a s t  I n s t a l l a t i o n  o f  B o o m  
w i t h  T a b l e .

m ents. This also settles any theore tica l argum ent 
on nozzle velocity.

The following are  figures from a P ap e r presented  
to  th e  American Society of M echanical E ngineers 
by M r. W. T. M agruder, Professor of M echanical 
E ng ineering  to  the  Ohio S ta te  U niversity . These 
are  details of p rac tica l comm ercial te s ts  made 
under th e  d irection  of M r. M agruder. Some of 
th e  principal figures are shown in  Table I.
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These figures a re  of a very in te resting  character, 
in  so fa r as th e  ac tua l a ir consum ption is con
cerned, as compared w ith  provision usually made 
in  practice. T aking a 5-16 in. nozzle, Table 11 
shows the approxim ate flow of a ir under various 
pressures from orifices in to  th e  atm osphere in 
cubic fee t of free a ir p er m inute.

I t  will therefore  be noted th a t  w hilst in prac
tice  provision is usually made for 119 cub. ft. of 
free a ir a t 70 lbs. pressure, in th is test i t  was 
shown th a t  the  consum ption of free a ir per min.

F i g . 3.—R e v o l v i n g  A r r a n g e m e n t  f o r  C l e a n 
i n g  C y l i n d r i c a l l y - s h a p e d  C a s t i n g s .

for th e  sam e orifice and 70 lbs. pressure was only 
45.40 cub. f t . ,  while a t 30 lbs. pressure i t  was 
30.53 cub. f t .  I t  appears, therefore, th a t  the 
ac tu a l a ir  consum ption is less th an  usually provided 
for, b u t of course losses in transm ission have to 
be considered. Y et, even if th e  s tandard  prac
tice  figures a re  compared for high-pressure and 
low-pressure p lan ts, th e  following lis slhown : —For 
a  30-lbs. a ir  p ressure sand-blast on a 5-16-in. 
nozzle, a compressor would be installed giving a t 
leas t 62.89 cub. f t .  of free a ir  per m in. and  requir
ing, say, 65 h .p . to d rive. F or a 70-lbs. pressure 
p lan t and a 5-16 in . nozzle, a compressor would be 
installed g iv ing 119 cub. ft. of free a ir  and con
sum ing, say, 20 b .p .

Abrasive Power Considerations.
From  th is  i t  will be noted tb a t  practically  double 

th e  quan tity  of a ir  is provided for in  th e  high-
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pressure p lan t and nearly  th ree  tim es as much 
power is needed. B u t, if th e  abrasive capacity  ot 
the two p lan ts is ta k e n  in to  consideration  i t  is 
shown th a t  th e  30-lb. p ressure p la n t removes
O.OOBOl lbs. of iron  per m inute, while th e  70-lbs. 
pressure p la n t removes 0.02031, i.e ., 3J tim es as 
much as th e  form er. The te s t, however, shows 
th a t  the a ir  consum ption is 45 cub. ft. and 30 cub. 
ft. respectively, i.e ., th e  h igh-pressure p la n t 
requires only about 50 p er cent, m ore a ir  th a n  
th a t  worked bv 30 lbs., b u t does 31; tim es as much 
work, and for low er-pressures th a n  30 lbs. th e  
comparison becomes s till m ore favourable.

H e r o  enters ano ther factor, and th a t  is th e

F i g . 4 . — S p e c ia l l y - d e s i g n e d ' A p p a r a t u s  t o  
D e a l  w i t h  R a i l w a y  C a r r i a g e s .

power required  to  drive th e  com plete equipm ent, 
which includes th e  raising  of th e  abrasive and dust 
collecting. The usual B ritish  p rac tice  is to  raise  
th e  abrasive and  d u st above th e  d u st collector, 
th e  heavy particles d ropp ing  in to  th e  sand-blast 
machine proper, w hilst all th e  d u st has to  be 
handled by the  exhaust fan . This m eans a g rea t 
loss of power. Consider able economies can  he
effected by special dust-collecting cham bers th a t  
a re  independent of th e  ra is in g  of th e  abrasive 
m ateria l. These will he described a t  a la te r  stage.

The Cost of Sand Blasting.
I t  is calculated th a t  w ith  a j- in . nozzle, 100 lbs. 

of free a ir and 70 lbs. pressure a p lan t, com plete 
w ith dust collector and sand eleva ting  and screen
ing, requires 25 h.p. to  drive, and  10 to  15 tons 
of castings may he cleaned in  e ig h t hours. The 
cost of sand-blast p lan t, compressor and m otor is
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roughly £1,500. Allowing th ree hours f o r  bring
ing and rem oving the  work to th e  table, about 
100 u n its  of power would be used in  five hours, 
which, a t  the high figure of 3d. per u n it, would 
m e a n : —

,£ s. d .
P er day ... ••• ... 1 5 0
One w orkm an per day ... ... 0 12 0
One labourer per day ... ... 0 8 0
Sand and nozzles   ... 1 3 0
P la n t rep a ir ... ... ... 0 2 0
A m ortisation  of p lan t in five

y e a r s  . . .  . . .  . . .  ... 1 0  0

T o t a l ...............  4 10 0

Based on 10 tons of castings th is would mean 
9s. per ton . The above figure for sand is based on 
th e  tab le  figure showing ac tua lly  used-up sand ot 
abou t 1 |  tons in five hours. By using ohilled- 
steel-shot in stead  of sand, th e  cost can be reduced 
and  th e  o u tp u t increased. W ith  30 lbs. pressure, 
B ritish  p lan ts, req u irin g  about th e  same horse
power owing to th e  exhaust fan  swallowing up  a 
g re a t m any units, th e  o u tp u t would be nearer 
5 tons per day th an  10, m aking the  blasting  cost 
double of w hat is s ta ted  above.

M odern sand-blast p lan ts may be classified as 
follow s:—Sand-b last' rooms, cabinets, tum bling 
barrels, san ita ry  tab le  equipm ents, conveyors.

Sand-Blast Rooms.
T he sand-blast room is usually constructed of 

sheet steel, and th e  size to  be adopted depends 
upon th e  class and  size of work to be dealt with.

A g re a t fea tu re  of th e  A m erican p lan ts is 
the  hand ling  of th e  abrasive m ateria l, sand 
or shot, a s  com pared w ith B ritish  practice. 
F ig . 1 shows th a t  th e  sand drops by g rav ity  
th rough  perfo ra tions or grids in  the  floor of the 
sand-blast room in to  a hopper, which g rav ita tes 
th e  sand or shot to an elevator. The abrasive 
m ateria l is elevated, drops on to  a mechanically- 
operated screen or sifte r, all large particles (above 
a definite size screen) are  removed on the top 
6ieve, while the finest, and not usable, sand drops 
th rough  the  second screen, and the  good sand
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flows back to a sand storage tan k  above the  sand
b last m achine proper.

This whole m echanical equipm ent is outside of 
th e  sand-blast room, and  consumes only a small 
am ount of power. The a ir  control for th e  sand
blast m achine is su itab ly  a rran g ed  inside of the 
room. The a ir  in  th e  room is renew ed by m eans 
of a fan , placed a t  th e  fa r  side of the dust-collect
ing arrangem ent, i.e ., fresh a ir  is draw n th rough  
openings in th e  sand-blast room. The dust is 
draw n th rough  th e  dust collector, so th a t  the  
fan , if dust and a ir  are  properly separa ted , only 
handles pu re  a ir, which m ay be re tu rn ed  to  the 
room if desired or blown in to  th e  atm osphere

F k ; .  5 .— D e t a i l s  o f  a  S a n d  B l a s t  M a c h i n e .

w ithou t any d e trim en t to  th e  su rroundings. The 
actual dust-collecting arrangem en t will be 
described la te r  on.

T he a ir in the  sand-blast rooms should be 
changed a t  leas t e igh t tim es per m in ., while most 
existing  p lan ts in  th is country a re  based on two 
to  five changes per m in., w ith  th e  resu lt th a t  
clouds of d u s t m ake vision prac tica lly  impossible 
and fresh a ir m ust be supplied to  th e  opera to r 
th rough  a helm et to  m ake his existence possible. 
Roughly speaking, a room 8 ft. long by 8 ft. h igh 
should be provided w ith an  exhaust fan hav ing
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a capacity  of, say, 5,500 cub. ft. per ruin., a t  
3 in. w ater gauge, special allowance being made 
in  th is  figure as a resu lt of p ractical experience, 
and  th is does n o t allow for the  fan  having to 
ra ise  th e  abrasive. Any heigh t above 8 f t .  may 
bo neglected when ca lcu la ting  the a ir  volume 
required .

D ust nuisances in sand-blast rooms cannot, how
ever, be en tirely  avoided b u t by fittin g  a  revolving 
tab le  a t  one end, half of which is always outside 
the room, the  loading up can be done by a  work
m an who is no t affected by the sand-blast opera
tion . Overhead runw ays, trucks or special me
chanically-operated appliances are economical for

F r o .  6 .— D o e l c a m  A u t o m a t i c  F e e d  V a l v e .

bring ing  th e  castings to  and fro and tilt in g  the 
work pieces while th e  sand-blasting operation  is 
in progress. A revolving table is shown in F ig . 2 
and a t i lt in g  appliance in  F ig . 3. This has an 
in te rn a l m otor in  a dust-proof base, the  piece 
being revolved and til te d  when required . F ig . 4 
shows a large build ing specially designed for the  
cleaning of steel railw ay trucks.

A tten tion  is here draw n to th e  sim plicity of 
th e  positive sand-blast m achine proper, used in 
connection with sand-blast rooms and some 
of th e  o ther equipm ents. In  Fig. 5 i t  will 
be seen th a t th e  machine has no m ixing valves



of any description, as th e  sand drops th rough  a 
tube  (4), where i t  is m e t  by th e  a ir  a t  (7) and 
carried  along, resu lting  in  a very thorough m ix
tu re  and high-nozzle velocity. The flow of sand  is 
ad justed  by m eans of an ad ju s te r handle  (A), a fte r  
which it  requires no fu r th e r  a tten tion .
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F i g . 7 .— A  T y p i c a l  S a n d  B l a s t  C a b i n e t .

A choking cock (18) is provided w'hich, by m eans 
of a tu rn  or two, will blow o u t w et sand  or 
obstructions. I t  is very im p o rtan t, however, th a t  
a large-sized a ir receiver should be used n ea r the  
sand-blast machine to  tak e  care of any  m oisture 
carried  along in the  a ir p ip ing, as m oist sand is 
very troublesom e, and unless good dry  sand  is
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obtainable, chilled steel shot is preferable for 
m any purposes unless very fine surfaces a re  to  be 
obtained. The sand-blast m achines may be had 
w ith  a c ircu lar valve a t  the top, which au tom ati
cally closes as soon as the a ir  pressure comes 
in to  action, i.e ., no fu r th e r sand can drop from 
th e  sand storage tan k . This is shown in  F ig . 6.

F i g . 8 .— I n je c t o r  T y pe  of  T u m b l in g  B a r r e l .

Sand-Blast Cabinets.
A typical cabinet is shown in  F ig . 7. 

C abinets are  largely  used for sm all castings not 
requ iring  a very high abrasive action. The sand 
b last used is of th e  in jec to r or suction type ,, i.e ., 
the sand-blast nozzle has a double hose line, the  
one being connected to  the sand storage hopper 
below th e  cabinet, th e  o th e r to th e  a ir  line proper 
from  th e  compressor. The a ir, rush ing  to  the 
pozzle th rough  the  air-p ipe line, sucks up the
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sand through the  branch hose and th en  b lasts the 
m ix tu re  on to th e  casting. The sand is used over 
and  over again , th e  dust being exhausted  a t  the 
re a r of th e  cabinet in to  a dust-collecting a rrange-

F i g . 9 . — G r a v it y  T y p e  o p  T u m b l i n g  B a r r e l .

ment. No armholes a re  required  in  th is cabinet, 
as the  exhaust from  the fan  is sufficiently power 
ful to  tak e  aw ay all th e  dust, b u t a rubber screen 
is provided to p ro tec t th e  op e ra to r a g a in s t



any rebounding sand. H e can clearly view the  
operation  th rough  inspection doors on the top of 
th e  cabinet, pow erful electric lights being pro
vided for.

Sand-Blast Tumbling Barrels.
I t  is a fallacy to  believe th a t w ater tum bling 

or ra t t l in g  is a good medium for cleaning cast
ings. The process is expensive, and actually
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F ig .  1 0 .— P o s i t i v e  T ype S and  B a r r e l .

hardens the  surface, especially of brass castings, 
so th a t  m achining is made difficult instead of easy, 
as in  th e  case of sand-blasted parts .

T here a re  th ree  stan d ard  types of sand-blast 
tum bling barrels used in  th e  U .S.A ., but special 
types or com binations have been supplied to m eet 
special conditions. These barrels a re  classified 
as (a) In jec to r type; (b) g rav ity  ty p e ; (c) posi
tive  type.
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In jec to r T ype .—This type as shown in F ig . 8 
is sim ilar to  th a t  described under sand-blast 
cabinets, i.e ., th e  sand is sucked up an d  
blown th rough  the  nozzle by m eans of the  a ir  
cu rren t from  the  compressor. This in jec to r type 
is recommended chiefly for brass work not re 
quiring  strong  abrasive action, b u t by hav ing  
pressures of, say, 80 lbs. and up, th is  type b arre l is 
used w ith th e  best resu lts also on m alleable iron 
castings.

G ravity Type Tum bling B arrel.—The p r in 
ciple of th is  type, which is illu s tra ted  in

F i g . 11.— S a n it a r y  S a n d  B l a s t  E q u i p m e n t .

Fig . 9, is th a t  th e  fa lling  abrasive sand  cr 
chilled steel shot is m et by the a ir  c u rre n t and 
carried  to  th e  nozzle. This gives a very good 
abrasive action and grav ity  feed-type m achines 
are  therefo re  suitab le  for p ractically  any k ind  of 
work. The sand may be elevated by th e  sam e 
fan  as is used for th e  dust exhaust, or th e  abrasive 
m ateria l is elevated by m eans of a  bucket elevator 
and  dumped into a  sand sto rage ta n k , from which 
i t  falls to  the nozzle. The la t te r  m ethod is 
generally preferred .

P ositive T ype .—This type  of sand-blast barre l, 
which is shown in  F ig . 10, im plies a separa te  
sand-blast machine, as previously described, 
which, in  com bination w ith th e  sand-storage
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ta n k  an d  bucket elevator, forms the  most 
sa tisfac to ry  insta lla tion  th a t can possibly be 
obtained. I t  is specially suitable for steel cast
ings, d rop  forgings, or malleable castings which 
a re  badly crusted . I t  also has th e  advantage 
th a t  th e  hose can be detached and readily  used 
for b lasting  la rg e  castings in an adjoin ing room 
or cabinet. In  all th e  m achines noted the actual

F i g .  1 2 .— S a n d  B l a s t  T a b l e  P r o v i d e d  w i t h  
A u t o m a t i c a l l y  R o t a t e d  T a b l e  a n d  O s c i l 
l a t i n g  N o z z l e s .

screening of th e  sand is done below th e  bairel, 
i.e ., i t  is sifted  and  s tra in ed  after^ use so th a t  
only good sand has to  be raised again.

Sanitary Sand Blast Table Equipment.
This is the  type of p lan t in  which th e  operator 

stands r ig h t outside of th e  cabinet. These equip
m ents are made w ith e ither hand-ro tated  tables,
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in which case th e  opera to r holds th e  nozzle and 
works it  th rough  a rubber cu rta in , as illu stra ted  
in Fig. 11, or w ith  au tom atica lly -ro ta ted  tables 
provided w ith  oscillating nozzles, so th a t  only a 
m an is requ ired  for p u ttin g  th e  castings on the

F i g . 13.—H o r i z o n t a l  S a n d  C o n v e y o r .

tab le  and  rem oving them  a fte r  they have passed 
under th e  nozzles. This equipm ent is shown in 
F ig. 12.
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I t  will be readily  recognised th a t  the  use of such 
tab les m ust, un fo rtunate ly , be lim ited, as th e  size 
of castings m ay frequently  prevent the  in s ta lla 
tio n  of such p lan t, as otherw ise th e  tables would 
become too cumbersome or th e  cab inet too high. 
On th e  other hand, w here sufficient q u an tities  of 
large and sm all castings have to be dealt w ith 
such an  in s ta lla tion  is ideal for the  la tte r , while 
for th e  la rg e r castings a sand-blast room would 
have to  be adopted.

Sand-Blast Conveyors.
As th e  nam e implies, tran spo rte rs  or conveyors 

are  used to bring the  m aterial to  a sand-blast

F i g . 14.— A  S a n d - B l a s t  C l e a n i n g  T a b l e  o f  t h e  
L o n g i t u d i n a l  T r a v e l  T y p e .

cabinet, fitted  w ith  autom atically-driven nozzle 
carriages, which allow of vertical or horizontal 
ad ju s tm en t of the  sand-blast nozzles. These appli
ances a re  only in th e ir  infancy, and constan t im
provem ents a re  being  effected. I t  is th e  ideal 
m achine for b lasting  plates, springs and  tools. 
The conveyor may be horizontal, as shown in 
Figs. 13 and 14, o r vertical. In  fact, the  
appliance is always designed to  meet special 
conditions. Thus, for instance, an equipm ent 
m igh t have n ine o r more nozzles, of which some 
a re  cu t ou t if a narrow er piece than  the widest pro
vided for is to  be blasted. The equipm ent is prac
tically  a u to m a tic ; the results achieved are astound
ing, as only labourers would be employed to  b ring  
th e  goods to  the  conveyor or tak e  them  off, while 
one com petent man would supervise the  blasting 
operation , th a t  is, he would have the m ateria ls pu t
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through  once more if th e  cleaning opera tion  is 
not completed.

F ig . 15 shows a com bination of a sand-b last 
room -with tab le  and  a cab ine t, and  F ig . 16 shows 
a sand-blast room w ith  work bench for sm all cast
ings, and  a dust-collecting arrangem en t, which 
exhaust from th e  bench direct.

Dust Collecting.
This is really  th e  g rea te s t problem in connec

tion w'ith any sand- or shot-b last p lan t, and m ost

F i g . 15.—C o m b in a t io n  S a n d - B l a s t  B o o m  a n d  
C a b i n e t .

plants used in th is  country  u tte rly  fa il in m ak ing  
suitab le  provision for d u s t collection. To send 
fresh a ir  to th e  opera to r th rough  p ip ing  in  th e  
helm et gives some assistance, b u t surely som ething 
should be done to  im prove th e  lo t of th e  sand
blast operator, w hatever th e  cost m ay be. Cyclone 
d u s t a rreste rs  a re  mostly very inefficient, and  if, 
as in the  case of B ritish  p lan ts  th e  sam e exhauster 
is used to  raise  th e  abrasive m ateria l and  th e  dust, 
the  cost of the necessary power together w ith  the 
upkeep of the  fan-blades is very h igh.

The problem of dust-collecting is by no m eans 
solved, b u t g rea t im provem ents can he m ade by 
in troducing a sep ara te  dust-collecting u n it in con-
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neetion w ith  the sand-blast m achine, in stead  of 
using th e  exhaust fan  for liftin g  the abrasive as 
well as th e  d u st produced. There a re  various 
m ethods of dealing w ith th e  question, and 
F ig . 17 shows a n  appliance which is called a 
tu rb in e  dust a rre sto r, and for which P a ten ts  are 
pending. F rom  th e  outside i t  looks like a cyclone 
dust a rresto r, b u t th e  in te rio r shows a special con
struction  of c ircu lar baffles, which grea tly  con
tr ib u te  tow ards th e  collection of the  dust. In

F i g . 16.— S a n d - B l a s t  B o o m  w i t h  W o r k  B e n c h

f o r  S m a l l  C a s t i n g s  a n d  D u s t  C o l l e c t i n g  
A r r a n g e m e n t .

fac t, an efficiency of about 85 per cent, is a tta in ed ,
i.e ., only 15 per cent, of th e  dust particles are 
draw n in to  the  fan  from where they are blown out 
in to  the atm osphere, or are  dealt w ith as desired. 
The dust collected in  th e  d u st a rresto r drops o u t of 
th e  bottom  th rough  a gate , and  can e ith e r be col
lected  in  sacks o r flushed away. This u n it can be 
placed w herever convenient between the sand-blast 
equipm ent and  th e  exhaust fan. As will be seen 
from  th e  illu s tra tion , th e  dust p ip ing  is  con
nected up a t (B), while a t  th e  top is the pipe 
line connection to  th e  fan . This type of a rresto r 
can be used e ith e r on suction or pressure. I t  is 
com paratively cheap, bu t. th e re  m ust be many in-

T
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stances where the  problem of dealing w ith the  
15 per cent, of d u s t may become a  p e rtin e n t one.

The nex t step was to design a dust-collecting 
un it, F ig . 18, consisting of a  system  of cloth 
screens, which is term ed a  screen-type dust- 
a rresto r. 'This is a  steel housing in  which a 
num ber of cloth screens a re  arranged , these, on 
the  average, hav ing  an area of about 50 sq. ft. 
The size of the  housing an d  the num ber of screens

to be used na tu ra lly  depend upon th e  volume of 
a ir  and dust th a t  have to  be dealt w ith  from  the  
sand-blasting m achine. These cloth screens are 
fastened to  fram es which a re  wide a t  the  top  and 
ta p e r a t the  bottom ; in o ther w ords, they are  
wedge shaped. They a re  pivoted a t  th e  top , b u t 
hang  loose a t  th e  'bottom. The reason for th is  is 
th a t means m ust be provided to easily ja r  off,
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o r knock off, th e  dust th a t  settles in the  cloth. 
Specially simple ja r r in g  mechanism is provided lor 
a t the  ou ts ide  of the  housing, and th is consists 
of a  num ber of ham m ers worked by a crank , which 
ta p  aga in s t th e  housing and successfully clear the 
pores of th e  cloth if the operation is effected 
two o r th ree  tim es a day. All th e  dust collected 
in th e  pores th en  drops off in to  a hopper a t  the  
bottom  of th e  housing, from  where i t  can be 
flushed away.

T his is a very efficient u n it  which can he placed 
a t  any  available spot between the  sand-blasting 
equipm ent and th e  exhaust system. I t  gives an 
efficiency of nearly  100 p e r cen t., i.e ., all th e  dust 
is collected. The only drawback w ith th is un it is 
th a t  w orking under a p a rtia l vacuum the  power

F ig . 18.—A D o e l c a m  S c r e e n  T y p e  D u s t  A r r e s t o r .

consumed is com paratively high, though o ther
wise com paring very favourably w ith the  practice 
in th is  coun try  previously explained.

The ideal system is shown in F ig . 19. This 
is really a com bination of the  tu rb in e  dust 
a rresto r and th e  screen type  dust arresto r, 
u tilising  th e  advantages of both. The tu rb ine  
dust a rre sto r will not tak e  ou t all th e  dust. The 
screen-type dust-arresto r, w orking under p a rtia l 
vacuum system , th e  loss of power and its  conse
quen t efficiency is fa irly  low, yet if, for instance, 
th e  screen ty p e  dust a rre sto r were used so th a t  
the  d u st is pressed th rough  same instead of draw n, 
the  result would be the  rap id  wear of th e  fan 
wheel and congestion of th e  arrestor. I f  the two 
machines a re  combined—and th is  is term ed the 
double grip  system—th e  dust-laden atmosphere may
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be sen t th rough  th e  tu rb in e  a rre s to r by suction, 
tak in g  out all th e  heavy particles, w hile th e  finer 
d u s t is pressed th rough  th e  screen ty p e  a rresto r, 
the  sam e fan , of course, being u tilised . Thus all 
th e  dust will be collected, and th e re  is an increase 
of power efficiency of a t least 40 per cent.

I t  will be clear th a t  in th e  tu rb in e  d u st a rresto r, 
where baffles or pockets a re  placed all ai'ound 
the circum ference, a suction is crea ted  in each 
pocket, and  the  heavy d u st is draw n in to  sam e, 
collected -and th en  falls in to  th e  hopper. The 
speed of th e  a ir  being considerably reduced, 
say, to  less than  500 ft. per m in ., th e  heavy d u st 
is easily collected, and th e  rem ain ing  10 to  15 p er 
cent, only has to  pass th ro u g h  th e  exhaust fan ,

F i g . 19.—A  D o u b l e  G r i p  D u s t  C o l l e c t i n g  S y s t e m .

and, th is  being very fine m ateria l, th e  w ear and 
te a r  on the propellor b lade is n o t so heavy.

The question of cost has to  he contended w ith, 
b u t a  tim e will come when th e  sa n ita ry  and 
hum ane side of sand-blasting  equipm ent will re 
ceive th e  keener a tte n tio n  of th e  F ac to ry  Inspector, 
and th is  P ap e r has shown in  w hat directions im 
provem ents can he m ade.

To sum up, all castings should be sand-blasted, 
a fte r  coring, before final chipping, fe ttlin g  and 
grind ing  operations. Special d u s t collecting 
cham bers of ample size and  w ith proportioned
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capacity  fans should be insisted on to  avoid dust 
nuisance.

The presence of the opera to r in the  blast 
cham ber proper should be and can be avoided, 
except where large castings have to  be sand
blasted.

H igh-pressure a ir  is more efficient and less costly 
in operation  than  low-pressure for sand- o r shot 
b lasting .
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Lancashire Branch.

THE SOLUTION THEORY OF ALLOYS, WITH 
SPECIAL REFERENCE TO CAST-IRON,*

By Dr. F, J, Brislee.
There is ap p aren tly  a  g re a t difference betw een 

a w ater solution of common sa lt and cast iron  or 
brass, 'but i t  is nevertheless a  fa c t th a t  th e  correct 
understand ing  of the  behaviour of w ater solu
tions led to  th e  elucidation of th e  n a tu re  of alloys. 
I t  is difficult to  over-estim ate th e  g re a t im portance 
of th is  discovery and its  influence upon th e  
progress of ou r knowledge of th e  n a tu re  of alloys.

I t  was though t th a t  a n  exp lana tion  of th e  theory 
of alloys from th is  p o in t of view m ight be helpful 
to  th e  foundry man.

The unders tand ing  of th is  theory  renders  clear 
many obscure po in ts in  foundry  work, and, w hat 
is of still g rea te r im portance, i t  provides a weapon 
w herewith to  a ttack  th e  troubles and  difficulties 
which so often  arise.

How Common Salt Solutions Freeze.
Now if we consider, in  th e  first place, a w ater 

solution of some well-known salt, sodium  chloride, 
for example, a  sim ple experim en t will show 
th a t  th e  quan tity  of sa lt which a definite w eight 
of w ater will dissolve depends upon th e  tem pera
tu re , b u j for each definite tem p e ra tu re  a given 
weight of w ater dissolves a  ce rta in  q u an tity  of 
th e  salt. Tables are  given in  reference books 
recording the  w eight of various sa lts which will 
be dissolved by 100 p a r ts  by w eight of w ater a t 
d ifferent tem pera tu res. These are  called “ solu
bility  tables.”

I t  follows, therefore , th a t  if th e  q u an tity  d is
solved by a certa in  w eight of w ater increases w ith 
rise of tem pera tu re , then  if a solution is p re 
pared as strong as possible a t  a h igh  tem p e ra tu re  
some of th e  sa lt will sep ara te  o u t when i t  is

•  A Paper presented before the  Lancashire Branch of the  
In s titu te  of B ritish Foundrym en.
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cooled to a lower tem pera tu re . 'Ib is  fac t is made 
use of in th e  o rd inary  purification of salts of 
various kinds. W hen a solution of sa lt is p re 
pared , say, of sodium chloride, a d ilu te  solution 
a t  100 deg. C. and cooled down in  a tube  w ith a 
therm om eter in th e  solution. D uring  the  cooling 
the  liquid is kep t s tirred , so as to  p revent local 
cooling. A fter a tim e particles of solid will 
appear, or, in o ther words, th e  solution begins to 
freeze. If  th e  solution is d ilute, then  th e  crystals 
which separa te  first are pu re  ice , and the  rem ain 
ing liquid portion  becomes more concentrated. 
The tem p era tu re  a t  which th e  first ice appears is 
lower th an  th e  freezing po in t of pure w a te r ; how

u n d e r  D e c r e a s i n g  T e m p e r a t u r e .

much lower depends upon th e  streng th  of the  
solution.

Now if the  cooling he still carried  on more and 
more, w ater separates in th e  form of ice, and  
the  still fluid rem ainder becomes more and more 
concentrated , u n ti l such a concentration  is 
reached th a t  it solidifies as a whole. Considering 
th e  behaviour of a solution of common salt, i t  is 
found by experim ent th a t :  —

(1) P u re  w ater freezes to  ice a t  0 deg. C.
(2) A 10 per cent, solution of common salt 

begins to  freeze a t  —8 deg. C., and, by continued 
cooling, more and more ice separates and th e  
rem aining fluid portion  becomes more and more 
concentrated , u n til i t  contains 23.5 per cent, of 
sa lt (NaCl), when i t  solidifies a t —22 deg. C.



(3) A solution which contains 25 per cent, of 
N a d  begins to sep ara te  crystals of solid sa lt a t
— 12 deg. C., and th e  rem ain ing  fluid portion  
becomes more d ilu te  u n til i t  contains only 23.5 per 
cent, of N a d ,  when it  in s tan tly  solidifies a t
— 22 deg. C.

(4) F inally , a solution con tain ing  23.5 per cent. 
NaCl solidifies as a n  unchanged whole, w ithou t 
separa tion  of e ither ice or salt. This rela tionsh ip  
can be denoted by a d iagram , F ig . 1.

Such a d iagram  tells all th e  facts abou t th e  
behaviour of th e  solution when heated  o r cooled, 
and any po in t on the  curve denotes a defin ite  con
cen tra tion  of th e  solution corresponding to  a 
definite tem pera tu re .

How Silver-Copper Alloys Freeze.
The behaviour of such a solution can be com

pared  w ith th e  ‘behaviour of an alloy of two 
m etals, such as a silver-copper alloy. The sim i
la rity  in behaviour can readily  be seen by com
paring  the two' F igs. 1 and  2.

The m elting p o in t of pure silver is 960 deg. C. 
P u re  silver is separated  along th e  line  A B, the  
liquid portion becoming richer and richer in copper 
u n ti l it  con tains 72 per cent, silver and 28 per 
cent, copper, when it  solidifies as a  single 
substance'.

P u re  copper m elts a t  1.090 deg. C ., and  th e  
line C B denotes the  solidification of various p er
centages of silver and copper u n til th e  m ix tu re , 
72 per cent, silver and  28 p er cen t, copper, is 
reached, when it  solidifies as a simple substance.

How Eutectics are Formed.
A dilu te  and a concentrated  solution behave 

sim ilarly, in th a t  both  separa te  th e  excess of one 
o r other constituen t du ring  th e  cooling. Thus, a 
strong solution of sa lt separa tes solid sa lt, 
and a d ilu te solution separa tes solid w ater u n til 
th e  same concentration is reached from both  sides. 
I t  may here be poin ted  o u t th a t  a solution of sa lt 
in w ater may be looked upon e ither as a d ilu te  
solution of sa lt in w ater o r a  concen trated  solu
tion  of w ater in  salt.

lle fe r rin g  once more to th e  common sa lt-w ater 
solution in F ig . 1, i t  is ev iden t th a t  th e  final 
liquid portion  has a com position which is inde
pendent of the orig inal composition, and  thus

5 5 2
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finally solidifies and  m elts a t a constan t tem pera
tu re . This po in t is called th e  cryohydrate point 
in w ater solutions, or the  eutectic in case of 
alloys.

The eu tec tic  may th en  he defined as a m ix ture  
of two (or more) m etals which have a definite m elt
ing  an d  solidifying tem pera tu re , and very fre
quently  th e ir  m elting po in t is lower th an  th a t  of 
e ither of th e ir  constituen ts.

F i g . 2 .— S h o w i n g  t h e  B e h a v i o u r  o f  S i l v e r - 
C o p p e r  A l l o y s  u n d e r  D e c r e a s i n g  T e m 
p e r a t u r e .

T here is an ap p aren t difference between salt 
solutions in  w ater and solutions of one m etal in 
ano ther, b u t th e re  is no real difference, and the 
laws of one apply to  the  o ther. A g rea t many 
facts have led to  the conclusion th a t solid solu
tions o r solutions in th e  solid s ta te  can exist. 
Consider, for example, th a t  hot iron will absorb
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hydrogen, and if hydrogen gas be passed th rough  
a red-hot iron tu b e  i t  will find its way th rough  
th e  walls of the iron . P la tin u m  and palladium  
both  absorb hydrogen in considerable q u an titie s  
and allow i t  to  spread th rough  th e  m etal. I f  pu re  
iron be tre a te d  w ith carbon th e  m etal will be 
found to  be p en e tra ted  by carbon, a lthough  n e ith e r 
is in th e  m olten sta te .

Microscopic Revelations.
The application  of the  microscope an d  th e  study  

of m etals has shown th a t  profound changes take  
place in the s tru c tu re  of m etals when they  a re  
alloyed together.

I t  is n o t necessary to describe th e  p rep ara tio n s 
of specimens of m etals for microscopic exam ina
tion  in d e ta i l ; suffice i t  to  say th a t  th e  m eta l or 
alloy is polished on a su itab le  polishing m achine, 
or by hand , u n ti l  a level surface, qu ite  free  from 
scratches, is obtained. I t  is then  “ etched ”  with 
an etching agent, which a ttack s th e  d ifferen t con
s titu en ts  w ith different degrees of readiness. The 
specimen is th en  washed free from  th e  etching 
agen t, dried, and , if ta rn ish ed , th e  ta rn ish  is 
carefully  removed and then  exam ined u n d er a 
microscope. The difficulty of m an ipu la tion  varies 
from m etal to  m etal and alloy to  a llo y ; some are  
very easy, and in some cases the  difficulties a re  
extrem e.

Importance of Solid Solutions.
I f  a  series of alloys of two m etals A and B 

is exam ined microscopically i t  is found th a t , 
s ta rtin g  from pure  A and adding  successive q u an 
ti tie s  of B to  i t ,  a certa in  p roportion  of B can 
be added to  A w ithout changing th e  form  of th e  
crystals of A. This s ta te  of th ings persists up  to  
a definite concentration  of B, and then  a  second 
form of crystal m akes its  appearance . T his is 
exactly analogous to  th e  fac t th a t  w ater will 
dissolve a certa in  q u an tity  of common sa lt a t  
100 deg. C., bu t if a la rger q u an tity  be added to  
the w ater i t  will separa te  o u t and  rem ain  in  th e  
solid s ta te , so th a t solution  +  solid salt are in  
equilibrium , th e  only p o in t of difference being 
th a t  in case of m etals the  solution is a solid a t  
o rd inary  tem pera tu res, and  they are  called “  solid 
solu tions,”  o r “ homogeneous solid solu tions.”
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The solid solutions play an extrem ely im portan t 
p a r t in  modern m etallurgy.

I f  th e  m elting  or, b e tte r, th e  solidification, of 
th e  m etal he followed by m eans of a  therm om eter 
o r pyrom eter add itional evidence can he obtained 
as to  th e  n a tu re  of these solutions. Consider the 
cooling of a  substance which undergoes no change 
of s ta te , i.e ., does n o t solidify—for example, a

F i g . 3 . — T im e - T e m p e r a t u r e  C u r v e s , s h o w i n g  
h o w  I n t e r n a l  C h a n g e s  b r i n g  a b o u t  H a l t - 
p o i n t s .

piece of p latinum  heated  to  about 1,400 deg. C., 
which is below its m elting po in t—and suppose th a t 
readings of th e  pyrom eter are  taken  a t  definite 
tim e-in tervals. The resu lts  can then  be plotted 
on a curve, and  a smooth curve will be obtained 
(Fig. 3.) In  the second case, suppose the  cooling 
of a mass of molten m etal, such as pu re  copper, 
the  cooling being followed in  the same way. A t 
first th e  cooling takes place rap id ly , then  there
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is a h a lt for a few mom ents while th e  mass solidi- 
lies, and  then  th e  cooling takes place regu larly  
once more. I f  the sam e series of observations are 
taken  for an alloy like silver-copper, o r lead-tin , 
the  cooling curve of alloys con ta in ing  less than  
45 per cent, copper and 55 per cent, silver, or 
less th a n  76 p e r  cent, silver and  24 per cent, 
copper, will show only one h a lt po in t, b u t for 
alloys con ta in ing  from 55 per cent, to  76 p er cent, 
silver a second h a lt p o in t m akes its  appearance. 
This corresponds to  th e  solidification of the  
eutectic.

In  th e  sam e way if pu re  electro ly tic iron  be 
m elted and  heated  well above its  m elting  p o in t a 
h a lt is found to tak e  place a t ab o u t 1,600 deg. C., 
corresponding to  th e  m elting p o in t of pu re  i r o n ; 
the cooling then  proceeds regularly  u n ti l two o ther 
h a lt  po in ts are  observed. The first is called A.(, 
and is abou t 890 deg. C, and  th e  second takes 
place a t  about 770 deg. C. and is called A2. These 
changes correspond to  changes in th e  therm o
elec tric  p roperties of i r o n ; above A2 iron  is non
m agnetic, below A2 i t  is m agnetic, and  th e  iron 
is now known to  exist in  th ree  allotropic forms, 
viz., 7 iron stable above A3, /3 iron stable between 
A3 and  A2, a iron stable below A,.

Still fu r th e r  investigation  shows th a t  these 
points vary w ith the  am ount of carbon.

How Carbon Affects the Cooling of Iron.
Iron  shows a g re a t tendency to  combine w ith 

carbon an d  also to  dissolve catbon, when th e  iron  
is in the  m olten condition. In  the  o rd in a ry  blast 
fu rnace m ethod of iron production  from  th e  ore 
th e  ore is  placed in  th e  fu rnace  together w ith 
coke an d  lim estone. The ore, which is chiefly 
oxide of iron , is reduced to m etal, and th e  hot 
m olten m etal coming in to  contac t w ith carbon in 
th e  form of th e  fuel and  in  the  form  of gas as CO 
an d  CO, dissolves a considerable q u an tity  of 
cabbon. P a r t  of th is  carbon is dissolved in  the  
m etal as carbide, b u t much is re jected  on cooling 
as g raph ite-like  p lates, w hilst a p a r t  rem ains com
bined with the  iron as iron carbide, wbich rem ains 
dissolved by the m olten iron , an d  even a fte r  
solidification.

In  o rd in ary  grey pig-iron th e  combined carbon 
is low and  the  free or g rap h itic  carbon is high,



3.0-3.5 per cent, and even liigher; white iron, on 
the o ther hand, contains th e  carbon, almost 
wholly as combined carbon—th a t is, as carbide ol 
iron dissolved in an excess of iron, or a  solid 
solution of carbide of iron in  iron.
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F ro . 4.— S h o w i n g  t h e  B e h a v io u r  o p  N o n - 
I r o n -C a r b i d e  A l l o y s  w h e n  c o o l e d  f r o m  

' t h e  L i q u i d  S t a t e .

The p roduct of the b last furnace—grey cast iron 
—contains, in  add ition  to carbon, small and vary
ing q u an tities  of silicon, manganese, phosphorus 
and su lphur, all of which modify the properties of 
the  resu lting  iron, and confer some desirable and 
some undesirable characteristics upon the  m etal. 
By judicious blending of different b rands and 
g rades of iron, according to  th e ir  analyses, i t  is 
possible to obtain cast iron w ith different streng ths 
and su itab ilitie s  for different purposes.

Cast Iron Regarded as a Carbon-Iron Alloy.
F or th e  p resen t cast iron  will be considered as 

a carbon-iron alloy, and  for sake of sim plicity the 
influence of the  rem aining constituen ts will be 
ignored, or, more correctly, assumed to  be present 
in such small am ount th a t  th e ir influence upon the 
properties of the iron is negligible.
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If  oast iron is considered in th is ligh t it  becomes 
ev ident th a t  the proportion  of carbon which will 
dissolve in iron a t  different tem p e ra tu re s  is an 
im p o rtan t constan t. Now iron a t  a h igh tem p era 
tu r e  will dissolve a large q u an tity  of carbon ; and 
ju s t as a  solution of sa lt in w ater which is 
sa tu ra te d  a t  100 deg. C. will separa te  solid sa lt 
when i t  is cooled to  15 deg. C., so th e  iron  on 
cooling will separa te  carbon in th e  form  of p lates 
of g rap h ite  as i t  cools down. I t  has been shown 
th a t  m olten iron  a t  its  m elting  p o in t dissolves 
4.3 per cent, carbon to  form carbide. I t  should 
be pointed  o u t in passing th a t  th e  solubility  of 
carbon in iron is influenced by th e  presence of 
o ther m etals, e.g., both  m anganese and chrom ium  
increase th e  solubility of carbon in  iron . On th e  
o ther hand , silicon, phosphorus, su lphu r and 
alum inium  d im in ish  th e  solubility of carbon in 
iron.

Various Forms of Carbon in Cast Iron.
F u rth e r , i t  is ev iden t th a t  carbon can ex is t in 

several d ifferen t form s in  th e  resu ltin g  iro n : —
(1) As g ra p h ite  in  hexagonal p la tes, which is 

le ft behind when the  iron  is dissolved aw ay in 
hydrochloric acid / The g ra p h itic  carbon co n ten t 
is g rea tly  influenced by ra te  of cooling.

(2) As carbide of iron , F e 3C, which con tains 
93.34 per cent, iron and  6.66 per cent, cairbon. 
The fo rm ation  of carbide is favoured  by slow 
cooling and h indered  by rap id  cooling. The ca r
bide carbon plays an im p o rta n t p a r t  in  th e  h ea t 
tre a tm en t of steel.

(3) Tem per carbon is form ed when iron poor in 
m anganese is subjected to long annealing  a t  a 
tem p era tu re  above th a t  requ ired  to  form the 
carbide, b u t below th a t  necessary to  produce 
g raph ite . The tem p era tu re  is 720-850 deg. C ., and 
th e  change is favoured by ham m ering. T em pering 
carbon is often produced when iron is softened by 
annealing .

(4) H ard en in g  carbon. T his form is dissolved 
in iron, uniform ly d is trib u ted , b u t in  variable 
am ount.

All fluid iron contains harden ing  carbon o n ly ;
when i t  solidifies i t  produces g rap h ite , th en  ca r
bide, and , by long hea tin g , tem per carbon.' I f  the 
iron  contain ing  th e  above varie ties of carbon is
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melted the solution of the constituen ts takes place 
in th e  reverse order.

F inally , i t  is a po in t of in te rest to  no te  th a t  
Moissan p repared  diam onds artificially  by sa tu ra t
ing m olten iron a t  a high tem p era tu re  with 
carbon, rapild ly  cooling the mass, and then  remov
ing th e  excess of iron by solution in hydrochloric 
acid.

How Constituents Separate when Cooling Cast Iron.
The various forms of iron which separate as the 

m etal cools a re : —
P u re  iron, which can ex ist in  th ree allotropic 

forms, is term ed “  fe r r ite ,”  the  three allotropes 
being d istinguished as a, /3 and y  ferrite .

The separation  of ferrite  is stric tly  analogous to  
th e  separation  of ice from the  common salt 
solution.

The carbide of iron F e3C is called cem entite.
The eu tec tic  is known as pearlite , and contains 

abou t 0.89 per cent, of carbon. I t  is looked upon 
as a m ix tu re  of cem entite, 14 per cent, and fe rrite , 
86 per cent.

The general form of the equilibrium  diagram  is 
shown in F ig . 4.

This is based upon two conclusions of Goerens, 
who made a very im p o rtan t advance in the 
developm ent of the  diagram , and showed th a t :  —

(1) The carbon in molten iron is in solution 
as carbide.

(2) The system m ust be considered strictly  to  be 
one of iron—iron-carbide.

I t  is ev ident therefore  th a t  the  molten metal 
which collects a t the  bottom of the  blast furnace 
consists of a  sa tu ra ted  solution of iron carbide in 
iron. As th e  molten iron cools carbide is thrown 
ou t of solution, and, being unstable, it  dissociates 
in to  iron and carbon with the separation of 
g raph ite .

As the  iron freezes the eutectic splits up into 
solid solution and carbide, and th e  la t te r  persists 
o r dissociates, according to the ra te  of cooling and 
other conditions.

The pea rlite  can then  change in to  carbide and 
free iron, and  th e  carbide, dissociate with separa
tion  of g raph ite , producing perfectly  soft iron, 
free from combined carbon, or th e  combined 
carbon will persist and  produce a harder iron.
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Cupola Changes.
'Ihe changes in o rd inary  cupola m elting a re  very 

sim ilar to those which tak e  place in the  blast fu r 
nace. The charge of p ig-iron which is in troduced 
is m elted w ith suitable add itions of scrap, etc., 
so as to  give a p roduct w ith th e  requ isite  compo
sition  and properties. As th e  m etal m elts i t  comes 
in to  contact w ith th e  strongly  heated  coke, and 
it dissolves more or less carbon : how much depends 
upon th e  tim e the  m etal and fuel a re  in contac t. 
The m etal which collects a t  th e  crucible of the  
cupola, and  which is tap p ed  out, m ay n o t he 
sa tu ra te d  w ith carbon. The influence of the  o ther 
constituen ts of th e  iron , silicon, m anganese, etc.. 
all exert a n  influence upon th e  solvent power of 
the iron for carbon, and by co nstan t conditions 
and careful selection of m ateria ls  according to  
analysis iron su itab le  for d ifferent castings can 
be obtained.

So far, th e  general theory of th e  n a tu re  of cast 
iron has been dealt w ith, and the  clear u n d e rs tan d 
ing of th is  is the  key to  th e  g a te  of th e  road  along 
which progress may be m ade. I t  will th erefo re  
repay  a  careful study and  m astery  by each one 
engaged in foundry work.

Methods Necessary for Elucidation.
The question may now be asked, How are  these 

facts elucidated? And the answ er is by a id  of 
th e  microscope and  by aid of th e  pyrom eter and 
chemical analysis. The m ethods of therm al 
analysis, which depend upon the  ra te  of cooling of 
the  same q u an tity  of each alloy u nder sim ilar con
d itions, show th e  proportions of the  various com
ponents and phases which separa te  d u ring  th e  
cooling from each alloy. A short consideration  
will make th is  clear. Suppose a q u an tity  of a 
lead -tin  alloy contain ing  lead and tin  in the  
eutec tic  proportions is allowed to  cool from  a tem 
p e ra tu re  well above the  m elting po in t of the  m ix
tu re , e.g., 350 deg. C. The cooling takes place 
regu larly  u n til a tem p era tu re  of 180 deg. C. is 
reached, when the alloy begins to solidify and the  
la te n t hea t of fusion is evolved. This tends to  keep 
the  tem p era tu re  constan t, or, expressed in o ther 
words, there  is a h a lt in the cooling curve. Now 
th is h a lt will exist for the longest tim e for the  
eu tec tic  m ix ture , and when the  composition of
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th e  alloy differs from th e  eutec tic  there will be two 
halts, one corresponding to the separation  of the  
p u re  m etal, th e  second to  th e  solidification of the 
sutectic. The tim e  of th e  existence of the second 
h a lt will be p roportional to  th e  q u an tity  of 
eu tec tic  p resen t, provided th a t  th e  conditions of 
th e  experim ent a re  k ep t constant.

The results a re  p lo tted  w ith th e  length of tim e 
of h a lt a t  th e  eu tectic p o in t for the ordinates and  
th e  percen tage composition of the  alloy for the 
abscissae. In  th is way a d iagram  is obtained which 
shows th e  q u an tity  of eu tec tic  p resen t a t  any 
definite m ix tu re  of th e  two m etals.

Ascertaining Eutectic Points.
The eutectic oompositon is determ ined  by m aking 

a series of m elting po in t determ inations of alloys 
of vary ing  m ix tures of th e  constituen ts, and the  
m icrosiructu re  of these alloys is also determ ined. 
Consider two m etals A and B. The m elting points 
of A and B will be first determ ined, and then  a  
small specimen of each will be exam ined under a 
microscope. M ix tures of A and B in varying p ro 
portions, by steps of, say, 10 per cen t., are 
exam ined in the same m anner, and  the separation 
of one co n stitu en t on the  o ther can be seen under 
th e  microscope. The eutec tic  composition has 
always a fa irly  definite and characteristic  s truc
tu re , and  th e  separation  or disappearance of one 
or o ther phase will be clearly evident. This, added 
to  the  single h a lt p o in t on the  cooling curve, 
proves th e  eu tec tic  point.

O bservations a re  then  made so as to  fix the com
position more exactly, by exam ining m ix tures of 
th e  m etals which differ from each o ther by only a  
small percentage u n til such a composition is 
reached th a t  no separation  of a second constituen t 
tak es  place, or, in short, th e  alloy behaves as 
though i t  were a  single substance.

The composition of each alloy m ust be settled 
by analysis, i t  being inaccura te  to rely upon th e  
composition from the  m ix tu re  fused. The losses 
by oxidation , etc., i.e ., p it losses, cause errors 
which a re  b est corrected by analysis.

Variables.
The variables in all classes of work upon 

alloys in  the foundry are  tem pera tu re  com-
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position, ra te  of cooling. The composition is
liable to  vary w ith loss due  to  ox idation  or too
high a  casting  tem p era tu re , unknow n compositions 
of scrap m etals, h u t by carefu l use of accurately
analysed m ateria l these can he avoided an d  the
composition kep t constan t. The ra te  of cooling is 
much more difficult to  control, even though  th e  
casting  tem p era tu re  is constan t. The ra te  of 
cooling depends upon th e  shape of th e  m ould, the 
moulding sand, the  m oisture con ten t of th e  sand, 
and the  ex ternal tem p e ra tu re  of th e  a ir . I f  iron 
is sa tu ra te d  w ith carbon when m olten and sud
denly chilled, so th a t  th e  carb ide canno t d is 
sociate in to  carbon, pearlite , and h a rd  castings 
may resu lt owing to  a high percen tage  of com
bined carbon.

Slow cooling, on the  o ther hand , will lead to  
separation  of carbon in the form  of g rap h ite , and 
may resu lt in porous castings, especially when th e  
g rap h ite  segregates in to  spots.

I t  therefore  follows th a t  a consideration of the 
conditions of a  cast will fu rn ish  a ce rta in  am ount 
of guidance in th e  avoidance of fau lty  castings 
and in  rem edies for fau lts. A ce rta in  am ount of 
guidance only, because th ere  a re  so m any variables 
th a t  i t  is alm ost impossible to  control all a t  once. 
Nevertheless, th e  assistance given by these facts 
proves useful in providing a m eans for a ttack in g  
a problem and for avoiding a  fa ilu re .

Malleable Cast Iron.
The French m etallu rg ist, R eaum ur, discovered a 

method of softening cast iron by hea ting  iron cast
ings embedded in  oxide of iron. T h is is th e  basis 
of th e  English method.

The A m erican o r B lackheart process involves no t 
only th e  elim ination of some of the  carbon, bu t 
also th e  change from the  combined to  th e  free 
s ta te ;  the free carbon form ing a  kernel, which is 
black, hence the name.

The production of m alleable cast iron necessi
ta te s  th e  use of w hite and m ottled irons. The 
in te re s t for the  p resent purpose is the  rem oval of 
carbon from the solid iron by m eans of the  oxygen 
of solid oxide of iron. I t  is an excellent exam ple 
of a chemical reaction  tak in g  place in  the  solid 
sta te . I t  is found th a t  th e  rem oval of carbon
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takes place not only in the portions in contact 
w ith the oxide of iron, b u t even in to  the in terio r, 
provided th e  h ea ting  is continued for a sufficient 
tim e. I t  is custom ary, however, to  decarburise 
to  a ce rta in  dep th  only, depending upon the  use 
for which the  castings aire designed. The process 
by which th e  decarburisation  takes place is 
probably th e  first form ation of carbon dioxide 
from  the  carbon and oxide of iron a t  the  surface 
of th e  c a s tin g ; th is  gas pene tra tes  the  casting a t  
th e  h igh tem pera tu re , and th e  carbon dioxide 
becomes changed in to  carbon monoxide by the 
carbon in the  in te rio r.

The Chemistry of Malleablising.
The carbon monoxide then  passes to  the surface 

of th e  casting  and, coming in to  contac t w ith the 
oxide of iron, becomes again  converted in to  carbon 
dioxide, and  the  cycle proceeds: —

2F e„03+3C  = 4F e+ 3C O ,.
C 0 2+ C  = 2C0.

F e ,0 3+3CO. = 2Fe + 3C02.
The exact mechanism of the m alleablising is not 

entirely  clear, and i t  is unnecessary to discuss a t 
p resen t the  various theories proposed, b u t to  give 
some brief idea of th e  chemical reactions involved 
in  the process. I t  m ight here be pointed out th a t 
according to  one theory the  carbide m ust be dis
sociated an d  carbon p rec ip ita ted  as annealing  
carbon before i t  can be e lim in a ted ; the other 
theory holds th a t  th is  p rec ip ita tion  is unnecessary.

I t  is well know n th a t  to  produce malleable 
castings i t  is no t essential to  elim inate the carbon, 
b u t only to p rec ip ita te  i t ,  i.e ., to decompose the  
carbide or cem entite.

I t  seems highly probable th a t  both reactions 
tak e  place in  th e  English and American methods, 
b u t to  different extents.

The in te resting  p o in t is the ease w ith which 
carbon can be elim inated in the  solid sta te , and 
i t  is ano ther in stance  of penetra tion  of a solid 
m etal by a gas which passes in as CO, and out 
as CO. '
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Sheffield Branch.

SEMI-STEEL.

By John Cameron.

A t a m eeting of the  Sheffield B ranch  of the  In s t i 
tu tio n  of B ritish  Foundry jnen , held on J a n u a ry  20, 
M r. Jo h n  Cam eron, of K irk in tilloch , Scotland, 
gave an  address on “ Sem i-S teel.’ ’ M r. John  
W atson presided.

M r. Cam eron, in  opening, a lluded to  th e  u n fo r
tu n a te  nam e, “ Sem i-Steel,” as m isleading. Some 
of them  would rem em ber th a t  abou t twelve m onths 
ago th e  E d ito r of TAe F o u n d r y  T r a d e  J o u r n a l  
gave th is  sub ject g re a t prom inence, calling a t te n 
tion  to  the  m isleading nam e, and  suggesting  “ Fon- 
to id .” This was a step  in  th e  r ig h t direction , b u t 
he though t i t  ra th e r  artific ia l, and  th a t  i t  was pos
sible for th e  combined b ra in s of th e  In s titu tio n  
and th e  B ritish  C ast Iro n  R esearch A ssociation to 
find a sa tisfac to ry  nam e fo r sem i-steel.

As ironfounders they were to -day  being  called 
upon for b e tte r  quality  of castings, w ith  d im inished 
w eight to  m eet th e  developm ents of h igher speeds 
in engineering. H e th o u g h t th e  claim s of sem i
steel, in th is  respect, were w orthy of serious con
sideration .

Q uite a num ber of in te re s tin g  a rtic les  h ad  been 
published on th is  sub ject in  th e  technical jou rna ls. 
Some w riters were most eulogistic, c laim ing th a t  
cylinders, electrical and  m achinery  castings were 
being g radua lly  tu rn ed  over to  semi-steel specifica
tions. O ther w rite rs denounced it , and  m ain ta in ed  
th a t  equal resu lts could be go t from  cast iron . H e 
m ade special reference to  th e  excellent P ap e r, 
“  W hat is Sem i-S teel,” * given by M r. F ield  to. the 
B irm ingham  B ranch, and  published in the  P ro 
ceedings of the In s titu tio n .

* See Proceedings, 1020.
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The lec tu re r m ade i t  clear th a t  the semi-steel he 
wished to speak about was cupola m elted, w ith 
p roportions of mild steel vary ing  from 15 per cent, 
to  40 per cent. H e in tended to tr e a t  the  subject 
not so much from  the theoretical or scientific, as 
from  the  p rac tica l foundrym an’s p o in t of view, 
considering first the  advantages, and on the  other 
hand  po in ting  ou t its  lim itations, difficulties and 
d isadvantages. Semi-steel did not displace steel 
or m alleable cast iron . I t  was simply a high-grade 
cas t iron, w ith fewer im purities and b e tte r  struc
tu re . Unless cupola p ractice was properly regu 
lated  and controlled, the castings, while strong, 
were likely to  be hard  and difficult to machine.

Properties of Semi-Steel.
S tre n g th .— Semi-steel was much stronger th an  

grey  cast iron as regards tensile, transverse  and 
compression tests, toughness and resistance to 
shock. An example was instanced of a strong 
flanged bend for th e  bottom  of a pum p pipe line 
fo r a colliery. An early casting  hav ing  proved de
fective, th rough  inexperience of the  proper ga ting , 
was stru ck  w ith a heavy ham m er to  be broken up, 
b u t although several a ttem p ts  were m ade, th is 
could no t be done, and  the casting was kep t for 
exhibition and tr ia ls  for many m onths.

Physical S tru c tu re .— Semi-steel is close grained, 
homogeneous, free from h a rd  spots, blow-lioles and 
defects. The g rap h itic  carbon is finely broken up, 
th e  phosphide eu tectic small, w ell-distributed and 
frequen tly  in  well defined “ mesh ”  form ation.

M achining Q ualities.—I t  m achines easily, tak in g  
a fine polish ; two strik ing  characteristics are its 
facu lty  for tak in g  a clean-cut screw-thread, and 
a clear and  clean punch m ark.

Resistance to W ear.—Owing to the ,fo rm ation  of 
th e  g rap h itic  carbon, along w ith the  close g ra in  
and  high tensile  s treng th , semi-steel was very 
sa tisfac to ry  for such castings as cylinders, pistons, 
gear wheels. M cLain claimed th a t  i t  was a self- 
lu b rica tin g  m etal, and from general experience it 
has been found an excellent m etal for th e  castings 
m entioned and others.

E qual fusib ility  and flu id ity  to cast iron could be 
obtained, and th e  claim  is m ade th a t  i t  is superior 
to  cast iron as regards resistance to  heat, i.e ., for 
fire-bars, and also for m any electrical purposes.
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Aerial Bomb Manufacture.
H is firm ’s experience, in  th e  first place, was on 

aeria l bombs. They had  a lte red  a  cupola on the  
lines laid  down by M cLain, when they were asked 
to  subm it samples. These proved sa tisfac to ry , and 
th ey  w ere soon under full sw ing tu rn in g  o u t sem i
steel on a la rge  scale for a  year. A t one tim e  1,400 
bombs of one p a rticu la r p a tte rn  were produced 
daily.

Semi-steel was found  to  be extrem ely usefu l for 
ce rta in  types of m unitions. I t  was used by th e  
U .S.A ., F rance  and  G erm any long before our 
G overnm ent considered th e  m a te ria l. A m erica, 
tow ards the  end of th e  w ar, had  a rran g ed  a t r e 
mendous o u tp u t of ab o u t 30,000,000 sem i-steel 
shells, an d  th ere  was no doubt th a t  had  the w ar 
las ted  some m onths longer, sem i-steel would have 
displaced steel in m any cases. E xperim en ts were 
carried  out for some of th e  la rger bombs, and  the  
tr ia ls  were very satisfactory , particu la rly  in  re 
g a rd  to  frag m en ta tio n . H is first co n trac t was 
taken  in  th e  expectation th a t  th e re  would be 
trouble in m a in ta in in g  th e  m inim um  tensile  te s t of 
14 tons, but the  resu lts of th e  te s ts  were su rp ris 
ing. The firm subm itted  over 400 te s t  b a rs  which 
were pulled by officials a t  Glasgow U niversity . The 
first fa ilu re  was b a r  No. 140, th e  second in th e  
same week. On investiga tion  i t  tra n sp ire d  th a t  
th e  forem an had  changed the  m oulder, and  when 
the  bars were m ade by th e  o rig ina l m oulder, who 
understood the  im portance of ca re  and  co rrec t 
g a ting , no o ther fa ilu re  was recorded u n til  a f te r  
the  Arm istice. The bars  in question w ere cas t 
|  in. dia. by 5 in. long. This adm itted ly  was a 
small bar, an d  gave b e tte r  resu lts th a n  th e  usual 
bar of la rger d iam eter. H e knew th a t  th is  was a 
vexed question, b u t subm itted  th a t  th e  |- in .  b ar 
was a fa ir  te s t fo r castings u nder § in. th ick . The 
average tensile te s t from  these 400 bars  was over 
18 tons. Their record b a r was 21.9 tons, b u t h igher 
resu lts had  been ob tained  by friends in  E ng land  
and in Glasgow, w here a  m ix tu re  of 50 per cent, 
h em atite , 40 per cent, steel, and  10 per cen t, scrap 
yielded 22.5 tons.

Low Phosphorus Necessary.
In  1918 ironfounders found i t  very difficult to 

obtain  pig-iron of good q u a lity  and consisten t
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analysis. H em atite  was not available, and such 
pig-irons as could be ob tained  had to be used. The 
Scotch brands gave sa tisfac to ry  results, and yielded 
good h o t fluid m etal. Cleveland iron was tr ied , 
bu t owing to  its  high phosphorus castings were ap t 
to  be Ibrittle. H e was a firm believer in keeping 
phosphorus low in semi-steel. The average analysis 
of about a  dozen bombs resulted  : —

Silicon 2.10, g rap h itic  carbon 2.55, combined car
bon 0.5, su lphur 0.065, phosphorus, 0.587, and m an
ganese 0.65 per cent.

In  th is  analysis th e  to ta l carbon was low, and 
th e  su lphur and phosphorus w ith in  safe lim its. 
P robably g rea te r tensile s tren g th  would have been 
ob tained  had  th e  silicon been lower, w ith  th e  com
bined carbon and m anganese higher.

In  the  physical s tru c tu re  was revealed the  secret 
of th e  g rea te r s tren g th  and  im proved properties 
of sem i-steel. The lec tu re r emphasised the  benefit 
of frequen t microscopic exam inations to  ensure the  
best resu lts  being m ain ta ined . Chemical analysis 
was useful in itself, b u t m ust be taken  into con
sideration  w ith the physical stru c tu re .

In  closing the  case for semi-steel, th e  lecturer 
claimed for th is m ateria l th a t  founders could take 
t.he pig-irons an d  scrap in every day use, and by 
judicious mixing produce a  high-class, strong, 
close-grained m etal capable of transverse  and te n 
sile resu lts , th a t  could only be otherwise obtained 
by using cold-blast, or o ther special and expensive 
pig-irons.

Difficulties and Disadvantages.
C onsiderably m ore care and supervision was 

essential. In  th e  experim ental stages a good many 
fa ilu res occurred. This m ean t ex tra  work, which 
was generally  passed on to  th e  forem an, and ex
plained the  re luctance of m any to persevere.

I t  was essential to  have cupola practice righ t, 
p articu la rly  in regard  to correct supply of a ir.

H is first a ttem p ts  resu lted  in very dull m etal 
due to  volume of a ir  being too high. There were 
difficulties w ith bad scrap and unsu itab le  coke. 
Special a tten tio n  had to be given to correct gating  
and quick pouring. One special fea tu re  abou t semi
steel was, th a t  i t  froze or set a t  a h igher tem pera
tu re  th an  cast iron. This made i t  unsu itab le  for 
th in  castings of large area.



568

A tten tion  was called to a series of test-b-ars which 
had been poured from th e  sam e ladle wdth in tervals 
of m inutes. D eterio ra tion  in th e  la te r  pourings 
was obvious. Trouble due to  th is  was experienced 
in th e  early  stages, and  proved very difficult to  
trace. E ven tually  i t  was discovered th a t  one or 
tw o moulders a t  the fa r  end  of th e  shop were hold
ing up the  m etal. W hen th is  was rem edied the  
troub le  disappeared.

A no ther d isadvantage was th a t  to  ensure the 
very  best resu lts  he had  to  adm it, a f te r  a good 
deal of experience, th a t  sem i-steel had  to  he 
handled  on a fairly  large scale. W hen only one or 
two charges were required , sem i-steel could he pro
duced from a  cupola using o rd in a ry  iron, b u t he 
had  never obtained such good resu lts o r such good 
m etal as when semi-steel was m elted on the  la rg er 
scale.

Cupola Practice.
T here was no sub ject on wdiich foundrym en had 

such varied  opinions and  p rac tice  as th e  cupola.
Each cupola should he stud ied  in  .itself. I t  was 

w orth persevering u n ti l i t  yielded its proper 
q u a n tity  of good, ho t m etal, and was clean a t  th e  
end of the  day ’s work. To begin w ith , h is  firm 
lined a 54-in. cupola to  40 in. The bed was 
lowered an d  tuyeres rem odelled to  ensure a soft 
blast. This p a r tic u la r  cupola worked well from 
the very beginning. H e had  a feeling th a t  for 
sem i-steel a small cupola from  36 in . to  42 in . dia. 
was th e  easiest to  control, and  w ith in  these lim its 
th e  a ir  could be forced to  th e  cen tre  by com para
tively litt le  pressure. H is experience was th a t  
one row of tuyeres was qu ite  sa tisfac to ry , and gave 
considerable economy in  consum ption of coke. 
Much more a tten tio n  was being given to  cupola 
p ractice  to-day, especially w ith regard  to  th e  high- 
b last fetish  so popular w ith o u r fo refa thers.

In  sum m arising cupola p rac tice  th e  lec tu re r said 
th a t  a ir  should en te r by volume n o t p ressu re : he 
recom mended a large tuyere  a rea , and emphasised 
the  im portance of m easuring all charges, coke, 
m eta l and  especially a ir. F o r th e  la t te r , a ir-b la st 
m eters were easily obtained and ad justed . F o r 
ligh t repe tition  work he recom mended small charges 
evenly d is tribu ted .

In  conclusion he w arned his audience to use suit-
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able anti clean scrap, avoiding small and often d irty  
punchings under 1 in. d ia. They need no t be afra id  
to  use the  scrap in fa irly  large pieces, b u t should 
never use tu rn in g s  or borings.

The sand should be used as dry as possible, and 
care taken  to avoid a  too liberal use of the  
“ sw ab.’ ’

Samples of sem i-steel were exhibited, showing 
frac tu re , m achining, polish and th read  obtained, 
also the  m alleability  obtained by m oderate anneal
ing. Slides were also shown showing general struc
tu re , pa rticu la rly  as regards g ra in , small g raph ite , 
and mesh work form ation of th e  phosphide eutectic 
and also causes of blow-holes and defects.

i
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Birmingham Branch.

THE EARLY HISTORY OF IRON WITH SPECIAL 
REFERENCE TO CAST IRON.

By J, Newton Friend, D.Sc,, Ph.D., F.I.C. (Carnegie 
Gold Medallist).

The story of m a n ’s progress from th e  earlies t 
dawn of hum an intelligence to the  p resen t day 
shows how, partly  as th e  resu lt of experim en t and 
partly  by force of circum stances, he has been led 
through  the  early  Stone ages to  the  discovery of 
m eta l; how the  m etals came to  be d iffe ren tia ted , 
and how g re a t an im petus was given to  th e  
onw ard m arch of civilisation by the com paratively  
modern discovery of cast iron and  of the  m anifold 
uses to  which i t  may be pu t.

The Stone Age.
At the dawn of the  hum an era , when m an was 

ju s t em erging from the  b ru te  crea tion  and 
depended for his very ex istence upon th e  skill 
with which he could defy and  repulse the  a tta ck s  
of anim als more pow erful th a n  him self, he would 
seize upon any stones, branches of trees, or o ther 
hard  m ateria ls lying a t  hand  for purposes of 
offence or defence. As years rolled by he would 
learn  to p rep a re  in m om ents of qu ie t for fu tu re  
emergencies, and  would th u s single ou t stones, 
etc., which appeared to  him  specially su itab le  for 
the purpose, and keep them  by him , ju s t as we 
read th a t  D avid, thousands of years la te r , “  chose 
him five smooth stones o u t of th e  brook ” p rio r 
to  his engagem ent w ith th e  g ig an tic  P h ilis tine . 
L a te r on it  would occur to  him  to  im prove upon 
the  n a tu ra l shapes by chipping, and  he would 
soon discover th a t  flin t is particu la rly  amenable 
to  such trea tm en t. H is earlies t a tte m p ts  would 
be crude, and oft-tim ee his im plem ents would 
scarcely be distinguishable from chance products

* A Paper read before the  B irmingham Branch of the  In s titu 
tion  of B ritish Foundrym en on Dec. i t .
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of n a tu re . Suclx stones a re  term ed eoliths*  and 
have been th e  subject of many discussions by 
various an tiquaries , some postu lating  hum an 
agency, and o thers denying it.

G radually  m an became more efficient, and his 
im plem ents began to  bear such decided m arks of 
skilled w orkm anship th a t  no longer can any doubt 
rem ain  as to  th e ir  origin. These stones, still 
crude and  rough (Fig. 1), a re  known as paleo- 
l i th s .f  These were of several types. Some were 
flint flakes, probably for use as knives o r arrow 
heads, and were chipped from a suitable lum p of 
flin t in  d irections parallel to th e  cleavage planes 
either by blows or by pressure. The po in t of 
application  of the  force can sometimes be seen. The 
residual cen tre  portion  of flint is term ed a core, 
and some of these, together with th e  flakes

detached from them by paleolithic man, have been 
discovered a t  various tim e s ; they present an 
appearance no t unlike th a t  shown in  F ig . 2.

In  course of tim e th e  shaping of flint imple
m ents became a highly developed a r t. Tools of 
exquisite w orkm anship were frequently  evolved. 
This was particu larly  the  case in E gypt, where 
th e  flin t knives th a t  da te  back to  ju s t a li tt le  
before the  F ir s t  D ynasty, circa 4400 B . C . ,  are 
described^ as “ undoubtedly the m ost rem arkable

* Greek eos, down ; lithos, stone, 
t  Greek palaios, ancient.
i  K in" and Hall, Egypt and Western Asia in the Light o f Recent 

Discoveries. S.P.C.K., 1907, p. 14,
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stone weapons ever m ade in th e  w orld.” Such 
stones a re  term ed neo lith s*  and  are  n o t confined 
to  flints, b u t comprise num erous o th e r stones, 
such as q u artz ite , jade, and  even C u m b e r l a n d  
hem atite . These were rubbed or ground to  shape 
and  polished as shown in F ig . 3. Some of th e  
knives were even curved like a sabre, and  the  
arrow  heads were o fttim es beautifu lly  s y m m e t r i 
cal. Some of these are known in country  d is tric ts

F i g . 2 . — A  P a l e o l i t h ic  F l i n t  C o r e  w i t h  
F l a k e s .

a t the  p resen t tim e as elf-shot, a nam e th a t  
explains itself, and , m ounted in  silver, they  were 
worn some years ago as charm s ag a in s t poison, 
w itchcraft, and th e  like.

N eolithic men were g re a t builders, and i t  is  to  
them  th a t we owe such w onderful stone circles as 
exist a t  Stonehenge an d  elsewhere. T h a t a t  S tone
henge probably dates back to  abou t 1800 B.C.

D uring  his w anderings in  search of su itab le  
stones early  m an occasionally stum bled across 
n a tiv e  m etals, such as copper and iron, th e  form er 
te r re s tr ia l, th e  la t te r  in m ost cases m eteoric. 
F ind ing  th a t  they  did no t crack on being ham 
mered,!- th a t  they possessed g re a t ten ac ity  and 
adm itted  of being rubbed to a  fine, h a rd  edge, he 
would greatly  prize them , and pieces would be 
handed down from fa th e r to  son as valued h e ir
looms. This does no t co n stitu te  the  beg inn ing  of

* Greek neos, new.
t  Even meteoric iron can usually be cold worked. See Zimmer, 

Jauxnal o f the Iron and Steel Institute, 19i6. No. II .,  p. 306.
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«’ha t an tiq u a rie s  term  the “ age of m eta ls ,” for 
m an a t  the period of which we speak, had no idea 
ot the  connection between native  m etals and the 
earthy  ores around him . H e regarded the metal 
as a particu la rly  useful and, un fo rtunate ly , ra re  
k ind  of stone, and probably th e re  the  m atte r 
ended in  so fa r  as he was concerned.

F i g . 3 .— A J ade A d z e .

In  the  neighbourhood of Lake Superior, where 
large  masses of na tive  copper occur, there  have 
been unearthed  a t  various tim es axes, lance heads, 
and o ther p rim itive  im plem ents composed of th is 
m etal, all shaped by ham m ering. The Ind ians of 
the  N orth  Pacific Coast had learned to  u tilise 
th e  deposits of n a tiv e  copper in the  Chilcat 
country  no rth  of S itka on the Isle of B aranof, and 
th e  copper shields made by them  travelled  down 
the  coast to  Queen C h arlo tte ’s Island.*

The same k ind of th ing  has been repeatedly 
observed also in  connection w ith o ther m etals by 
travellers w ithin h isto ric  tim es. Sabine, who

* R idgew ay , T h e  E a r l y  A g e  o f  G reece  (C am bridge U n ivers ity  
P ress, 1901). Vol. I . ,  p . 595.
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accompanied Ross in his A rctic exp lorations in 
1818, rela tes th a t  ce rta in  Eskimos, who visited 
the  p a rty , carried  knives consisting of blades, of 
w hat was afterw ards proved to be m eteoric iron, 
set in to  bone handles. The pieces of iron had  been 
detached w ith g re a t labour from the  so ftest of 
th ree  masses of m etal of m eteoric orig in  a t  M el
ville Bay, and had  then  been beaten  flat betw een 
stones in  th e  cold condition.

This undoubtedly rep resen ts exactly w hat p rim i
tive  m an would do in E urope ages ago. I t  has 
been suggested th a t , in so fa r  as iron  is concerned, 
th e  am ount of m eteoric iron on th e  surface of the 
ea rth  is so small th a t  early man would probably 
seldom have an opportun ity  of seeing any, and 
only in ra re  cases would he ever have used it. 
There is more m eteoric iron known to science, 
however, th an  many people believe. Z im m er esti
mates its am ount a t  approxim ately  246 tons, and  
in th e  days of p reh isto ric  m an th ere  were all th e  
accum ulations derived from meteoric showers of 
the  previous ages to  draw  upon. H ence, i t  is 
reasonable to  suppose th a t  meteoric iron m ust have 
been ra th e r  more p len tifu l th a n  now, p a r tic u 
larly  when i t  is rem em bered th a t , owing to  its 
nickel content, celestial iron is frequently  highly 
re s is tan t to  corrosion.

The Age of Metals
M any cen turies elapsed, perhaps indeed ages, 

before man discovered th a t  c e rta in  “ s to n es”  on 
being heated  in the  fire yielded a new “  stone 
capable of being ham m ered into useful shapes, and 
differing from the o rig ina l stone in most of it« 
o ther p roperties. This new product is now called 
copper o r bronze, according to  its  composition. 
A t first, no doubt, i t  was a m a tte r  of accident 
w hether bronze o r copper was produced, a 
“  n a tu ra l ” alloy resu lting  from the reduction  of 
the p a rticu la r ore a t hand . Thus, as Gowland* 
points out, “ in H ungary , where the  copper ores 
are  associated w ith antim ony ores, th e  early 
im plem ents contain  an tim ony up to  4^ per cen t., 
an  alloy resembling bronze in m any of its physical 
p roperties. Sim ilarly, im plem ents in  Ire lan d  and 
E gypt sometimes contain  2 to  4 per cent, of

* G ow land, H u x le y  M e m o r ia l  L e c tu r e  f o r  1912, R o y a l A n th ro p o 
log ica l I n s t i tu te  of G reat B rita in  an d  Jrelancl.
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nickel T w" ^ e™ an>; from 2 t<> 4 per cent, of
nickel. In  E ngland, where copper and tin  ores 
a re  so commonly associated—as in Cornwall—the 
earliest im plem ents are  of bronze.

wing to th e  non-discovery of tin , or copper ores 
con ta in ing  it, in early tim es in Ireland  and the ir 
absence in  Cyprus, th e  im plem ents of the  Early 
M etal Age in  these localities are  of copper, and 
tin s a t a  tim e  when C entral Europe was in the 
Bronze Age. ’ U ltim ately, however, i t  would be 
observed th a t  th e  bronze was no t a simple sub
stance, bu t a  m ix ture , and in th is m anner m etal- 
u rg ical knowledge gradually  progressed both 

du rin g  and a fte r th e  tran sitio n  of man from the 
S tone Age to  the  “ Bronze A ge.”

V ery considerable m etallurgical skill was u lti
m ately a tta in ed , and  eventually iron ores were 
reduced to  th e  m etal and an iron industry  was 
established. This simple beginning heralded the  
daw n of the  “  iron age.”  The g rea te r streng th  of 
iron , when once th is m etal had been isolated, 
would lead to  the  g radual replacem ent of copper 
and bronze for m any purposes. Lucretius,* w riting 
abou t th e  year 56 B . C . ,  describes th is tran sition  
w ith charac te ristic  elegance when he says: —

“ W ith  copperf they  would belabour the  soil 
of th e  ea rth , w ith copper s t ir  up th e  billows of 
war and deal abou t wide gaping wounds and seize 
c a ttle  and  la n d s ; for everything defenceless and 
unarm ed would readily  yield to  them  w ith arms 
in  hand . Then, by slow steps, the  sword of iron 
gained  ground , and th e  m ake of the copper sickle 
became a byw ord ; and w ith iron they began to 
plough th rough  th e  e a r th ’s soil and  the  struggles 
of w avering war were rendered equal.”

B u t no t every n a tion  had its  bronze age. Ju s t 
as copper d id  n o t in every case precede bronze, 
so iron was no t in every case preceded by either 
of these m eta ls ; in A frica ,! f° r  example, excluding 
E gyp t, m an passed «direct from th e  age of stone 
to  th a t  of iron. The sam e was apparen tly  the case 
also in  Southern  Ind ia . §

•  L u c re tiu s , D e  R e r u m  N a tu r a ,  tra n s la te d  by  M unro (R outledge) 
B ook V., lines 1250-1316.

t  i .e .  B ronze,
t  G ow land, lo c . c i t .
§ V in ce n t A. S m ith , J o u r n a l  o f  th e  I r o n  a n d  S te e l  I n s t i t u t e ,  

1912, N o .  I . ,  p . 183.
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Evidently , therefore , the  p a rticu la r p a th  by 
which man has advanced has been governed largely 
by n a tu ra l circum stances, d ifferen t coun tries and  
different tribes being ofttim es led by d ifferent 
routes. This may be represen ted  by the  following 
scheme : —-

f  nr~* C o p p e r  A g e  B r o n z e  A g e  I r o n  A g e  
S t o n e  |

& -+  B r o n z e  A g e  > -> -I r o n  A g e
A g e  |

[_ » —>■ I r o n  A g e

The question now arises as to how m any years 
iron—w hether na tive , m eteoric or m an u fac tu red  
—has been known to and used by d ifferent peoples.

In  a ttem p tin g  to find an answ er, i t  is im p o rtan t 
to bear in  m ind th a t  th e  term  “  age ” in  the  
above scheme refers no t to  a period of tim e, b u t 
to a stage of c iv ilisation . J u s t  as the  n a tio n s  
to-day differ in  th e  re la tive  degrees of th e ir  civi
lisations, so in  p as t ages some of the  peoples were 
living in  th e ir  stone age, w hilst o thers were using 
im plem ents of bronze, and yet o thers had  become 
fam iliar w ith iron . Thus, B rita in  was passing 
through her stone period a t  a tim e when iron was 
already known in  Assyria, in E gypt, and probably 
also in  China.* A gain, th e  in h ab itan ts  of 
Thessaly continued to use th e ir  stone weapons and 
th e ir  pecu liar n a tiv e  po ttery  long a f te r  the cu ltu re  
of th e  bronze age had  pen e tra ted  in to  C rete and 
S outhern  Greece. They persisted  in th e ir  use, 
indeed, u n til th e  C retan  bronze age cu ltu re  had  
reached its decadence, and  the  tim e for th e  in tro 
duction of iron had  practically  a rr iv e d .f  S im ilar 
v aria tion  in the  g rades of civ ilisation  occurred 
even in  one and th e  same small country , for m eans 
of com m unication were p rim itive  or non-ex isten t. 
O ur own island is a case in po in t. A t th e  tim e of 
the R om an invasion, 55 B . C . ,  th e  S outhern  tr ib es  
used both  bronze an d  iron im plem ents, w hilst the  
B rigan tes in the  n o rth  were still in th e ir  stone 
age.

F u rth e r , in the  h isto ry  of any one tr ib e  or 
people i t  is seldom th a t  a h a rd  and fas t line  can 
be draw n between the  stone, bronze, and iron ages,

* See Brough, J o u r n a l  o f  t h e  I r o n  a m i  S te e l  I n s t i t u t e ,  1906 
No. I , p 233. 

t  Hall, .E g e a n  A r c h e o lo g y  (W arner, 1915).
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for these gradually  merged the one in to  the other. 
D u ring  th e  early  days of th e  bronze age, tools and 
weapons of th a t  m etal were used alongside those 
of stone. N or could iron , a t  th e  date of its  dis
covery, be expected to  supplan t im m ediately and 
completely its  predecessor.

An in te re stin g  example of th is tran s itio n  is 
afforded by a dagger found in  th e  R iver W itham .* 
The lower p a r t  of its  sheath, which was of bronze, 
is slightly  decorated w ith  regu lar L ate  Celtic o rna
m ent—which fixes its period. The blade is of iron 
and  th e  h ilt of bronze, illu s tra ting  the  overlapping 
of these tw o m etals. Such examples are not 
common in E n g lan d .f

In  the  p reh isto ric  rem ains a t  H alls tad t, in the 
A ustrian  Tyrol, and a t num erous other places, 
im plem ents of iron and bronze have been found 
lying side by side, fu r th e r illu s tra ting  this 
tran s itio n a l period.

In  addition  to these n a tu ra l periods of transition  
betw een the  ages of stone, bronze and iron, during 
which th e  various peoples were being educated 
to m ore advanced stages of civilisation, there  exist 
w hat may be term ed artificial periods of transition . 
These m ay be tem porary  and due to  th e  force 
of local circum stances. Such was th e  case, for 
exam ple, a t  th e  B a ttle  of H astings in 1066, when 
m any of the  Saxons fighting under H aro ld’s 
banner w ielded stone ham m ers, probably on 
account of the tem porary  shortage of iron. Re
ligious conservatism  accounts for th e  persistence 
of m any old customs. Thus the  r i tu a l knives of 
Joshua v, 2, were m ade of flin t, as the  employ
m ent of m etal would have been irreveren t. 
H ero d o tu s ,| w ritin g  about th e  year 450 B .C ., men
tions th a t  th e  E gyp tian s when embalm ing the ir 
dead removed th e  b ra in  by m eans of an iron tool, 
b u t in o rd e r to  remove th e  contents of th e  abdo
men, they  c u t “ along th e  flank w ith a sharp  
E thiopian  stone.” The use of iron for the one 
operation  and stone for they.other is in teresting , 
the em ploym ent of th e  la t te r  im plem ent being 
ev iden tly  connected w ith religious ceremonial. 
The same explains th e  use of stone a lta rs  in our

* H ero d o tu s . See B aw lin so n ’s T ran sla tio n . Book 11., chap . 6S,
+ C linch, H a n d b o o k  o f  E n g l i s h  A n t i q u i t i e s  (Gill, 1905).
% R eg in a ld  A. S m ith , A  G u id e  to  th e  A n t i q u i t i e s  o f  th e  E a r l y  I r o n  

A g e , B ritish  M useum , 1905.
U
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churches to-day, these being th e  modern 
represen tations of th e  stone a lta rs  used by 
neolithic m an when w orshipping h is gods, as 
for exam ple, a t  Stonehenge. An in te res tin g  
example of ind iv idual conservatism  is given by 
M arietta* and  by M aspero ,f both of whom were 
acquain ted  w ith  a C opt in charge of th e  excava
tions a t  Abydos. This m an continued to  shave 
his head th roughout his life  w ith  a flin t razo r; 
as his scalp was scraped nearly  raw  by th e  opera
tion he was w ont to  cover his head w ith  fresh 
leaves to  allay th e  ir r ita tio n  of his inflam ed skin. 
H e died when over 80 years of age in  1887, and 
was still wedded to  h is stone razor.

Iron in India.
Iron  was known in In d ia  a t a very early  date. 

I f  th e  Blacle Yajwveda  m ay be believed, i t  would 
appear th a t  some form  of iron cannon, or p e r
haps m ore correctly “ engine of w ar ” was in use 
between 2000 and 1000 B . C . ,  say 1500 b . c . I  Be
tw een 500 and 200 B .C .  iron appears to  have been 
in frequen t use, particu la rly  for m ilita ry  p u r
poses. Iron  has long been credited w ith  the  
power of w arding off evil sp irits , and th e  fam ous 
p illa r a t  Delhi, § composed of th is  m etal, has re
ceived no li tt le  worship. I t  d a tes back to  about 
a . d .  300. I t  is 23 ft. 8 in . in  height, 22 ft . being 
vertically  above ground and 20 in. below. I ts  
upper d iam eter is 12£ in .;  its  lower 1 6 | in . ;  w hilst 
its to ta l w eight is approxim ately  6 tons. The 
legend connected with th is  fam ous p illa r asserts 
th a t  th e  m eta l had  been driven so deep in to  the  
ground th a t  i t  had  pierced th e  head of th e  k ing  
of serpents, th e  god Schesnag, who supports th e  
earth . I t  had thus a  rem arkably  sure founda
tion . A R ajah  doubted th is, and ordered th e  
p illa r to  be dug up, w ith  th e  re su lt th a t  its  
end was observed to  be m oist w ith  th e  se rp en t’s 
blood. On a ttem p tin g  to  replace the p illar, how
ever, i t  was found impossible to  transfix  th e  wily 
rep tile , and  th e  p illar, in  consequence, rem ained

* M arie tte , B u l l .  I n s t i t u t  e g y p l ie n ,  1869-1871, 1 s t Series, I I . ,  58,
t  M aspero, T h e  D a w n  o f  C iv i l i s a t i o n — E g y p t a n d  C haldea , 

T ra n s la te d  b y  M cClure. S .P .C .K ., 1910.
t  N eogi, J .  R o y a l  S o c i e ty  A r t s ,  1914, vo l. 63, p . 43.
§ See H adfie ld , J .  I r o n  a n d  S t e e l  I n s t . ,  1912. I ., 134 S u r v e y

o f  I n d i a  (F o u r  R ep o rts  m ad e  d u rin g  1862-1865), S im la 1871 
S t. Jo h n  V incen t D ay , P r o c . P h i l .  S o c i e ty  o f  G la s g o w , 1872 8 
j to ,  2, p . 235,
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loose and shaky, symbolic of the  R ajah ’s fa ltering  
fa ith . I t  has been suggested th a t  the  nam e Delhi 
is, in consequence, a  corruption  of a H indoo word 
Dhili, loose, b u t a H indoo Judge  inform ed th e  
au th o r  ̂ th a t more probably the  nam e m eans

H e a r t’s D eligh t,” and is in  no way connected 
w ith  th e  p illar. The p illa r is by no m eans shaky, 
however, b u t, according to  Miss Gordon Gumming,*

is now as firm as a rock, and has even resisted 
th e  cannon of N adir Shah, who purposely fired 
ag a in s t it . The m arks of th e  cannon balls are 
clear enough. Hindoos believe th a t  so long as 
th is  column stands th e  kingdom has not finally 
passed from  them . The pillar is a  m agnificent 
exam ple of early  forging. I t  was made by weld
ing toge ther discs of iron, th e  m arks of th e  weld
ing being p la in ly  visible, f

A rem arkable fe a tu re  of th e  p illar is its  freedom 
from rust. T his is no doubt due to  some pecu
lia rity  of its  surface layer, for pieces broken away 
appear to  ru s t w ith  ease. HadfieldJ analysed one 
such sample and  found i t  to  contain  :—

C=0,080, S i= 0,046, S =  0,006, P=0,114, Mn=0,000.
The h igh  phosphorus and low carbon, sulphur 

and  m anganese contents, all tend  tow ards reduc
tion  of corrodibility , b u t do n o t suffice to explain 
the general im m unity  of th e  p illa r from corrosion.

A nother iron p illa r stood a t  D har, or D hara, 
b u t is now in th ree  pieces, m easuring 24, 12 and 
6 f t. in  leng th  respectively; a fragm ent is miss
ing. The to ta l leng th  thus amounted to  a t  least 
42 f t . ,  so th a t  orig inally  th e  column would be 
double th e  h e ig h t of th e  Delhi p illar. Mr. V incent 
A. Sm ith, § in  describing th e  same, points out 
th a t  “ w hilst we m arvel a t  the  skill shown by the 
an c ien t artificers in  forging th e  g rea t mass of the  
Delhi p illar, we m ust give a still g rea te r measure 
of adm ira tion  to  the  forgotten  craftsm en who 
dealt so successfully in producing th e  still more 
ponderous iron  mass of th e  D har p illar monument, 
w ith  its  to ta l length of 42 ft., which, like the

* M iss G ordon  C um m ing  “  In  th e  H im a lay as  a n d  on th e  In d ian
P l a i n s  ”

t  See rem ark s  by  T . T u rn e r ( J .  I r o n  S te e l  h i s t . ,  1 9 1 2 ,1. 184) 
a n d  h is  references to  ea rlie r au th o ritie s , 

t  H ad fie ld , a d d e n d u m  to  p ap e r, lo c  c i t .
§ V in ce n t A. S m ith , J .  I r o n  S te e l  I n s t . ,  1 9 1 2 ,1. 158.

u  2
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pillar a t  Delhi, is of th e  G up ta  period, or abou t 
th e  year 321 of th e  C hris tian  e ra .”

These a re  the  only known large masses of iron in 
th e  world, and  it is only w ith in  com paratively  
recent years th a t  m oderns have learned  to  deal 
w ith  masses of iron approaching these in size. 
The question has been raised  as to  whence In d ia  
derived her knowledge of iron. Babylon is sug
gested,* and i t  is well established th a t  from  very 
early  tim es iron has been known in  w hat is now 
M esopotamia. O thers suggest th a t  th e  H indoos 
discovered iron them selves, f  This is very  reason
able. T here is, of course, no need to  a tte m p t to  
trace  back th e  discovery of iron  to  one source. 
Ju s t  as a t the p resen t tim e  discoveries a re  n o t 
in frequently  m ade sim ultaneously in  d ifferent p a r ts  
of th e  world, so i t  is reasonable to  suppose th a t  
in early days, w hen m eans of com m unication were 
slow and prim itive , different nations o r tribes 
m ay have sim ultaneously unravelled  ce rta in  of 
N a tu re ’s secrets qu ite  independently .

Iron in Egypt and Palestine.
Iro n  appears to  have been known in  E g y p t for 

m any thousands of years. D uring  b lasting  opera
tions in the G reat Pyram id a t  Gizeh in  1837, a 
wedge-shaped piece of iron was found in  an  inner 
jo in t, and, if coeral w ith  th e  P yram id , m ust be 
from 5,000 to  6,000 years old. I t  was exam ined 
by F ligh t, who concluded th a t  i t  was n o t m eteoric, 
Evidently, therefore, iron was worked even a t  
th a t  early  d a te  by th e  E gyptians. G ow landj sug
gests th a t  i t  m ay possibly have come from  th e  
S inaitic  pen insu lar, hav ing  been ob tained  th e re  
by the accidental tre a tm en t of some iron  ore— 
which occurs side by side w ith  certa in  of th e  veins 
of copper ore. T he search for iron am ongst 
E gyptian  relics of la te r  periods has yielded dis
appoin ting  results. Indeed, th e  m etal does no t 
seem to  have found w ide favour am ongst ancient 
E gyptians. This is th e  m ore rem arkable  as th e  
A ssyrians, w ith  whom th ey  were in  frequen t com
m unication, were very fam iliar w ith  iron , as will

* For Northern Ind ia . V incent A. Smith, J . Iron Steel Inst., 
1912, I. 184.

t  N otably J . M. H eath  in two papers on In d ian  Steel before 
th e  Royal Asiatic Society. 1837, Vol. IV .; 1839, Vol. V.

t  Gowland, loc cit.
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presently  be- shown. I t  is in teresting  to  note 
th a t  th e  earliest general group of tools found iD 
E gyp t was a t Thebes, and  dates back to  666 B . C . —  
th e  tim e of th e  Assyrian invasion. The modern 
E gyp tian  camel d river still wears iron rings, th u s  
keeping up  an  in te resting  link  w ith th e  past. As 
regards Palestine , it  is generally conceded th a t  
iron was in troduced  1200 b . c .  b y  th e  Philistines,*  
who se ttled  in  P alestine about th e  same tim e as 
th e  Israe lites , and who were a  very cu ltu red  race. 
They w ere non-Sem itic, possibly hailing  from Crete. 
The co nstan t p e tty  skirm ishes between th e  Israelites 
and  th e  P h ilis tines are readily  understood when 
i t  is rem em bered th a t  th e  la t te r  possessed the  
fe r tile  m aritim e p lain  w hilst th e  Israelites occu
pied  th e  relatively  barren  land  above! Og, K ing 
of B ashan, abou t th is  tim e  is rep o rted f to  have 
had  an  iron bedstead. No doubt th e  word bed
stead  would be m ore correctly  rendered as “ b ie r .” 
In  any case, th a t  th e  dead k ing should be laid 
on a b ie r was qu ite  a  norm al occurrence, and  the 
fact th a t  i t  is m entioned a t  a ll suggests th a t  the 
unusual fe a tu re  lay  in its  being m ade of iron .j

The oldest pieces of iron h itherto  found in 
P a les tine  a re  two pieces found in the  w ater pas
sage a t  Gezer. § T he curious p a r t  about th is find 
lies in th e  fact th a t  th e  passage had  been sealed 
u p  p rio r to  1250 B . C . ,  so th a t  th e  pieces evidently 
da te  back to  a tim e  several hundred  years an 
te r io r  to  th a t  a t  w hich iron  was in  general use 
in  Palestine. D avid was fam ilia r w ith iron circa 
1000 B . C . ,  and  the m etal was evidently used a t 
tim es for personal adornm ent, for a finger-bone 
w ith  an iron r in g  corroded to i t  has been un 
earthed.If C erta in  iron knives found in tombs in 
Gezer a re  a ttr ib u te d  to  th e  Philistines,** and 
G oliath’s spear is d e s c r ib e d - ! a s  weighing 600 
shekels of iron. In  2 Sam uel xii. 31, th e  w riter 
refers to  “ axes of iron ”  and “  harrow s of iron  ” 
in connection w ith D avid’s victory over the  people

* See 1 S am . xiii. 19-22. Jo sh . xv ii. 16-18. Ju d g es  i. 19. 
v . 3.

t  D eu t. iii. 11.
J See a r t ic le  “  B ed .” E n c y c lo p a e d ia  B ib l ic a  (B lack . MCMI.), 

vol. 1.
§ M acalister, P a le s t i n e  E x p l o r a t i o n  F u n d ,  Q u a r te r ly  'S t a t e m e n t . 

1908, p . 1.
H H an d co ck , A r c h e o lo g y  o f  th e  H o l y  L a n d  (TJnwin), p . 210.

** M acalister, E x c a v a t i o n  o f  G e ze r , vol. 1, p . 299. 
f t  1 Sam . xv ii. 7.
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of R abbah. Tho fact th a t  iron is specifically m en
tioned suggests th a t  im plem ents of th is  lan d  were 
also made of bronze. D av id ’s son Solomon is 
s ta ted  (2 Chron. ii. 7) to have had  iron  w orkers 
of h is own, although  he found i t  necessary to  send 
to Tyre for his chief artificer o r  forem an. F urnaces 
for th e  d irec t reduction  of iron  o re  were well 
known to  th e  la te r  H ebrew  w riters,* and  the  ore 
appears to  have come from  L ebanon .f

According to  an  old H ebrew  legend, the  
humanised' god Tubal-caint; was “ an in s tru c to r 
of every artificer in  brass and iro n .” The word 
“ T ubal ”  is probably B abylonian, and connected 
w ith  Gibil, th e  god of so lar fire. “ C ain ,”  which 
is m issing in  the Greek version, m eans artificer, 
and w as°probably added as a suffix to  Tubal to

explain why he was regarded as th e  fa th e r  or 
in s truc to r of sm iths. § I t  is possible th a t in  the 
earliest form  of th e  legend T ubal tau g h t men th e  
a r t  of g e ttin g  fire. The legend resembles th e  
G reek and Roman m yths of V ulcan. The 
C anaanites had chariots studded  w ith  iron a t  the 
tim e  of th e  invasion by th e  Israe lites , and  these 
a re  re fe rred  to , n o t only in  Holy W rit, || b u t  also 
in  h isto rical inscriptions in  E gyp t. They were 
probably of H it t i te  p a tte rn .

Iron in Mesopoiomia.
The earliest reference to  iron in AssyriaU dates 

back to 1400 B .C ., where rings of iron covered w ith

* Je re m ia h  xi. 4 ;  D eu te ro n o m y  iv . 2 0 ; K in g s  v iii. 51 .
t  D eu t. v iii. 9. Je re m ia h  sp eak s  o£ iro n  fro m  th e  n o r t h ,  

C hap . x v . 12.
t  G enesis iv , 22.
§ See E n c y d o p a i d ia  B ib l ic a  (B lack . M CM I.), vo l. 1 , u n d e r  

“  C ain ites,”  sec. 10.
II J o sh u a  xvii. 16, 18. Ju d g es  i.  19 ; iv . 3.
H R idgew ay , lo c . c i t .  p . 615.
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gold a re  re fe rred  to  in the fam ous Tel-el-Amarna 
tablets. A shur-natsir-pal, 885-860 B . C . ,  sta tes th a t  
in  m aking  an a tta c k  on Mt. L ara , in  th e  fou rth  
year of h is reign, he cu t a way for his troops 
w ith  picks of bronze and axes of iron! The iron 
was ob tained  as tr ib u te  from various places, 
notab ly  Carchem ish, and la te r  from  Syria. K ing 
Saigon seems to  have been the first to  obtain  iron 
from  ̂ A rm enia. The A ssyrian K ing R am m an- 
m ra r i  I I I , ,  810-782 B . C . ,  is recorded as having 
leceived 3,000 ta len ts  of copper and 5,000 ta len ts  
of iron as tr ib u te  from  A ram  Damascus.* In  th e  
ru in s  of th e  palace of Sargon I I . ,  722-705 B . C . ,  a t

F i g . 5 .— I r o n  C u r r e n c y  B a r .
F o u n d  a t  L y ttle to n . L e n g th  12.72 ins., w eigh t 1,933 grains. 

F ro m  a  d raw ing  b y  Mr. W. J . E lse, C u ra to r, W orcester M useum .

K horsabad, V ictor Place discovered a storehouse 
contain ing an  enormous q uan tity  of iron, namely, 
abou t 350,000 lbs. This was mostly in th e  form 
of bars pierced w ith holes for convenience of tra n s
port. I t  was evidently a store of unw orked 
m etal read y  to  be m ade up  in to  finished articles 
should th e  king requ ire  them . As Gowlandf re 
m arks : “ This vast accum ulation of iron indicates 
incontestably th a t  th e  m etal had been in  use for 
m any centuries previous to  the  tim e of Sargon, 
so th a t  i t  will not be unreasonable to assume th a t

* E n c y c lv p c e d ia ,  B ib l ic a  (B lack . M CMI.), Vol. 2. A rtic le  “  I ro n ,’ 
t  G ow land, lo c . c i t .
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tlie A ssyrians were acquainted  w ith  iron certainly 
earlie r th an  1500 or even 2000 B .C .

Iron in Europe.
T urn ing  now to  E urope, i t  appears th a t  Greece 

was the firs t country  to  use iron, nam ely, about 
1400 B . C . *  Hom er "(880 B . C . )  was thoroughly
fam iliar w ith  th e  m etal, and frequently  alludes 
to  i t  in  both h is Iliad  and  Odyssey, in  which 
poems, however, he is describing a period an te rio r 
to  h is own, nam ely, abou t 1200 to  1400 B . C .  T he 
T rojan  W ar was fought a t  the tra n s itio n  period 
in G reek h is to ry  betw een bronze and iron . H ence 
i t  comes abou t t h a t  iron, gold and  bronze a re  
repeatedly m entioned am ongst th e  treasu res  of 
th e  w ealthy .f T hus Ulysses, in the  guise of an 
old m an, Telates h is experiences to  th e  unsuspect
ing Gumasus, who has hospitably en te r ta in ed  him , 
and pretends to  describe the w ealth  of Ulysses in  
far-off lands. H e says

“ I saw myself the vast unnum bered sto re  
Of steel elaborate and  re fu g en t ore,
And brass high heaped am idst th e  rega l dom e; 
Immense supplies fo r ages y e t to  com e.” 

Although highly esteemed, iron was no t regarded  
as precious in  th e  sense of being a ra re  m etal. 
I t  was evidently  a well-known commercial com
m odity, used both  like slaves and  ca ttle  for b a r
tering , as well as fo r th e  m anufactu re  of peaceful 
implements. Thus we a re  told th a t

“  From  Lemnos Isle a num ’rous fleet had  come 
F re igh ted  w ith  w ine; ” 

and th a t  th e  Greeks
“ H astened to purchase, some w ith  brass, and some 

W ith  gleaming iron; o th e r some with hides, 
C attle  or slaves; and joyous waxed th e  feas t.” § 
I t  is in structive  to  no te  th a t, w ith  b u t tw o ex

ceptions, Homeric weapons were of bronze, w hilst 
th e  tools were of iron. One exception is th e  
battleaxe of

“  G reat Are'ithous, known from  shore to  shore 
By the huge, knotted  iron mace he bore.” ||

* M ontelius, J .  Iro n  Steel In s t., 1900, I I . ,  514.
t  See I lia d  V I . ,  48 ; ix ., 385, 3 6 6 ; x ., 379, 133. Odyssey x iv ., 

324 ; x x i., 10.
t  Odyssey x iv . P o p e ’s tra n sla tio n .
§ Ilia d .  D e rb y 's  tra n s la tio n , v ii., 518-525.
II I l ia d  v ii., 141. P o p e 's  tra n sla tio n .
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L ang’s exp lana tion  is undoubtedly the correct 
one, nam ely, th a t  when iron was first m anufac
tu re d  its  quality  was uncerta in , inasm uch as the  
necessary m etallu rg ical skill to  produce a reliable 
m etal bad  n o t y e t been attained. H ence i t  was 
no t used for weapons where m en’s lives were a t 
stake, except in solid lumps which could not easily 
bend o r snap , as, for example, head of battle-
axes,* for which keen c u ttin g  edges a re  n o t so 
necessary, th e  object being to  give a heavy blow. 
E ven in  th is  case th e  axe is re fe rred  to  as ra th e r  
a curiosity . S trong, if indirect, support for th e  
above view is afforded by th e  account given by 
P o lyb iusf (205-123 b . c . )  of th e  poor quality  of the 
iron  used by th e  Celts many hundred  years la ter, 
nam ely, 223 B .C . The R om ans inflicted a severe 
d efea t upon them , and th is  is a ttr ib u ted  to  the 
fact th a t  th e ir  long iron swords were “  easily 
bent, and  would give one downward cu t w ith  any 
effect, b u t th a t  a fte r  th is  th e  edges got so tu rn ed  
and  the  blades so ben t th a t  unless they  had tim e 
to  s tra igh ten  them  w ith  th e  foot against the 
ground  th ey  could n o t deliver a second blow.”

I f  th e  iron a t  th e  disposal of th e  Homeric heroes 
was as u n ce rta in  as th a t  m entioned above, it  is 
no w onder th a t  bronze was p referred  for m ilitary  
purposes, since i t  would be giving an opponent 
som ew hat of an advan tage  if a w arrio r had  to  
h a lt on th e  battlefield  and stra igh ten  his w eapon .\ 

E ven if H om eric iron was not as poor as th a t  of 
th e  Celts, i t  is easy to  unders tand  th a t  unless its  
q u a lity  was such as to  render i t  very appreciably 
superio r to  bronze, th e  la t te r  m etal would be re 
ta in ed  by m ilita ry  conservatism , “ ju s t as th e  F if 
te en th  C entury  soldiers found th e  long-bow and 
cross-bow much m ore effective th an  guns, or as the 
D uke of W ellington forbade the  arm ing  of all our 
men w ith  rifles instead  of m uskets.”  §

An in te re s tin g  passage in th e  Odyssey shows th a t  
th e  Greeks, a t  th e  tim e to  which we refer, had a  
c e rta in  knowledge of tem pering . I t  is the account 
of th e  b lind ing  of th e  g igan tic  Cyclops, by Ulysses,

* See L ang . The W orld o f  Homer, L ongm ans, 1910. C hap. x.
f  Q uoted  b y  R idgew ay , T he E arly  A ge o f  Greece (C am bridge 

U niv . P ress, 1901).
î  B era rd , Les Phéniciens et I’Odyssee (P aris , 1902). Lang, E em e  

Archéologique, 1906-7 , 280.
§ Lang, loc cit.
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who plunged a fiery stake in to  his one and only
eye. I t  runs : —*

“ As when th e  sm ith an hat-chet or la rge  axe 
T em p’ring  w ith skill, plunges th e  hissing b lade 

Deep in cold w ater (-whence th e  s tre n g th  of steel) 
So hissed th e  b lade around  th e  olive wood.” 

The H om ans were skilled m eta llu rg ists , and 
established arm s fac tories a ll over th e ir  em pire. 
A t an early date  they  were fam iliar w ith steel and 
th e  m ethod of tem pering  it. T hus V irg il, + w riting  
about th e  year 30 B.C., h is classical work, The 
JEneid>„ graphically  describes the  sm ithy in  full 
work. H e say s : —

“ A flood of m olten silver, b rass and  gold,
A nd deadly steel in  th e  la rge  fu rn ace  ro lled ;
Of th is , th e ir a r tfu l  hands a  shield p repare , 
Alone sufficient to  su s ta in  the  w ar.
Seven orbs w ith in  a  spacious round  they  close, 
One s t irs  th e  fire, and one th e  bellows blows, 
The hissing steel is in  the sm ithy drow ned.” 
Some years la te r  P liny , who was bom  in  a .d . 43, 

collected' together, in  his fam ous N a tu ra l H isto ry , 
m uch th a t  was known of iron  and  steel (by th e  
R om ans in  h is day—no inconsiderable am ount. 
A fter discussing th e  d ifferent ores of iron , and  
the  m ethod of tem pering  th e  carburised  m eta l by 
p lunging  i t  in to  w ater, he m akes (Book xxxiv., 
C hapter 41) th e  following in te res tin g  s ta tem en t, 
to  which I  have never seen a tten tio n  d irected . H e 
says : — J

“  I t  is a remarlidble fa c t, th a t w hen the  ore 
is fused , the m eta l becomes liquefied like w ater, 
and afterw ards acquires a spongy , brittle  te x 
tu re .”
This can surely only m ean one th in g , nam ely, 

th a t  the Rom ans occasionally ob tained , probably 
by the accidental overheating  of th e ir  fu rnaces by 
e x tra  d raugh t, small q u an tities  of cast-iron  in th e ir  
furnaces. This probably rep resen ts th e  earlies t 
m ention of cast iron in  existence. The m etal 
would be of no use to them  as i t  was, n o t hav ing

* Odyssey, C ow per's T ra n sla tio n , I X  , 45962. 
t  See V irg il’s JEneid. T ra n s la te d  b y  D ry d en  (R ou tledge, 18S4), 

B ook  V III. T h e  ita lics  are  those  of th e  p re s e n t a u th o r . V irg il 
w as bo rn  in  76 B .C., a n d  was a t  w ork  on  th e  rB neid  w hen  a b o u t 
fo r ty  years  of age.

t  P liny , N atura l H istory. T ra n s la te d  by B o sto ck  a n d  R iley  
(B ohn , 1857), Vol. V I.



fu rnaces capable of rem elting  i t  for easting  p u r
poses, so i t  would e ither be th row n aw ay or more 
probably be mixed w ith  subsequent charges and 
passed a second tim e in to  the  fu rnace . P liny  also 
m entions th a t  a t  th e  tim e  of th e  Second P unic 
W ar (218-201 b . c . )  “ m any personages who had 
even filled th e  proctorship, wore rings of iron to 
th e  end of th e ir  lives.” Presum ably  th e  m etal was 
held  in  such h igh  esteem as to  serve for personal 
adornm ent. P liny  goes on to  say th a t  even in his 
day  slaves wore iron  rings covered w ith gold. The 
r ig h t to  w ear p u re  gold rings was apparen tly  never 
given to  slaves.

Iron in Britain.
F o r m any  years, probably several centuries, 

before th e  invasion  of th e  Rom ans in  b . c . 65, the  
B ritons were fam ilia r w ith  iron. T heir chario t 
wheels h ad  iron  rim s, as is proved by rem ains found 
in  Y orkshire, a lthough  i t  is very doubtful if they 
were fitted  w ith  scythes for lam ing hostile in
fan try ,*  as h is to ry  books used to  te ll us, and as 
B oadicea’s chario t is depicted as hav ing  in the 
s ta tu a ry  on th e  Thames E m bankm ent a t  W est
m inster B ridge. Caesar, however, m entioned th a t  
th e  B ritons were accustomed to  use 'bars of iron in 
place of coins as currency, and several hundred 
of these, which have escaped m ore or  less th e  
ravages of tim e, have been found and lodged in  
d ifferen t museums, no tab ly  th e  B ritish  Museum 
and  in  the  m useum  a t W orcester.

The bars  resem ble swords, and consist of a fla t 
and  slightly  tap e rin g  b lade  w ith b lun t vertical 
edges. A rude  hand le  is formed by tu rn in g  up  
th e  edges so as to  m eet one ano ther a t  a po in t 
some 2 ins. from  one end.

I t  is only qu ite  recently  th a t  th e  tru e  n a tu re  of 
these currency bars has been discovered, the  cred it 
being  due to  M r. R eginald  A. Sm ith, of th e  B ritish  
M useum. The bars resemble swords so closely th a t  
they  were form erly regarded as unfinished ones or 
as some k ind of to o l.f I t  is n o t a t  all impossible 
th a t  o ther currency b a rs  a re  lying unrecognised in

* See B . A. S m ith , A  Guide to A n tiqu ities  o f  the E arly  Iro n  Age, 

^ " h -  Proc. Soc. A n tiq ., 1915, 27 ; 69. Sec also  1905,
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museums and  in p riv a te  collections, and  cata logued  
under o ther names.

The im probability  of these bars ever hav ing  been 
swords in a more o r less half-finished s ta te  is sum 
m arised by Sm ith  as follows : —

1 . The bars have frequently  been found in con
siderable num bers h idden away as if co n stitu tin g  
a  hoard , much in  th e  same way as coins have 
•been usually hidden. Tuey have been found  also 
rig h t in  th e  cen tre  of B ritish  camps. This was 
th e  case, for example, a t  Meon H ill, G loucester
shire, where in  1824 some 394 b a rs  w ere d is
covered in  a  heap.

Now i t  seems much more probable th a t  the  
ancien t B ritons would conceal th e ir  money a t  a 
crisis, ra th e r  th a n  th a t  they  would stop to  bury 
half-m ade swords.

2. Division of labour is a m ark of civilisa
tion , and in  early B ritish  days such d iv i
sion was by no m eans in  an advanced stage  of 
development. In  o ther words, th e  arm ourer who 
shaped these bars  would him self produce th e  
finished swords, if  indeed swords they  were to  
be. I t  is not probable th a t  he would p rep are  a 
large num ber to  hand  on to  ano ther for the  
finishing process.

3. The b a rs  vary  considerably in  size and 
w eight, some bars being as much as 16 tim es a£ 
heavy as others. Thus only a small frac tio n  of 
them  could ever con ta in  th e  r ig h t am ount of 
m etal to  yield a sword of the  period.

4. The m ost conclusive evidence, however, th a t  
th e  bars were never in tended  as swords lies in 
th e  in te res tin g  observation th a t  th e  w eights of 
all the  heavier ones m ust orig inally  have been 
simple m ultiples of the  w eights of th e  sm allest 
ones.
Owing to th e  corrodibility  of th e  iron , all th e  

bars yet found have suffered some loss in  w eight. 
F o rtu n a te ly , however, th e re  a re  a good m any 
which have been only relatively  sligh tly  oxidised, 
and i t  is possible to  estim ate  roughly w hat th e ir  
orig inal weight m ust have been. W hen th is  is 
done, i t  is found th a t  th e  w eights approxim ated  
to 309 gram s. (4,770 grains), o r to  some m ultip le 
or sub-m ultiple of th is  am ount. In  all, no fewer
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th an  six d ifferent denom inations have been found, 
of the  following presum ed s tan d a rd  w eights: —

A V O IR D U P O IS  
G rains G rain s  O unces

Quarter ................ 77 1,193 2 |
Half .......................  154.5 2,385 54
U N IT  ..................  309 4,770 11
One and a half .... 463.5 7,155 I 65
Double   618 9,540 22
Quadruple ..........  1,236 19,080 44

The reason for choosing the  th ird  denom ination, 
nam ely, 4,770 g ra ins, as th e  u n it, lies in  th e  fac t 
th a t  in  th e  Cardiff M useum is a  bronze weight 
which was found in association w ith  enamelled 
bronze ornam en ts of la te  Celtic character near 
N ea th , in  G lam organshire. On th e  to p  of th is 
w eight is  engraved, th e  figure I .,  and  i t  weighs 
4,770 gra ins. A sim ilar w eight, b u t in basalt, lies, 
o r r a th e r  d id  lie before th e  ou tbreak  of the G reat 
E uropean  W ar in 1914, in  the  M ainz Museum. 
I t  bears th e  m ark  I . ,  and weighs 4,767 grains, th a t  
is, th e  same as th e  preceding w ith in  the prim itive 
ran g e  of • m easurem ent. These weights rep resen t 
h a lf an a t t ic  commercial m ina of the  period prior 
to  B . C .  160, and show th a t  even a t  th is  early date  
B r ita in  recognised th e  same standard  w eights as 
th e  C ontinen t.

I t  is highly im probable th a t th e  early B ritish  
would have six d ifferen t sizes of swords; still less 
is i t  conceivable th a t  th e  sm ith  would go to the 
tro u b le  of carefully  s tandard is ing  the  w eights of 
h is swords when they  were s till in an unfinished 
condition .

The evidence clearly poin ts to  the  supposition 
th a t  these bars a re  indeed the  currency bars re fe r
red  to  by Caesar as used by the early  B ritons a t the 
tim e  of his invasion. The use of currency bars or 
blades m ay be traced  back to  the  early  Greeks, and 
survives to-day in some p a rts  of Africa. As we have 
seen, in th e  H om eric period iron was used for 
b a rte r . D echelette, who was, most un fo rtun te ly  
for an tiq u a rian  research, killed a t  the fro n t in the 
early  years of the  G reat European W ar, traced the  
cu rrency  b a rs  back to  th e  sp its  for roasting  flesh. 
I t  is sa id  th a t  Pheidon deposited in  the  Herseum 
ce rta in  iron  bars th a t  had till his tim e, namely, 
p rio r to  600 B . C . .  done du ty  as money. W aldstein, 
du ring  his excavations of th e  Herseum some years
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ago, discovered a bundle of iron  rods which quite  
possibly co nstitu te  th e  rem ains of P heidon’s g ift.

Iron in Central Africa.
Schw einfurth , who travelled  widely in  C en tra l 

A frica, s ta te s  th a t  th e  only equ ivalen t for money 
possessed by th e  na tives  in  th a t  region is th a t  of 
th e  Bongo tr ib e , and is known as th e  “ loggoh kul- 
d u t ty .” This is an iron spade-like artic le  form ed 
in  flat discs from  10 to  IQ ins. in  d iam eter. 
On one edge is a  sho rt hand le ,w hilst on th e  d ia 
m etrically  opposite edge is a  p ro jec ting  limb some
th in g  like an anchor. I t  is  in  th is  fo rm  th a t  iron  
is sto red  am ongst th e  treasu res  of th e  w ealthy, 
and serves in  place of money for com m ercial ex
change and for m arriage  portions. In  C am bodia, 
Indo-C hina, iron  ingots are used as a  special k ind 
of money or currency . They a re  n o t weighed, b u t 
are  as long as from  th e  base of th e  thum b to  th e  
tip  of th e  fo refinger; they  a re  two fingers in  
b read th , and one finger th ick  in th e  m iddle ta p e r 
ing  off to  e ith e r end.

We are  inclined to  smile a t  these crude  m ethods 
of m easurem ent, b u t le t us no t fo rg e t th a t  th ree  
barley corns were a t  one tim e  tak en  to  m easure an 
inch, and  th e  heigh ts of horses a re  still m easured 
in  “ h a n d s ,” a  te rm  rem in iscen t of th e  tim e  when 
the  span of th e  average hum an h and  was regarded  
as a sufficiently accura te  s tan d a rd  of m easurem ent.

W hen th e  C ape of Good H ope was first colonised 
the H o tten to ts  employed bars of iron and  ca ttle  
in  place of currency. On th e  w est coast of A frica 
Che bar is the u n it of currency, and all m erchandise 
is reckoned by th e  bar, which has a defin ite  mone
ta ry  value to-day, a lthough  orig inally  i t  re fe rred  
to  th e  exchange value of a  bar of iron of fixed 
dim ensions, w ith  which early E uropean  trad e rs  
transacted  business w ith th e  natives.

From  th e  foregoing i t  is ev iden t th a t  th e  idea 
of using iron baTS as currency dates hack to  very 
early tim es, an d  has been adop ted  by p rim itive  
peoples down to  th e  p resen t tim e. I t  m ust be con
fessed, however, th a t  i t  is difficult to  und ers tan d  
how th e  idea of using currency bars reached th is  
country, since none of th e  peoples between B rita in  
and Greece appear to  have adopted  th e  system . 
Possibly th is is b u t ano ther exam ple of two peoples 
each independently  h it tin g  upon th e  sam e idea.
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Two B ritish  currency bars were examined by 
l ’rof. Gowland, who reports th a t  one (bar B) was 
sim ilar in s tru c tu re  to  iron produced by prim itive 
m ethods, such, for example, as those adopted in 
th e  h ea rt of Africa by th e  natives a t  the present 
tim e. The o ther (bar A) resembled, bo th  in 
analysis ( i t  -contained nickel) and in  s tru c tu re , as 
revealed by the microscope, meteoric iron. This 
is an  observation of p a rticu la r in terest.

The analyses w ere as follows :—
B ar A. B ar B

Carbon 0.08
Silicon 0.09 0.02
Phosphorus 0.69 0.35
M anganese nil n il
Nickel ... 0.23 nil

I t  th u s seems fairly  certa in  th a t  the  B ritish  
were fam iliar w ith iron in the second century 
B . C . ,  and very probably a t an even earlier date. 
I t  is difficult to  say when bar currency became 
obsolete in these islands, because different dis
tr ic ts  varied  enormously in  th e ir relative states 
of civilisation. For example, a n  early w riter 
sta te s  th a t  even th ree  centuries after Caesar’s first 
v is it th ere  were B ritons living in outly ing m arshy 
d istric ts , possibly the Cam bridgeshire Fens, who 
“ encircled th e ir  loins and necks w ith  iron, deem
ing i t  an ornam ent and evidence of opulence, in 
like m anner as o ther barbarian s esteem gold.”

Possibly C hrist had  treasu re  of th is  kind in H is 
m ind when H e enjoined H is followers no t to  lay 
up stores on e a rth  “ where m oth and rust doth 
co rru p t ”  (M atthew vi, 19). B u t the  same idea 
of corrosion occurs in connection w ith th e  more 
valuable m etals, nam ely, silver and gold, in 
Jam es v, 3, so th a t  one cannot be certa in  e ither 
way. I t  is in te res tin g  . to note, by the way, th a t  
the  Greek words tran s la ted  rust in the above pas
sages are  n o t th e  sam e in the two cases.

Direct Reduction of Iron Ores.
All th e  p rim itive  m ethods of reducing iron from 

its ore were “  direct ” methods, no a ttem p t being 
m ade to  obtain  cast iron, which was economically 
unknow n. U n til mediaeval tim es the furnaces were 
too low, and th e  b last too feeble to  yield cast iron 
in norm al work, although in exceptional circum-
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Stances i t  is possible th a t  cast iron was occasionally 
produced in  small qu an tity . Such a supposition 
would account for the rem arkab le  s ta tem en ts  of
P liny , to  which a tten tio n  has a lready been
d irected . I t s  brittleness, however, would render 
forging impossible, and  its h igh  m elting  po in t
would p reven t its  u tilisa tio n  for castings. The
probability  therefo re  is  th a t  i t  would be recharged 
in to  th e  fu rnace  in  subsequent runs.

There are  several ways by which in form ation  has

P i g . 6 .— T h e  D y o o r  F u r n a c e .

been ob tained  as to th e  m anner in  which p rim itive 
m an reduced his ores. Two of the m ost im portan t 
d irec t m ethods consist in  study ing  the  rem ains of 
ancien t furnaces and in  com paring these w ith 
inscrip tions or docum ents also of ancient date. 
A nother consists in  lea rn ing  how uncivilised 
races a t  the p resen t tim e  e x tra c t th e ir  iron  from  
its ores in  such regions as have no t as y e t been 
influenced by m odern civilisation. Gowland men-



593

tions th a t  th e  type  of furnace still surviving (i.e., 
in 1912) in  In d ia  among th e  hill tribes of the  
G hats is closely analogous to  th e  prehistoric fu r
naces of th e  upper basin of th e  D anube and of 
th e  J u ra  d is tr ic t in Europe.

As regards the furnace used by the ancient 
B ritons, R . A. Smith* w rites: “ Although
th ere  are  various proofs th a t  iron was pro
duced in B rita in  centuries before th e  Roman

F i g . 7 . — T h e  B o n g o  I r o n  F u r n a c e .

occupation no furnaces of the earliest period 
have been discovered; and i t  is therefore 
probable th a t  the  ancien t B ritons employed the 
simple low h ea rth  resem bling th e  C atalan  furnace 
of th e  Pyrenees, which has been in  use there from 
very rem ote tim es to  our own day. The source 
from  which B rita in  derived th e  furnace and a r t 
of ex trac tin g  iron from  its ores, seems to  have 
been th e  M editerranean  region, e ither the E astern  
Pyrenees or N orth-W est I ta ly ; but it  may also 
be reasonably held th a t th e  first iron furnace of 

* K,. A. S m ith , A  Guide, e tc ., p . 4.
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the  B ritons was derived from th a t  used so suc
cessfully in  th e  ex trac tion  of tin . I t  is not, how
ever, probable th a t  our islands w ere th e  earlies t 
cen tre  for th e  m eta l.”

Reduction of Iron in Africa.
Schw einfurth  * who d u ring  th e  years 1868 to  

1871 was engaged in  the exploration  of C en tra l 
A frica, gives several h ighly  in te res tin g  accounts 
of th e  different methods by which th e  savage tribes 
mad© th e ir  iron . The fu rnace used by th e  Dyoor 
—a nam e m eaning men of th e  woods o r wild men 
—is m ade of -clay. In  shape i t  is conical, as shown 
in F ig . 6, but th e  tendency of th e  clay to  crack 
lim its the heigh t of th e  fu rnace to  ab o u t 4 ft.

F ragm en ts of ore a re  th row n in to  th e  cup-shaped 
portion  a t th e  top , th e  lower conical p a r t  hav ing  
first been packed w ith  charcoal. A t th e  base a re  
fou r openings, one of which is la rg e r th a n  th e  
o thers, and is used for th e  rem oval of th e  slag , 
etc. The o ther three a re  to  adm it th e  long tewel 
irons, or pokers, which reach to  th e  m iddle of 
th e  bottom , and  keep th e  ap e rtu re  free for th e  
admission -of a ir. W ith o u t stok ing  th e  openings 
would very soon become blocked up w ith  slag. In  
reply to  his inqu iry , Schw einfurth  was inform ed 
th a t bellows are  never employed, as i t  was found 
th a t  too fierce a fire was in ju rious and  -caused a 
loss of m etal. I t  would be in te res tin g  to  inquire  
if th e  supposed in ju rious effect was really  due 
to  the production of a  li tt le  cas t iron, which 
would be unw orkable, and therefor© a loss to  the  
sm elter. W hen th e  flames have pen e tra ted  th rough

* S chw einfu rth , T he B ea rt o f  A frica  (S am pson  Low ),V ol. I . ,p .  81.
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th e  mass of or© and ©scape a t  th e  top  of the 
fu rnace th e  reduction  is presumed to  he satisfac
to ry . The m etal has now sunk down into the 
h e a rth , is reduced a  second time, and the heavy 
portion  of the  resu lting  product, which is detached 
in little  leaflets and  granules, is fu r th e r heated 
in  clay crucibles. The red-hot particles of m etal 
a re  beaten in to  one compact mass w ith  stone 
ham m ers, and  by repeated  ham m ering lose the  
bu lk  of th e ir  im purities. The final product is

F i g . 9  N a t i v e  K n i f e  ( Z a m b e s i ) .

s ta ted  by Schw einfurth to  be very homogeneous 
and m alleable.

T he usual shape in which th e  raw  m aterial is 
used a s  a  medium, of exchange is in spear heads or 
in spades. S pear heads a re  about |  yard  in length, 
and serve as currency th roughou t th e  U pper Nile. 
The Bongo, another tribe  in C entral Africa, pre
p are  th e ir  iron in  a somewhat more advanced 
m anner.* A fter th e  harvest has been gathered in

* S chw einfu rth , loc. c it., p . 124.
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and th e  ra ins a re  over th e  clay fu rnaces are 
erected, of a shape shown in  F ig . 7. They a re  
5 f t. in  he igh t, and a re  divided in to  th ree  com
partm en ts, the  m iddle one of which is filled w ith  
a lte rn a te  layers of fuel and  ore. The o ther two 
contain  fuel only. The lowest section has four 
holes for the  reception  of tewels, and  th rough  
which also a b last is applied by m eans of bellows. 
A fifth hole serves fo r th e  rem oval of th e  m etal. 
The raw  m eta l obtained in  th is way is exhibited 
in th ree  shapes : —

1. Malice.— Spear heads 1 to  2 f t .  in  length  
t analogous to those of the  Dyoor already  m entioned.

2. Loggoli kulluttxj.—The spade-like c ircu lating  
currency of th e  Bongo, to  which reference has also 
been made (F ig. 8).

3. Loggoli o r Loggoli m elo l.—Spade-like articles 
resem bling the  loggoh k u llu tty , b u t w ithout hooks 
a t th e  top. These have a w ide sale along the 
course of the  U pper Nile.

The Discovery of Cast Iron.
R etu rn ing  now to  E urope, reference may be 

made to  th e  Swedish o r Osmund furnace, which 
for a long tim e was used in  the  p roduction  of iron 
(F ig . 10), and is ably described by Percy.* The

* P e rcy , Metallurgy-— Iron  and Steel (M urray , 1864), p . 320, et seq.



ore, a fte r  hav ing  been dried by exposure to the 
a ir, was calcined in  heaps, w ith wood as the  fuel; 
tho  calcination was completed in two days. The 
ore was then sm elted w ith charcoal in th e  usual 
way, th e  average o u tp u t of iron being merely I t  
tons per fu rnace  per week. In  w orking up the 
bloom there  was considerable loss, sometimes 
am ounting  to  50 per cent.

.The Osmund furnace was eventually succeeded 
by th e  G erm an Stiickofen—an ugly name, for which 
no E nglish  equivalent has been given. The name
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orig ina tes  from  th a t  given to  th e  mass of m etal 
o r “ iStiick ”  ex trac ted  from  th e  bottom of the 
fu rnace afte r sm elting. This is seen (Fig. 11) 
to  be a lengthened Osmund furnace, bulging in 
th e  m iddle; indeed, it resembles two such furnaces 
placed one upside down upon the o ther, and is 
clearly th e  fo re runner of our modern blast furnace. 
The ta lle r th e  furnace the longer the  m etal rem ains 
in contact w ith the fuel—other th ings being equal. 
C onsequently, the. in troduction  of the Stiickofen 
led to th e  production, more or less by a series of 
o ft-recu rring  accidents, of cast iron. As the height
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of the furnace increased cast iron became tlie only 
product.

As to th e  ex ac t d a te  when cas t iron  was defi
n ite ly  recognised one cannot be certa in . I t  appears 
to  have been known in  Sussex in 1350, and  by 
1400 was qu ite  a  common p roduct. Sussex was in 
those days one of the chief homes of th e  iron in 
dustry , its  stores of iron  ore and wood providing 
th e  essentials. I t  was in th e  village of B u sted , 
not fa r  from  Crowborough, th a t

“ M aster H ugget and  h is m an John 
They d id  cast th e  first cannon .”

F i g . 12.—T h e  O u t p u t  o f  P i g - I r o n  S i n c e  1800.

At first cast iron was used exclusively fo r casting  
purposes. I ts  earliest application  was on th e  Con
tin e n t, b u t i t s  use began to  be general in  th is  
country ahout 1500. In  1516 a cast-iron  gun  
called Basiliscus was m ade, w eighing approxim ately  
10,500 lbs. In  1588 th e  Spanish  employed bo th  
bronze and cast-iron  guns in  th e ir  A rm ada, and 
some of these have since been raised  from  vessels 
sunk off th e  coast of Scotland, when th e  fleet had



599

been dispersed. The production of ornam ental 
cast-iron stove p lates reached a h igh a rtis tic  level.

Eighteenth Century Developments.
M any a ttem p ts  w ere made to utilise coal for the  

reduction  of iron  ores instead of charcoal, hut 
i t  was no t u n ti l about 1735 th a t the problem was 
satisfac to rily  solved, namely, by Abraham D arby, 
th e  younger, a t Colebrooke, in Shropshire. F ifteen  
years la te r  coal became a serious com petitor with 
charcoal. In  1740 th e re  were only 59 blast furnaces 
in  E n g land  an d  W ales, th e  average weekly o u tp u t 
being  u nder 6 tons per furnace. In  1790 there  
were no fewer th a n  106 furnaces, 81 of which used 
coke, the rem ainder using  charcoal. The average 
weekly o u tp u t of the  coke-fired furnaces was 17 
tons p e r week.* In  1754 D arbyf had some seven 
furnaces, and  m echanically-driven engines to 
supply the  b last. The g ran d fa th e r of th is  Darby, 
nam ely, John D arby, brought over some D utch 
brass founders, an d  b u ilt a  foundry in  Bristol. 
H ere  he experim ented about th e  year 1706 with 
cast iron, endeavouring  to  ob tain  castings in  th is 
m etal, b u t w ithou t success. I l is  Welsh apprentice, 
John  Thomas, though t he saw w hat was wrong, 
com m unicated h is  ideas to  A braham  D arby, the  
elder son of John , and  these tw o secretly cast the 
sam e n ig h t an iron pot. For more th an  a century 
th e  secret was jealously guarded, and the process 
was regu larly  carried  ou t, a t Colebrookdale, suc
cessively by " John, by Abraham  th e  elder, and 
A braham  th e  younger.

About 1740 "H untsm an perfected his process of 
m aking cast steel—a  process still in  use—and in 
1784 H en ry  C ort in troduced th e  puddling process. 
C ast iron was now being used for a two-fold pu r
pose. In  addition  to casting  i t  found employ as 
the m ost su itable s tarting -po in t for the m anufac
tu re  of iron and steel. Consequently the demand 
for cast iron  increased by leaps and bounds.

Conclusion.
B eginning w ith  a n  an n u a l ou tpu t, of approxi

m ately  250,000 tons of pig-iron, th e  n ineteen th  
cen tu ry  saw th e  U nited  K ingdom  steadily increase 

' her yield to  about 2 |  m illion tons in  1850. From
* See Svn n:?ry in N aivre . 1910, Vol. I  X X X III., p. 265.
t Ecmcncr, h  i t iuy of the lien h a d e  (IcDgmans, 1854).
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th is date onw ards th e  production increased rap id ly  
to a m axim um  of 10,260,315 tons in  1913. Then 
came a rap id  decline, the  o u tp u t for 1919 being 
only 7,398,000 tons. T his was due to  th e  w ar. I f  
we accept th e  suggestion of S ir  R obert Hadfield 
th a t  the  production  of iron  serves as an index 
of th e  s ta te  of c iv ilisation , the  break  in  the curve 
a t  th is  point (Fig. 12) clearly po in ts to th e  de- 
m oralising effect of the w ar upon h u m an ity  a t  
large. The au th o r sincerely hopes th a t ,  should 
it  ever be his lo t to re tu rn  to th e  subject, th e  
curve will be found to  have rap id ly  changed its  
direction and po in t tow ards renewed economic and 
ind u stria l prosperity .
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Lancashire Branch.

DISCUSSION ON JAR RAM MOULDING MACHINES.
A t a m eeting held on December 3, M r. W. H . 

M eadow croft (B ranch President) in  th e  chair, a 
discussion upon ja r  ram  moulding machines was 
opened by Mr. J .  Hogg (Burnley). He said i t  had 
been his opinion th a t  machines of th is type were 
m aking rap id  progress, and it  was curious th a t , 
although application  had been made to many per
sons in te rested  in  th e ir  production, no one was 
w illing to  read  a P ap er on the  subject before the 
B ranch . T he most th a t  could be obtained was a 
prom ise to do som ething in th a t  way in th e  fu tu re . 
H e th ere fo re  proposed to  give an account of his 
own experience, and he would ask th e  members to 
do th e  same, and to. give a reply to th e  question 
w hether ja r  ram  m oulding m achines were suitable 
for both ligh t and  heavy work.

Poor Results Obtained.
A few years before th e  war th e  m anagem ent a t 

th e  foundry  where he was forem an decided to_ im
prove th e  m ethods used in qu ite  a num ber of jobs. 
At th e  tim e  they had  four pneum atic presser-head 
m achines fo r small boxes, about 16 in. x 12 in. x 
4 in ., and  they  were tu rn in g  o u t 3,000 castings 
per day. O ther jobs were n o t w anted so rapidly, 
b u t were tu rn ed  ou t in lots of 50 and 100. I t  was 
impossible to  keep up  delivery, and orders had to 
he sen t ou t, sometimes to  a distance. Therefore a 
change had  to  be m ade. They had no p lates cast 
or m ounted, so they  s ta r te d  a t  rock bottom. The 
m anagem ent desired to  discover th e  machine most 
su itab le  for an  all-round class of work, and the ja r  
ram  m achine was recommended. The first tr ia l was 
made w ith a  s tra igh t-d raw  machine, which lifted  
up th e  box from  th e  p a tte rn , face-side-down. They 
m ounted th e  p a tte rn  p la te  on th e  top  of the  flat 
surface  of th e  tab le  and ram m ed i t  up with a ja r  
method, pressing a lever an d  giving i t  th ree  or 
four bumps. The box was lifted  up by m eans of 
little  p illa rs  away from th e  p a tte rn , and then
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lifted  off and p u t down on th e  floor. S top valve 
and sluice valve castings were successfully m ade 
w ith  th a t  m achine, which was sim ply an d  easily 
worked, and  a t  first pleased him  very m uch. F o r 
the m aking of sm all p illa rs  in lo ts of 100, th e  
machine produced fa ir  bottom s. A no ther job-—a 
24-in. sq. g rid  or g ra te , stren g th en ed  by tw o fish- 
backs being cast on it—gave a  very  m ixed experi
ence. All th e  facing sand used fo r m ak ing  th e  
top was ground. Som etim es w onderful resu lts 
would be given, followed by batches w ithou t a 
single good one am ongst them . The em ploym ent 
of a m an who was considered to  be an  expert did 
no t a lte r m a tte rs . V ery  re lu c tan tly  th e  m achine 
was sen t back. I t  was n a tu ra lly  assum ed th a t  th e  
difficulty w ith  th e  g rid  top  could be overcom e by 
using a tu rnover-tab le  m achine, and  one was in 
stalled . I t  drew th e  p a tte rn  away from  th e  m ould, 
face-side up. N ot a  single good re su lt was fo r th 
coming, and  no m a tte r  w hat sand was used the  
core cam e up w ith  the p a tte rn  every tim e. F inally  
th e  ja r  ram  was given up.

Even where i t  was successful i t  had  to  be care
fully considered w hether th e  ja r  ram  was quicker 
th an  hand  ram m ing. The m achine was s ta tio n a ry  
and  th e  boxes had to  be ca rried  a  c e rta in  dis
tance. Each day th e  sand bad  to  be carried  back 
again  to  the  m achine an d  filled in  the  boxes, which 
occupied some li tt le  tim e. A la rge  percen tage of 
bad draw s was ano ther im p o rtan t item . In  hand  
ram m ing a bad mould was ra re ly  encountered, and 
th e  boxes could be le f t when they  were tu rn ed  over 
on the  floor, and th e  sand was also a t  hand . The 
sam e th in g  applied to  steps fo r staircases, which 
were 2 ft. long by 10 in . broad. Difficulty was 
never experienced in m aking those castings. On 
th e  o ther hand  valve castings were m ade quicker 
and sligh tly  b e tte r  by the  ja r  ram .

Vibration Troubles.
A p o in t which had  to  be borne in  mind was th e  

shaking of th e  flo'or d u ring  th e  ja rrin g . A bed of 
concrete 3 f t . 6 in. deep did n o t en tire ly  p reven t 
th e  shaking. A t th a t  tim e  a num ber of ta n k  
plates, which carried  no gaggers in th e  top  parts , 
were being hu rried  along. The shaking  of th e  floor 
so im pressed him th a t  he moved the job away to
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ano ther foundry. The m achine certain ly  tu rn ed  
o u t some beau tifu l moulds, b u t for jobs w ith lugs 
or sim ilar contrivances on the  side, trouble re 
sulted  from  soft places underneath . This was over
come by ja r r in g  half-way up, and by horizontally 
im posing a  ram m er handle, and then  filling again  
to  th e  top . Even when it  was charged up twice 
th e  mould came ou t w ith the  p la te  th icker th an  it  
should be.

H e  was g reatly  impressed by the  possibilities of 
th e  ja r  ram  m achine, b u t hand-ram m ing w ith the 
ord inary  tu rn -over table, with which an in telligen t 
m an could get a good production on all classes of 
in tric a te  castings, constitu ted  more th an  ordinary  
com petition. One advan tage  of hand  ram m ing was 
th a t  th e  ram m ing could be regulated . C ertain  
jobs m ust be. ram m ed very lightly  and  quickly : 
others, such as valves, required  ram m ing more 
tigh tly .

Good Results Realised.

M r . C l a r k e  said  d u rin g  th e  la s t th ree  years 
th ere  had  been p u t in  a t  the foundry of the 
N ational Gas E ng ine  Company a t  Ashton-under- 
Lyne six jo lt-ram  machines. F ive of these were 
by M acdonald, of Glasgow; th e  o ther was a 
B rita n n ia  m achine, which was used for m aking 
cores. There were two No. 9 ’s worked by p late  
m oulders, which produced such castings as pipe 
bends, T pipes, sole p lates, ou ter pedestals, base 
p lates and stan d ard s for petro l engines. One job 
was th e  exhaust box of a gas engine, which was 
from  14 in . to  15 in. d iam eter, and  had a flange 
a t  th e  bottom  jo ined by a  core. The castings 
m ade on those two machines varied  in w eight from 
I  cwt. to  5 or 6 cw t., and all were cast in  green 
sand. The p la te  was of steel 3 f t . 6 in. sq., J  in. 
th ick . There were several holes drilled in th e  p late 
so th a t  any k ind  of p a tte rn  could be p u t on. They 
were very successful indeed as regarded plate 
m ou ld ing ; some boxes were made in alum inium , 
and  varied  in size, the  la rgest being 3 f t .  4 in. sq. 
by 15 in. deep.

On a No. 12 m achine heavier castings such as 
liners and  cylinders were m ade, th e  weight vary 
ing from  6 cwt. to  15 cwt., and th e  dimensions 
abou t 3 ft. 6 in . d iam eter and 4 to  5 f t . long.



604

They were mostly d ry-sand  moulds. On th is  
m achine gas engine beds were cast in  green  sand  
w ith good resu lts . The boxes varied  from  5 ft .
3 in. x 2 f t . X 16 in. to  4 f t .  x 2 f t .  9 in . x
2 ft.

A No. 16 m achine had  a p la te  8 f t . long by 6 f t. 
wide, and th e  castings weighed u p  to  30 cwt. 
W hilst flywheels were unsu ited  to  th is  m achine, 
such castings as boiler shell casing, scrubbers, and  
o ther descriptions of gas p la n t cam e o u t very well. 
The boxes were 8 f t .  x 3 f t .  6 in. x 21 in ., also 
5 f t . sq. x 2 f t . and 4 ft. 6 in. sq. x 2 f t . F loor 
p lates h ad  been m ade on th is  m achine. They were
3 ft. 6 in . x 2 f t . 6 in. x l | i n . ,  th ick  ribbed, 
and were cast green, th e  resu lts  being q u ite  good. 
Those four m achines were w orking constan tly  a t  
th e  p resen t t im e ; th e re  were th ree  plate-m ouiders 
on the  two No. 9 ’s, a m oulder, a labourer and an 
appren tice  on th e  Nos. 12 and  16. In  ram m ing , 
both w ith green sand  and w ith dry  sand, th e  
m achines had  given sa tisfac tion , and  judg ing  from  
th e ir perform ance he had  no hesita tion  in  saying 
th a t  both lig h t and heavy castings could he m ade. 
They could ram  th e  moulds like stone, and  th e re  
would be no fau lt to  find w ith th e  castings. A 
few weeks ago he observed a m oulder jo lt a 
m achine 102 tim es, an d  th e  nex t m orn ing  he ascer
ta in ed  th a t  th e  castings were qu ite  sound, w ithou t 
a sign of scabbing. Trouble sometimes arose, how
ever. F o r instance, in  m aking  gas-engine beds i t  
was found th a t  the  m oulding m achine was n o t alto
gether an advan tage  from  th e  com parative cost 
aspect, in sp ite  of a ru n  of 80 castings w ithou t a 
failu re . No troub le  due to  th e  v ib ra tio n  spoiling 
moulds had been experienced by th e  speaker.

Squeezer Machine more Rapid for Pillars.
M r. A. L. Key sa id  some years ago he had  a 

2 f t .  sq. tab le  m achine, and fla tte red  him self th a t  
he did some very good th ings w ith i t .  Some fla t 
work could be m ade successfully w ith th e  ja r  ram , 
b u t in  m aking a com parison w ith th e  ord inary  
squeezing m achine on a p a rticu la r job, he found 
th a t  two girls, working under th e  same conditions, 
and  ap paren tly  as hard , tu rn e d  o u t tw ice as much 
work w ith th e  squeezer as they  d id  w ith a jo lt 
ram m er w ith lif tin g  p illars, sim ilar to  th e  one
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Mr. Hogg had m entioned. In  th a t  shop they 
m ade firebars 5 in . deep and  about 3 f t . 6 in. 
long. T here were four bars in  th ree  slots. They 
were given to  an experienced w’orkm an, b u t the 
resu lts  were very bad. He therefore p u t loose p a t
te rn s  on a board , p u t them  on the  jo lt ram m ing 
m achine, p u t a sprig  in  them , and allowed a 
labourer to  operate  tlie machine, w ith th e  resu lt 
th a t  less th a n  5 per cen t, were w asters. In  the  
m a tte r  of tim e th e re  was no com parison. The 
labourer would jo lt one in  less tim e th a n  a man 
would bed a  p a tte rn  on th e  floor.

Venting Unnecessary.
A fundam enta l po in t was the tem per of the 

sand . I f  the m oisture was in  excess i t  was against 
th e  princip le  of ja r  ram m ing, and th e  sand flaked 
and  came away in cakes. H e could make a fly
wheel on the  jar-ram m ing  m achine in  less than  
half th e  tim e th a t  any man could make i t  on the  
floor, using a loose p a tte rn . The best subjects 
were exhaust boxes, pipes and sim ilar castings, 
where th e  sand could flow free ly ; when there  
were lugs or projections i t  was a different pro
position, because th e  sand was falling  away, and 
th e  only successful way was to  block up th e  p a t
te rn . F rom  experience he did no t advocate the 
jar-ram m ing  m achine for ligh t, flat work. For 
such work i t  did no t compare w ith a good plate- 
m oulder o r a good power-squeeze m achine for 
speed. The ja r-ram  m achine would certainly suc
cessfully ram  up a heavy job. A redeem ing feature 
was th a t  no ven ting  need be u sed ; ye t' no m atte r 
how h a rd  i t  was ram m ed up bad results never came 
about, because i t  was self-venting.

More Poor Results-
M r. A. HiiiL said h is experience was w ith two 

m achines, which had  a 2 f t . sq. tab le , lh e  first 
t r ia l  was w ith boxes about 17 in . x 12 in. x 35 
in . I f  they  m ade e igh t boxes per day i t  was as 
much as they  could get. W hen tu rn ed  on th e  floor 
they  dropped out of th e  bottom . To overcome the 
difficulty they  had  a  wooden box m ade to  p u t over 
top  of th e  bottom  p a r t .  I t  held th ree  tim es as 
much sand  as was required  to  ram  up  the  box, so 
th a t  th e  m oulder had to  li f t  th ree  tim es as much
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■ sand as ho would have done if he had been w ork
ing on th e  floor, o r w ith a hand-ram m ing  m achine. 
T ha t m achine was discarded. A tu rn -over m achine 
was a  decided success so fa r  as m aking th e  bottom s, 
b u t when i t  came to th e  tops, which were p ra c t i
cally all flat, th e  sand  cam e down on th e  p la te  
like a cone. They overcame th a t  by p u ttin g  tw o 
o r th ree  gaggers in th e  c e n tr e ; then , if they  did 
no t use th e  v ib ra to r u n ti l th e  box was ju s t  abou t to  
l i f t  th e  p a tte rn , they  gave it  a  few lig h t ta p s  
w ith a m allet, which undoubtedly  helped. The 
v ib ra to r seemed to  shake th e  inside of th e  box and  
not touch th e  outside. B u t, a lthough  they  did 
well on th e  tu rn -over, a  plate-m oulder could do 
abou t tw ice as m uch on th e  floor. On sluice valves 
from  2 in. to  3 in ., hand-ram m ing  was quicker, 
on 4 in . they  were abou t equal, on 5 in . and  
6 in. th e  jo lt ram m er was the  b e tte r . The boxes 
were 6 in . to  8 in. deep. I t  was necessary to  g e t 
a good head of sand on and  scrape i t  off again  
before the  box could be tu rn e d  round  w ithou t sand 
dropping away from th e  sides. W ith  li tt le  jobs 
they never had  any success. H e could qu ite  u n d e r
stan d  M r. Cook ra ising  the  question of th e  dep th  
of th e  boxes, because in tex tile  shops i t  was called 
a special box if i t  was 6 in. deep; m ore usually  i t  
was 3^ in. deep. F o r th a t  abou t 8 in. head of 
sand was needed, and i t  en ta iled  m uch labour in 
throw ing th e  sand  as th e  m achine stood abou t 2 f t. 
6 in. from  th e  floor. In  loom sides th e  top  p a r ts  
were only 3 in. deep, and a  jo lt-ram m ing  m achine 
would never s tan d  i t ,  and  one would have sand 
w eighing th re e  tim es th a t  of the  box. A loose- 
p a tte rn  m oulder would m ake a  la rg er q u an tity  
th an  th e  ja r  ram , w ith much less trouble.

In  closing th e  discussion th e  Ch a ir m a n  said i t  w a s  
a  most in te resting  topic, and  m any th in g s had  
been said upon which th e  mem bers could usefully  
reflect. K nowing th e  resu lts which w ere ob tained  
by plate-m oulders in L ancash ire , he th o u g h t i t  was 
difficult ground to exp lo it in  th e  in terests  of ja r -  
ram m ing m achines.
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Lancashire Branch.

FACTORY ACCOUNTS, COSTS AND STATISTICS.*

By R. Dunkerley (Works Accountant, Vickers Electrical 
Co., Ltd.).

The p resen t depression in  trade  has probably 
b rough t home to  m any employers th e  fac t th a t  the 
day of m anagem ent by rule-of-thumb methods is now 
p ractica lly  gone, and th a t if they are  to  compete 
in  th e  w orld’s m arke t prices m ust be rock bottom , 
and  to  g e t these i t  involves th a t  production m ust 
be a t  i ts  h ighest level and  cost of production a t 
its lowest level.

E very  founder believes th a t  he can a tta in  th is 
s ta te  of efficiency, and w here i t  is n o t a tta ined  
th e  blam e is, in  nearly  every case, la id  on th e  
employees. This inay o r may no t be justified, 
and to  get a t  th e  facts th e  keeping of records 
is requ ired—records n o t only of wages paid  and 
value of m aterials used, b u t also records of o u tp u t 
in  re la tion  to some factor, such as th e  m an-hours 
per ton , cost p er lb ., selling price per lb., etc. 
I t  is also necessary th a t  close and  careful w atch 
shall be k ep t on all th e  extraneous factors, such 
as cost- of adm in istra tion  and general commercial 
expenses.

The e x te n t to  which statistios a re  necessary is, 
of course, dependent upon th e  size of the  foundry, 
b u t even in  th e  smallest foundry a book record 
accurately k ep t is fa r  more useful in  a case where 
rock-bottom  figures a re  required  th an  is the  m an
ag e r’s general im pressions and approxim ations of 
possibilities.

In  m aking  these rem arks, th e  view is na turally  
tak en  of th e  la rg e r foundry  where i t  is necessary 
to  keep some am ount of scheduled inform ation, but 
a t  th e  sam e tim e i t  ought to  be understood th a t 
w hile fundam enta lly  a ll foundries require  inform a
tion , the degrees of th is  and  th e  degrees of apply

* A P a p e r  read  before th e  L ancash ire B ranch  of th e  In s titu tio n  
Of B rit ish  F o u n d ry  m en.
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ing i t  m ust be varied  to  su it the  im m ediate con
ditions.

To speak of scientific m anagem ent of foundries 
and  works to  some m anagers has th e  same effect 
as the w aving of a red  ra g  to  a  bull. M anagers 
have been heard  to  com m ent th a t  factories and  
foundries ru n  on scientific lines ra re ly , if ever, 
pay  dividends. Perhaps in  some cases they  w ere 
r ig h t, b u t if they  w ent a  l i t t le  deeper they would 
probably have found th a t  if  scientific m anagem ent 
had n o t been applied  th e  firm  would have ceased 
to  exist.

W e a re  a  conservative people, an d  we req u ire  to  
have m any th ings th r u s t  upon us before we app re
c iate  th e ir  value, and m anagem ent on scientific

F O U N D R Y  C O N T R O L  S T A T E M E N T .

D ebits. £ s. d. C redits. £ s. d .

B alance  o t s to ck  in  h an d  
an d  jo b s  in  p rogress . .  

T o ta l w ages—- 
P ro d u c tiv e  
N on-p roductive  

T o ta l p u rchases  of raw  
m a te ria ls  

T o ta l overh ead  expenses 
P ro fit from  tra d in g  

s ta te m e n t

V alue of d e 
liveries

Loss from  t r a d 
ing  s ta te 
m e n t

B a l a n c e  of 
s to ck  in h an d  
a n d  jo b s  in  
p rogress

T o ta l . .  £ T o ta l £

F o r m  I .— F oundry Control S ta tem en t.

lines has to  be th r u s t  on m any m anagers before 
th ey  app rec ia te  it. I t  is believed th a t  th is  sam e 
process is now forcing itself on foundries. -

The boom period, which followeda th e  m oulders’ 
strike , appears to  have given m any founders th e  
idea th a t  if they could produce, th a t  was all th a t  
•was required. Now, in th e  slump period they are  
realising  th a t  production  a t  any p rice  is a th ing  
of th e  past. I t  is necessary now to  quote m inim um  
prices, and th e  difficulty is to find w hat these are.

C on tinen ta l com petition  is aga in  en tering  th e  
m arke t a t  specially c u t prices, and  to  re ta in  busi
ness firms a re  quoting com petito rs’ prices w ith 
out rea lising  w hat loss is being incurred . P rices 
for the  home m arke t have suffered in consequence, 
as th e  founder in m any cases is only in terested  in 
th e  final figure, and if his general average comes
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out all r ig h t he assumes th a t  i t  is a paying pro
position and  he is m aking all th e  money he can. 
How m any founders consider the proposition of 
w hat business they  a re  losing due to  th e  high prices 
they  a re  charg ing  on one class of artic le  to  make 
up  for th e  deficiency on another. If  they  knew 
th e  facts th e  probability  is th a t  they would reduce 
th e  business on which th e re  is a loss to  a m inim um , 
w h e re -i t is to  be done as a policy, or elim inated 
a ltoge ther where possible, and concentrate  on the 
more profitable lines, and it is to  help to  decide 
which class of goods fall in these categories th a t 
costing is useful to th e  m anager.

Underlying Principles.
C osting inform ation  can be divided into three 

headings :—
(a) G eneral sta tistics, dealing w ith  inform ation 

respecting  o u tp u t in relation to  o ther factors, 
num ber of m en, wages paid , etc.

(b) F oundry  accounting, which deals w ith finan
c ia l in fo rm ation  in  bulk.

(c) F oundry  costing, which must deal w ith in
form ation  in  detail.

In  advocating  the in troduction  of efficient 
accounting and costing systems i t  is n o t the in ten 
tion  to  convey th e  im pression th a t  the introduc
tion  of these will m ake a business a success. W hat 
is claimed, however, is  th a t  if proper use is made 
of th e  in fo rm ation  provided i t  w ill be of the 
g rea te s t possible assistance. Systems need not 
necessarily be elaborate, nor a re  top-heavy systems 
useful, b u t i t  is essential th a t  the  inform ation 
obtained is accurate.

I t  is n o t fa ir  th a t th e  line should have been 
taken  up by th e  foundry m anager, th a t  the  clerical 
people a re  th ere  to g a th e r the  inform ation w ith
o u t his help. I t  is necessary th a t the closest co
operation  should ex is t between them , both  in  the  
com pilation of the inform ation  and in th e  studying 
of th e  resu lts obtained.

Essential Details.
The first essential to the success of any system 

is th a t  proper de ta ils of all expenses be received 
and  th e ir  dispositions aoounted for. F irstly , the 
employee m ust account accurately  for the money
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paid  to  him  in  wages, by g iv ing details of th e  tim e 
he spends on the  various jobs.

Secondly, money expended on m ateria ls  shall be 
accounted for by keeping an  accu ra te  record of 
the  m ateria l passing th rough  th e  cupola and  used 
in  th e  foundry. T his involves proper records of 
stores received and  issued.

The th ird  fac to r is th a t  the whole of th e  overhead 
expenses shall he recorded u nder th e ir  various 
headings so th a t  they m ay he w atched, an d  in  order

C O M P A R A T IV E  F A C T O R Y  E X P E N S E S . 
....................D e p a rtm e n t. Y ea r  1 9 2 ------

F a c 
to ry
No.

D escrip tion .

L a st
y e a r’s

average.
£

J a n .

£

F eb .

£

S tan d in g  charges—
D eprecia tion  
F ire  in su rance  
R en ts , ra te s , an d  ta x e s  
G eneral m a in ten an ce  of b u ild 

ings an d  g rounds 
G eneral m a in te n an ce  of b u ild 

ings eq u ip m en t

S u b -to ta l

In d ire c t charges—
P u rch as in g  an d  sto rekeep iug  . .  
S tenog. an d  m ailing 
U n d is td . sundries 
E d u c a tio n  
W orks tra n sp o r t 
M ain p ro d u c tio n  
W atch m en  a n d  ja n ito rs  
M anagem ent, em p lo y m en t, and  

su p e rin ten d en ts  
F ac to ry  accoun ts  an d  costing  . .  
R esearch  
F u rn itu re  (d irec t)

S u b -to ta l . . 1

F o r m  I I .— (C ontinued on Page 6 1 1 .)

th a t  they  may he d is tribu ted  in such a m anner as 
to  ensure th a t  each job bears its  fa ir  proportion .

To ensure th e  collection of all expend itu re  and 
to  have a check figure against which to  balance 
stock a t  stock-taking periods; some so rt of a con
tro l account is necessary. This can be a  simple 
one, as shown in  Form  I .,  or i t  can be more 
detailed .
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In  the account shown th e  first item  is th e  value 
of th e  stocks held, and th e  value of th e  jobs in 
the  foundry . T his can be obtained e ither from 
stock records or from stock-taking valuation.

Then, th e re  are  th e  wages paid . This is the to ta l 
am ount from, th e  wages book. F or purposes of 
control i t  would be advisable to  divide these into

D irec t C harges—
S team
P ow er

„  L ig h tin g  
H ea tin g  an d  v e n tila tin g  
C om pressed  a ir  . .
W a te r
Gas
S to rekeep ing  
Shop sw eepers 
M iscellaneous shop  labou r 

„  m a te ria l
T esting  new  m a te ria l an d  

ap p a ra tu s  
C harge h an d s  
In sp ec to rs
F orem en  an d  a s s is ta n t forem en 
F o rem en ’s clerks 
C rane d rivers  
S lingers
P ro d u c tio n  clerks (d e p t’l.) 
S ta tio n e ry  fo r w orks dep ts. . .  
O vertim e a n d  n ig h t allow ances 
W aitin g  fo r m a te ria l . .  . .  .

„  to o ls  an d  d raw ings 
„  in s tru c tio n s

W a itin g  due to  b reakdow n 
W aitin g  fo r pow er 

„  crane 
M ain tenance  of too ls  . .

„  p a t te rn s
„  cranes, sm all

tru c k s , a n d  hand ling  
ap p a ra tu s  

P rocess a n d  ra te  fixing 
In su ran ce , H ea lth  

„  A cciden t
„  U nem ploym ent

D efective w orkm ansh ip

T o ta l .............................. ..................................... .....

F o r m  I I .  (continued).— Comparative Factory 
Expenses.

productive and other. Purchases of raw  m aterials 
a re  ob tained  from invoices, and  should agree w ith 
am ounts posted on stock records. Overhead ex
penses a re  th e  salaries and wages paid  to employees 
not on th e  shop wage ro ll; for instance, foremen, 
salesmen, storekeepers, clerks, etc., th e  cost of 
repairs to p la n t; rents, ra tes and taxes; machine
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purchases and  all m ate ria ls  n o t used m  ac tu a l p ro 
duction. In  Form  I I .  a re  ou tlined  some of th e  
charges under th is  head ing , in  th is  control 
account will also be shown th e  profit or loss ana e 
as given by th e  trad in g  sta tem en t.

Foundry Tackle.
On th e  o ther side of th e  account is th e  value of 

deliveries; this, of course, is the  value of th e  
castings shipped from  th e  found ry  and also th e  
value of ce rta in  foundry  tack le  m ade. This sub
jec t of foundry  tack le  charge is a  m uch discusesd 
one, and probably i t  would he well to divide it 
in to  th ree  grades. F irs tly , th a t  which is m ade 
for a specific job an d  which is a fte rw ards no use. 
Secondly, t h a t  m ade for general use replacing  
o ther used tackle. T hird ly , th a t  which is m ade 
and is an  add ition  to  th e  foundry  equipm ent, and  
therefo re  m u s t be cap ita lised .

T he first, of course, should he included in th e  
price of the job charged to custom ers and costed 
to  th e  job.

Those coming in  th e  second class should be 
credited to  o u tp u t a t  th e  prices of labour and 
m ateria l and  charged back to overhead expenses 
aga in s t shop-equipm ent m aintenance.

T he tack le  m ade for general foundry  use and 
th e  value of which i t  is in tended  to  add to  cap ital 
should be passed th rough  th e  foundry  on a specific 
O rder No., ju s t  as if i t  was a custom er’s o rder. 
The only difference would he th a t  w here an  invoice 
would he rendered  to  th e  custom er, th e  am oun t 
would he charged to  th e  found ry  cap ita l account.

The balance of stock on hand  and  jobs in  p ro
gress is again  ob ta inab le  from  the valu ing  of stock 
records o r by an ac tua l s tock tak ing  valuation .

I f  th© records a re  all correct, the  two sides of 
the  control s ta tem en t would balance, and  i t  is 
then  su re  th a t  th e  cost charges keep in  line w ith 
the  financial books.

The common p rac tice  of th e  trad© is to  div ide 
th e  products up  into a  series of classes. These 
may be on a weight classification, say  1 cw t. and 
over 1 cw t., or th ey  m ay he in  any varia tio n  of 
classification to  su it  th e  p a rticu la r ty p e  of tra d e  
done. _ To provide fo r this, a ll the in fo rm ation  
which is  required is th e  average cost per lb. of
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m etal, and th e  prices charged for the  various 
classes is in  some predeterm ined  ra tio .

G enerally, in form ation of th is  k ind  is useful 
and easily obtained, bu t i t  does n o t do away w ith 
th e  difficulty of n o t know ing which a re  th e  pay 
ing jobs.

Monthly Statements.
Form  I I I .  is th e  ou tline  of a  genera l foundry  

monthly s ta tem en t and  tra d in g  account, which 
covers th e  m ain  po in ts which a re  essential to  give 
an  adequate  idea of foundry  p roductiv ity . T ak ing  
the  production  side first, and  dealing w ith o u tp u t, 
the  firs t item  is “ C astings Sh ipped .” This, of 
course, is th e  value of th e  castings actually  des
patched during  th e  period. These are, of course, 
valued on class price, and  assum ing tw o sections 
or cupolas, th e  am ounts shipped from  each a re  
given both in  w eight and in  value.

The second item  is “ castings in  p rogress.” 
These a re  th e  castings, which a t th e  end of th e  
period, lie on th e  floor of th e  shop e ither in  th e  
moulds o r u n fe ttled . These, again , can  be divided 
in to  th e  classifications and valued a t  class prices 
according to  stage  of completion, for th e  purposes 
of th e  sta tem en t.

The th ird  item  is “ W ork-in -H and .”  This is 
the  value of work which has been done on u n 
finished m oulds or cores. I f  tim e  is booked and 
cost records a re  kep t, th is  is, of course, ob ta ined  
by adding up  th e  hours o u ts tan d in g  on th e  cost 
sheet a t  the  end of th e  period. I f  no  cost records 
a re  kept, it  will be necessary fo r th is  purpose to  
have an approx im ation  m ade of th e  hours rep re 
sented by th e  w ork done. To th is  labour is to  be 
added th e  overhead applied by th e  m ethod 
adopted in  the p a rtic u la r  shop, and again  the 
work would be divided in to  th e  various foundries.

The n e x t item  is th e  am oun t of foundry  equip
m ent made. T his can  be given in  bulk. This 
item  has already been d ea lt w ith fully previously 
in  th e  P aper.

In  the  S ta tes  no cred it is given w hatever to  th e  
foundry  for the m aking of equipm ent unless i t  is 
s tandard  equ ipm ent which is to be used for m any 
jobs, in which case i t  is only m ade ag a in s t a 
definite order and  cap ita lised . In  all cases i t  is
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assumed to  be a m anufactu ring  expense and either 
booked against general overhead or th e  labour and 
m ateria l is added to  th e  pa rticu la r job.

The add ition  of these item s gives th e  to ta l 
value of th e  o u tp u t and work in  hand.

On th e  o ther side of th e  sta tem ent is th e  value 
of work in  hand  a t  th e  beginning of the  previous 
m onth—th is  will be an exact copy of th e  p re 
vious m on th ’s figures under ou tpu t. This m ust 
be tak en  care  of, as, of course, du ring  th e  m onth, 
th e  o u tp u t for th a t  m onth will consist of some 
of th e  work p a rtia lly  done in th e  previous period. 
Therefore, obviously i t  is correct to charge th e  
value of th e  work ou ts tand ing  a t  th e  beginning 
of th e  m onth , and on th e  other side give credit 
for th e  work ou ts tan d in g  a t th e  end of th e  m onth.

The ad justm en t betw een th e  am ount tran sfe rred  
a t  end of previous m onth compared w ith value a t 
end of c u rre n t m onth is covered in  th e  nex t item, 
and  also it will be noticed th a t  these figures are 
n o t included in  th e  to ta l expenditure  for the 
m onth, h u t have a bearing on th e  cost per lb. of 
o u tp u t, an d  a re  tak en  care of in th e  last column— 
either deb it o r credit, i.e ., w here am ount a t  end 
of period is m ore th a n  a t  th e  beginning, th is will 
he a  c red it, and where less it will be a debit, as 
obviously o u tp u t will have been obtained a t  ex
pense of work in  hand.

Labour Costs.
The n ex t item  is labour costs. These a re  divided 

up  in to  fou r headings—cupola labour, coremaking, 
m oulding, and  fettling  labour. The costs of the  
cupola labour is, of course, added to  th e  m aterial 
cost for th e  m onth. This represents the labour 
which has heen expended on the  m aterial up to 
tapp ing . The o ther labour, n a tu ra lly , is the 
ac tua l labour cost on th e  m ateria l a t the various 
operations.

Material Costs.
U nder th e  m a te ria l costs are  collected the values 

of th e  various m ateria ls which have been used 
during  th e  period. This inform ation will be ob
ta in ed  from  the  requisitions given to the  store
keeper when m ateria ls  a re  w ithdraw n and priced 
a t  th e  purchase prices of th e  m aterial.
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Overhead Charges.
Overhead expenses a re  divided in to  two p a rts— 

“  estim ated  ’ ’ and  th e  ad ju s tm en t for actual. 
In  charg ing  o u t du rin g  th e  m onth the agreed 
percen tage  m ust he charged, since i t  is n o t p rac 
ticab le  to  w ait t i ll th e  m onth end  before charg ing  
o u t and th is  is  w hat is covered on  th e  sta tem en t 
(Form  I I I .)  as “ factory  ex p en ses” (estim ated). 
A t th e  end of th e  period, when th e  to ta l  actual 
expenses a re  available, th is  am oun t is ad justed  
by the difference between th e  am ount estim ated  
and th e  ac tua l. I t  m ay, of course, be a c red it. 
The to ta l of th e  tw o sides a re  then  com pared, and 
th e  difference is profit o r loss during  th e  period.

In  the  lower p a r t  of th e  s ta te m e n t a re  given 
th e  genera l s ta tis tic s  affecting th e  foundry .

The production  d e ta ils  in  lbs. consist of weight 
of castings shipped and  in hand . The to ta l of 
these less th e  w eight of castings in hand  a t  th e  
beginning of th e  period gives th e  n e t production 
of castings d u ring  th e  period.

U nder th e  head ing  of m a te ria l is given the 
w eights of the d ifferen t ing red ien ts passing 
th rough  th e  cupola. The proportions of these is 
a  good and  useful index figure.

B y com paring th e  n e t w eight of th e  casting  
produced w ith th e  w eight of m ateria l passed 
th rough  th e  cupola, a  w astage figure can he ob
ta ined . This should he a fa irly  co n stan t percen
tage, and  wide differences would n a tu ra lly  call for 
investigation .

By divid ing the n e t o u tp u t in to  th e  value 
aga in s t th e  various item s on th e  sheet th e  u n it 
cost of each of th e  d ifferent item s can he obtained.

These unit-cost item s will then  be sum m arised 
in to  a cost per lb., as shown, and  th e  suggestion 
is made th a t  th e  p lacing  on the  sheet of th e  p re 
vious periods cost resu lt, shows amy im m ediate 
a lte ra tion . I t  is helpful also to  show th e  net 
p roduction d u ring  th e  period. A low production  
m ay influence the overhead cost very  considerably, 
as w hatever th e  production  m ay be, the  stand ing  
charges, for instance, rem ain constan t.

The Utility of Summary Sheets.
For purposes of closely w atching the in form a

tion gained by a sum m ary sheet such as th is,
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tabu la ted  lists of results can be obtained, and 
com parisons watched from period to  period. Form 
IV . shows a sam ple of these s ta tis tics  and general 
foundry  sta tistics. They can  also be usefully 
shown by graphs and thus easily visualised.

Individual Costs.
The system of average costs is, as previously 

m entioned, no t of very g rea t help when quotations 
for special jobs are  (required, and i t  is therefore 
necessary to  ge t down to  individual costs. A t 
th e  outset of any individual cost system, i t  is 
essential th a t  all tim e  on specific jobs be recorded.

Tim e R ecord ing .—The system of tim e booking 
varies in  d ifferent foundries. In  some tim e  is re
corded for th e  m an, in  o thers i t  is clocked, and 
aga in  in  o thers th e  m an w rites his own tim e out. 
W hatever system of tim e booking is in  use, how
ever, i t  m ust s ta r t  w ith some m eans of identifica
tion  of the  job.

In  th e  foundries where castings a re  divided into 
say th ree  jobs, and  no o ther detailed  inform ation 
is requ ired , i t  is of course only necessary to  book 
ag a in s t one o r two or th ree, as th e  case may be; 
b u t where an a tte m p t is being made to collect 
inform ation  respecting  ind iv idual jobs in a  foundry 
doing vary ing  work, i t  is necessary th a t  an iden
tification  num ber be applied to every job. This 
can be the  num ber of the  order in  consecutive 
ro ta tio n  or th e  num ber of th e  p a tte rn  from  which 
th e  job is m ade, and  when notification is received 
by th e  cost clerk th a t  the  job is commenced, he 
will o rig inate  a cost sheet.

The n e s t  essential a f te r  booking the order 
num ber fo r identification, is th e  m an’s num ber or 
nam e, th e  tim e spen t on the  job, and most im
p o rta n t is th e  q u an tity  of castings produced.

This fu r th e r  subdivides itself into two parts, 
id  est, those which are  good, and those which are 
bad  castings.

In  th e  cases where piecework is in operation, 
these points are  necessary from a  paym ent point 
of view, b u t from  a cost po in t of view it  is neces
sary  to  have th e  details whether the job is done 
day work o r piece work.

All th is  inform ation, if on the  tim e ticket, will 
of course be en tered  on the cost sheet of the p a r
tic u la r  job worked on.
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M aterial liecord ing .—This appears to  be a 
fa irly  easy proposition , b u t in p rac tice  i t  requ ires 
very close w atching. In  all cases i t  is suggested 
th a t  th e  only satisfac to ry  way of applying m a te r ia l 
to jobs is to cost the  m a te ria l a t  the  cupola spout 
and charge the  jobs w ith the q u a n tity  of m a te ria l 
used a t  th is  cost. In  th e  case where th e  foundry  
has only one cupola m aking  one m ixing, th is  of 
course is an  easy proposition, as by add ing  toge ther 
th e  value of all th e  m ateria ls  used and  th e  value 
of the  labour on th e  cupola, and  divide th is  by 
th e  w eight produced, i t  will g.'ve th e  cost a t  th e  
cupola m outh  of th e  w eight of th e  ac tu a l m etal 
produced.

/ W here they  a re  d ifferen t cupolas and  d ifferent
m ixings, th en  ind iv idual records m u s t be kep t and 
th e  cost a t  th e  m outh of th e  various cupolas 
obtained.

To ensure accura te  records i t  is essential th a t  
in th e  first place th e  rece ip t of all m etals and 
m ate ria ls  should be recorded in bulk  on stores 
cards and deta ils  of all m ate ria ls  issued should 
be en tered  on th e  sam e cards. T his sto res record 
is very useful when ordering  q u an titie s  a re  being 
discussed, and  also affords help as to the  q u an tities  
of stock to  be carried . Obviously the  keeping of 
excessive stocks qu ite  a p a r t  from  price fluctuations 
which m ay have influenced th e  keeping o f stock, is 
really  a  policy which requires carefu l w atching 
from  th e  financial p o in t of view.

The advantages to be obtained by g e ttin g  a 
stock m igh t easily be outw eighed by the  consequent 
inconvenience of hav ing  a  la rge  am ount of cap ita l 
locked up, and, generally  speaking, i t  is a  sound 
policy to  keep th e  stocks as low as possible con
sis ten t w ith cu rren t requ irem ents. W ith o u t p roper 
records no m anager can be sure he is w orking on 
th e  r ig h t lines, and  is n o t ca rry in g  a stock e ith e r 
too big or too little , e ith e r of which m ay bo 
dangerous to  th e  business.

All Materials must be Weighed.
In  addition  to  th e  use which p roper records 

should be p u t  for stocking purposes, they  a re  
also necessary for costing  purposes in  p roviding 
inform ation  as to  th e  am ount of m a te ria l w ith
draw n for th e  cupolas. All m ateria ls  required  
should be requisitioned  from  th e  stores on proper
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slips, and m ateria ls  p u t in to  th e  cupola should 
pass over the  scales w hether they are  pig-iron, 
scrap, coke or any o ther m ateria l used.

A nother im p o rtan t factor in ob tain ing  the cost 
of th e  m etal a t  th e  cupola spout is th e  labour 
involved in hand ling  m aterials and  w orking the  
cupola. These a re  definite charges to  the  
m ateria l and men engaged on th is work should 
book or allocate th e ir  tim e to the  various cupolas 
o r th e  various mixings.

Distribution of Overhead Charges.
Then comes th e  question of application of over

head chairges. The usual method employed is (1) 
to  add a percen tage on th e  actual labour used 
on th e  casting  o r on th e  basis of weight of cast
ings, e ither of which is a simple m ethod of apply
ing it , and  (2) m achine-hour-rate method.

The application  of e ither of these methods has 
its  advantages and  its  disadvantages, and a com
m ittee  recently  appointed  by th e  American 
F ound rym en’s Association to discuss costings have 
recom mended to  th e ir members the application of 
overhead in  two portions—one on th e  basis of 
tim e spen t on the  floor, and the other on a weight 
basis. The case of the bedplate adequately illus
tra te s  the  application of overhead charges. In  a 
bedplate, th e  tim e taken  is o u t of proportion to 
th e  w eight of th e  finished article, and if the over
head is applied on a  tim e basis, the bedplate gets 
off ligh tly , b u t if applied on a weight basis it 
probably gets more th a n  its proportion. A com
prom ise has, therefore , been effected, by dividing 
th e  overhead expenses in to  two classes, those 
affected by w eight and labour basis. Examples of 
those under the  two groups a r e : —

W eight B asis:—-Crane charges; sand and mould
ing m ateria ls and labour m ixing, e tc . ; machine 
charges.

Labour B a s is :—Forem en, clerks, e tc .;  hea t and 
lig h t; m ain tenance of buildings, etc.

In  th e  larger foundries i t  is suggested th a t the 
division o f th e  overhead expenses, if to be a t all 
accurate , m ust be sub-divided still fu rth er, and 
th e  tendency is tow ards the  view th a t  i t  is essen- 
t i ta l  th a t  foundry  costs should be divided into 
m ate ria l costs, moulding costs, corem aking costs, 
and finishing o r fe ttlin g  costs. Each of these 
facto rs would have its own specific overhead
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expenses, and although m any of th e  overhead 
expenses would he general, i t  would n o t be a very 
difficult m a tte r  to allocate these in  some fa ir  p ro 
portion  over th e  various sections.

Even assum ing th a t  all th is  in fo rm ation  has 
been collected, th e re  are , of course, m any po in ts 
which requ ire  very careful consideration  before 
saying th a t  th e  cost of th e  a rtic le  has been 
obtained.

Wasters.
The first is th e  question of w asters. F rom  a 

m anagem ent p o in t of view it  is necessary th a t  
these should be classified under, a t  any ra te , th e  
headings of those for which th e  men them selves 
are  responsible and  those for which th e  m anage
m en t a re  responsible.

Obviously, in  th e  long ru n , i t  is th e  num ber of 
good castings produced which affect th e  cost, b u t 
a t  th e  sam e tim e if an effort is being  m ade to  get 
th e  cost o f th e  ind iv idual job one canno t afford 
to  in fla te  th e  cost of th a t  job  and  m ake fu tu re  
quotations on th e  cost, because, due to  unforeseen 
circum stances, th e re  were scrappers. Obviously i t  
is best to  e lim inate  "from th e  costs th e  expenses 
both of tim e and m ateria l which have been 
expended on w asters and charge th e  figure to  
general overhead. The question n a tu ra lly  arises 
as to w hether th is n a tu ra l risk  is th e  correct p ro 
cedure, as undoubtedly by charging the  value of 
wasters to  overhead th e  overhead percen tage is 
being increased and so augm ents th e  cost of all 
products. B u t considered from  a p rac tica l po in t 
of view, i t  is reasonable to  assume th a t  a ce rta in  
am ount of w asters are  a  norm al condition of 
m anu factu re , and i t  is an accident in the  m ajo rity  
of cases th a t  th e  w asters a re  on one job and  not 
an ano ther, and therefo re  i t  is only fa ir  th a t  all 
castings should bear th e ir  p roportion .

W here the  job is the  m an ’s own fa u lt and he is 
made to  do i t  again, if he is on piecework bonus 
the m anager assumes in m any cases th a t  he is 
doing i t  again  a t  his own expense, b u t is he? H e 
is using new m etal and foundry equ ipm ent and he 
is also using the  buildings, the  ligh t, and all the 
accessories of the  foundry , and a t  th e  p resen t tim e, 
w ith  a  separa te  cost of living bonus, he is being 
paid  for th is. The only correct th in g  for h im  to 
d o  is to  re -b o o k  th e  t im e  a g a i n s t  t h e  p a r t i c u l a r
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job in  which he did the  orig inal casting  and for 
a c red it note to  he passed through  cancelling the 
cost of th e  scrapped work. This procedure, of 
course, would be the same w hatever the cause of 
hav ing  to  m ake a  replace casting, w hether it was 
th e  m an ’s fa u l t  o r the  firm ’s fau lt. In  all cases
where specific costs are required , specific inform a
tion  of th is k ind  m ust be obtained.

Controlling Factory Expenses.
R everting  back to  th e  sta tistica l inform ation 

provided by sta tem ents sim ilar to the ones set out 
in  Form s 3 and 4, a detailed lis t of all expenses 
incurred  in  th e  foundry should be regularly  pro
vided, as shown in Form  2.

Too often  these expenses are taken  in bulk,
p a rticu la rly  in a small foundry, whilst even those 
of la rg e r sizes do not consider the m a tte r im por
ta n t  enough to  ge t out in detail. I t  is only by 
close analysis of th e  factors of th is  indirect 
expense th a t  rea l economies are effected, and i t  is 
these factors which will decide w hether a price is 
a good one o r not.

I t  is believed th a t  the methods of production 
between one foundry and another are now getting  
so close th a t  i t  wiil only be th e  savings effected 
by carefu l m anagem ent which will bring  the 
prices in to  line to  compete in the m arkets.

In  th e  p a s t m anagers have been fa r too ready 
to  consider th e  labourers about the  foundry  to  be 
a miscellaneous charge. These men o ften  work 
for days together on specific jobs—in many cases 
they  a re  w ith th e  m oulders constantly , and the ir 
tim e could be allocated on th e  same basis. I t  is, 
in fact, in such cases d irec t productive labour.

Then th ere  a re  th e  factors of the ex tra  cost for 
overtim e and  n ig h t sh ift, and there  is the cost of 
supervision, the cost of th e  clerical labour, m ain
tenance  of p a tte rn s , m ain tenance of foundry 
equipm ent, charges for power, compressed air, and 
th e  loss due to defective work. These are  b u t a 
few of th e  divisions into which expenses can be 
divided and studied.

The tendency when studying figures of th is kind 
is to jum p to the conclusion th a t  they are too 
high and m ust be reduced w ithout considering the 
effect the  reduction is likely to  have on the general
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production. F o r exam ple, in all cases where a 
reduction  of expenses is mooted th e  firs t person 
to be dismissed is probably the shop labourer. 
How m any foundry  m anagers have ever stud ied  
the  question as to  th e  effect on th e  productive  
capacity  of th e  skilled m an th e  ta k in g  away of 
the  labourer has?

If  the  skilled m an is req u ired  to do labouring  
jobs, th e  tim e  so spen t is being paid  fo r a t  50 per 
cent, h igher th a n  if a labourer is doing it , and 
also there  is delay in  g e ttin g  the  job ou t.

I f  du ring  norm al periods it  is ascerta ined  th a t  
th e  p roportion  of labourers to  skilled m en is 
correct, then  obviously th e  reasonable procedure 
to tak e  is to reduce th e  unskilled labour in  the 
same proportion  as th e  skilled is reduced. In  
m any cases, however, reductions can n o t be m ade 
in  p roportion . Take, for example, a shop where 
they  only have one forem an, obviously th e  reduc
tion  of 20 p e r cent, of th e  men will no t have any 
effect on the  forem en required . M a tte rs  of th is  
k ind may seem to  be irre lev an t to  th e  sub ject of 
costing, b u t th e  p o in t is, th a t  th e  in fo rm ation  
which is provided m ust be used and can be used 
to assist in  th e  b e tte r  m anagem ent of the  foundry.

I t  is no t purely the com piling of records aga in s t 
ind iv idual jobs which co n stitu te  cost work—it  is 
th e  com piling of all th e  sta tis tic s  p e rta in in g  to  
th e  in form ation  compiled and  the  p u tt in g  of them  
to  the m anager in  such a way th a t  they  may be 
effectively used by him to assist tow ards the b e tte r  
m anagem ent of th e  foundry .

DISCUSSION.
T h e  C h a i r m a n  (M r. W . M eadow croft) said 

a f te r  hearin g  Mr. D unkerley  they  could realise 
th a t  m any difficult questions cam e up fo r con
sideration  in  costing. P erhaps the  m ost in te re s t
ing one was the provision which should be made 
for w asters. W h a t was the  m ethod adopted by 
Mr. D unkerley? D id he p u t a  percentage on the  
cost of th e  ind iv idual jobs?

M r. D u n k e r l e y  replied  th a t  if w asters were 
charged back to  overhead expenses the cost of th e  
job was au tom atically  increased. There was 
ano ther way of considering  th e  m a tte r . They
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arrived  a t  the  cost of the m ateria l, and divided by 
the num ber of good castings. Obviously an increase 
was autmmatioadly p u t on.

T h e  C h a i r m a n  said usually, when estim ating  for 
a job, i t  was ju s t a question of ta k in g  th e  first cost. 
Now if i t  had been a  risky type of casting  and 
there  had  ‘been bad luck w ith it, th e  cost m ight 
come o u t high. W as i t  th e  custom to  quote on 
th a t  basis?

M r . D u n k e r l e y  pointed out th a t  there  was an 
item , “ defective workm anship, ” which would cover 
the w asters. T h a t increased the overhead expenses 
which w ere spread over th e  whole of the production, 
and  i t  was allowed for in th e  quotation for the 
job.

T h e  C h a ir m a n  said perhaps thev were looking 
a t  th e  m a tte r  from  different points of view. In  
justice  to  th e  foundry man, a certa in  percentage 
should be p u t on for risky ca s tin g s ; otherwise 
th ere  was a  danger of quoting too low. Recently 
a firm who had  a  big foundry of th e ir  own had 
sen t o u t draw ings for work which was exceedingly 
risky, and no one had  any d a ta  to  guide him in 
e stim ating  th e  price he should take, so th a t  i t  was 
a gam ble. Probably th e  foundrym an would p u t 
a lum p sum down for th e  risk. One could demon
s tra te  on paper, b u t when th e  work go t in to  the  
shop th e re  were So m any th ings to  tak e  into 
account, some so obscure, th a t  one could hardly 
realise them , and thus i t  was very easy to m ake a 
serious m istake.

Classification of Wasters.
M r. D u n k e r l e y  said before costing oould make 

headway in  foundries the  idea m ust be elim inated 
th a t  th e  in ten tio n  w«s to  in te rfe re  w ith th e  fore
m an m oulder. A proper system should be of help 
to him . W ith  regard  to  w asters and the  adjust
m ent of quotations, if a job had been made before, 
they  wer9 n o t guessing, b u t knew w hat they m ight 
expect, and  th e  price could be fixed accordingly. 
P u tt in g  a  li tt le  ex tra  on was re&'lly fo r insurance, 
m aking provision for th e  elem ent of risk . Sup
pose castings were divided in to  four classes. The 
foundrym an knew w hether a job would norm ally 
come in to , say, class 3, and if he though t i t  was 
a risky th in g  he could p u t it  into class 4.
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Uncertainty of Labour Costs.
M r. J o l l e y  described bbe m ethod adopted in  th e  

foundry lie was connected w ith . A ccording to  
w hether the  casting  was fau lty  th ro u g h  m achine- 
shop trouble, o r bad w orkm anship, o r  m a te ria l, a 
separa te  form, was filled up. The p a rticu la rs  were 
en tered  upon a card. Then if a t  a fu tu re  tim e  a 
sim ilar job was in  hand , the  forem an would call 
for th a t  card  and he would know w h a t the  job 
actually  cost, as well as wha-t th e  cost ough t to  be.

M r . J .  S i m k i s s  said th is  subject had  been much 
neglected by th e  In s titu tio n  in th e  p ast. S peak ing  
from  th e  p o in t of viewr of a large jobbing shop, i t  
appeared  to  him  th a t  a  system w orked o u t on tho  
lines ind icated  would cost a g re a t deal. W hat 
happened in the  foundry? An inqu iry  cam e along 
fo r a1 casting  or a num ber of castings, and  i t  was 
sen t to  th e  m anager in o rder th a t  a price  for 
labour m ight be fixed, th e  overhead charges, -with 
th e  cost of m aterials, being  le f t to  th e  cost office. 
E very th ing  depended on th e  ab ility  and ju d g 
m ent of th e  m anager. H e m ig h t m iscalculate in 
his estim ate  of th e  tim e i t  m igh t tak e . I t  m igh t 
he th a t  one foundry  possessed th e  tack le  needed to  
do th a t  job efficiently, and ano ther foundry  d id  
n o t; th a t  wmild make a  difference in th e  quo ta 
tion . The speed of th e  workmen was an o th e r un- 

■ ce rta in  fac to r. H e recalled a' job w hich when i t  
first came in to  th e  shop was given to  one m an on 
piecework, and he did i t  in tw o days. E a te r , when 
th a t  job was sen t in  again , i t  w as given to  two 
men on day work, and  they  took fou r days. I f  it  
had  been costed on th e  basis of th e  first m an ’s 
tim e i t  would have proved very expensive fo r the  
firm. So many th in g s cropped up in  foundry  p rac
tice th a t  costing w'as a very difficult m atte r .

H e understood M r. D unkerley  to  say th a t  when 
ex tra  tack le  had to  he nuade specially fo r a job, 
th e  cost of i t  should be charged to  the  purchaser. 
I t  seemed to  him  th a t  was ra th e r  im practicable. 
H e had  never come across a  purchaser who would 
pay for tackle which had  to  be scriaJpped a f te r 
w ards. H e quite agreed th a t  th e re  m ust be a 
spout change, w ith th e  exception of p a rticu la r 
m ixings.

A nother p o in t which occurred to  him  was th a t  
in a 5-ton job the  ex tra  m etal necessary for heads



627

and overflow, and sim ilar item s, would be a 
small percentage in comparison w ith very light 
work where, perhaps, the  runners would be from 
50 to  75 per cent. In  dealing w ith the  la tte r , the 
percen tage  of m etal m elted to the  q u an tity  of cast
ing produced m ust be taken  in to  consideration.

H e did n o t a ltogether agree w ith  th e  au th o r’s 
rem arks abou t labourers. M any tim es th e  tim e 
occupied by a job was quite as long a fte r a labourer 
had  been p u t on to  assist as before he was p u t on. 
AVith reg ard  to  scrappers or wasters, in  his own 
foundry  those were weighed out every week, and 
th e  re tu rn s  which came in were taken  weekly and 
m onthly. As a' ru le  th e  percentage -was low, and 
i t  was spread over th e  whole hulk of th e  w'ork, and 
n o t allocated to  specific jobs. I n  his own shop the  
percen tage of w asters was less than  2 per cent., 
and  th e  re tu rn s  were less th an  1 per cent.

Collected Information the Essence of Costing.
Mk. D t j n k e r l e y  said M r. Simkiss collected in 

form ation  th a t  -was th e  essence of costing, although 
M r. S im kiss m igh t use some o ther nam e for it. 
The ex ten t to  which one should go in to  detail 
depended upon th e  size of the works. AVhere only 
a few m en were employed i t  would not be necessary 
to  tak e  separately  all th e  item s which he had set 
out. A dm itting  th a t  th e  costing of individual jobs 
was difficult, how much more diffioult m ust it  be 
for a m anager who had  no records to recall what 
had been done when th e  work was in th e  shop be
fore and  tak e  th a t  as th e  basis for a  quotation. 
T ake th e  case of th e  job which was done by one 
m an in two days and by two men in  four days. 
B u t a f te r  all, th e  foundrym an d id  not quote on 
wdiat one p a rtic u la r  m an  did ; nor, for th a t  m a tte r , 
purely on w hat h is  own costs w ere ; the  m arke t had 
always to  be tak en  in to  account, and if the cost 
cam e o u t more th a n  the  price which enabled one 
to  compete successfully in th e  m arket, w hat advan
tag e  was i t  to  get th e  o rder?  All the factors m ust 
b e°k ep t in  m ind. Suppose special tackle had to  
be installed  to  do a ce rta in  job and was afterw ards 
scrapped. I f  a t  th e  end money was gping to  be 
lost, i t  was b e tte r  to  c u t o u t th a t  job. AVhy 
should anyone w ant to  tak e  work which was un 
suitable fo r h is foundry? Sometimes people 
w anted to  keep th e ir  workmen together, and were
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willing to  ¿reduce tlie ir ra te s  w ith  th is  object. They  
should know exactly  w hat i t  cost them  to  do th a t, 
and n o t be co n ten t w ith  ju s t an  im pression. F or 
th a t  purpose costing  was essential. As to  the  
question abou t th e  labourers, i t  was in fo rm ation  
w orth hav ing  th a t  a  job cost .more on one occasion 
w ith a labourer th an  w ithou t one, and  w hatever 
name i t  was called by, p u tt in g  i t  on record was 
costing. I t  was no t necessary to  have an  elaborate  
system in  a' small foundry  ; i t  m ust be modified as 
circum stances required  ; th e  essential th in g  was to 
keep accurate  records

M e . S im k is s  re m a rk e d  t h a t  w ith  re g a rd  to  th e  
e x tr a  tac k le , th e  p o in t  h e  w a n te d  to  em p h asise  w as 
t h a t  w hen  th e  c a s tin g  w as of a  sp ec ia l c h a ra c te r ,  
if  th e  p u rc h a se r  would m ak e  in q u ir ie s  of th e  fo u n 
d rie s  a lre ad y  eq u ip p ed  to  d ea l w ith  t h a t  c lass of 
w ork, a n d  h a d  th e  necessa ry  ta c k le , th e  p u rc h a se r  
would g e t b o th  th e  b e s t re su lts  a n d  p r ic e . I f  i t  w as 
necessa ry  to  m ak e  e x tr a  ta c k le , i t s  c o s t shou ld  be 
in c lu d ed  in  th e  q u o ta tio n  g iv en , a n d  if  t h a t  w as 
to o  h ig h  t h a t  fo u n d e r  w as o u t  of th e  m a rk e t  
a lto g e th e r.

The Effect of Apprentice Labour on Costings -
A v isito r asked w hat was th e  best m ethod of 

allocating overhead expenses when a  job had  been 
miade by youths in stead  of by men.

Mb . D u n k e r l e y  said instead  of allocating  th e  
overhead expenses on the  basis of a percen tage of 
the  m en’s wages, they could be reduced to  so much 
per h o u r; th a t  is to  say, ta k in g  the  average ex
penses and th e  average num ber of hours over a 
norm al period. I n  th a t  case th e  average was the  
same fo r boys as for m en, because th e  form er were 
using as much, or even more, tim e, and so on. I t  
was a difficult problem, b u t he knew  i t  was being 
solved successfully.

The Possibility of Too Much System.
M r . K e y  said a system  could be carried  too far. 

He was n o t saying th a t  M r. D unkerley  did th a t , 
bu t he would m ention an  inc iden t th a t  occurred 
when he was a t  a c e rta in  works. T here were no 
records available in  th e  foundry  office, and  in  con
versation w ith  the  m anager he com m ented on th is. 
The m anager replied, “ So and so ,” m ention ing  a
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costs them  2d. for system ; we m ake i t  for 2d., and 
it  costs us id . fo r system. W e pay a  dividend and 
they do n o t.”

In  m aking an  estim ate  a foundrym an would p u t 
on th e  d ire c t labour cost—core-m aking, m oulding 
and fe ttl in g — and allow a fixed percentage for 
o rd in ary  risk  if i t  was a stra igh tfo rw ard  jo b ; if it 
was of a special charac te r he would p u t on some
th in g  e x tra . Then, if he was particu larly  anxious 
to  g e t th e  work, he m ight tak e  th e  responsibility 
of om itting  th a t  percentage. If  he did no t do so 
i t  m ig h t go to  somebody who knew no th ing  about 
i t ,  and  would lose money in  the  end. T ha t was 
an  ordinary rule-of-thum b method, to  allow a per
cen tage  fo r contingencies. D etailed foundry cost
ing  was a' very expensive proposition ; more so th an  
in  any o ther branch  of th e  engineering industry . 
T here m igh t be sta tis tic s  showing w hat had been 
done before in  allocating  charges, the  cost working 
o u t to  so m uch, b u t i t  d id  n o t follow th a t  the 
sam e resu lts  would be obtained. On the first occa
sion th e  work m ight have been done by a good 
w orkm an; th e  second tim e i t  m ight g e t in to  the 
hands of someone else who did not work so well. 
W ith  one m an a  barrow ful of sand would go 
round , where o thers would w ant th ree  or four. 
They were bound to  tak e  in to  account the  law of 
averages. K now ing w hether i t  was to  be done 
piece-work o r day-work, they could work i t  o u t on 
th a t  basis, and  if the  prices were worked o u t on 
th e  average s ta n d a rd  they  would n o t be fa r  wrong. 
In  h is opinion i t  was th e  least costly method oi 
keeping accounts and s ta tis tics , an d  in a sma! 
estab lishm en t they  requ ired  th e  system to  he as 
sim ple as possible. Of course, in some cases i t  was 
qu ite  necessary to  have details.

51b . D u n k e b l e y  said he did n o t th in k  the  system 
would prove as costly as some people seemed to  
fear. I f  th e  oost was 3 per cent, of the total 
tu rn o v er i t  was tim e to  exam ine it. In  a small 
w orks th e  costing  would probably be done by the 
clerks, in  add ition  to  th e ir  o th e r work. W hatever 
nam e i t  m igh t be called by, the  foundrym an should 
have inform ation  which enabled him to  decide w hat 
his price should be. I t  was th e  m an who guessed 
who failed. The principle of an established system 
of costing had  been adopted in America to  a much
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g rea te r ex ten t th an  here, b u t in th is  country  il 
had  been p u t  in to  force by th e  m aster p rin te rs . 
They established a  s tan d a rd  costing system fo r all 
p rin te rs , and men w ent abou t from  one place to  
ano ther exp la in ing  it. They were all com peting 
on tlhe sam e basis. In  m any cases th e  prices ha'd 
gone u p  because they found they had been tak in g  
prices th a t  d id  n o t pay them .

A  vote of th an k s to  M r. D unkerley concluded 
the proceedings.
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East Midlands Branch.

The annua l m eeting of the E ast M idlands Branch 
of th e  In s titu tio n  of B ritish  Foundrym en was held 
on M arch 18 a t the  Loughborough Labour Tech
nical College, M r. W , T. Evans, of Derby, in  the 
chair.

PRESIDENTIAL ADDRESS.
The p ast session has no t been as successful as I 

hoped for, h u t as is well known, the  pa rticu la r 
business in  which we are  interested  is going 
th ro u g h  th e  severest depression in  its history. 
O ur own p a rtic u la r  branch covers an extensive 
area, and no m a tte r  where we hold our meetings, 
i t  m eans th a t  our members have, in most cases, 
a considerable distance to trav e l in  order to a ttend , 
and  u nder p resen t conditions we have many mem
bers wiho, however w illing, could not have attended  
w ithou t sacrificing th ings a t  home which are  more 
im portan t.

W e m ust not, however, be despondent, as I  feel 
sure th a t  when our members are in  happ ier c ir
cum stances we shall see again many faces we have 
missed th is session.

W e have d u ring  th e  p ast session obtained a 
R oyal C harter, and th is, to  th e  pioneer members, 
m ust give much pleasure, as they  now see th a t 
th e ir  efforts were no t in  vain. This, again, should 
give an incentive to  all craftsm en in our foundries 
to  become active members of th e  In s titu tio n , w ith 
a corresponding increase in th e ir  s ta tu s  a's workers 
in one of our key industries.

A nother notable fea tu re  of in te re st to  foundry
men has been th e  founding  of the  B ritish  Cast lio n  

* Research Association. This association, which th is 
In s titu tio n  was in s trum en ta l in  form ing, has filled 
a  long-felt w ant. F rom  repo rts  of the  work which 
is being carried  on, we, as foundrym en, will be 
able to ” obtain  inform ation  to help us in most of 
our foundry problems, and for th is reason the 
B ritish  C ast Iro n  R esearch Association deserves 
every foundry’s support. No m a tte r w hat the
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problem is, w hether p rac tica l o r scientific, i t  is 
tackled w ith every ohanee of success.

Our Secretary , M r. B un ting , and  myself, 
a ttended  the  m eeting  of th e  B elgian F oundry- 
men a t  Liège, and  we canno t speak too  h ighly 
of th e  courteous m anner in which we were received, 
and also th e  freedom w ith  which any inform ation 
asked for was given.

We visited several large foundries and were 
allowed to  see any process in  which we were in 
terested . One rem arkable  fea tu re  th e re  was th e  
am ount of dry sand work, moulds fo r sm all brass 
castings of a few pounds w eight being stoved before 
casting. T here were n o t the num ber of m oulding 
m achines in use as in our foundries, b u t th is , no 
doubt, will no t obtain  in th e  n ear fu tu re .

M any of th e ir  processes were iden tica l w ith  our 
own, a n d  th e ir  production  is n o t such as is reported  
in th e  daily Press. They ha've the  sam e problem s 
to face as ourselves, and if th e  B ritish  w orker has 
th e  work and th e  p lan t, he can give as good resu lts 
as any we saw du ring  our v isit.

A nother fe a tu re  is th a t  th e  In s titu tio n  has been 
successful in  in au g u ra tin g  w hat I  feel sure  will 
be the  largest exhibition  for foundry  purposes 
which has ever been held in E urope. This exhibi
tion  is to ta k e  place a t  th e  sam e tim e  and place as 
the 1922 Convention, to  be held a t  B irm ingham . 
As th is  branch was inv ited  to  th e  in itia l m eetings, 
also as our p a s t P res id en t, M r. H . H . M oore, is 
on the  Com m ittee, I  t r u s t  'all ou r m em bers will 
give th e  E xhib ition  th e ir  support. This E xh ib i
tion  is n o t to  be ru n  fo r trad e  purposes only—its  
p rim ary  ob ject is for education , and is in keeping 
w ith th e  aim s of th e  In s titu tio n .

I t  will be seen from  these rem arks th a t ,  although  
th e  bread and b u tte r  side of our business has been 
a sorry mess, th e  In s ti tu te  has forged ahead, and 
I  feel th e  la s t y ea r has shown to  all who are 
in terested  in  the  foundry , am ple proof of its in ten 
tion  to  place th e  foundries of our coun try  in a 
position second to none.

The In s titu tio n  has an immense problem to  face 
in o rder to  b ring  the  foundry  tra d e  of th is  country  
in to  th e  position i t  should hold. I  know th a t  
we, as an In s titu tio n , do n o t have discussions fo r 
tra d e  purposes, b u t I  Should like to  say a  few
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words which may bo perhaps a li tt le  outside our 
chief object, th a t  is, w ith regiard to  costing systems 
in the  foundries.

F o r m any years i t  has been th e  ru le  for some 
foundries to give an all-round price for castings, 
and th is  custom , which is entirely  wrong, is a 
fru itfu l source of trouble. E ngineers are, as a 
ru le, fa irly  exact in  the ir estim ating  for work, bu t 
■when i t  comes to  buying castings they exrpect the 
foundry  to  g ive th e  same figure for any job which 
comes (along, th e  labour on which castings mtay 
vary  from  Is. to  20s. per owt. This does no t give 
us, th e  founders, a fa ir  chance. The engineer will 
no t give anyone th e  sam e figure for, say, an in tr i
ca te  au tom atio  m achine as a m orta r mill. W hy 
th e  question of an  all-round price for any job 
should be m entioned is absurd—all castings should 
have th e ir  cost tak en  o u t in a  proper m anner. I f  
a casting  is to  be a good job, and a c red it to  us 
as founders, th e re  is  no room for guesswork. I t  is 
all very well discussing th e  carbon-iron diagram s, 
and  n o t to  know th e  exact cost of the  article p ro
duced. W onderful figures i&re given of melting 
ra tio s of coke to  iron, b u t they  a re  fa r  from exact, 
and n o t to  be relied upon fo r costing purposes, as 
very often  th e  figures vary  as much as 50 per cent.

This question of (prices is to  many of our mem
bers one of th e  w orst fea tu res of the foundry 'busi
ness, and  u n til such tim e as these anomalies are 
e lim inated  th ere  will no t be the labour con
d itions in  our foundries we desire, for when the 
forem ost th in g  in the  business is ru n  in such a 
m anner th e re  will no t be the  necessary capital 
forthcom ing to  modernise our foundries and p lan t 
necessary to  m eet the com petition of o ther coun
trie s , and  enable us as a na tion  again to  lead in 
industry .



634

East Midlands Branch.

THE MANUFACTURE OF A MONOBLOC MOTOR 
CYLINDER CASTING.*

By W. T. Evans.
There has recen tly  appeared  in  th e  foundry 

Press a series of artic les on th e  above subject, in 
which were shown m ethods of production  which 
the au tho r has every reason to  believe are  con tra ry  
to  those in  use in m ost B ritish  foundries.

I t  is hoped these a rtic les  will b rin g  before 
foundrym en methods of m anu fac tu re  which will 
give much b e tte r  results in  production  of p a tte rn s , 
core-boxes, moulds, and  also sound castings.

M odern m otor cy linders a re  w ith o u t doub t 
am ongst th e  most difficult castings which th e  foun- 
drym an has to  produce and  give th e  p a tte rn -m ak er 
and m oulder sufficient to  do to  ob ta in  sound and 
accura te  castings, which will be able to  be m achined 
in  jigs w ithout m ark ing  out, and therefo re  correct 
and  tr u e  to  p a tte rn  ; also of a  m ateria l th a t  will 
tool easily and  a t  th e  sam e tim e  give a  good 
ground  finish w ithou t porosity  o r fa ilu re  under 
w ate r o r oil tes t. I t  is one of th e  w orst problem s 
th e  m otor tr a d e  has to  face—th e  production  of 
large q u an titie s  of sound cy linder castings. F o r to  
have num bers of these expensive castings scrapped 
a t  perhaps the  final m achine shop operation  en ta ils  
considerable loss, also reduced o u tp u t. T here 
alw ays will be a  percentage of w asters in  th is  class 
of casting , owing to  in tr ic a te  designs, and  the 
hum an  elem ent. T he sm allest p a rtic le  of slag, 
sand, o r sm all blow-hole, w rong c a s tin g  tem p era 
tu re , fau lty  m ateria ls , very  o ften  m eans s ta r tin g  
again  a t Genesis.

Tests to be met.
There are  th ree  tests which a re  generally  applied, 

viz., a w ater te s t of 20 to  30 lbs. per sq. in. on the  
w ater ja ck e t ; a pressure te s t of about 500 lbs. on

* A P a p e r  read  before th e  E a s t  M id lands B ranch .



C35

the  barrels, and sometimes a cubic capacity tes t, 
and before long we shall bo faced w ith a m aterial 
test to  a given analysis. Thus the  foundry  cannot 
leave an y th in g  to  chance to  achieve success under 
these conditions.

There a re  m any motor firms who do no t make 
th e ir  own cylinders, and th is applies o ften  when 
having  th e ir  own grey-iron foundries, from which 
i t  would seem th a t  firms are  fully aw are of the 
problems to be faced. W hat is very surprising  is 
th a t  under these conditions buyers will move the ir 
cylinder p a tte rn s  abou t from foundry to  foundry 
fo r a  very small reduction in price. V ery often 
th is  does n o t give th e  m anufactu rer a chance to 
achieve success, as he has no sooner overcome his

F i g .  1 .— A M o n o b lo c  M o to r  C y l in d e r ,  the 
M a n u f a c tu r e  o f  w in c h  i s  D e s c r ib e d .

in itia l troubles and  th e  moulder and  coremaker 
have become used to  the  p a rticu la r difficulties 
ob ta in ing  when th e  p a tte rn s  are w ithdraw n. Only 
those who a re  in tim ate ly  connected w ith the 
foundry  know how narrow  th e  m argin often is 
betw een success and fa ilu re , and very often  i t  is 
only a f te r  days of though t and  search th a t  some 
sm all troub le  is located and rectified. In  all oases 
th e  m achine shops should advise the foundry a t 
once of any  defect, however small, as very often 
th is  is easily overcome before any large num ber 
of castings are  produced.

Difficulties to be Overcome.
I t  is impossible to  emphasise too much the 

quality  of th e  m ateria ls used in  the  casting. W ith 
m odem  machine-shop production conditions, viz.,
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the  us© of expensive m illing cu tte rs , ream ers, 
etc., any h a rd  spots in  th e  eastings very soon ru in  
the  tools used. The foregoing rem arks will give 
th e  reader an in s igh t a s  to  th e  conditions to  be 
faced and  difficulties to  be overcome.

The exam ple tak en  is a  four-bore mono-block 
cylinder w ith induction  p ipe  cast in  th e  w ater 
jacke t, and  used on a  well-known B ritish  m ake of 
car. F ig . 1 shows th is  type , which is fa irly  
common.

Pattern-making Details.
The in itia l step  to  success is a first-class p a tte rn , 

and  those who can carry  o u t th is  p a r tic u la r  work 
and  see a  successful casting  m ade •without much 
com plain t from  th e  foundry  have reason to  be 
proud of th e ir  efforts.

The question as to  w hether a wood o r m etal 
p a tte rn  an d  core-boxes should be m ade m ust be left 
to  th e  ind iv idual an d  th e  conditions o b ta in ing . In  
the  w rite r ’s opinion, if a  good, dry, h a rd  wood 
p a tte rn  and ooreboxes a re  m ade, w ith  m etal loose- 
pieces, p rin ts , etc., i t  should be able to  produce 
from them  some thousands of castings, a s  w ith 
m achine moulding on ja r  ram m ers, also th e  use of 
sea-sand m ix tures for th e  cores, th e re  should no t 
be th e  w ear th a t  ob ta ins u nder hand  m oulding con
ditions.

To commence th e  job, i t  is necessary to  obtain  
a good, d ry  draw ing-board, preferab ly  of yellow 
pin©, s tra igh t-g ra ined , and free from  any o ther 
defects. I f  the wood is stra ig h t-g ra in ed , th e  scriber 
used to  m ake th e  lines of th e  lay-ou t will n o t be 
inclined to  “ ru n  ”  from the  stra igh t-edge, which 
m eans a  more accura te  and n ea t draw ing. The 
cylinder is draw n o u t full size, the  necessary 
m achining allowances being added a f te r , and 
shown in coloured pencil. H av ing  decided the  
method of m oulding, i t  is necessary to show th e  
jo in ts  of the  p a tte rn , also- the  junc tions of th e  
cores, th en  th e  ou tline  of the  “  p r in ts ,” showing 
th e  correct tap e r , a s  i t  is necessary to  construct 
all coreboxes to  su it such tap e r . N o rubbing  of 
the  cores should be allowed.

W ith  th e  m ethods here  advocated th e  foundry  
can very o ften  use ex is ting  m oulding boxes, and 
for th is  reason th e  pa tte rn -m ak er should make 
sure of th e  dep th  of th e  m iddle hox-part, as i t



637

is n ecessary  to  m ake  th e  m idd le  jo in t  o f th e  
p a t t e rn  to  su it . T h e  fo rem an  m oulder should  now 
decide  w hich  boxes he  in te n d s  to  u se ; also, if a 
c e r ta in  o u tp u t  is re q u ire d , th e  n u m b er of core
boxes necessa ry  fo r such o u tp u t,  as u n d e r  no rm al 
c o n d itio n s  i t  is b e s t to  c o n stru c t th e  d u p lic a te  
boxes a t  th e  sam e tim e  to  en su re  in te rc h a n g e 
a b ility .

Cutting the Timber.
W h en  th ese  d e ta i ls  have  been  defin itely  decided 

th e  w hole o f th e  t im b e r  fo r th e  job should  be c u t 
o u t, as th is  will g iv e  i t  tim e  to  season still fu r th e r ,  
as, n o  m a t te r  how d ry  such t im b e r  is, th e re  is

F i g . 2 .— T h e  P a t t e r n , w h ic h  Ad m its  o f  
Two J o in t s . T h e  T or P art  i s  a l l  
P r in t s , and A A a re I n se r t ed  M etal 
W e b s .

a lw ay s some “  ru n n in g  in  ” a f te r  be in g  fresh ly  
c u t, a n d  th is  m u s t b e  avo ided  if  possible. T he 
la y -o u t is  h e re  shown w ith  a ll th e  necessary  lines 
a n d  sec tio n s to  c o n s tru c t  th e  p a t te rn  and  oore- 
boxes, a n d  th e  se t tin g  o u t of th e  p a t te rn  e tc ., 
shou ld  be  c a rried  o u t from  th e  lay -o u t as fa r  as 
possible, u s in g  th e  b lu e  p r in ts  for checking 
p u rp o ses.

Details of the Pattern.
T h ere  a re  tw o jo in ts  in  th e  p a tte rn ,  th e  first 

th ro u g h  th e  p o r ts ,  th e  second b eh in d  th e  flange a t
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th e  end of the  barrels, and i t  is m ade for m oulding 
on a ja r r in g  m achine, and, to  fac ilita te  th is , th e  
m iddle p a r t  and  top  p a r t  of the  p a tte rn  a re  of 
the  same depth . The construction  of th e  p a tte rn  
is shown in F ig . 2. I t  will he noticed th a t  th e  
flange a t the end of the  barre ls is n o t visible. This 
loose flange is b u il t up  and finished in  s itu  
on the  p a tte rn , th en  removed and  fixed in  a  core
box to  fac ilita te  m achine m oulding: T he finish
ing of th e  flange as p a r t  of th e  p a tte rn  ensures 
a  perfect m atch  of th is  p a rt , when th e  core is 
fixed. This m eans th a t  th e  top  p a r t  of th e  
p a tte rn  is a ll “ p r in t ,”  th a t  is, fou r round  p rin ts  
for the  barre l cores, and th e  large fla t p r in t  for 
th e  flange core. The p rin ts  for th e  b a rre l cores 
are  made of sufficient dep th  to  come ju s t under 
the level of th e  box p a r t  when ram m ed up , th u s  
leaving th e  corresponding holes th ro u g h  th is  p a r t  
of the  mould, which enables th e  m oulder to  see 
p lain ly  the  barre l cores when low ering on th e  top  
p a rt. I t  is desirable to  have p len ty  of ta p e r  in 
these p rin ts , as when the  top p a r t  is in place a fte r  
m aking provision for “ b ring ing  off th e  a i r ”  from 
the  b a rre l cores, these ta p e r holes can be ram m ed 
with sand, which will keep the  b arre l cores from 
lifting , and  obviate th e  use of weights, th u s  g iving 
a clear top p a r t  fo r ru n n e r and  rise r boxes, etc. 
I t  will be understood th a t  the  barre l cores will be 
m ade w ith ab o u t half th e  length  of “ p r in t  ”  to  
th a t  shown on th e  p a tte rn . Ample ta p e r  in the  
p r in t  m ust be allowed fo r th e  flange core, as th is 
core is fixed on th e  to p  of the  m iddle p a r t ,  and 
located by th e  mould, which m eans th a t  th e  top 
p a r t  has to  be lowered over it , an d  p len ty  of ta p e r 
ensures th a t  th is  core will n o t be moved, as i t  will 
be c lear of i t s  p r in t  u n ti l th e  core is alm ost down, 
th u s  avoiding a  crush. T he m iddle p a r t  o f th e  
p a tte rn  does n o t need m uch exp lana tion . T here 
a re  th e  tw o small bosses which have p rin ts  on the  
underside to fa c ilita te  m oulding. The two webs 
shown a t  A, F ig . 2, a re  m ade of m etal, and  
le t in to  the  solid p a r t  of th e  p a tte rn .

All the  fillets in  the  p a tte rn  a re  worked from 
th e  solid, and th e  jo in ts  in the  wood a re  so fixed 
to allow for th is  fea tu re . T he bottom  p a r t  of 
the p a tte rn  is en tire ly  worked from th e  solid, w ith 
th e  exception of the  p rin ts , which are m ade in
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m etal, and fixed in position when the whole p a tte rn  
ha« been sand-papered up and  finished.

Pattern Boards.
The p a tte rn  is now m ounted on th e  board for 

the moulding m achine, as shown in F ig . 3. Theso 
boards have cast-iron s trip s  bolted across them , 
which have been planed up to  an even thickness. 
I t  will be seen th a t  th e  hoard is rehated  down to 
tak e  the  s trip , and  th is  cast-iron  s tr ip  takes the  
w eight of th e  mould when being ja r red , and is 
made wide enough for th is  service, also saving 
th e  wooden board from  wear. C ast-iron s tr ip s  a re  
more serviceable th a n  m ild steel, owing to  the 
fac t th a t  the  constan t blows from  th e  ja r r in g  
operations s tre tch  m ild steel strip s , th u s  causing  
them  to  cu rl up  a t  th e  ex trem e ends, w ith  th e  
resu lt th a t  th e  box-part will no t lie well on the  
board. These conditions a re  alm ost absen t when 
using cast-iron  strips.

This covers most of th e  p a tte rn . I t  is desirable 
to m ake su re  th a t  all p r in ts  are  on th e  full side, 
to obviate rubbing  of cores, as in m ost cases 
p rin ts  in a  mould, when dried , a re  a li tt le  sm aller, 
and th e  cores, when blacked, a re  very often  a 
little  la rger, an d  if th e  pa tte rn -m ak er will always 
bear th is  in  m ind he will save th e  foundry  much 
trouble. Also, when once the rubbing  of cores is 
resorted to , i t  is very ra re ly  one gets two castings 
alike. One of the  chief objections to  m achine- 
moulding th is p a rtic u la r  class of casting  in the 
m anner here shown is th e  provision of m oulding 
boxes, and unless special m ethods a re  adopted  and 
th e  q u an tity  ordered is n o t a considerable num ber, 
it  will n o t be a  pay ing  proposition to  th e  foundry 
to  m ake such box-parts, as w ith a th re e -p a rt 
mould, each p a r t  of which is ram m ed separately , 
i t  is obvious th a t  th e  jo in ts  of boxes m ust be 
p laned, also th a t  the  m iddle p a rts  m ust be in te r
changeable, and  all of th e  sam e dep th .

By constructing  the  p a tte rn , as shown in F ig . 2, 
d ifferen t dep ths of p a tte rn s  can be accom modated 
in the  same m iddle p a r t ,  as the p a tte rn -m aker 
has only to  keep the  jo in t in each p a rticu la r 
cylinder of th e  same depth  as th e  m oulding box. 
which m eans th a t  the  flange-p rin t and core a re  
e ither th icker or th in n e r as th e  case may be, and
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as it  is no t necessary to  have bars in  th e  cope 
close to  the jo in t th ere  will be am ple room fo r a 
somewhat th ick er p r in t  an d  core, and th e  w riter 
has seen as m any as six p a tte rn s  of d iffe ren t length  
moulded in the  sam e boxes. This enables an order 
for cylinders of sm all num ber to  be economically 
machine^moulded.

Core Boxes and Cores.
The m ethod of construction  of the core boxes 

will he seen from  th e  illu s tra tio n s , and they  con
sist of th ree  jack e t boxes, top and bottom  shell, and 
a loose piece behind th e  p o rt holes of th e  combus
tion  head core, induction  pipe, small elbow, boxes 
for exhaust po rts and  barre l core box. The la t te r  
eore-box is made to ja r-ram  th e  round  barre l core,

F i g . 5 .— A  S e t  o p  C o r e - B o x e s  f o r  m a k i n g  a 
M o n o b l o c  C y l i n d e r .

as th is  gives a core which is n o t so liable to  scab, 
etc., as if ram m ed by hand.

F ig . 4 shows the  com plete set of oores, and 
F ig . 5 a  se t of core boxes fo r th e ir  m aking. The 
Nos. 1, 2 and  3 shell cores form  th e  w ate r jacke t 
round th e  cy linder barrels, exhaust pipes, etc. 
Very o ften  there  are  only two jack e t cores, b u t 
in th is case th e re  is th e  long th in  core shown, 
which is jo in ted  th rough  th e  cen tre  of th e  exhaust 
elbows to fa c ilita te  th e  fixing in  th e  mould of 
th e  elbow cores, and  th is  simplifies th e  coring-up 
operations.

I t  will he seen from  F ig . 4 th a t  the core-boxes 
for th e  jack e t are  all fram ed up, an d  the inside
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shape worked from blocks, which have been fitted 
to the  fram es. This is by fa r the  best method to 
adopt for th is  class of work. The fram es are  
loose, being fastened with bolts and thumbscrews 
to  fa c ilita te  the  draw ing of the  cores, to save 
unnecessary punishm ent to  the  oore-boxes.

F ig . 6 shows th e  flange core-box, with the  flange 
taken  from  th e  p a tte rn  fixed inside, also the 
ru n n er, or spray, used for casting purposes in 
fro n t of the  core-box is the core from same. To 
th e  rig h t of th e  ffange-box is the induction pipe 
core-box, which is a fairly  in tric a te  and difficult 
core-box to  make, and has to  be jo in ted  in three 
pieces. In  fron t of th is core-box is the resulting  
core. This core is m ade in two pieces, and glued 
together before being used in the mould. On the

F i g . 6 .— T h e  F l a n g e  C o r e - B o x .

r ig h t of the pipe core-box are  th e  combustion 
head boxes, w ith two cores resulting , one of which 
shows the  dowel which locates th e  barre l cores. 
The small core shown in fro n t of the  flange core 
is one of th e  exhaust cores.

F ig . 7 shows the  outside of th e  induction-pipe 
core-box, the  barre l core-box, and combustion 
head-boxes. In  F ig. 8 a re  shown fu r th e r  details 
of th e  core-boxes, also the inside of the barrel 
core-box, w ith th e  plugs which locate th e  same on 
combustion head cores already m entioned. F ig. 9 
shows a  complete set of cores roughly placed 
toge ther to  illu s tra te  fu r th e r the loose piece of the 
shell core, and the  flange cores.
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Materials used in Cores.
Lho n hole of tlie cores, except th e  four barrel 

cores, ar© m ade from  a  sea-sand m ixture. There 
have been many m ix tures of sand for th is particu 
la r class of core, associated w ith all kinds of core 
oils an d  binders, b u t a f te r  experim enting with a 
fa ir  num ber of oils, the  au thor finds th a t , for 
cheapness and general u tility , there  is none b e tte r 
th a n  an equal m ix tu re  of linseed oil and molasses.

Some of th e  best results have been obtained from 
a m ix tu re  of 50 per cent, sea sand and 50 per cent, 
red  sand, both dried, and then  mixed with the 
requ ired  q u an tity  of binder.

Cores made from th is  m ixture will requ ire  very 
little  packing, and  in  most cases will hold up

F i g . 8 . — F u r t h e r  D e t a i l s , o f  t h e  C o r e - B o x e s ,
INCLU DIN G  THE IN S ID E  OF BA RREL C o R E -B o X .

green, which m eans th a t  they will conform to 
shape much b e tte r  th an  those made from sea sand 
alone.

The worst fea tu re  of cores made from ordinary 
sea sand is the  difficulty of handling and mending 
when green.

A nother and  most im portan t fea tu re  of a  mix
tu re  of th e  two sands m entioned is th a t  very few 
core irons or wires a re  required, which makes a 
very considerable saving in  core-making and 
fe ttlin g  of castings. V ery often  the only means 
of rem oving sand and core irons from these cast
ings is th rough  small round  holes from £ in. to 
1 in. dia. in  the outside of the  w ater jacket, and 
to  w ithdraw  any q u an tity  of core w ire through
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such holes is very often  a tedious job, and a
serious loss of tim e, and  a m ix tu re  of sand, which
overcomes th e  use of core irons, is necessary for 
success.

I t  is in te re s tin g  to  no te  th a t  th e  skin on cores 
m ade from th is  m ix tu re  has a much finer and  
sm oother appearance  th a n  when m ade en tire ly  
from  sea sand, th u s  g iv ing a  b e tte r  finish to  th e  
castings.

The barre l cores a re  usually  m ade from  an 
o rd inary  core sand, fa irly  open, an d  m ade on a 
sm all jar-nam  m achine, w ith th e  plugs for locating  
these cores in  th e  mould a t th e  bottom . This
means th a t  the  core is closer an d  h a rd e r a t  th e

F i g . 9 . — A  C o m p l e t e  S e t  o f  C o r e s  K o u g h l y  
A s s e m b l e d .

bottom  of the  mould th a n  th e  top , g iving every 
chance for th e  “  a ir  ”  to get aw ay, also th is  gives 
l i t t le  troub le  arising  from  th e  “  scabbing ” of the 
barre l cores when the  m etal en ters th e  mould. In  
fact, th is  trouble  is very ra re ly  seen from  a  
m achine-m ade core, whereas i t  has o ften  been a 
source of com plaint w ith cores ram m ed by hand .

The Moulding Boxes.
Fig. 10 shows a  com plete set of m oulding boxes. 

The one on th e  left is  the  top box o r cope, the  
cen tre  the  m iddle p a r t , and th a t on th e  r ig h t the  
bottom , o r d rag .
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As shown, the  bars in  th e  cope a re  k ep t well bacK 
from  the  jo in t to allow for the  varia tion  in  the 
hange p rin t. The bars or g rids in th e  middle p a rt 
a re  made loose and fastened  by two set-pins, o ther
wise i t  would not be possible to  tak e  the  castings 
from  th e  mould when cast. I t  will be seen th a t  
all corners a re  radiused, to  overcome weakness; 
as th e  boxes are used for dry sand moulds, no 
Dandles are cast in, b u t only four snugs provided 
w ith a round  hole for handling purposes. This 
saves considerable stove space when drying.

Ih e  snugs fo r  th e  loose p ins a re  double; th a t  is, 
cast together in  pairs, w ith b rackets between, and 
when jig -d rilled  will keep th e  “ p in s ” ' vertical

F i g . 10 .— A C o m p l e t e  S e t  o f  M o u l d i n g - B o x e s  f o r  
M o n o b l o c  C y l i n d e r  W o r k .

wfien closing th e  moulds. A nother good fea tu re  
of th e  loose bars shown is th a t  i t  is a simple m atte r 
to  change these to  su it the different contours of 
o ther p a tte rn s  when necessary.

Moulding a Casting
From  the  illu s tra tions i t  will be observed th a t  

th e  m oulding of th is casting  has been simplified 
by the  use of cores in  o rder to fac ilita te  produc
tion  on the machine, and th is  practice has become 
general. V ery often p a tte rn s  a re  made w ith pieces 
below th e  jo in t, which have to be jo iu ted  down, 
whereas a p r in t and core will save tim e and risk,
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a n d  the  p a tte rn -m ak er should always adop t th is  
p rac tice  and  save th e  moulder unnecessary jo in t
ing, as solid p a tte rn s  which could be m ade easily 
in  halves, b u t deep “ lifts  ”  hang ing  to  th e  cope 
of a  mould a re  a fru itfu l source of com plain t, and 
a  serious loss in  o u tp u t results.

The only operation  in ram m ing, finishing and 
stoveing the  mould which requires m uch exp lana
tio n  is th a t  th e  m iddle p a r t  has a  tendency  to  
d rop  o u t if n o t properly  handled . The p rac tice  
is to  ram  up  the  requ ired  num ber o | bottom s or 
drags, finish and  black them , th en  proceed to  ram  
the  middle p a rts . W hen th is  p a r t  is tak en  from 
th e  m achine the d rags a re  close a t  hand , an d  the

F i g . 11.—T h e  F i n i s h e d  M o u l d s .

m iddle p a r t is placed on its  corresponding drag  
p a r t  an d  is then  finished an d  blacked w hilst in 
th is position. These two p a r ts  of th e  mould a re  
th en  stoved and dried  toge ther. T his prevents 
th e  m iddle p a r t  from  dropp ing  o u t when green. 
The moulds are tak en  a p a r t  when dry, and blown 
o u t before casting .

F ig . 11 shows th e  th ree  p a rts  of th e  mould, and 
illu s tra te s  th a t  there  is no th ing  to  carry  the  over
hanging  sand of th e  m iddle p a r t  o ther th a n  the  
bars or grids, so in  some cases planed p la tes a re  
used for th e  purpose of dry ing  th is  p a rt , b u t th is  
is n o t necessary if oare is used.

'The cope is a very p lain  piece of th e  mould, and
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requires b u t li tt le  finishing. The ru n n er is seen on 
tlio outside. T his m atches w ith th e  spray shown 
in th e  flange oore-box, and  is clearly shown in the 
view of th e  mould cored up  ready  for the  cope. 
This p a r t  can he used green  if th e re  is n o t ample 
stove room.

N um erous methods of runn ing  th is  casting have 
been tr ied , b u t th e  method here shown gives the 
best re s u lts ; th a t  is, a num ber of small sprays 
ru n n in g  d irectly  in to  the barrels, w ith two risers, 
one a t  e ith e r end of the  flange. I t  is no t insisted 
th a t  th is  is an ideal method, and no doubt o ther 
ways of pouring  th is job would give good results.

F i g . 12.— T h e  M o u l d  C o b e d -u p  E e a d y  f o e  t h e  
M i d d l e  a n d  T o p  P a e t s .

Some foundrym en may object to  th e  flange of 
th is  casting  being m ade w ith a core, b u t i t  will 
be ev iden t th a t  when th e  m iddle p a r t  is ram med 
up i t  has only to be strickled  off to  th e  planed jo in t 
of th e  box, whereas if th e  flange had to be moulded 
in  th is  p a r t  th e  box would have to  be m ade the 
co rrec t dep th  of the  flange of th e  cylinder, and 
th ere fo re  only su itab le  for one dep th  of casting. 
F u rth e r , w ith m achine moulding, th is  flange would 
have to  be bedded in w hilst on th e  m achine—the 
m achine would be stand ing , and valuable tim e 
lost, whereas when a  core is used the  moulding is 
a simple job, and  th e  m achine can be operated to 
th e  ex ten t of its  ou tpu t.

The pouring of th is  casting  in  a vertical position 
is, in th e  a u th o r’s opinion, a  much b e tte r  and
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safer m ethod th a n  th a t  of casting  in a  horizon tal 
position. There are  several reasons fo r th is ;  first, 
th a t  w hilst cylinders can he m ade successfully 
horizontally , th e  au th o r is in  favour of pouring  
vertically  where possible, as th e re  is n o t the 
tendency for small pieces of foreign m a tte r  to 
lodge u n d ern ea th  th e  b arre l cores, and  a s  the  
bores m ust be perfec t th e  less risk  tak en  the  
be tte r. Secondly, when moulded vertically , th e  
coring of th e  mould is a  very simple joh, and  the  
use of chaplets is alm ost elim inated  in  th is  p a r
ticu la r casting , only two being used to  hold the  
loose piece of th e  jack e t core. W hen th is  casting  
is m ade jo in ted  th e  opposite way, th e  jack e t cores 
have to  he carried  on chaplets, and  th is  is n o t

F i g . 1 3 .— T h e  M o u l d , l e s s  t h e  C o p e .

satisfactory . Also all th e  cores a re  m ore difficult 
to  m ake and  fix in th e  mould.

W hen th e  mould is ready to  receive th e  round  
barre l cores, before p lacing  these cores in  position 
two plain, round  wooden plugs a re  pushed th rough  
th e  m iddle p a r t  of th e  moulds and  in th e  jacke t 
cores. This ensures th e  ou tside  of th e  cylinder 
barrels being in a lignm ent w ith th e  ja ck e t cores, 
and  a s  very often  th e  casting  is jigged from  th e  
outside of th e  barrels, i t  is essential th a t  the 
castings a re  t r u e  in  th is  respect.

F ig . 12 shows th e  mould cored up ready  for th e  
'middle p a r t  and  cope to  he p u t on, and  is self- 
exp lanatory , and F ig . 13 is a view of th e  mould 
less the  cope, and  shows th e  sprays in  th e  core,
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th e  method of fixing th e  core, which is simply 
placed on th e  middle p a rt, and registered with 
th e  cylinder barrels, no fu rth e r p rin ts  being 
necessary.

P ro v id e d  th e  jo b  is  c a r e fu lly  c o re d  u p , w ith  
a t t e n t i o n  g iv e n  to  t h e  v e n ts , c le a n  m o u ld s la id  
d o w n , a n d  c a s t  a s  h o t  a s  p o ss ib le , goo d  re s u l ts  
sh o u ld  b e  o b ta in e d .

As m entioned above, there  have been shown in  
the  technical foundry  papers the methods used in 
easting  th is  p a rticu la r job horizontally, and  it  is 
hoped th a t  th is  P ap e r will show foundrym en the 
opposite methods used, with the resu lt th a t  they 
will be able to  adopt whichever method they th ink  
will be of more service to them .

The chief points a r e : (1) By constructing the 
p a tte rn  as shown different depths or lengths of 
cylinders can be used in  the same moulding boxes; 
(2) by m aking the flang© w ith a core, th e  machine 
m oulding is a  simple job ; (3) casting vertically is 
much b e tte r  th an  ho rizon ta lly ; (4) th e  ooreing of 
th e  mould is simple and safe, few chaplets being 
necessary ; (5) th e  ease w ith which the  cores can 
be m ade. All of these a re  in favour of the 
foundrym an in his endeavours to  produce this 
casting  in th e  quan tities asked for.

W ith  reference to  th e  iron used, these castings 
can be m ade successfully by the use of ordinary 
cylinder m ixtures, or th e  so-called semi-steel m ix
tu re , w ith 15 to 20 per cent, mild steel, and a  
su itab le  analysis is Si 1.8 to 2.25, S 0.08, Mil 
0.6 to 0.8, P  0.80 to  0.90, th e  carbon being slightly 
d ifferent if using iron w ithout the  addition  of 
steel, th e  la t te r  nearly  always "being lower in to tal 
carbon.

Owing to  th e  low silicon content of th e  iron 
used, i t  is advisable to  use dry sand moulds for 
th is  class of casting , as there  are  very th in  sec
tions in  th e  w ater jacke t, very often  only 4 mm. 
th ick . The tendency to g e t chill in  th is  p a r t  of 
th e  casting  is not so likely if oast hot in dried 
moulds.

DISCUSSION.
M r . H . M o o r e , im m ediate P a s t Branoh-Presi- 

dent, sa id  he hoped th e  lecture would be fully 
recorded in th e  Proceedings, fo r one resu lt would
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be th a t  they  would be looked upon very favourab ly  
by o ther branches and  would show w hat th e  
E ast M idlands was capable. They h ad  a s  a P res i
den t a  thoroughly p rac tica l m an, who also knew 
h is theory, and he was happy in com plim enting 
M r. E vans on the  advanced work which was being 
carried  on in  his foundry .

M e . S t e v e n s o n ,  seconding, said M r. E vans had  
shown him self an  ex p ert on oil-sand oores. I t  was 
rem arkable th a t  though oil-sand oores had  been in 
existence 25 to 30 years, how few foundries availed 
them selves of th e  innovation . A mono-bloc casting  
could n o t possibly have been made w ithou t oil-sand 
cores. H e  had been using oil-sand for some th ree  
years, and i t  h ad  become so much in  favour in  
th e  works th a t  o rd in ary  cores had  been prac tica lly  
elim inated  altogether. I f  a la rge  core had  to  be 
m ade th e  core-box "was lined w ith an  inch o r two 
of oil-sand, an d  th e  cen tre  was filled in w ith  floor 
sand. Som etim es, when th e  core became too hot. 
th e  whole of th e  cen tre  tum bled out, leaving th e  
(Complete shell som etimes only ha lf an inch  in 
thickness, which can simply be filled up again  w ith 
floor sand  and  cast w ithout any trouble w hatever.

M e . A. S . C l a r k e  (Loughborough) po in ted  o u t 
th a t  the absence of techn ica lities had enabled them  
to  follow th e  m aking of these in tric a te  cores.

In  reply , M r. E v a n s  said th e re  had  been much 
experim enting  a t  his works w ith  m ix tu res, and 
th e  one he gave was the  best for resu lts , being  
cheaper and m ore efficient. I t  was very seldom 
they had  blown cores. I f  any mem bers w anted  
fu r th e r  in fo rm ation  he would he happy  to  help 
them . T heir foundry  was qn ite  open for inspec
tion , and they  had  no  secrets to  keep. I t  was 
generally accepted in foundries th a t  th e  vertical 
way was th e  one which gave th e  best results.
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Lancashire Branch.

CUPOLA PRACTICE.

By J. Wood.

The object of th is  P aper is to  po in t ou t gome of 
th e  difficulties th a t  have to  be overcome in 
m elting  iron ‘ by the cupola process. There are 
m any o ther ways in  which iron may be melted, 
nam ely, by the  electric furnace, the reverberatory  
or a ir  furnace, th e  open-hearth  furnace, and the 
crucible furnace, b u t for quickness and cheapness 
in  m elting  iron  the  cupola cannot be excelled by 
any o ther furnace th a t  is on th e  m arket a t  the 
presen t tim e. The g rea te s t drawback to  the cupola 
furnace is th a t  the  iron is in  contact w ith the fuel 
the  whole tim e and will tak e  up some of its im
pu rities  if no t properly cared for. The cupola is 
simple in construction and will need very little  
describing. I t  is probably due to  its simple con
stru c tio n  th a t  i t  has been overlooked by the 
m ajo rity  of ironfounders u n til quite  recently, 
when judg ing  by the  in te rest they seem to  he 
tak in g  now, they a re  beginning to realise th a t  it 
is an im p o rtan t factor in the  successful working 
of a  foundry.

Details of the Cupola Dealt With
The cupola to  be dealt w ith is shown in F ig. 1. 

These cupolas a re  bu ilt in pa irs  and are  worked 
a lte rn a te ly ; th a t  is, whilst one is in operation  the 
o ther is undergoing repairs th a t  a re  necessary a fte r 
each d ay ’s blow. They a re  made up of mild steel 
tubes, 6 f t. 6 in. d iam eter and |  in. thick. These 
tubes are riv e tted  together and form the shell. On 
th e  inside of th e  shell, angle irons are  bolted fo r  
th e  purpose of supporting  the  brickwork lining. 
The d istance from th e  base p late  to  the to p  of the 
stack is 26 ft. On top of the stack is rive tted  an 
elbow, and it  is in th is r e s p e c t  th e s e  c u p o la s  differ
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from th e  m ajo rity . G enerally, oupolas a re  b u ilt 
w ith a  s tra ig h t stack, on the  top of which is placed 
a hood to p reven t th e  sparks and  dust from  blow
ing on th e  foundry roof. In s tead  of a  hood th is 
type is provided w ith a  square box, w hich res ts  on 
brackets riv e tted  to  th e  stack  of th e  cupolas and  
also bolted to th e  ends of th e  elbows. O penings a re  
m ade in the sides of th is box opposite the' ends of 
the elbows. As the  sparks and  coke d u st a re  forced 
by the  b last up th e  stack, they s tr ik e  a g a in s t th e  
elbow, which stops th e ir  upw ard  m otion, and a re  
then  blown in to  the  box an d  fall to  th e  bottom . 
An opening is m ade in th e  bottom  of th e  box, 
around  which is bolted a tube  which may pass 
th rough  th e  stage  p lates to  w ith in  a  few feet of 
th e  ground. A slide worked w ith a screw is fixed 
n ea r th e  bottom  of th e  tube. To rem ove th e  coke 
dust, e tc ., a barrow  is placed beneath  th e  tube , 
the slide is opened, and  th e  barrow  is filled in  a few 
seconds. This g rea tly  fac ilita te s  th e  han d lin g  of 
the  coke dust, as i t  m ay be rem oved a t  any tim e 
of the day w hether the  cupola is in o p era tion  or 
not.

The distance from  the  base p la te  to  th e  bottom  
of th e  h ea rth  is 2 f t . 4 in. T his space is filled up 
w ith  broken bricks and floor sand ram m ed tig h tly , 
and is levelled off w ith  a 2-in. layer of fireclay. 
The h ea rth  is m ade on top of th is. The d istance 
from th e  top  of th e  h ea rth  to  the  cen tre  of th e  slag 
notch is 1 ft. 3 in. From  th e  cen tre  of th e  slag 
notch to  th e  cen tre  of the  bottom  row of tuyeres 
is 9 in ., and from the  bottom  row of tuyeres to  the  
top row is 1 f t .  2 in. T here are  e igh t of these 
tuyeres, four in th e  bottom  row and  fou r in the  
top  row, each of 6 in. dia. They a re  placed a lte r
nate ly  and a re  so a rran g ed  th a t  th e  inside ends 
a re  equ i-d istan t from each o th e r so th a t  they  give 
an equal d is tribu tion  of blast. These tuyeres are  
provided w ith a wind belt.

The Lining.
Owing to th e  h igh tem pera tu res  to  which i t  is 

subjected, th e  lin ing  m ust be m ade of highly 
re frac to ry  m ateria l and m ust also be strong  enough 
to  w ithstand  th e  abrasive ac tion  of th e  m ateria l 
charged on its  way down to the m elting  zone. Too 
much care canno t be tak en  to  avoid cracks and 
open jo in ts  >n -building the  lin ing , as the  m olten
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F i g . 1 .— S e c t io n a l  a n d  F b o n t  E l e v a t io n s  o f  t h e  
T w i n  C u p o l a s  D e s c r i b e d .
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m etal an d  hot gases would p en e tra te  these and 
shorten its  life. The m ateria l used fo r lin ing  
cupolas is alum inous firebricks or blocks. The 
thickness of th e  lin ing  will depend on th e  am oun t 
of m eta l requ ired  in  th e  day’s blow, b u t even in  
small cupolas the  lin ing  should n o t be less th an  6 in. 
th ick . I t  is b e tte r  and  safer to have a double 
lin ing th a n  a single one, as in  th e  event of an 
open jo in t being  overlooked in th e  well of th e  
furnace, th e  m etal would find its  way along th e  
jo in t to th e  casing and probably p u t a n  end to  the  
d ay ’s blow. W hereas w ith  a double lin ing  an d  
bricks placed cross jo in t, th e  progress of th e  
m olten iron would be checked and  th e  dam age p re
vented . W hen pulling  o u t th e  old lin ing  i t  has 
been noticed th a t  th e  m etal has ru n  betw een th e  
badly jo in ted  bricks an d  also betw een th e  inner 
an d  o u te r circle, b u t fo rtuna te ly  has n o t reached 
th e  casing or shell. I t  is m any years since th e  
au th o r has had dam age done to  th e  casing by the  
liqu id  m etal a ttack , which speaks well for the  
cupola lin ings an d  th e  m ateria l used. I t  is 
in te restin g  to note th a t  the cupola lin ings u nder 
the  a u th o r’s control la s t approxim ately  tw elve 
m onths. W ith  cupolas th a t  requ ire  a  9-in. lin ing  
o r less i t  is advisable to m a in ta in  th e  thickness to 
the top of th e  charg ing  door, above th is  a th in n e r 
lin ing  of about 4 in. th ick  will be sufficient, be
cause i t  will n o t be subjected to  th e  sam e w ear and  
te a r  as th e  lin ing  below the  charg ing  door. W ith  
a cupola hav ing  a  12-in. lin ing  o r more i t  is only 
necessary to  carry  th is  thickness to  th e  top  of the  
m elting  zone, which may be from  20 in. to  30 in. 
above th e  top tuyeres. Obviously, the  h e igh t of 
th e  m elting  zone will depend on th e  d iam eter of 
th e  cupola and th e  am ount of a ir delivered. Above 
th is, th e  thiokness of th e  lin ing  may be reduced, 
b u t no t less th a n  9 in . This, of course, will cause 
a shoulder in the  lin ing , b u t if properly  tapered  
off, will no t affect e ither the  cupola o r m elting. 
There is no advan tage  in th is  except a saving of 
bricks. A fu r th e r  eoonomy may be m ade by using 
hollow iron blocks, which may be inserted  abou t 
3 ft. C in. above th e  m elting  zone and carried  to  
th e  top of th e  charging door. These blocks will 
la s t a  considerable tim e. W ith  the  exception of 
the  lower two or th ree  courses and  those directly
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opposite th e  charg ing  door, th e  blocks a re  veiy  
li tt le  worse a t  th e  end  of tw elve m onths’ work, and  
may he replaced a t  a h igher p o in t in the  cupola 
when re lin ing . The d iam eter of th e  cupola a f te r  
lin ing  is 3 f t . 6 in. up  to  th e  to p  of th e  m elting  
zone, which is  approxim ately  2 f t . 6 in . above the  
top tuyeres. I t  th en  tap e rs  off 4 |  in. all round, 
m aking  th e  d iam eter 4 f t . 3 in. This is con tinued  
to  th e  top  of th e  stack. The elbow is lined w ith  
9-in. blocks and  the  spark  a r re s te r  w ith square 
quarries 1-j-in. th ick . Fig- 2 shows the  au th o r s 
m ethod of lin ing  th e  cupolas.

Tuyeres.
As s ta ted , th e  cupolas a re  provided w ith  two 

rows of tuyeres, fou r in each row, and each of 6 in. 
d iam eter. They are  provided w ith a wind belt, th e  
volume of which is 63,480 cub. in. The ra t io  of 
th e  combined tu y e re  a re a  to  th a t  of th e  wind 
belt is as 1: 280. This allows fo r a  sufficient 
accum ulation of a ir to  ensure an equal d is tribu tion  
of b las t and a constan t p ressure provided th a t  the 
delivery is m ain ta ined . The re la tio n  of th e  
tu y e re  area to th e  cross sectional area  of the cupola 
is as 1 : 6, th e  combined tuyere  a re a  being 
226 sq. in. and  th e  cross sectional area  of the  cupola 
1,385 sq. in. The a ir  necessary fo r com bustion is 
delivered by a R oots blower an d  conveyed in over
head pipes to  the  wind belt. A b las t pressure of 
from 10 to  14. ozs. is m ain ta ined , and th e  volume 
gauge reg isters an  average delivery of 3,750 cub. ft. 
of a ir  per m inute . E x p erts  say th a t  30,000 cub. ft. 
of a i r  is required  to  m elt a to n  of iron  and  th e  
au thors records tak en  over a long period confirm 
this. I f  th e  delivery of 3,750 cub. ft. p e r m inu te  is 
taken  i t  will tak e  e igh t m inutes to  deliver 30,000 
cub. f t . and to m elt one ton  of iron. This works ou t 
a t  exactly  74 tons per hour, as shown in F ig . 3. The 
works records show on a fu ll day ’s blow of 50 tons 
per cupola ra th e r  b e tte r  resu lts  th an  th is, b u t th is  
is accounted fo r by th e  fu rnace  conditions. F o r 
example, when th e  m etal is first charged in to  the  
cupola th e  lin ing  is com paratively cold. A fte r th e  
b last is p u t on and more h ea t generated , a large 
am oun t of th is  h ea t th a t  should go to  p re-heat 
the  iron before i t  reaches th e  m elting zone is 
absorbed by the  lining. To m ake up for th is  loss
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of hea t i t  is advisable to charge w ith a li tt le  ex tra  
coke u n til th e  lin ing  has become thoroughly heated. 
01 course, th is ex tra  coke will re ta rd  the melting 
a  litt le , an d  each of the  first th ree  or four charges 
will requ ire  ra th e r  more th an  e igh t m inutes to 
m elt, b u t as the  furnace becomes ho tte r and the 
charges above the  m elting zone receive th e  benefit 
of th is  h ea t, th e  ex tra  coke may be le ft off, and 
th e re  will be a perceptible increase in the  ra te  of 
m elting. B u t th is is more noticeable in the a fte r
noon’s blow.

W hen charging for the afternoon the  furnace is 
red  hot, and  the  e x tra  coke th a t -was given in the 
m orn ing’s blow to  h ea t up th e  lin ing is no t needed. 
Some of th e  hea t from the red-hot furnace is tra n s
fe rred  to  th e  iron  charged, and when the  blast 
is p u t on and  th e  ho t gases ascend the  cupola from 
the  m elting zone the red-hot lining will absorb less 
h e a t from these gases, and more hea t will thus be 
tran sfe rred  to  the  charges of m etal, and  they will 
e n te r th e  m elting zone in a much h o tte r condition 
an d  be more readily  m elted. The resu lt of th is  is 
th a t  th e  a fternoon’s blow is s ta rted  a t the  same 
ra te  of m elting as the la tte r  p a r t  of the m orning 's 
blow, and as th e  m elting continues th e  fu r
nace becomes h o tte r  an d  the  ra te  of m elting is 
increased proportionately . The average ra te  of 
m elting  over th e  full day’s blow is 85 tons per hour.

Disturbing Factors.
The above resu lts are only obtainable under 

favourable conditions, b u t unfo rtunate ly  there  
a re  m any th ings th a t  may happen, any one of 
w hich is a p t to  upset th e  results. To m ention a 
few : The coke may be of an inferio r quality  ; the 
charges of iron may be too heavy o r too l ig h t; the 
charges may n o t be d is tribu ted  even ly ; th e  coke 
may n o t be sp read  evenly over the  ch a rg e ; the 
volume of blast may be too low and  th e  pressure 
too h igh ; th e re  may be a  scaffolding of charges 
o r a cham bering of the cupola; neglecting the 
repa iring  of cupola by le ttin g  i t  g e t o u t of sh ap e , 
neglecting th e  slag hole and pro jecting  lower p a r t  
o f° th e  tuyeres and several o ther fau lts, any of 
which may upset the  proper working conditions 
of th e  fu rnace  and  cause bad  m elting and an 
in ferio r quality  of iron.
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Bad Coke Troubles.
A p art from any of these fau lts  happen ing , i t  is 

still necessary, to  g e t the  very b est re su lts  from 
th e  cupola, to  have a  good coke and a good supply 
of a ir . F o rtu n a te ly , there  is p len ty  of th e  la t te r , 
and  i t  can be ob tained  cheaply. W ith  reg a rd  to  
th e  form er, i t  is found th a t  when dealing  w ith  the  
best m akers th e re  is very li t t le  to  com plain of 
about the  quality  of coke. Of course, an  occa
sional wagon of bad coke som etimes tu rn s  up , b u t 
i t  is th e  exception ra th e r  th a n  th e  ru le, and 
probably the  coke, like th e  re s t of the foundry  
m ateria ls, o ften  get th e  blam e th a t  is really  due to  
the  hum an elem ent. D uring  th e  coal crisis and 
for several weeks afte rw ards when foundry  coke 
was unobtainab le , an y th in g  th a t  h ad  th e  
appearance  of coke had  to  be used. Some of th is  
con tained  as much as 17 p er cent, ash and  1.75 per 
cen t, su lphur, b u t th e  worst fea tu i’e abou t some 
of these cokes was n o t its  com position, h u t its  
s tru c tu re . Some of th is  was so friab le  th a t  i t  could 
be crushed w ith the foot, so i t  can  be im agined 
w hat the effect would be when dropping pig-iron 
on top  of i t  from  a  h e ig h t of 11 or 12 f t .  W hen 
using coke of the  above description, i t  was found 
necessary to increase the  dep th  of th e  bed coke 
from  6 to 9 in. to  allow for the  crushing effect of 
the  first charge. The w eight of charges were also 
reduced from 20 to 17 cwts., and a li t t le  ex tra  
coke was allowed between each of the  charges. 
This answ ered very well, and  i t  can be s ta ted  th a t  
castings were produced w ithou t any  serious in 
crease of w asters and  w ithou t th e  loss of a single 
day ’s ou tp u t.

A coke th a t  is chem ically bad b u t has 
a  fa irly  strong s tru c tu re  can, by tak in g  proper 
precautions, be used w ith satisfac to ry  resu lts . 
F o r instance, w ith th e  analysis given above, th is  
coke can only contain  a t  th e  most 80 per cen t 
carbon. Assuming th a t  i t  takes 200 lbs. of coke 
contain ing  90 p er cent, carbon to  m elt one ton  of 
iron, then  200 lbs. of coke con ta in ing  90 per cent, 
carbon equals 180 lbs. of carbon, an d  200 lbs. of 
coke con ta in ing  80 per cent, of carbon equals 
160 lbs. of c a rb o n .. Assuming th a t  th e  blower or 
fan is capable of delivering the  requ isite  am ount 
of a ir, namely, 30,000 cub. f t . ’ per ton  in a given
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tim e, and th a t  th e  tuyere a rea  is such as to  ta k e  
the am ount delivered, and  the  supply of a ir  is con
s ta n t in  both cases, then  one is try in g  to m elt 
th e  same am ount of iron w ith 20 lbs. less of carbon 
or 25 lbs. of coke, which is its  equ ivalen t, or in 
o ther words, in stead  of hav ing  sufficient coke to  
m elt 2,240 lbs. of iron, we have only sufficient coke 
to  m elt approxim ately  2,000 lbs., th u s  leaving 
240 lbs. to  be m elted. The consequence of th is  will 
be, although i t  m ay n o t be noticeable a t  the  first 
or second charge m elted, th a t  to  m elt th is  240 lbs. 
of iron  i t  will have to  draw  upon th e  coke bed to  
the  ex te n t of 25 lbs. of coke fo r th e  first charge. 
The bed will be 50 lbs. of coke less a f te r  th e  second 
charge, and so on, u n ti l th e  bed is so low ered by 
the  e x tra  dem and upon i t  th a t  the  m etal is in close 
proxim ity  to  the  tuyeres.

I t  is common knowledge w hat takes place under 
such circum stances, as th e  bed is g radually  
lowered th e  tem p era tu re  of the  m eta l falls 
off and there  is an  excess of oxygen over 
the  carbon in  th e  fuel. The re su lt of th is  is th a t  
the  iron becomes oxidised, ru n s sluggishly, and 
is only fit for castings th a t  have no t to  be 
m achined or tested . F u rth e r , th e  bed m ay become 
so low th a t  the cold-blast will blow upon th e  iron  
and instead  of m elting, it  becomes chilled and  
sticks to  th e  sides of th e  cupola cham bers, and if 
only one row of tuyeres a re  used stops fu r th e r  
blowing for th a t  day. The obvious rem edy when 
using a low-carbon coke is to  increase e ith e r th e  
q u an tity  of coke or reduce the  w eight of th e  
charges. All foundries have no t a chem ist to 
advise them  as to  the  carbon-content of the  coke, 
b u t to  those who are  try in g  a coke, to  which they 
have n o t been accustomed, and a re  n o t sure as 
to  its quality , i t  is suggested th a t  they  try  lig h te r 
charges th an  usual when filling up  th e  cupola. 
Then by w atching the  ra te  of m elting  and the 
tem p era tu re  of th e  m etal as i t  flows from  the 
cupola, i t  will be an  easy m a tte r  to  regu la te  the 
w eight of m etal in the  succeeding charges to  su it 
th e  coke.

High-Sulphur Coke.

The influence of liigh-sulphur-content of 
th e  coke can he neu tra lised  to  a g re a t 
ex ten t by the  maxing of su itab le  b rands of
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iron and by quick m elting. I t  is well 
known th a t  m anganese Iras a  strong affinity 
for su lphur. W hen we know o r suspect th a t  a 
coke is h igh  in sulphur we m ix a q u an tity  of high 
m anganese iron w ith th e  charge. The m anganese 
will combine w ith  the su lphur in the coke form ing 
m anganese sulphide. This will rise to the  top  of 
th e  m olten m etal and flow off w ith th e  slag. Some 
people try  to  elim inate th e  su lphur by using e x tr a ' 
lim estone, b u t th e  au thor prefers to use m angani- 
ferous irons, as an excess of lim estone is  a p t to  do 
more harm  th an  good, as i t  will combine w ith the  
brickwork lin ing  of th e  cupola and  lower its  fusi
b ility , which will necessitate extensive repairs. 
W here th e  services of a chemist are not available, 
th e  presence of high sulphur can be detected a t  the 
cupola spout. An iron th a t  has absorbed a large 
am ount of su lphur from  the  fuel gives off sulphur 
d ioxide fumes, which have a ra th e r  strong smell. 
The first charge of iron tapped , owing to  its  long 
con tac t w ith  th e  coke, invariably  contains more 
su lphur th a n  th e  succeeding charges, and which, 
by th e  way, should no t he used fo r small castings 
th a t  have to  be machined. I f  the  succeeding 
charges should give off these fum es th en  steps 
should be taken  to elim inate some of the  sulphur 
by th e  above means. I f  the  means are no t a t 
hand , e ither in  th e  shane of high m anganese irons 
o r ferro-m anganese, and soft castings are  required, 
th en  th e  silicon co n ten t of the m ix tu re  should be 
increased.

SulphurlPrints.
A quick and reliable m ethod of testing  for 

su lphur is by m eans of su lphur prin ts . These 
p rin ts  enable one to determ ine the sulphur in iron 
to  w ith in  a fa ir  degree of accuracy. As the effects 
of su lphu r on cast iron are m any, and its influence 
is g rea t, these p rin ts  often im p art valuable in 
form ation  to  th e  person concerned. W hen a 
su lphu r p r in t is desired a piece of iron casting or 
pig is taken , and a smooth surface obtained either 
by m achining or an  emery wheel, tak ing  care to  
have the  surface free from  grease and d irt. A 
3 p e r cent, solution of sulphuric acid is then  pre
pared . A piece of o rd inary  brom ide photographic 
p a p e r  the  size required  is now dipped in the acid 
and then  pressed in close contac t w ith the smooth
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surface of the  iron, and  held th ere  for 30 seconds 
o r 60 seconds as desired. The acid causes the  
su lphur to  leave th e  iron  in  com bination  as a gas, 
which acts upon th e  brom ide in  th e  p aper, p ro
ducing d a rk  o r ligh t sepia t in ts  corresponding to  
th e  d is trib u tio n  of su lphur. The p r in t  is then  
washed in  w ater an d  fixed by w ashing in  hypo 
solution. I f  a  series of these p rin ts  are  m ade, say 
from  0.025 p 6r  cent, to  0.125 p er cen t., th e  
labora to ry  estim ation  corresponding to  each p r in t  
being known, and  a re  used as a s tan d a rd , th en  any 
iron  th a t  comes along whose su lphu r con ten t is in 
doubt, a p r in t can be tak en  and  th e  su lp h u r d e te r
m ined approxim ately  by com parison of colours.

Coke Beds. s
A m ost im p o rtan t fac to r in  th e  m elting  of iron  

sa tisfac to rily  is th e  coke bed. The dep th  of th is  
will vafiy according to  th e  d iam eter of th e  cupola, 
th e  am ount of a ir  delivered and  th e  q u a lity  of 
coke, b u t i t  m ust he m ade and  m a in ta in ed  a t  a 
sufficient he igh t above th e  tuyeres to  p rev en t the 
iron coming in contac t w ith  th e  blast. The size of 
th e  coke bed should n o t be determ ined  by w eight, 
as i t  is a fa c t th a t  some cokes a re  heav ie r th an  
o thers, and a big difference in  th e  dep th  of the  
bed will ta k e  place if judged  by w eight. M ore
over, even if only one qua lity  o f coke w ere used 
the  cupola lin ing  is g radua lly  lessened a f te r  
successive m eltings, and th e  w eight of coke th a t  
would be suitab le  for a newly lined  fu rnace  would 
not be sufficient fo r th e  same fu rnace  a f te r  several 
days blowing. Therefore th e  sa fe r p lan  is to  have 
an iron  rod cu t to  th e  requ ired  length , th en  by 
in serting  i t  th rough  th e  charg ing  door th e  dep th  
of the  bed may be ascerta ined . W hen the  bed is 
m ade o f th e  desired h e ig h t th e  charg ing  can  he 
commenced. The a u th o r’s p ractice  is to  charge 
20 cwt. of ipig-iron and  scrap, th e  am oun t of scrap 
will depend on th e  quality  of p ig-iron used. The 
pig-iron is charged first and  placed as evenly as 
possible upon th e  coke bed, th e  scrap is th en  spread 
evenly upon th e  p ig - iro n ; coke is th en  sp read  
evenly over th is. The process is repea ted  u n til 
th e  cupola is filled level w ith  th e  bottom  of the  
charg ing  door. The chief p o in t when charging the  
furnace is to  see th a t  the  correct am ount of pig-
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iron, scrap and coke is charged, and to  ascertain  
th a t  they  are  d is tribu ted  as evenly as possible.

Chambering.

T here a re  very few furnaee-m en who have not a t 
one tim e or ano ther experienced th e  cham bering of 
th e  cupola. This is usually due to the coke bed or 
a po rtion  o f i t  being burned too low, probably 
th rough  one or more of the following causes, 
nam ely, charging too heav ily ; charging th e  m etal 
down th e  side of the  cupo la ; uneven d istribu tion  
of coke, i.e., leaving p a r t  of th e  iron charged un 
covered w ith coke, o r charging heavy lumps of 
scrap. Any of th e  above irregu la rities a re  likely 
to  o rig inate  the  cham bering of the  furnace. Cupola 
chargers, as a rule, a re  no t long in finding out 
th a t  th e  m etal m elts much quicker a t a  red  or 
yellow h e a t th a n  i t  does a t  a  w hite hea t, and 
where large o u tp u ts  a re  required  they  are a p t to 
tak e  advan tage  of th is knowledge and  charge more 
heavily  th an  they should. Of course, where 
w eighing m achines are installed there  is less likeli
hood of th is  happening. Assuming th a t  the charges 
of iron are  o u t of p roportion  to the coke charged, 
th a t  is, supposing only sufficient coke was p u t on 
to m elt 10 cwt. of iron, and e ither through a mis
take  o r otherw ise 12 cwt. were charged, then 
w hat happens is—th ere  will no t be sufficient coke 
charged w ith  th e  iron  to  m elt th e  whole of it, 
th e  rem ainder has to  be m elted w ith the bed coke, 
w ith a consequent lowering of the  bed and also a 
lowering of th e  tem p era tu re  of the iron, and each 
successive charge as it  en ters the  m elting zone will 
use up a portion  of the  bed coke u n til i t  gets so 
low th a t  the  iron is close to  the tuyeres and the 
cold b las t will blow upon an d  chill it. I t  then  
sticks to  th e  sides of the  cupola im m ediately above 
th e  tuyeres, and any molten iron th a t  drops upon 
th e  chilled iron  becomes chilled in  tu rn  and so 
gathers, and  if steps are  n o t taken  to stop i t  i t  
will soon extend across the  cupola and preclude 
fu r th e r  m elting fo r th e  day.

The same effect may be caused by charging 
too m uch iron  down the side of the  cupola, only 
w ith th is  difference, when the charges are  too 
heavv th e  whole of the  coke bed is lowered and
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the  cham bering is commenced all round  the  
cupola. W hen charg ing  down one side 
the  cham bering commences only on th a t  side of 
th e  cupola where th e  bulk of m etal has been 
throw n. The sam e th in g  applies when th e  coke 
has no t been evenly d is trib u ted  over th e  iron, th a t  
is, where p a r t  of th e  m etal charged  is le f t u n 
covered w ith coke, and  instead  of hav ing  a layer 
of coke between and sep ara tin g  each charge, iron 
to iron is charged. This has th e  sam e effect as 
charg ing  too m uch iron  down one side of th e  
cupola.

Melting Large Lumps.
W ith  reg ard  to heavy lum ps of scrap , i t  is 

in te resting  to  note th a t  th e  au th o r has m elted 
lum ps of scrap w eighing from  10 to  14 cwt. success
fully, th a t  is, w ithou t low ering th e  tem p e ra tu re  
or showing any signs of cham bering ; b u t th e  follow
ing p recau tions have always been tak en , nam ely, 
w aited  u n til th e  a fte rn o o n ’s blow when the  fu rnace  
has been a t  its  h o t te s t ; given an  e x tra  q u an tity  
of coke; placed the  lum p of scrap as n ea r th e  
centre of th e  cupola as possible, and  placed 4 to  5 
cwt. of ligh t scrap around and on top of it. The 
object of p lacing th is lig h t scrap  around  the  heavy 
scrap is to get it  to assist in  the  m elting of th e  
heavy lum p. Owing to  its th in n e r section i t  will 
m elt much quicker, and  as th e  m olten m etal ru n s  
around  and over th e  lum p i t  will assist in  its 
m elting. I f  the above p recau tions a re  n o t tak en  
i t  is probable th a t  th e  heavy lum p of scrap will 
wear away a q u a rte r  of th e  bed coke and  cause 
cham bering.

Precautions Necessary to Prevent Chambering.
H aving  s ta ted  some of th e  causes of cham bering, 

i t  will be as well to s ta te  w hat steps a re  necessary 
to  be tak en  to  remove it . An observan t furnace- 
m an can soon tell w hether his fu rnace  is w orking 
properly o r not, and if no t, if he is au fa it  w ith  
his work, will a t  once tak e  steps to  rem edy th e  
fau lt. F ir s t considering heavy charg ing , the  first 
m etal tapped  may be ra th e r  lower in tem p era tu re , 
and th e  th ird  charge tapped , owing to  th e  low ering 
of the coke bed, will be still lower in  tem p era tu re . 
The efficient fu rnace-m an will know th a t  th e re  is 
som ething wrong, e ith e r th a t  sufficient coke has 
not been charged, o r th a t  th e  charges of iron are



too heavy, and he will a t  once take  steps to Temedy 
th is by giving more coke to  raise the bed to its 
p roper he igh t and reduce th e  weight of liis charge. 
B u t i t  m ight be th a t  before th is  ex tra  coke and 
reduction  of charges can take  effect, th a t  the  coke 
bed is so lowered th a t  the cham bering has already 
commenced. In  such a case, th e  only remedy is 
to  stop-off th e  top  row of tuyeres and prevent the 
cold b last from blowing on to  the iron and m elt 
w ith the  bottom  row of tuyeres only. This, of 
course, will lower the -melting zone and re ta rd  the 
m elting a litt le , b u t the ho t gases rising  from the 
new m elting zone will have the effect of m elting 
away th e  iron th a t  has gathered  about the  top 
tuyeres. The m elting m ust be continued w ith the 
bottom  row of tuyeres, u n til th e  ex tra  coke has 
reached the orig inal m elting zone and then  the 
stoppers may be moved from  th e  top tuyeres and 
norm al blowing resumed.

Overcoming Difficulties.
W hen cham bering has commenced through too 

m uch m etal being charged down the  side of the 
fu rnace o r changing m eta l to  m etal, o r by heavy 
lum ps of scrap, i t  may be detected and remedied 
by tak in g  th e  following steps. The fum ace-m an 
should m ake an inspection a t regu lar periods to 
see th a t  h is cupola is working properly. This ho 
is enabled to  do by looking th rough  the  peep-holes 
th a t  a re  placed in the centre of each tuyere lid. 
I f  on looking th rough  these he finds th a t  the coke 
a t  th e  end of the  tuyeres pipes is_ burn ing  brightly 
he knows th a t  th e  fu rnace is working satisfactorily. 
B u t sometimes he will n o t be aJble to  see in to  the 
cupola th rough  one o r more of these tu y e re s ; the 
coke instead  of bu rn ing  brightly  is a dense dark  
mass.

T his m ay n o t be serious, as it  may only be 
caused by some of the  slag dropping upon the 
coke and  becoming chilled by the cold blast. _ On 
the  o ther hand , i t  m ay be caused by chilled iron 
and slag. I f  th e  form er i t  can easily be removed 
by in sertin g  a n  iron  bar through  the tuyere pipe 
and poking i t  away. In  th is  case a f te r  removing 
th e  obstruction  ano ther piece of coke will descend 
from  th e  coke bed and tak e  its  place. I f  the  
la t te r  is the  cause then i t  will be more difficult fo
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be removed, and if a fte r  its  rem oval m ore coke 
does n o t come down to tak e  its  place, tlien  the 
furna'ce-man should know th a t  th e re  is some 
obstruction  above th e  tuyere  th a t  is p reven ting  
the  descent of th e  coke. S tep s  should be a t  once 
tak en  to  rem ove the  obstruction  ; th is  can only be 
done by a t  once stopping off th e  tuyere  o r tuyeres 
and p reven ting  th e  cold b last from  en te r in g  the  
cupola, and by  charg ing  ex tra  coke down th a t  
side of th e  cupola where th e  cham bering  has taken  
place. By th e  tim e the e x tra  coke has reached 
the m elting  zone th e  obstruction will have been 
m elted away by the  ho t gases genera ted  by th e  lower 
tuyeres. All th is  only applies to  cupolas th a t  a re  
provided w ith  a  double o r m ore rows o f tuyeres. 
I f  th e re  is only one row of tuyeres an d  cham bering 
has commenced it  is highly im probable th a t  the  
obstruction can  be burned away by stopping off 
th e  tuyere , as th e re  is n o t sufficient h e a t generated  
below the  tuyeres to  m elt th e  iron away.

Scaffolding.
A nother source of troub le  in cupola p rac tice  is 

the  scaffolding of charges. This m ay be caused 
e ither by th e  bad  condition  of th e  lin ing , or 
charg ing  pieces of p ig-iron o r scrap  th a t  a re  too 
long, and  becoming wedged against th e  sides of 
the  cupola, th u s  holding up th e  charges above. 
I f  th e  scaffolding tak es  place n ea r th e  charg ing  
door i t  m ay he lib era ted  by poking a t  i t  w ith  an 
iron bar, b u t if i t  takes p lace some d istance down 
th e  cupola and i t  cannot be reacted  w ith  a  b ar th e  
best p lan  is to  stop blow ing for a tim e. Then as 
the fu rnace cools down th e  m e ta l will co n trac t a 
li tt le  and th u s  lib era te  th e  scaffold. A nother 
reason for stopping  th e  b las t is thiat, if blowing 
was continued  fo r some tim e th e  coke th a t  was p u t 
on to  m elt th e  oliarp-e would probably be burned 
away before th e  scaffolding was. Liberated, and  th e  
consequence would be dull iron . E x tra  ooke 
should aL'Ways be charged when scaffolding taJkes 
place, and th e  charges a re  held up for any length  
of tim e, as i t  is alm ost ce rta in  th a t  some of the  
coke will have bu rned  away and i t  will requ ire  
th is  ex tra  coke to  ra ise  th e  bed to  its  p roper level.

M ost fu rnace  mien will have experienced a diffi
culty from  tim e to  tim e in ru n n in g  off th e  slag. 
This m ay be due to  an  insufficient supply of lim e



stone, or a tuyere  placed too near the  slag notch, 
or i t  m ay he caused by a leakage between 
the brickwork lin ing, allowing the blast to  blow 
upon th e  slag us i t  leaves th e  slag notch. If  i t  is 
due to  lack of lim estone the slag will be a thick 
pasty  mass, and  only con tinual poking w ith a bar 
up  th e  slag hole w ill allow the slag to  run . If  a 
tuyere  is placed too near th e  slag hole the  oold 
b last will lb low uipon th e  slag and lower its  fluidity, 
and  in tim e, ow ing to  its chilling effect, stop it  
from  ru nn ing  out. An indication of sla'g being 
chilled Ijy the  blast is the presence of slag wool 
floating abou t th e  slag hole. W hen th is appears 
i t  is advisable to  stop off th e  tuyere  nearest the 
slag hole. I f  th is  does no t a rrest the  m aking of 
sla'g wool or allow th e  slag to  run  off freely, i t  is 
probable th a t  the slag is chilled by a leakage be
tw een th e  bricks above th e  slag notch. Then the 
only action to  tak e  is to  cu t away the chilled slag 
and w ith a’ fla t ¡bar place some gan ister on top of 
th e  slag notch and  stop the  leakage. Some furnace 
men will con tinue blowing un til the slag is cut 
away from  th e  slag hole, the  tim e taken  to  do 
th is  may be 30 m inutes o r even longer, depending 
on its  ex ten t. In  the  m eantim e th e  slag is accumu
la tin g  in  th e  furnace, and th is  cannot bu t be a 
d e trim en t to  the  quality  of the  iron, because the 
m olten m etal as i t  drops from the  m elting zone 
will have to  pass th rough  a th ick  layer of slag, 
which will n o t only low er its tem perature , bu t the 
m etal will tak e  up some of the  oxides from the 
slag and  probably cause w-asters.

Slags.
The tem p era tu re  a t  which th e  m etal is melted 

is closely associated w ith the  composition of the
T a b l e  I .-— Composition and Colour o f Cupola Slags.

No. 1.
SiO, 53.00 ...
F e ,0 , 23.40
Ai;0 3 1.60 ..
MhO 12.00 ...
OaO 10.00 ...

S to n ey  G reyish
B l a c k . ___________________

slag, as is also the  condition of the iron charged.
I f  a ru s ty  o r oxidised iron is charged into the
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No. 2. No. 3.
45.00 50.80
17.92 16.00
8.08 8.20

13.00 14.80
16.00 10.20

B a rk  Olive L igh t B row nish
G reen. Green.
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cupola the  resu lt is a black slag caused by an  
excess of oxide of iron. I f  th e  m elting  zone is n o t 
kep t up to  its  p roper he igh t th e  m eta l will become 
oxidised an d  give th e  sam e effect.

The colour of th e  slag is a  gu ide  to  its  composi
tion , as is shown in  Table I. In  th e  case of No. 1 
th e  stoney black appearance  is caused by an  excess 
of iron, along; w ith  a f a i r  q u an tity  of lim e and  
only a small am ount of alum ina.

No. 2.—The colour of th is  is due to  th e  lower 
percen tage of oxide of iron, and  to  an increase in 
the MnO and  alumina!. #

No. 3.—The colour of th is  is due to  a fu r th e r  
reduction  of oxide of iron and an increase in the 
percen tage of MnO and  alum ina.

Shape of Cupola.
A nother cause of bad m elting is due to  th e  

cupola becoming o u t of shape. W hen a  fu rnace  
is newly lined i t  should he as nearly  c ircu la r as 
possible, and it is p a r t  of the  fu rnace  d resser’s d u ty  
to  see th a t  i t  is k ep t so. B u t som etim es, probably 
due to  a low b last p ressu re  o r an obstruction  in 
fro n t of the  tuyeres, th e  b last will hug th e  sides 
of th e  fu rn a c e ; when th is  happens th e  lin ing  is 
quickly scoured away. New if th e  fu rn ace  dresser 
should neglect to  build th is  up to  its  o rig inal size, 
or a t  least in  a line w ith  th e  o th e r brickw ork, then  
du rin g  th e  following blow m ore of th e  lin ing  will 
be ¡burned away, and a cav ity  w ill he form ed. 
H ea t, like an y th in g  else, will follow th e  line of 
least resistance, therefo re  instead  of th e  charges 
g e ttin g  th e  full benefit of the  h e a t generated , a 
la rge  am ount of i t  will be w asted by i t  passing up 
th a t  side of th e  fu rnace  which offers least re s is t
ance- Some years ago troub le  wias experienced 
w ith  a cupola. The iron  could no t be m elted 
e ith e r sufficiently h o t o r fast, and  a t  th e  end of 
th e  blow th e  fu rnace , in th e  region of th e  m elt
ing zone, was prac tica lly  choked w ith  iron and  
slag. The fu rnace  m an  blam ed th e  chargers, of 
course, so th e  a u th o r sp en t a  whole day on to p  
of the  stage  and saw th a t  the  charges of iron  an d  
coke wrere evenly d is trib u ted , b u t th e  re su lt was 
th e  same. The n ex t day a f te r  th e  cupola had  been 
chipped o u t an inspection was m ade of th e  cupola, 
and i t  w&'s found th a t  the  lin in g  from  th e  top  
tuyeres to  about a foot above th e  m elting  zone had
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b u r n e d  a w a y  to  a  d ep th , o f  6 o r  8  in s . ,  a n d  t h a t  
t h e  f u r n a c e  in s te a d  of b e in g  c i r c u la r  w as eg g  
s h a p e d . T h e  -re su lt o f  th i s  w as , t h a t  w h en  b lo w in g  
do w n  w i th  a n  in s u f f ic ie n t  s to c k  in  th e  c u p o la  to  
c o n f in e  t h e  h e a t ,  o n ly  a  p o r t io n  of t h e  l a s t  tw o  o-r 
th r e e  c h a r g e s  w e re  m e lte d , t h e  r e m a in d e r  b e in g  
s tu c k  to  t h e  s id e  of t h e  c u p o la  in  a  p a s ty  c o n d i t io n . 
B e fo re  u s in g  th e  c u p o la  a g a in  t h e  b r ic k w o rk  w as 
ro u n d e d  off, a n d  n o  f u r t h e r  d if fic u lty  w a9 e x p e r i
e n c e d .

Tuyeres Must Not Project.
A nother fa u lt th a t  is likely to  upset the  chemical 

calculations of th e  m ix tu re  is caused by allowing 
th e  lower p a r t  of th e  tuyeres to p ro jec t in to  the 
furnace. Anyone who- has looked th rough  the 
peep-hole of a  tuyere  will have noticed th a t  th e  
m olten m etal falls from  th e  m elting zone like 
drops of ra in . Some of these fall on the  projec
tion and  a re  im m ediately chilled by th e  cold blast. 
As the  mo-lten m etal continues to  drop on the. pro
jection th e  o u tle t of th e  tuyeres is gradually 
closed and  th e  pressure of a ir is increased, if 
th e  sam e volume is delivered, which is th e  case 
w here a  positive blower is used. The effect of th is 
is to  Bessem erise th e  iron, id est owing to the  
increased velocity of th e  blast due to  the- closing 
up of the  tuyeres, the  a ir  passes th rough  the  molten 
m etal as i t  drops by th e  tuyeres, and oxidises the 
various elem ents in th e  m etal, especially the 
silicon. The re su lt of this is th a t  although a m ix
tu r e  of iron has been charged to give a  certain  
analysis a f te r  th e  allowances have been m ade for 
o rd inary  losses and  gains in  m elting, a different 
resu lt will be obtained. I t  may be th a t  th e  chem ist 
has calculated his m ix tu re  to  give a silicon content 
of 1.5 per cent, a t  th e  cupola spout, b u t owing to 
excessive o x id a tio n , -due to  th e  increased blast 
p ressure, a silicon con ten t of 1.2 per cent, is 
ob tained , which will account for the com plaints 
from  th e  m achine shop about castings being h a rd  to 
m achine.
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Birmingham Branch.

BRASS* FOUNDRY “ IMPS.”

By D. White.

The ancien t w riter, in dealing  w ith  evil, gives to  
i t  a  personality , se ttin g  i t  up as som ething which 
is an tagon istic  to  good, speaking  of i t  as belonging 
to  a  ce rta in  kingdom  and  of its being possessed of 
g re a t power, -which i t  con tinually  exercises in  th e  
fru s tra tio n  of all th a t  is progressive and  fo r th e  
good of m ankind. F inally  he gives i t  th e  charac
te r  of a w restler, w ith  which all tru e  progress m ust 
engage.

Now across the  p a th  of every progressive 
foundrym an th e re  stands a  host of opposing forces 
or evils, which m ay be called “ Foundry  Im ps,”  in 
order th a t  ch arac te r m igh t be given to  them .

The Birth of the Imps.
The adven t of th e  “ Im ps ” can be im agined to  

be as follows: —
M any cen tu ries ago, two imps (there  m ust have 

been tw o on account of th e  num bers th a t  have been 
here ever since) w ere cast o u t of th e  in ferno  on 
account of th e ir  wickedness.

These “ Im ps,” finding them selves homeless, be
gan to  look for a su itab le  place w here they  m ight 
set up a colony.

Passing  an iron foundry  one day a t  casting  tim e  
(Messrs. “ Tubal-Cain & Com pany ” ) Im phenous 
suggested to  Im phen ia  th a t  th is  would m ake an 
ideal squatting  place, ,as i t  ce rta in ly  resembled th e  
old home more th an  an y th in g  he h ad  seen since 
they le ft there , and as th e  people would have no 
m eans of catch ing  them , they  should be able to  
live com fortably and  oa'r.ry on th e ir  destructive 
work for m any years.
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So together they entered  th e ir  fresh abode.
F o r a  long period th ings w ent on very well, b u t 

as the  num ber of the  imps increased, fresh fields 
had to  be sought for th e ir exploits.

A bout th is  tim e a firm trad in g  under th e  nam e of
Aeron & Com pany,”  casters of Precious M etals 

and  o ther N onferrous Alloys, cam e into prom inence. 
The imps, a f te r  discussing th e  m atte r , decided to  
invade th e  N onferrous Foundry also1,' and carry  
on th e ir  cam paign of destruction  th ere  too.

The Creation of the Imp Army.
This deliberation  was carried  ou t w ith g re a t suc

cess by th e  “ Im p A rm y,”  and for m any centuries 
they  held the sway in every nonferrous foundry on 
ea rth , and  to-day, in sp ite  of m odern science, they 
a re  as vehem ent in th e ir  a ttacks as ever.

O ne of the  m ost vicious of th e  imp family is 
“  Im p  O xygen,” ,as qu ite  50 per cent, of the brass 
foundrym an’s troubles em anate from th is small 
youth.

L ike most o ther th ings and beings, th is Im p 
is all r ig h t when in his proper place, and from a 
health  p o in t of view we gladly welcome him as 
a d ilu tin g  agen t in to  the th ick  atm osphere of our 
foundries—th a t  is, of course, when he does not 
come in “ d rau g h t ” form ation. N ot only does Ik, 
su s ta in  life, bu t he is also th e  main support ot 
com bustion.

The n itrogenous ch ario t in which he rides is 
four tim es h is own weight, and when th is vehicle 
has bfoiught him  in to  con tac t w ith th e  red-hot coke 
of th e  fu rnace he alights and jo ins affinity w ith 
th e  carbon of the  coke— dismissing his chario t of 
nitrogen , which passes, apparen tly  unaltered , 
th rough  th e  h o t fu rnace to  the  atm osphere above.

The re su lt of th e  “ Im ps’ ”  association w ith 
carbon is th a t  th ings become hot, th is  union being 
a tten d ed  by som ething like 8,000 calories of h e a t ; 
th a t  is if th e  carbon is burned to carbon dioxide. 
In  th is  capacity  as a  su s ta iner of combustion vve 
again  welcome him.

Now th is  li tt le  imp has ail affinity for most 
crea ted  th in g s ; in fac t, i t  is estim ated th a t  one 
ha lf of th e  e a r th ’s c ru s t is m ade up of the small 
chap. the other half consisting of m ateria ls w ith 
which he is associated, such as sand, rocks, iron, 
etc.

z
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H is affinity for copper is very m arked, which, 
when in a hot viscous s ta te , seems to  bend to  his 
overtu res and receive him  in to  its very h ea rt. I t  
is here th a t  th e  sub tility  of th is  im p is m an i
fested. H e .arrives in thousands a t  th e  bottom  of 
the fu rnace  to  accomplish th e  work of reducing 
th e  solid copper to  th e  m olten s ta te , and a t  th e  
sam e tim e  thousands m ore a re  in w aiting  in  th e  
upper regions of th e  fu rnace ready  to  a tta c k  the  
m etal when the r ig h t tem p era tu re  has been 
reached.

Results of the Attack.

S trik in g  evidence of the effects of th is  union are  
to  be found now as in all ages, in th e  worried 
countenances and lean banking  accounts of many 
brass foundrym en.

I t  canno t be hoped in  one short a rtic le  to  deal 
w ith all th e  d isastrous resu lts which a re  th e  o u t
come of a simple flirta tio n  on th e  p a r t  of copper 
w ith th is  wicked li tt le  imp ; y e t th e  lim ited  space 
a t  our disposal m ight be used in dealing  w ith  some 
points which, a lthough common knowledge to  m any, 
may be th a t  one th in g  lacking in  th e  experience 
of some.

Once copper has embraced th is wily imp th e re  is 
produced a  g re a te r  am ount of gangerine, or Cu„0 
inclusions in th e  m etal th a n  one would a t  first 
c red it.

F ig . 1 shows the  am ount of Cu20  (often referred  
to  as d ir t)  produced by vary ing  am ounts of oxygen 
absorbed by th e  copper. The d iag ram  shows th a t  
when m olten copper con ta in ing  less th a n  0.38 per 
cent, oxygen solidifies, copper crystallises out first, 
and la te r  in  betw een th e  copper crystals there  
solidifies a eu tec tic  of copper and  cuprous oxide. 
This eu tec tic  con ta ins abou t 3.45 per cent, of Cu20 , 
equivalent to  0.38 p e r  cen t, oxygen.

W hen oxygen exists in  copper above the  eu tec tic  
proportion  0.38 per cen t, oxygen, Cu20  come9 o u t 
first u n til th e  eu tec tic  concen tra tion  is reached, 
when the  mass solidifies. A glance a t  th e  concen
tra tio n  axis will explain  th e  re la tion  of oxygen 
to capper.

Now as the  atom ic w eight of copper is 63, and 
th a t  of oxygen is 16, i t  will be noted th a t  for every 
p a r t by w eight of oxygen absorbed by th e  copper, 
or for every im p the copper embraces, nine tim es
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its own w eight of Cu20  is produced. W hilst the 
oxygen existing  as oxide eutec tic  is in the  pro
portion  of 30 to  1.

The influence of th is im p upon all m etals is 
more o r  less disastrous. H is union w ith t in  forms 
h a rd  crystals which oan be crushed to  pow der; 
th is  gives rise to  d ir t  and planes of weakness in 
th e  re su lta n t alloys. Oxide of zinc, which is some
tim es troublesom e, is ano ther of his products.

F i g . 1 .— C o o l in g  D ia g r a m  o f  t h e  C o p p e r -  
C u p r o u s  O x i d e  S y s t e m .

These tenacious films, which tend  to  cause dross 
and  cleavage planes in alum inium  and manganese 
bronze alloys, is ju s t ano ther of th is  im p s side- 
lines. .

V ery o ften  castings which m achine up perfectly, 
and are  apparen tly  w ithou t flaw, fa il miserably 
when under steam  or hydraulic tes ts. Oxide of 
copper in terspersed th ro u g h o u t the  mass is mainly 
responsible for th is  evil. C astings which do not 
requ ire  m achining, b u t have to give certa in  
m echanical tests, often  fail from the same reason; 
th a t  is, Cu20  inclusions.

F ie . 2 shows a  micro-section of a copper bar
z2
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a fte r  ro llin g ; no doubt the  annealing  and  w orking 
of the  'bar has g iven  to  th e  C u 20  th is  pecu lia r fo r
m ation. In  cast-copper i t  appears in patches and 
a netw ork of streaks, which w eaken th e  imetal in 
p roportion  to  th e  am ount of 0 u20  p resen t in  the  
charge. A good example of how th e  im p appears 
in gunm etal is shown in  F ig . 4, reproduced from  
th e  work of C arp en te r and  E lam , and  shows th e  
w eakening effect of Cu20  in  gunm etal castings. 
F ig. 3 shows a m icrophotograph of p a r t  of an 
ingot of comm ercial co p p e r; here  th e  ‘ ‘ im ps’ ’ ’ 
presence is again  m anifest.

The brass foundrym an dealing  w ith  h igh-tension  
bronze should be thoroughly  acquain ted  w ith  th e  
d ifferent b rands of copper on th e  m arket, as it  
is possible in dealing w ith  bronze of th is  ty p e  to  
drop two to  th ree  tons tensile, and  5 per oent. of 
the  required  elongation, th rough  using a w rong 
b rand.

In  th e  foregoing rem arks th e  possibility of C u20  
inclusion in  castings, caused by ceaseless efforts of 
“ imp oxygen ”  in  his a ttem p ts  to  b a r  the  foundry
man ’s way to  progress, has been tak en  in to  con
sideration .

Gas Holes in Castings.
As th e  t r a il  of th e  “ im p ”  is followed, i t  is 

found th a t  he proves him self to  be very adap tab le , 
possessing a p erfec t knowledge of th e  like9 and  
dislikes of m etals. H e knows as well as any m eta l
lu rg is t th a t  m ost m etals have the  power of dis
solving gases, and  in  o rder th a t  th e  fou n d ry m an ’s 
hours of sleep m ight be cu rta iled  and his banking  
account s till fu r th e r  depleted, he jo ins affinity 
w ith  any  srtray im p of carbon in  th e  neighbour
hood of th e  furnace, and  in th e  form  of CO (carbon 
monoxide) p resen ts him self to  th e  molten charge 
for acceptance.

The charge of m eta l inside the  crucible m ight be 
able to  deny him  an en tran ce , w ere i t  n o t for the 
“ w arm  em brace ”  of th e  im p’s friends outside, 
which finally succeed in b ring ing  the  charge in to  
such a condition th a t  i t  willingly becomes associ
a ted  w ith  th is  im portuna te  li t t le  imp. As soon 
as he has gained admission he m akes h is presence 
known by expanding him self a t  a  ra tio  of 1-273 
p a r t  of h is volume for every degree C en tigrade 
added to th e  m etal by his re la tives opera ting  on
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th e  outside of th e  crucible. W hen a  c e rta in  tem 
p e ra tu re  is read ied , he m ysteriously goes in to  solu
tion  and  rem ains dissolved u n til such tim e as the  
castings a re  poured and  th e  m etal, th rough  loss 
of hea t, seeks to  regain  its  stable form . As th e  
tem p era tu re  drops th e  m eta l seems to  become 
conscious of th e  " im ps’ ”  presence, and  in  o rder 
to  redeem  its  good nam e, which du rin g  its  period 
of “ softness ” i t  had woefully lost, i t  seeks to  
expel from  its  mass th is  treacherous v illa in  who 
is seeking to  spoil its  usefulness as a m etal.

The expulsion of th e  “ im p ”  can  only be p a r
tia lly  accomplished on account of th e  film of m etal 
which has form ed ag a in s t th e  sides of th e  m ould, 
behind w hich we often  find masses of sm all cavities, 
which rep resen t th e  volume occupied by th e  imps 
a t  th e  freezing tem p e ra tu re  of th e  mass.

The Sulphur Imp.
I t  is n o t suggested th a t  .all gas holes in  castings 

are  the outcom e of th is  “ im p’s  ”  union w ith  c a r
bon as C O ; fo r when su lphur is p resen t in  th e  
gases of th e  furnace, one su lphur im p joins bands 
w ith  two imps of oxygen, and as su lphur dioxide 
(S0 2) they  a re  absorbed by th e  m etal, and like 
CO, go in to  solution, only to  be th row n o u t as 
th e  tem p e ra tu re  of th e  mass is lowered.

The effect of su lphu r upon copper-base alloys 
may be fa r  m ore deleterious th a n  is ad m itted  by 
some au thorities.

W hen we consider th e  n a tu re  of th e  o re  from  
which above 80 p er cen t, of th e  w orld’s  supply  of 
copper is ex trac ted , nam ely, th e  “ su lphide o re s ,” 
w ith an  average su lphur co n ten t of 35 p e r cen t., 
the  enorm ous affinity copper possesses fo r th is  im 
p u rity  will a t  once become clear. Seeing, then , 
th a t  those two elem ents a re  so closely linked to
gether in n a tu re , surely i t  is w ith in  th e  bounds 
of reason to  suppose th a t  m olten copper will seek 
th e  com panionship of th e  “ su lphu r im p ” if 
b rought w ith in  its reach.

A fundam enta l p rincip le  known to  all sm elters 
of copper ore would seem to  hear o u t th e  above 
s ta tem en t. The p rinc ip le  is, th a t  in m elting  down 
a charge  of copper sulphide ore, th e  copper has 
first claim  on any su lphu r p resen t, and not u n til i t  
is sa tu ra te d  does i t  allow th e  su lp h u r to  associate 
itself w ith any o ther im purities in th e  ore.
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Now th e  fa c t th a t  m anganese also possesses a 
g rea t affinity for th e  “ su lphur im p ” is well known 
to  m any iron  and  steel foundrym en.

-Manganese bronze may contain from 30 to  40 
per cen t, of zinc, and therefo re  should be
thoroughly de-oxidised, seeing th a t  from  1 ^ to  2 
per- cen t, of zinc, if properly used, is sufficient to 
de-oxidise copper. Y et i t  is generally accepted 
th a t  th e  add ition  of m anganese to  th is  alloy is 
fo r the  purpose of de-oxidisation, and  th a t  i t  is on 
th is  account th a t  th e  m etal exhibits such valuable 
properties.

The albove facts, coupled w ith observations which 
are  outside th e  scope of th is  paper, have led the  
au th o r to  suggest th a t  the  chief value accruing 
from  th e  add ition  of m anganese to  so-called m an
ganese bronze is n o t so much de-oxidation as
de-sulphurisation.

An experim en t was m ade w ith th ree  sm all ingots 
cas t from  an  in go t of comm ercial copper. No. 1
was oast a f te r  being m elted under a  cover of
ch a rco a l; th is  showed a s ta te  of excessive oxidisa
tion . No. 2 was m elted w ith  th e  addition  of 0.5 
per cent, of 30 per cent, m anganese copper; the 
condition  was only very slightly  altered . To ingot 
No. 3 was added 0.5 p er cent, of 15 per cent, 
phosphor co p p e r; the appearance of th is ingot, as 
well as th e  fra c tu re  of the  m etal, was all th a t  could 
be desired.

I t  would be in te restin g  to  know if th e  research 
w orkers have followed the tr a il  of th e  “ sulphur 
im p ”  to  its  la i r ;  th a t  is, in connection w ith cop
per-base alloys. N a tu re  would suggest th a t  beyond 
th e  cry s ta l boundary, in th e  close em brace of the 
copper itself, th is  im p finds a  res ting  place, and 
there , in chem ical com bination w ith copper, a 
fam ily is produced bearing  th e  nam e of “ copper 
su lph ide .” I t  is therefo re  reasonable to  suggest 
th a t  th e  diseases from  which copper-base alloys 
suffer, of w hich, season cracking is one, may find 
th e ir  genesis in  th e  reunion of copper and sulphur.

The Hydrogen Imp
H ydrogen, under ce rta in  circum stances, is always 

p resen t in  the  gases in  th e  furnace, and may be
o-reatly augm ented if th e  coke should contain an 
abnorm al q u an tity  of m oisture, as th is  gives rise 
to  th e  form ation of hydrocarbons.
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I t  also associates itself w ith  su lphur, p roducing 
a very troublesom e gas nam ed hydrogen sulphide. 
This gas is said  to  be responsible fo r 15 to  20 per 
cent, of th e  gas holes in  gunm eta l and m ost non- 
ferrous castings. F ig. 5 gives some ind ication  of 
the  dam age these imps a re  capable of doing. This 
is n o t an uncommon sigh t in  foundries w here a 
“ strang le  hold ” is n o t kep t on th e  ' im p arm y.

The Battleground.
The b a ttleg round  on w hich 50 p er cent, of th e  

success o r fa ilu re  of th e  b rass foundry  is decided 
is th e  fu rnace  room. The office m ay be equipped 
w ith  th e  finest cost-keeping system  e x ta n t , and  yet 
find smooth ru n n in g  very difficult on account of 
the  replace work, p a r t  m achines, e tc ., which cer
ta in ly  follows in  th e  tr a i l  of bad m elting  practice . 
There is m ore tru e  economy in stocking a  dozen 
crucible rings an d  covers th a n  in  p rov id ing  an 
overstock of office fu rn itu re .

H av ing  noted  th e  cha rac te r of these imps and 
th e ir  m ethods of a ttack , also th e  b a ttleg ro u n d  on 
which they  seek to  a rre s t progress, th e  foundry- 
m an, if .wise, will seek to  in s tru c t h is furnace- 
m an, n o t only to  b rin g  m etal to  a fluid s ta te , b u t 
also to  become conscious of h is unseen enem ies 
“ th e  im ps,” who, though unseen, a re  nevertheless 
real. The conservation or holding back of know
ledge of th is  ch a rac te r from  the  in te llig en t fum aoe- 
m an is a  iruinous policy, and one which has g rea tly  
ham pered foundry  progress.

By a simple ob ject lesson a  forem an may teach  
his fu rnacem an m ore in te n  m inu tes th a n  if le ft 
to  him self he would lea rn  in  te n  years.

To m any fum acem en, oxide of copper is b u t a 
nam e, w hilst hundreds of o thers have never even 
heard  of it, although  they  m ay be m ainly respon
sible for its  p roduction  every day.

I f  th e  forem an will ge t h is fu rnacem an  to  p u t 
a piece of sheet copper scrap  o r rod in  the  fu rnace, 
and when i t  has reached a red  heat, w ithdraw  i t  
and allow i t  to  cool down on a  p la te  so th a t  th e  
oxide of copper form ed can be gathered  up  and 
inspected by th e  furnacem an, who shout'd be to ld  
th a t  the  m ateria l which resembles d ir t  is respon
sible fo r miany of the gas holes an d  C'u20  inclusions 
in castings. By th is  sim ple lesson he will u n d er
stand  one of the  charac te ristics of th e  enemy, and
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th u s he will be the  b e tte r able to shield the m etal 
from  his subtle a ttacks.

The m anagem ent should see th a t  he is en 
couraged to do th is, by keeping th e  tools in  the  
foundry  furnace room in good repair.

H e should also be provided with a suitable flux 
or covering for th e  m etal—charcoal, borax, and 
common sa lt in  equal quan tities is a’ very effective 
p ro tec ting  medium. I t  is b e tte r  to  spend 10s. in 
p u tt in g  th e  roo t of th e  m a tte r  r ig h t than  to  w ait 
u n til th e  harvest and lose £20 th rough  the  pro
duction  of bad fru it.

There should also be kep t in a dry place a supply 
of 10 or 1-5 per cent, phosphor copper. I t  is a

F i g . 5 .— G a s  H o l e s  i n  G u x j i e t a l  
C a s t i n g s .

good p ractice  to  always use about 0.5 per cent, 
of th e  m ate ria l in dealing w ith gunm etals of a 
low zino conten t.

Coke for th e  furnaces should be of the highest 
calorific value, and should be broken in suitable 
pieces. This rem ark  may seem superfluous, but the 
difference between good and bad m etal has often 
been traced  to  bad firing, caused by the uneven 
condition  of th e  coke. I t  is im p o rtan t th a t  a 
charge of copper should be m elted w ith the first 
charge of coke ff a t  all possible, and for th is 
reason i t  is b e tte r  to  have th e  furnaces a little  
too la rg e  ra th e r  th a n  too small.
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The Trail Hunter.

I t  may be in te res tin g  to  reco u n t the  sto ry  of the  
old m aster-foundrym an who was in  difficulties over 
some 99 p e r cent, copper casting  wthich weighed 
about 150 lbs. The castings as p roduced were use
less, the  m etal being  fu ll of sm all holes. •

H e determ ined to  find o u t th e  cause of these 
defects, and s ta rted  o u t on th e  following t r a i l : — 
F ir s t  he exam ined th e  mould, which he concluded 
was by fa r  too dense. A mould was then  made 
according to  his own instructions, which, he de
clared, w'ould p u t  th e  m a tte r  r ig h t. T he resu lt 
was no change in  th e  condition  of th e  castings. 
The tr a il  th en  led him to  th e  corem aker, whom he 
upbraided  for m aking h a rd  cores, and  no t using 
sufficient m anure. T his second a tte m p t resu lted  
in fa ilu re  also. The corem aker was aga in  v isited , 
and asked to  show him  th e  m anure he was using, 
which resulted  in  th e  horse being blamed. The
i-oot of the difficulty was in  th e  furnace-room , 
where th e  copper had been carelessly m elted, and 
th e  add ition  of the  11, per cen t, of 15 per cent, 
phosphor-copper m ade w hilst th e  crucible was in 
the fu rn ace  and the m etal a t  too high a tem pera
tu re . W hen th e  p o t was draw n and  skimm ed off, 
im m ediately th e re  form ed a  skin of oxide on th e  
top of the  m etal on account of th e  phosphorus hav
ing passed off as a copper phosphide or slag. W hen 
th is film appeared  i t  was ta k e n  as an  ind ication  
th a t  th e  m eta l was ready for pouring, and  of course 
th is  procedure resulted  in th e  p roduction  of bad 
work.

The method adopted by th e  forem an was to  
m elt carefully  th e  capper u nder a  cover of char
coal, and when raised  to  a  sufficient hea t, w ithdraw  
and allow i t  to  s tan d  w ithou t skim m ing u n til th e  
casting  tem p era tu re  was reached. This tem pera
tu re  was ascertained by th e  application of an iron 
rod to  the  m etal, no pyrom eter being available. 
A t th e  r ig h t m om ent th e  charcoal covering was 
skimmed off, th e  deoxidiser applied, th e  m etal 
s tirred  and th e  mould cast. The re su lt was good 
castings.

Human Element.

The “  im ps ”  encountered in the  foundry  proper 
are  no t so m uch associated w ith m aterials, a s  w ith



G83

h u m a n  n a t u r e  i t s e l f j  in  f a c t  th e y  a r e  o f te n  r e 
f e r r e d  to  a s  t h e  “ h u m a n  e le m e n t .”

T h e  m o s t  im p o r t a n t  o f th e s e  is  “  im p  c a re le s s 
n e s s ,”  w h o  is  n o to r io u s  f o r  h is  u n t i r i n g  e f fo r ts  
a m o n g s t  a p p re n t ic e s .  H e  k n o w s t h a t  i f  h e  c a n  
su c c e ss fu lly  fo rm  th e  c h a r a c t e r  o f  t h e  la d  a c c o rd 
in g  t o  h is  o w n  law , w h ich  m ay  be  su m m e d  u p  in  
tw o  w o rd s  “ n e a r  e n o u g h ,”  lie  h a s  su c c e e d e d  in  
p u t t i n g  a  b a im ie r  in  t h e  w ay  of im p ro v in g  th e  
s t a n d a r d  o f  c a s t i n g s ; f o r  a  c a re le s s  a p p r e n t ic e  is  
a  c a re le s s  jo u rn e y m a n  in  t h e  m a k in g .

The first f ru its  of h is work are  seen in  the  tr im 
m ing shop. H ere from  25 to 100 per cent, more 
tim e is requ ired  to  deal w ith h is work th an  with 
castings of a reasonable standard  of perfection. 
Besides th e  tim e elem ent th ere  is to  be considered 
th e  wast.e in m etal caused by chipping, filing, and 
g rind ing , also th e  tools used in  these operations, 
hollowing th is there  comes from the  machine shop 
com plaints th a t  i t  is almost impossible to  se t these 
castings up tru e  on account of the ir distorted 
condition.

Gating.

In  dealing w ith  small work, much trouble arises 
ou t of th e  careless selection of su itab le  downgates. 
The au th o r p re fe rs small downgates w ith inggutes 
of a sufficient area, n o t only to  run  th e  casting, 
b u t to  insure th a t  it  is fed w hilst setting . This 
dem ands th a t  th e  m etal be cast a t  a slightly  h igher 
te m p e ra tu re ; a p ractice which produces b e tte r re 
sults th a n  when dull m etal is used.

In  m aking  gun-m etal castings for high-pressure 
w'ork i t  is very im p o rtan t th a t  heigh t be given to  
th e  ru n n e r . W hen thiis class of work is of a 
heavy ch aracter, reach ing  &' thickness of 2 in. or 
more, i t  is th e  usual p ractice in  m any foundries to  
chill th e  heavy p a rts  of the  castings, and also to 
feed th e  large risers w ith rods. Experience caused 
th e  au tho r to abandon th e  use of both chills and 
feeding rods in connection w ith gun-m etal work, 
except in  very exceptional oases.

Twelve castings were ordered, weighing 5 owts. 
each, which had  to  w ithstand  a hydraulic  te s t of 
4,000 lb9. p e r  square inch. The first one cast was 
chilled in a ll th e  heavy parts , and the  risers were 
fed w ith  rods u n til they  set. The o ther eleven were 
oast w ithou t chills and were no t fed in the m anner
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described above, b u t an  ad d itiona l h e igh t of bead 
was allowed. The only casting  th a t  leaked was th e  
one which was chilled” and  fed, th e  leaking ta k in g  
place where th e  risers ha'd been.

This condition  of weakness is ju s t  w hat one m igh t 
expect to  find in th e  m etal a f te r  such tre a tm e n t, 
and is oaused by th e  ag ita tio n  of th e  m eta l w ith  
the  feeding rod, as th e  cooling mass passes th rough  
its range of freezing tem pera tu res.

An exam ple of th e  care  requ ired  in th e  applica-
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F i g . 6 . — A n  A d m i r a l t y  G u n -  
m e t a l  L i n e r , s h o w i n g  St o n g i -
NESS ALONG THE D O TTED  L lN E
d u e  t o  F a u l t y  G a t i n g .

tion  of ru n n ers  is shown in F ig . 6. This rep re 
sents a short A dm iralty  gun-m etal lin e r, w hich 
tu rn ed  up spongy along th e  do tted  line as shown. 
The casting  wias said  to  be suffering from  all th e  
diseases a scrap  casting  could possibly h a v e ; when 
the responsible m an, a f te r  a close exam ination  of 
th e  casting , concluded th a t  th e  fa u lt lay in the 
fac t th a t  only one dow ngate had  been used, and 
th a t  the  flow of m etal had  been s tronger a t  th e  
ru n n e r  side th an  a t  th e  side opposite, and as a 
consequence an over-lapping took place, resu lting  
in th e  en trap p in g  of th e  film w hich should have 
risen in to  the head provided for it. An add itional 
g a te  p u t a t  th e  o ther side effected a cure. The
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position of runners is a de ta il over wh icii th e  
“  careless imp ” should have no control.

Sand Selection.
\  ery o ften  evidences of th is im p’s work a re  seen 

in th e  buying departm ent. A consignm ent of sand 
arrives, th e  tex tu re  and  bonding power of which 
renders i t  alm ost useless for a p a rticu la r class of 
work. B u t the  Ibuyer has been persuaded by the 
vendor to  o rder it , because i t  is cheap, and  a 
neighbouring  foundry is using i t  successfully. 
W hen a t  las t th e  trouble cloud bursts, resu lting  
in  th e  loss of castings and  cap ita l, and th e  jeopar
dising of th e  firm ’s repu ta tion , enquiries are  made 
which reveal th e  fa c t th a t  th e  o ther foundry is 
m aking  castings principally  in dry sand, for which 
th e  sand supplied is adm irably suited.

Some tim e  ago th e  au tho r pointed  o u t th a t  50 
per cent, of th e  iron foundrym an’s trouble vanished 
when he m astered the  cupola, and another 25 per 
cent, followed when he thoroughly understood the 
n a tu re  of th e  sand he  was using. The same holds 
good in  th e  (brass foundry.

The refractoriness of sand is of g re a t im portance, 
and, of course, as its  composition directly affects 
th is  p roperty , i t  is necessary to  keep as low as 
possible th e  fluxing agencies, such as alkalis, iron 
oxide, lime, and m agnesia, as these elements 
g rea tly  im pair th is  p roperty  and produce rough 
castings.

The difference between th e  firm who is producing 
m etal castings of an excellent quality  and th e  firm 
w hich is not, is th a t  the  form er has control of the  
“  im ps,”  while th e  la tte r , although unconscious 
of th e  fac t, is being controlled by them .

DISCUSSION.
T h e  B r a n c h - P r e s i d e n t  said he was particu la rly  

in terested  in Mir. W hyte’s rem arks as to faulty  
castings being a ttr ib u tab le  to  bad  copper, and he 
would like to know how M r. W hyte came to the 
conclusion th a t  th e  copper he used was faulty. 
W as he going by its  physical n a tu re?  Probably 
th a t  was no t the  case, o r  he would have found th a t  
th e  copper was bad before he used it. As to  the 
question of downgates, he said th a t  a considerable 
am ount of correspondence and experim ent on the 
subject was going on a t the present tim e, p a rticu 
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larly  w ith reference to iron. T here were a num ber 
of founders in  th is  coun try  who, hav ing  read  and 
seen w hat was done a t  th e  foundries of Messrs. 
R onceray e t  B onvillain a t  P a ris , were them selves 
experim enting  w ith a reduction  of dow ngates and 
runners. H e th o u g h t very  often  th e  solution to 
foundry trouble  lay n o t in  increasing th e  size of 
ga tes and risers b u t in  th e ir  decrease. B u t i t  was 
a fa c t th a t  a t  Messrs. R onceray’s foundries they  
ca s t up to  7 and  8 cw t. and ra n  w ith  only one 
dow ngate, and  th a t  only abou t five-eighths of an  
inch in  diam eter. H e was also very  much 
in terested  in  Mr. W h y te ’s references to  th e  effect 
of small q u an tities  o f im purities, and  he th o u g h t 
th a t  when s tuden ts  were lea rn in g  abou t the  
elem ents found in  iron  and  non-ferrous m etals it  
would be an  advan tage  if those elem ents were no t 
in troduced as elem ents b u t as the  com pounds in 
which they  existed  in  th e  m etal.

P r o f e s s o r  T. T u r n e r , in  proposing a vo te  of 
thanks to  the  lec tu re r, said M r. W hyte h ad  been 
both  p rac tica l and hum orous, an d  was an illus
tra tio n  of th e  old saying th a t the re  is m any a tru e  
word spoken in  je s t. Mr. W hyte had  spoken of the 
imps of th e  brassfoundry , and, of course, he was 
re fe rrin g  to  certa in  n a tu ra l laws which were in  
opera tion  in  the  foundry—laws of com bination, 
solution, expansion, and so fo rth . H e did not 
th in k  we need consider th a t  th ere  were any evil 
laws in n a tu re . They were all beneficial. I t  was 
only a question of ascerta in ing  how the}' acted, and 
how they could be employed to advantage. H e 
suggested th a t  these imps, by proper m anagem ent, 
could be converted in to  beneficent fairies. W ith  
reference to  oxygen in  copper, i t  was known th a t  
i t  had a very grave and in ju rious effect when 
present in th e  form  of cuprous oxide beyond a 
very lim ited am ount, b u t in brass th e  am ount of 
oxygen th a t  rem ained m ust be very sm all, because 
th e  zinc p resen t combined read ily  w ith  the  oxygen 
and formed a  scum, which was rem oved. I t  was 
no t very easy by analysis to  ascerta in  how m udi 
oxygen was left, b u t they  knew i t  was very small. 
H e spent some tim e in endeavouring  to  determ ine 
the  am ount of oxygen in  brass w ithou t any con
siderable m easure of success, b u t P rofessor C ar
p en ter and one of his assistan ts in troduced a
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m ethod which gave results, b u t the analy tical pro
cess was somewhat troublesom e. W ith  reference 
to th e  solubility of gases in  copper and copper 
alloys, solubility increased as tem p era tu re  rose. 
Gases le f t in  solution in any large q uan tity  tended 
to produce brittleness, and to  cause the  m etal to  
be low in elongation. I t  was extrem ely im portan t 
to  pour th e  m eta l a t  the  r ig h t tem pera tu re  if they 
were to  get the best results—free from gases and 
w ith th e  h ighest tensile strength .

The vote of thanks was seconded by M r. W. J . 
F lavell, and passed w ith cordiality.

Mb. I). 'W i l k i n s o n  said if a casting  could be so 
a rran g ed  th a t  th e  feeders fed i t  w ithout the in tro 
duction of a rod he had always found th a t  method 
f a r  more sa tisfactory  th an  if a rod  was introduced. 
T he only trouble  was th a t  to feed a casting  w ithout 
p u tt in g  in  a rod m eant th a t  th e  feeder had to  be 
considerably larger, involving more trouble in 
rem oving i t  and g rea te r waste of m etal. B ut in a 
very im p o rtan t casting  i t  was b e tte r to make sure 
of success even a t  more expense. H e was very 
in terested  in Mr. F ie ld ’s rem arks regard ing  Messrs. 
R onceray’s castings. More th an  tw enty  years ago 
he made a  series of castings ‘25 cwts. each, and  
these were cast w ith a small gate, of which the inlet 
m easured 1J in. x f  in. All th e  m etal passed 
th rough  th a t. I t  was exactly  the same type of 
ru n n er as Messrs. Ronceray showed in the 
d iagram s p rin ted  in T h e  F o u n d b y  T r a d e  J o u r n a l , 
and  i t  had  been used in some p a rts  of England 
fifty to  s ix ty  years ago. As to chills, he rem arked 
th a t  frequen tly  th e  troubles one overcame by the 
use of chill were only removed a t  the expense of 
o ther troubles which th e  chill b rought in  its  tra in .

R eplying upon th e  discussion, Mb. W h y t e  said 
th a t  as to  the  question of th e  selection of copper 
and how they  arrived  a t  the  best brands, it  was 
simply by tr ia l and error. All the  commercial 
b rands, th ree  of th e  principal brands a t  any ra te , 
on analysis were p re tty  well alike. Mr. W hyte 
afterw ards illu s tra ted  on the blackboard the 
m ethods employed in the  casting  of propellers.
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Newcastle Branch.

CAST IRON AND ITS CHEMICAL COMPOSITION.

By O. Smalley.

C u p o la -m e lte d  c a s t  i r o n  is  a  m a te r i a l  o f  u n 
k n o w n  th e r m a l  s t a b i l i ty ,  a  m e c h a n ic a l  m i x t u r e  o f 
e le m e n ts  a n d  c o m p o u n d s  w h ic h  o n ly  b y  c a r e f u l  
m a n ip u la t i o n  c a n  b e  a r r a n g e d ,  w i th in  c e r t a i n  
l im i ts ,  t o  g iv e  p h y s io a l p r o p e r t i e s  t h a t  r e n d e r  i t  
a  r e l ia b le  m a t e r i a l  o f c o n s t ru c t io n .

Because of its  economic value, th e  m eta llu rg ist 
has long endeavoured to  b rin g  i t  in to  lin e  w ith  
steel and o ther alloys whose physical p roperties 
a re  under reasonable control. R ecent repo rts give 
the  im pression th a t  our p resen t lack of knowledge 
o f th e  m etallu rgy  of cast iron is a re su lt of th e  
scien tist hav ing  concen trated  h is a tten tio n s  else
where. To a c e rta in  ex ten t th is  is tru e , because a 
knowledge of th e  constitu tion  of a sim ple series of 
elem ents is essen tial to  an  u nders tand ing  of a 
more complex series. A t th e  sam e tim e, although  
cast iron 'belongs to  th e  la t te r , i t  has been closely 
stud ied  alongside w ith  th e  sim pler com bination to  
which i t  is allied, viz., steel; and  although a  more 
com prehensive und ers tan d in g  of th e  physico
chemical p roperties of th e  iron-carbon and  the  
iron-carbon-m anganese com binations is possessed, 
i t  is only because they  give rise  to  a  series of tru e  
alloys, w hilst th e  com bination of elem ents known 
as “ cast iron  ”  does not.

M oldenke speaks of cast iron as a “ conglom era
tion of elements which is li tt le  understood .”  This 
ap tly  sum s th e  position  up  w ith  reg a rd  to  ou r p re 
sen t knowledge of th e  co n stitu tion  of cast iron. In  
all th ere  a re  18 to  20 different elem ents in cupola 
m elted iron which, g iving rise to  th e  presence of 
compounds of widely different chemical and 
physical p roperties, possesses c e rta in  definite 
lim itations.
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A recognition of these lim ita tions and  a know
ledge of the fundam enta l p rincip les con tro lling  th e  
production of any p a rtic u la r  com bination of physi
cal properties is th e  u rg en t need of to-day, not 
developm ent as a com petitor w ith  steel.

Chemical Composition.
The am ounts of the  usual elem ents in cast iron 

vary  as follow s:—C., 2.8 to  3.9; Si., 0.8 to  5.0; 
Mn., 0.3 to 1.3; P ., 0.10 to  1.80; and  S., 0.05 to 
0 .20 .

The chemical composition of cast iron  is some
w hat analogous to  th a t  of a m oulding sand ; i t  ind i
cates th e  principal elem ents p resen t, h u t i t  does 
not give any idea of the  chemical o r physical consti
tu tio n  of the  compounds form ed and th e ir  re la tion  
to one another, which factors control its  u tility . In  
other words, chemical com position is of li tt le  value 
w ithout a knowledge of th e  m eta llu rgy  of cast 
iron. U nfo rtunate ly , th e  m etallu rgy  of cas t iron, 
as previously s ta ted , is so complex th a t  as ye t i t  
is fa r  from  being a science: in fac t, so m any 
problems requ ire  im m ediate e lucidation  to-day th a t 
a close co-operation of th e  m eta llu rg is t and 
foundrym an is essential to  th e  successful produc
tion of commercial iron castings.

Semi-Steel.
Recently a large and rep u tab le  m an u fac tu re r of 

refined cast iron subm itted  for inspection various 
selling samples of his products. Am ongst these was 
one which had  been forged down to  a wedge shape, 
so p repared  to  dem onstrate  th e  quality  of th is  iron 
for the  m anufactu re  of h igh-grade cylinder cast
ings. On analysing, th e  following composition was 
o b ta in e d :—C.c., 0.64; G r.c., 1.21; S i., 1.32; M n., 
1.32; P ., 0.082; and S., 0.060, proving i t  to  be 
nearer a steel th a n  cast iron, and  to  have been 
made by an oxidising process from steel scrap, pig 
iron and ferro-silicon additions.

W hat advan tage  is to  be gained by th e  use of 
this, iron in  th e  cupola? Is  i t  superior to refined 
iron m ade in th e  cupola to  the  following composi
tion  : —T C ., 2.9 ; S i., 1.32; M n., 1.32; P ., 0.10; 
and S., 0.060, which, inciden tally , can be prepared  
a t  one-th ird  th e  cost? I t  may be a rgued  th a t  a 
refined cast iron cannot be p repared  in th e  cupola
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liom  cast iron and steel scrap in th a t  i t  will eon- 
a in  a high to ta l carbon, maybe oxygen or oxide 

of iron— a much-discussed bogey of to-day—and be 
ugh m  sulphur. Y et surely th is  is th e  m ateria l 

w hich th e  engineer means when he specifies semi- 
S e? j  ^  -Can no^ i n g  more or less th an  cast iron 
melted w ith  s te e l; i t  cannot be recognised from 
o rd inary  cast iron by chemical analysis.

Sem i-steel  ̂ is sometimes defined as low-carbon 
cast iron . This, however, is incorrect, th e re  being 
little  difference in the  to ta l carbon con ten t of cast 
iion  m elted w ithout steel and th a t  m elted with, 
say, up to  25 per cent. Nor is i t  safe to  assert 
th a t  steel is e ither de trim en ta l or beneficial because 
of the oxygen introduced. If  steel is m elted with 
cas t iron in  a correctly-designed cupola, using a 
good h a rd  coke, th e  correct volume of a ir, and is 
su itab ly  fluxed, th ere  is nothing to choose between 
sem i-steel and cast iron so fa r  as fluidity and the 
production  of clean castings are  concerned. The 
add ition  of steel, however, is beneficial in th a t  it 
gives a closer-grained, tougher and b e tte r wearing 
iron, and  im proves th e  solidity of the  casting as a 
whole. T his is a  conclusion proved by many years 
of p rac tica l experience.

This im provem ent is directly  a ttrib u tab le  to the 
q u an tity  and  form  of th e  graph itic  carbon present. 
I t  has no th ing  to  do w ith oxygen, n itrogen  or any 
of th e  so-called in h eren t properties of the irons 
employed. In  fact, Cleveland, hem atite , scrap 
m ix tu res yield resu lts equal to  specially-selected 
cold-blast or open-hearth  refined irons if the  form 
of th e  g rap h ite  is in itia lly  controlled.

This m ay be dem onstrated  in various ways; if 
m olten mild steel, p lus the necessary add itions of 
silicon and  phosphorus, is run  th rough  a small 
cupola charged w ith  incandescent coke, an abnor
mally tough iron will be obtained, although of 
norm al chemical composition.

I f  a microscopical exam ination  be made of this 
syn thetic  iron, and also of o rd inary  cast iron, it 
will be found th a t  in th e  form er the  g raph ite  is 
finely dissem inated th rough  th e  mass, whilst in the 
la t te r  i t  exists as coarse flakes.

The explanation  of th is  difference is th a t  in 
o rd inary  p ig  iron the  to ta l carbon content ranges 
between 3.0 to 3.9 per cent., and the graphitic
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carbon n o t only possesses d ifferent degrees of r e 
fractoriness, b u t exists in  various forms determ ined 
by chemical composition and m ethod of m anufac
tu re . F igs. 1, 2 .and 3 illu s tra te  the  form  of 
g rap h ite  commonly m et with in cast iron. F ig . 1 
represents a 3-in. square  block of hem atite  cast in 
dry sand. F ig . 2, th e  same iiron cast in th e  form 
of 1-in. bars, an d  F ig . 3 when die-cast.

Speaking generally, the  coarser th e  g rap h ite  
flakes th e  more re frac to ry  does i t  become. In  the  
cupola i t  is doubtful if a  h igher tem p era tu re  th an  
1480 deg. C. is ever reached. The m axim um  
am ount of carbon which a 2 per cent, silicon iron 
can hold in solution when ju s t m olten is round 
about 3.7 per cent. A ssum ing th a t  the  o rd inary  
laws of solution hold for east iron, then  a t  1480 deg. 
C. such an  iron will dissolve about 3.95 per cen t. C. 
Cupola m elting , however, is extrem ely rap id , and 
the molten iron ra re ly  reaches th is  te m p e ra tu re ; in 
consequence, high-carbon grey irons m elted in the 
o rd inary  way always con tain ,som e free g rap h ite .

This fac t does n o t appear to  be fu lly  apprecia ted , 
although i t  may ibe proved by pouring  th e  m olten 
iron in cold w ater and exam ining i t  chem ically or 
microscopically.

The effect, th en , of coarsely-disposed g rap h ite  
in the  pig m elted is to  adum brate  in th e  molten 
m etal th e  o rig inal s tru c tu re  and reproduce i t  in 
the  finished casting  to  an ex ten t determ ined by 
the ra te  of cooling du ring  solidification. If , how
ever, such a g rap h itic  iron  is rap id ly  solidified as 
by casting  in  chill moulds, th e  g raph ite  flakes are 
broken up in to  a fine g ran u la r form  (F ig . 3). 
R em elting th is  iron yields tough  close-grained 
castings. T his has been dem onstra ted  by m any 
large-scale p rac tica l experim ents, m elting in  8- 
and  16-ton cupolas, closely observing th e  qua lity  of 
the finished castings and  th e  physical tes t-resu lts  
in conjunction w ith  the  m icrostructu re .

T ha t 10 to  15 per cen t, m ild steel should effect 
a fu r th e r  grain-refin ing  influence if m elted in con
junction  w ith  th is chill-cast run-dow n iron can 
readily  be understood. In  fact, th is  m ix tu re  not 
only elim inates such common defects as open g ra in  
and. sponginess, b u t renders possible th e  reproduc
tion  of c e rta in  physical p roperties to  a rem arkable 
degree of accuracy.



The m axim um  results obtained from daily test- 
bar records obtained from m any thousands of 
tons of th is  iron made over long periods of time 
w e re :—C.c., 0.74; G r., 2.41; Si., 1.5; Mn., 0.65;
S ., 0.11; and  P ., 0.50, which gave 16 to 19 tons per 
sq. in  tensile, and  5.0 to  6.6 tons transverse on 
a 12-in. by 2-in. by 1-in. bar. The minimum re
su lts were C.c., 0.67 ; Gr., 2.43; Si., 1.8 ; M n., 0.65; 
b., 0.100; and P ., 0.75, which gave 14 to 17 tons 
per sq. in. tensile and  4.5 to  5.5 tons transverse.

Oxygen in Cast Iron.
Considerable discussion has taken  place recently 

as to  w hether oxygen can be found in  cast iron 
and its  effect on the  mechanical properties. T hat 
oxide of iron may exist in badly-melted iron is 
generally  accepted, and th a t  under such conditions 
th e  add ition  of steel will not m aterially  assist. 
W hether oxygen exists in cast iron as a gas has 
yet to  be proved; in fact, we do not p retend  to 
un ders tand  th e  chemical equilibrium  between iron, 
carbon and oxygen. Yet some investigators go so 
fa r  as to s ta te  th a t  oxygen is soluble in cast iron 
and th a t  sem i-steel owes its  superior physical pro
perties to  th e  oxygen introduced by the addition 
of steel. J .  Johnson, ju n r ., who first published 
th is  sta tem en t, offers no premises for h is conclu
sion, and from  th e  outline given of his experim ents 
one is quite  justified in asserting th a t the  im
proved physical p roperties a re  an effect of 
hydrogen or n itrogen  gases, which it  is common 
knowledge ex is t in cast iron, or to  th e  form of 
the  carbon or to  a  d irect tem pera tu re  effect.

Chemical Composition.
I t  is equally certa in  th a t  d irty  castings and 

blow holes canno t he directly  a ttr ib u te d  to  oxygen, 
as cupola m elted cast iron, no m atter the  care 
tak en  in m elting, will give d ir ty  and blown cast
ings if  cast a t a low tem p era tu re ; w hilst the 
cheapest grade of iron, w hether m elted w ith or 
w ithout steel, yields clean castings if th e  m etal 
is correctly  m elted and is cast a t a good tem pera
tu re .

To investiga te  th e  question of the  effect of 
oxygen and  its  oxides on the  physical properties 
and production  of clean castings, a continuous 
series of experim ents have been carried  ou t during
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the past twelve m onths on a large and  extensive 
p rac tica l scale by tre a tin g  various grades of iron 
w ith  th e  most active deoxidants. A mongst those 
tr ie d  were cerium , u ran ium , calcium, vanadium , 
alum inium , m agnesium , m anganese and zirconium , 
all of w hich are  well known for th e ir  ready  affinity 
for oxygen.

Cerium.
In  a recentty-published A merican investigation  

the following conclusions were draw n on the  effect 
of cerium  :—

“ D eoxidising by m eans of cerium  gives the p u ri
fied m olten m etal a b e tte r chance to  se t under 
n a tu ra l conditions, being relieved from  a too 
rap id  freezing action w ith  consequent form ation  
of undue am ounts of combined carbon. The m etal, 
therefore, is easier to m achine, is freed firom gas 
and pin holes, has a less in te rn a l shrinkage, and 
increases th e  transverse  s tren g th  33 per cent, w ith 
a p roportional increase in th e  deflection.”

A ttem pts have been m ade to  confirm these re 
m arkable sta tem ents, in troducing  0.01, 0.05, and 
0.10 per cent, of cerium  by m eans of a 70 per 
cent. Ce, Ferro-cerium  alloy in stick form . In  
each instance th e  cerium  alloy was copper-plated, 
fastened to  th e  end of a steel rod  and  plunged 
in the m olten m etal to  the  bottom  of th e  ladle. 
This caused a  vio lent ebullition and a sligh t in 
crease of tem pera tu re .

Though m any experim ents were carried  ou t w ith  
lictli cupola- and  crucible-m elted cast iron no bene
ficial effects could be traced  to  cerium  when in tro 
duced in quan titie s  up  to  0.05 per c e n t . ; w ith 
0.10 per cent, a sligh t stren g th en in g  effect was 
found in two instances, b u t th e re  was no increase 
in flu id ity  or decrease in shrinkage. In  fac t, 
th e re  was every ind ication  th a t  the  increased 
s tren g th  from  the  in troduction  of 0.10 per cen t. 
Ce was a tem p e ra tu re  ra th e r  th a n  a  cleansing 
effect.

Uranium.
This was in troduced in  th e  form  of powdered 

ferro-uran ium , con ta in ing  41 per cent, u ran ium , 
enclosed in a small sealed can ister fastened to the 
bottom  of the  ladle, and the m olten m etal being 
tapped  d irect from  th e  cupola.
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F lu id ity , shrinkage, tensile and  transverse tests 
show uran ium  in quan tities of under 0.20 per cent, 
to be w ithout effect on the  quality  of o rd inary  
cast iron.

Calcium ■
These experim ents were conducted on the same 

lines as adopted  in  the  cerium  experim ents, using 
pure  calcium  in  one series and ferro-calcium  in 
ano ther. No real benefit was found in  any in
stance and no trace  of calcium could be detected 
in the finished castings.

Vanadium.
Moldenke, in sum m arising his experim ents, con

cludes th a t  “  to  increase the  break ing  stren g th  of 
grey cast iron a fu r th e r  investigation on th e  effect 
of vanadium  is w arran ted  on the p a r t  of every 
foundrym an who has special problems in streng th  
to  m as te r.” H atfield, a fte r  exhaustive investiga
tion , does no t a ttr ib u te  the  slight beneficial effect 
of vanadium  which he found in his experim ents 
to  be due to th is elem ent ac tin g  as a scavenger, 
b u t ra th e r  to its influence in preserving the carbon 
in th e  combined sta te .

In  th e  a u th o r’s experim ents a 35 per cent, vana
dium  (ferro-vanadium ) alloy was used, introducing 
in q u an titie s  up  to  0.10 per cent, in the  m anner 
adopted  w ith uranium . The te s t results obtained 
do n o t confirm M oldenke’s assertion th a t  small 
q u an tities  of vanadium  are  beneficial to  the  pro
duction  of a h igh-tenacity  iron, w hilst the  harden
ing  effect observed by H atfield  was no t found; 
which suggests th a t  H atfield’s results are more 
th an  probably accounted for by either a variation 
in the  casting  tem p era tu re  or the  in itia l tem pera
tu re  of th e  mould, factors which he does not appear 
to  have taken  in to  account.

Aluminium and Magnesium.
E xtensive experim ents have been conducted with 

these m etals, in troducing  separately, alloyed with 
each o ther, and also alloyed w ith iron and copper.

The only d irec t and reproducible effect of 
a lum inium  found was to  soften, w hilst magnesium 
hardens. No im provem ent in the  fluidity  and 
physical tes ts could be detected by the introduction
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of e ith er m etals in to  norm ally-m elted cupola iron.
The in troduction  of m agnesium  in to  cast iron 

is accom panied by a v io lent reaction , an d  g re a t 
p recau tions a re  necessary.

Zirconium<
Moldenke* failed to  find any beneficial effects 

from th e  use of zirconium  if the  iron is m elted 
w ith the  correct degree of hea t. I f , however, 
large am ounts of steel scrap are  used he s ta te s  
“  i t  m igh t he beneficial.”

In  the  a u th o r ’s experim ents he could d e tec t no 
im provem ent from  the in troduc tion  of zirconium  
in q u an titie s  of u p  to  0.20 per cen t., w hether steel 
was or was no t m elted w ith  th e  iron, or w hether 
a hot- or a cold-blast iron was used.

The collected tab u la ted  physical tes t figures 
accom panying these experim ents a re  excluded from  
th is P aper on account of th e ir bulkiness, b u t th e  
com m ents sum m arise th e  resu lts obtained  and con
vey all th a t  is necessary so fa r  as “  deoxidation  
of cast iron ” is concerned. W ith  reference to 
M oldenke’s sum m ing-up his resu lts on th e  effect 
of zirconium , his comment- as to  “ correctly  
m elted ” cast iron  applies to p rac tica lly  all 
deoxidants, and, which is more im p o rtan t, to  in 
correctly  m elted iron, because no am ount of doctor
ing will correct such iron  and  render i t  fit for use.

Casting Temperatures.
The in itia l m elting- and casting -tem pera tu res 

a re  two essential factors governing th e  successful 
production of clean, solid castings. I f  the  m eta l 
is cold on leaving th e  cupola had castings are  
inevitable, no m a tte r  w hat p recau tions are  taken  
in o ther directions. On the  o ther hand, if it  con
ta in s  th e  necessary degree of superhea t and  is 
cast a t the  r ig h t tem pera tu re , l i t t le  or no trouble 
will be encountered  as fa r  as blowholes, scum and 
physical te s t resu lts a re  concerned, assum ing, of 
course, th e  correct m ix tu re  has been used in the  
first place.

D uring  recen t years m any a ttem p ts  have been 
made to m easure and so control the  degree of 
superheat in  cupola-m elted iron , h u t w ith  little  
or no success, as th e  tem p e ra tu re  figures quoted

* A m erican  F o u n d ry m e n  A ssocia tion , O ct. 4-8, 1920.
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by recen t investigato rs show, these ran g in g  from  
1,300 to  1,592 deg. C.

To m easure accurately  th e  tem p era tu re  of m olten 
cast iron  in th e  foundry  an ac tua l im m ersion of a 
thermo-couple is th e  only sa tisfactory  m ethod. To 
he of p rac tica l u tili ty  th e  therm o-couple m ust be 
robust and  reasonably fool-proof.

Thermo-Couples-
Of th e  num erous couples tr ied  only two have 

been found w orthy of consideration, the  one, com
posed of Alumel (N i 95, M n 2  and A1 2)—Ohromel 
(Ni. 89 C r. 8 Mn. 1.5 Fe. 0.5), th e  o ther p la tin u m  
and p latinum -)-10 p er cent, rhodium . T he form er 
has an advan tage  in th a t  th e  first cost is low, 
w hilst w ith th e  la t te r  i t  is very high. U n fo rtu 
nately , th e  life of th e  base m etal couple a t  tem 
pera tu res  above 1,200' deg. C. is  short, no m a tte r  
w hat com bination of p ro tec ting  sheathes is used, 
th a t  its use had  to  be subsequently abandoned.

F ig . 4 illu strates the  rod finally designed w ith  
th e  rare-m eta l couple. Two of these rods were 
made fifteen m onths ago, and  have been in daily 
use a t  tem pera tu res  ran g in g  from  1,300 to  1,420 
deg. C., w ith  li tt le  or no change in th e  E .M .F . 
constan ts or depreciation  in  the  value of the wire. 
The to ta l upkeep has consisted of six new ou ter 
p ro tec tin g  sheathes.

1-  ¡fi
A—P t.  +  P t .  — 10 p e r  c e n t. R d . co u p le , b o th  

w ire s  covered  w ith  s ilic a  b ea d s . B , S crew ed  jo in t.
C , C la y  lu t in g .  D , In s id e  s ilic a  tu b e —one w ire  
o n ly  covered  w ith  b ea d s . E , S a la m a n d e r  tu b e .

F i a .  4 .— R a r e - M e t a l  C o u p l e  a s  F i n a l l y  
D e s i g n e d  f o r  E s t i m a t i n g  t h e  T e m 
p e r a t u r e  o f  M o l t e n  C a s t  I r o n .

W arm ing the  end of th e  rod  over a coke fire 
o r gas b u rner before im m ersing in  th e  molten 
m etal, although  not essential, reduces the  lag to  
u nder five m inutes, and prolongs th e  life of th e  
refrac to ry  pro tec ting  sheath . On w ithdraw ing
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from the  ladle of molten m etal, adhering slag 
should be carefu lly  removed and the  rod stored in a 
w arm ' place.

A m ix tu re  consisting of 5 p a r ts  china clay, 1 
p a r t  alundum  cem ent, and  4 p a rts  g raph ite , m ade, 
up to  a cream  consistency with a 5 per cent, 
aqueous solution of 70 deg. Twaddel sodium sili
cate , applied to  end of the  rod a f te r  use, m aterially  
prolongs the  life of the refrac to ry  sheath.

By th e  aid of th is  pyrom eter it  has been possible 
to investiga te  m any of th e  peculiarities of the 
cupola, standard ise  m elting operations and con-

F i g .  5 .— 6 - i n . C u b e  U s e d  f o e  T e m p e r a t u r e  
T e s t s .

tro l the casting tem pera tu re  to a high degree of 
accuracy.

Casting Temperature v. Composition-
The effect of casting  tem pera tu re  was first 

dem onstra ted  w ith  crucible-melted cast iron by 
L ongm uir in  1903. Since this investigation the 
im portance of correct casting  tem pera tu re  has 
been recognised, a lthough th e  au thor is not aware 
of any efforts to  correlate casting tem perature  with 
composition.
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The necessity of th is  m ay be g leaned from 
Table I .,  which sets fo r th  the tem p era tu res  of 
inc ip ien t and  final solidification of th e  irons com
monly m ade in  the  cupola. These tem pera tu res 
w ere obtained by m eans of p la tinum  and p la tinum - 
rhodium  thermo-coupl© cas t ju s t off th e  cen tre  of 
a 6-in. cube m ade in  d ry  sand, F ig . 5.

W hilst i t  is no t possible to  consider in  th is  
P aper all th e  factors governing the selection of 
the  ran g e  of tem p e ra tu re  w ith in  which any  p a r 
ticu la r casting  m ust be poured to  ob tain  th e  best 
results, i t  is c learly  ev iden t th a t  each iron  m ust 
be considered on its  own m erits  if any  m easure 
of success is to  be ob tained .

F or general p rac tice  10 peir cent, of superheat

P T g . 6 .— A  C a s t i n g  M a d e  t o  S h o w  t h e  E f f e c t  
o f  C o m p o s i t i o n  o n  S o l i d i t y .

m ay be tak en  as a  w orking figure for castings 
made to  specified physical te s t which m ust m achine 
w ith clean faces. T his m eans fo r h a rd  irons con
ta in in g  a norm al to ta l carbon con ten t, 1.0 per cent. 
Si. and low in  P ., th e  casting  tem p e ra tu re  should 
be round  about 1,370 deg. C. In  th e  presence 
of 1.5 per cent. P . inc ip ien t solidification falls 
22 deg. C ., so th a t  the casting  tem p e ra tu re  is 
reduced to  1,343 deg. C. Iro n  No. 3, su itab le  for 
th e  m anu fac tu re  of h igh-grade cylinders and 
cylinder liners and for castings to  w ithstand  super
heated  steam , casting  tem p era tu re  is 1,355 deg. C. 
F o r o rdinary  cylinder irons co n ta in ing  1.5 per 
cent. Si -and 0.50 per cent. P ., 1,331 deg. C. A. 
2 per cent. Si, iron low in  P .*  commences to

* C o e -Jo u rn a l I ro n  a n d  S tee l I n s t i tu te ,  1913.
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solidify a t  1,212 deg. C ., which brings th e  casting 
em pera tu re  to  1,333 deg. C. In  the presence of 

U 8 to  1.0 per cent. P. incip ient solidification falls 
deg. G., so th a t  the  casting  tem pera tu re  is 

correspondingly lowered; w hilst for a soft -iron, 
nigh in silicon and phosphorus, i t  is 1,276 deg. C.

These figures, w hilst amply dem onstrating  the  
correlation  of composition and casting  tem pera
tu re , a re  by no m eans a rb itra ry . They are, in 
fac t, only of p rac tica l value if considered along
side w ith th e  physical a ttr ib u te s  of the  irons 
m elted, th e  range  of tem peratu re  through which 
they solidify, mass effect and requirem ents of the 
finished casting.

Solidity of Cast Iron-
Grey cast iron does not possess tru e  solidity as

F i g .  7  T h e  F i r s t  w a s  P o u r e d  i n  a t  1,370
a n d  t h e  S e c o n d  a t  1,280 D e g .  C.

is understood to  exist in pure alloys. The degree 
of solidity is a d irect function of the quan tity  
and  form  of the  g rap h ite  present, everything else 
being equal. The q u an tity  and form of the graphite 
being determ ined by chemical composition, cooling 
tem p era tu re , and  the  ra te  of cooling during  solidifi
cation, solidity is a p roperty  under direct control. 
I t  is, of course, adm itted  th a t  peculiarities are 
m et w ith in the  cupola-melted cast iron which are 
not easily explained ; these, however, are the ex
ception ra th e r  th an  the  rule.

To exem plify the  effect of composition on solidity
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in a p rac tica l way, a series of castings were m ade 
of the  form shown by Fig. 6. This casting  rep re 
sents one of th e  m ost com plicated sections w ith 
which th e  foundrym an has to- con tend; one th a t 
is a constan t source of troub le  in all classes of 
cylinder castings, th rough  porosity.

The castings were purposely m ade w ith  the  
heavy section a t  the  bottom  and w ithou t risers.

The m ethod of m elting, casting tem p era tu re , 
head of m etal, in itia l tem p era tu re  of mould, etc., 
were carefu lly  controlled th ro u g h o u t the experi
m ents in  order to  e lim inate  as fa r  as possible all 
variables except chem ical composition.

F i g .  8 . — T h e  M i d d l e  C a s t i n g  h a s  S i m i l a r  C o m 
p o s i t i o n  t o  F i g .  7, b d t  0.25 p e r  c e n t .  Mo. 
h a s  b e e n  A d d e d .  A t  t h e  R i g h t  H a n d  i s  
a  H i g h  S i  a n d  P. I r o n  C a s t i n g .

E ach casting  was sectioned th rough  AB the  posi
tion  of draw ing according to  th e  iso therm al lines 
of casting .

Nos. 1 and 2, F ig . 7, depict th e  draw ing which 
has occurred w ith an o rd in ary  soft g rey  iron  of 
the following chemical com position :—TC., 3.27;
S i., 2.20; M n., 0 .72; P ., 0 .91; and  S ., 0.096; 
an iron commonly used on account of its  ap p a ren t 
non-shrinking qualities. E ach was cas t from  the  
sam e ladle of m etal, No. 1 being poured h o t a t  a 
tem p era tu re  of 1,370 deg. C ., and No. 2 poured  
cold, 1,280 deg. C. No. 2, F ig . 8, rep resen ts a 
casting  made from  th e  sam e alloy to  which 0.25 
per cent. Mo. has been added, th e  casting  tem 
p e ra tu re  being 1,360 deg. C. This experim en t sug
gests th a t  m olybdenum m inim ises the  draw ing 
defect common to  o rd inary  soft grey  iron, wdiilst 
No. 3 shows the  resu lt ob ta ined  w ith a h igh Si-
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high P  iron of the following chemical composi
t i o n : C.c. 0 .50; G r., 2.84; S., 2.50; Mn, 0.56; P ,

’ and  8 , 0.046; and although an im provem ent 
on No. 2, i t  is by no m eans solid. These experi
m ents were confirmed and various grades of other 
s t ,  irons tr ie d , h u t w ith no better results.

F ig . 9 shows the  results obtained from the 
h ard er series of irons. The chemical composition 
ot each is given in Table II . :__

T a b l e  II. Showing Compositions of the Castings Shown in 
Fig. 9.

o.c. Gr. Si. Mn. P. . S. Mo 
!• •• 0.43 2.98 2.41 0.60 0.90 0.072 —
2- •• 0.63 2.86 1.25 0.68 0.20 0.089 —
3- •• 0.79 2.72 1.1 0.68 0.53 0.085 0.25

A m ateria l all-round im provem ent is evident,
w hilst No. 2 (Fig. 9), a low Si, low P iron, leaves 
litt le  to be desired, the casting  possessing a uniform 
solid ity  th roughou t.

F i g .  9 . — S h o w i n g  t h e  K e s u l t s  O b t a i n e d  f r o m  
H a r d e r  I r o n s .  ( S e e  T a b l e  II .)

T h e 're su lts  of .these experim ents are  contrary  to 
w hat one would have expected from the ordinary  
accepted theories of the  effect of silicon and phos
phorus on th e  volume changes of cast iron during 
solidification, b u t they clearly dem onstrate the 
effect of these  two elements on solidity. These 
experim ents a re  confirmed by th e  results of the K 
te s t bars, which have been made daily in the 
foundry  over a period of years.

Effect of Mass on Solidity.
In  th e  first series of experim ents conducted on 

mass effect, a set of 6-in. cubes were cast in the 
irons shown in Table I I I .
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T a b l e  I I I . — Compositions U tilised fo r  Show ing M ass E ffect.
c.c. Gr. Si. Mn. P. S.

1. . .  0.55 2.83 2.3 0.60 0.78 0.063
2. . .  0.24 2.88 2.49 0.52 1.28 0.050
3. . .  0.66 2.74 1.20 0.63 0.09 0.066
4A. ..  0.73 2.15 1.47 0.55 0.50 0.096
5. . .  0.60 2.67 1.15 0.62 1.54 0.083

E ach was poured w ith  10 per cent, su p erh ea t 
into dry-sand moulds, th e  in itia l tem p e ra tu re  
being controlled a t  110 deg. F . (43 deg. C.).

F ig  10 illu s tra tes  each cube a f te r  sectioning v er
tically th rough  th e  middle.

In  principle, these experim ents confirm th e  
resu lts ob ta ined  from  th e  draw  te s t experim ents 
and are  self-explanatory of re la tion  between 
chemical composition and mass so fa r  as solidity  
is concerned. I t  w ill be observed th a t  alloy No. 3 
con ta in ing  1.2 per cen t. Si and  0.09 per cen t. P . 
is equally solid th roughou t.

A ccording to  T u rn e r o rd in ary  grey iron  expands 
on solidification, th e  h igher the  silicon and  the  
phosphorus con ten t the  g rea te r th e  expansion and 
the w ider th e  range  of tem p era tu re  th rough  which 
it operates. W hat do T u rn e r’s expansion figures 
m ean? Do they  in fe r th a t  grey  cast iron does n o t 
sh rink  du rin g  solidification? I f  so, why did the  
high-silicon irons in th e  draw  te s t bars sh rin k  
a t  th e  th icker portions, which sh rink  hole or 
spongy place is no th ing  m ore nor less th a n  a pipe 
due to th ere  being no residual liquid le f t to  fill 
the in terstices of th e  p rim ary  skeleton arm s of the  
crystals, a defect all too common in iron castings. 
A gain, why did the  low Si and  low P . iron, pipe 
the least in  th e  6-in. blocks? Surely th e  experi
m ents conducted by T u rner on th e  volume or 
ra th e r  linear changes w ith th e  T. te s t bar do n o t 
in any  w ay rep resen t th e  effect of th e  elem ents 
quoted on the  volume changes of cast iron on 
solidification.

An im p o rtan t fac to r contro lling  liquid  shrinkage 
and  one which th e  au th o r has n o t been able to  
associate w ith  chemical composition is th e  “ Time 
taken  d u ring  solidification,”  i t  being well known 
th a t  the more rap id ly  m olten iron  solidifies the 
lower the  liquid  shrinkage an d  the  h igher the  
degree of solidity th roughou t.
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Effect of Rate of Cooling on Solid ity.

Fig. 11 rep resen ts th ree  6-in. blocks cast under 
iden tical conditions from  the  sam e ladle of m etal, 
showing on analysis C. 3.28, Si 2.34, Mn 0.45, P 
0.81, and  S 0.066. No. 1 was cast in to  an  excep
tionally  hard-ram m ed dry-sand mould hav ing  a 
tem p e ra tu re  of 150 deg. F . ; No. 2 in  g reen-sand 
mould con ta in ing  6.78 p er cen t. H zO a t  70 deg. F . 
(21 deg. C .) ; and  No. 3 in  a sand mould lined w ith 
1-in. steel p la te  a t a  tem p era tu re  of 150 deg. F . 
(65 deg. C.).

These photographs typically  p o rtray  th e  effect 
of “ r a te  of cooling d u rin g  solidification ”  on 
solidity  of castings of la rge  bulk. The exp lana tion  
commonly accepted for th is  pecu liar phenomenon 
is th a t the  r ig id ity  of th e  chill mould reverses the  
d irection  of the  n a tu ra l expansion of h igh  silicon 
and h igh phosphorus irons w hilst sand moulds give 
to  it.

There a re  th ree  po ignan t factors ag a in s t th is  
hypothesis :—

1. The volum e change of h a rd  grey irons w ith 
1.3 to  1.5 p e r cent. Si, 0.30 to  0.70 per cent. P  cast 
w ith th e  same degree of superheat is p rac tica lly  the 
same as th a t  of soft grey irons, of from  2 to  3 
per cent. Si and of h igh or low P con ten t, so 
fa r  as p ip in g  is concerned.

2. T h a t all irons cast in  green-sand moulds, 
which moulds possess an exceptionally low crush • 
ing  s tren g th , pipe less th a n  dry-sand or loam- 
moulds which possess h igh crushing s treng th .

3. T ha t the  effect of tem pera tu re  is more pro
nounced th an  chemical com position, e.g ., all irons 
pipe or draw  if the  m etal is on the  dull side, no 
m a tte r the rig id ity , tem p e ra tu re  o r form  of the 
mould.

Solid Shrinkage.
By th is  is understood the  con trac tion  in  cool

ing from im m ediate solidification to  room tem 
pera tu re . D uring  th is  period o rd in ary  cast iron 
suffers from  two stages of h e a t frag ility , th e  one, 
a t a com paratively high tem p era tu re  when some 
liquid  phase exists, th e  o ther a t  a  low tem p era tu re  
rang ing  between 370 to  520 deg. F. (177 to  261 
deg. C.).

I f  solidification of a casting  be allowed to  pro-
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ceed u n in te rru p ted  li tt le  trouble  is encountered  
with the high tem p e ra tu re  frag ility  owing to  the 
stre tch in g  capacity  of c ast-iro n  a t  these tem p era 
tu res. in  fac t, th is  power to s tre tch  is  such th a t  
alm ost any iron  casting  m ay be m ade w ith  rig id  
chills w ith o u t any fea r of cracking. On fu r th e r  
cooling th is s tre tch  p ro p erty  falls and  reaches a 
m inim um  a t approxim ately  500 deg. F ., th e  tem 
p e ra tu re  a t  w hich cast iron  suffers an  appreciable 
loss in  s tren g th . T his is shown graphically  by 
F ig. 12. A rep resen ts an o rd in ary  cylinder iron, 
B a 2 p er cent. Si—low-P iron, and C, a h igh-Si—
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F i g .  12.— S h o w s  t h e  E x t e n s i o n  f o u n d  o n  
P u l l i n g  2 - i n .  T e s t - P i e c e s  a t  V a r i o u s  
T e m p e r a t u r e s .

From  these curves i t  is obvious th a t  a lthough 
silicon and phosphorus do n o t affect th e  h e a t f r a 
g ility  of cas t iron , as will be shown la te r , they  
have an  appreciab le  influence on th e  ex tensib ility  
(hot), and  render th e  use of p erm anen t cores as a 
p rac tica l p roposition .

To dem onstra te  th is  in a more p rac tica l way a 
series of double “ T ”  castings were m ade, fixing 
cast-iron bars 2-in. x 11 -in. section, in  the  m ould, 
as shown -by F ig . 13.

Table iV-.yshows the  composition irons used, each 
of which w ere cast w ith  10 per cent, superheat.



T a b l e  IV. Composition of Irons Used to Demonstrate 
Peat Fragility.
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c .c . Gr. Si. Mn. P. S.

1 .. 0.65 2.60 1.43 0.72 0.42 0.108
2 0.58 2.59 2.00 0.70 0.10 0.092
3 .. 0.46 2.78 2.00 0.60 0.80 0.092
4 . . 0.52 2.62 2.59 0.67 1.75 0.046

Alloy No. 1.—This was cupola m elted, and in 
th e  first experim ent i t  was cast in green-sand 
mould, and allowed to  cool undisturbed , when it  
broke a t 500 deg. F . (260 deg. C.).

In  the  second experim ent i t  was again cast in 
a green-sand mould, b u t iron restricting-supports 
w ere removed a t  1,100 deg. F. (590 deg. C.), and

F ig . 13.—F o rm  o f  M o u ld  u s e d  t o  D em o n 
s t r a t e  t h e  U s e  o f  P e r m a n e n t  C o re s .

the  casting  allowed to  cool slowly in a gas-heated 
muffle. This gave a sound casting.

Alloy No. 2.—In  th is  case i t  was cast in a warm, 
dry-sand mould (150 deg. F .) , and was allowed to 
cool und istu rbed . I t  broke a t  approxim ately 
530 deg. F . (275 deg. G.).

Alloy No. 3 .—F or the  first experim ent i t  was 
cast in g reen  sand and allowed to  cool undisturbed, 
when i t  broke a t  570 deg. F . (290 deg. C.).

In  th e  second te s t i t  was cast in  warm, dry- 
sand mould, and allowed to  cool undisturbed. This 
tim e i t  broke a t  520 deg. F . (270 deg. C.).
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The th ird  tes t was carried  o u t in a green  sand, 
provided w ith iron res tric ting -suppo rts  which were 
removed a t  about 1,400 deg. F . (760 deg. C.)> an.d 
th e  casting  allowed to  cool in the  open, and  i t  
gave a sound casting .

The la s t experim en t was cast in a w arm , dry  
sand  (70 deg. C .), in  which th e  re s tr ic tin g  sup
ports w ere le ft in  position, b u t was cooled slowly 
betw een two heavy iron blocks from  1,300 
deg. F . (705 deg. C.). This, too, gave a sound 
casting.

Alloy No. 4.—Two experim ents were m ade w ith 
th is  alloy, both g iving sound castings. The first 
was cast in  warm - dry-sand  m ould a t  48 deg. C., 
and the  re s tr ic tin g  supports were le f t in  position. 
In  th e  second te s t it  w as cast in  g reen  sand  and 
the re s tr ic tin g  supports were le f t  in  position. 
C asting  sound.

These experim ents requ ire  li tt le  com m ent. They 
clearly  ind ica te  th e  re la tio n  betw een composition 
and casting s tra in s  in  castings of com plicated form

F ig .  14.—M o u ld  u s e d  f o b  C a s t i n g  T h b e e  T e s t  
P ie c e s  c o n t r o l l i n g  T e m p e r a tu r e  b o th  o f  
t h e  M o u ld  a n d  M e t a l .

and inciden tally  dem onstrate  th a t  crack ing  in  
iron castings m ay be avoided by :—

(1 ) R eleasing "o r rem oving re s tr ic tin g  cores 
■whilst the  casting  is a t  a dull red  heat.

(2) By re ta rd in g  the  ra te  of cooling d u rin g  the 
blue b r i tt le  range  of tem p e ra tu re  to  a ra te  of 
approxim ately  10 deg. C. per hour.

(3) By accelerating  cooling of heav ier sections 
or re ta rd in g  cooling of lig h te r sections, if  condi
tions do n o t p erm it th e  selection of an iron  of 
h igh-stretch ing  capacity  in  the  first place.

Effect of C om position on the Strength of H ot Cast Iron.
One n a tu ra lly  h esita tes  in  showing any d a ta  

concerning th e  effect of any single variab le  on the
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physical p roperties of cast iron , i t  being always 
problem atic as to  w hether i t  is the  effect of th a t  
variab le  or one of the  m any th a t  inevitably creep 
in  owing to  th e  complications involved. At the 
best th e  resu lts obtained from any investigation 
on cast iron can only be com parative. P a rticu 
larly  does th is  apply to  the  tensile tes t which is 
controlled p rim arily  by th e  form  of the g raph ite  
carbon.
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F i g . 1 6 .— S h o w in g  t h e  E f f e c t  of T em pera
t u r e  on th e  S tr e n g t h  o f  C ast I r o n .

A gain, owing to rap id  deterio ration  of cast iron 
by hea t an d  th e  lack of knowledge of th e  mechanism 
of th is  de terio ra tion , the  problem of tem perature 
effect as associated w ith th e  chemical composition 
of th e  various grades of irons now made is pecu
liarly  difficult, and one feels very re luctan t to 
express an y  views on th e  sub ject a t  all.
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A t th e  sam e tim e  th e re  exists a long-felt w an t 
for some reliable w orking knowledge of th e  be- 
havious of cast iron  u n d er conditions where well- 
known phenom ena do no t en te r in to  considera
tion , and i t  is because of th is  th a t  these experi
m ents have been ca rried  out. The irons selected 
a re  shown in  Table V.

T a b l e  V.—Composition of Iron Used for Mechanically 
Testing at Elevated Temperatures.

c.c. Gr. Si. Mn. P. S.
. .  0.60 2.66 1.50 0.74 0.49 0.112
. .  0.60 2.41 2.00 0.57 0.096 0.089
. .  0.37 2.88 2.24 0.67 0.77 0.107
. .  0.15 3.5 2.92 0.49 1.26 0.620

Three 1-in. bars were cast from  each in to  dry- 
sand moulds in th e  m anner shown by F ig . 14, con-

F ig . 15.— F o r m  o f  T e s t - P i e c e  U s e d .

tro lling  both tem p era tu re  of th e  m eta l and  the  
mould.

The form  of th e  te s t piece, th e  fu rnace  used, and 
m ethod of m easuring th e  tem p e ra tu re  a re  shown 
by F ig . 15.

E ach te s t piece was heated  to  th e  specified tem 
p e ra tu re  as quickly as possible, and  re ta in ed  a t  
th a t  tem p era tu re  for exactly  1 h ou r before b reak 
ing.

T he tem p era tu res  chosen w ere 70, 400, 500, 800, 
860 , 900, 1,200 and 1,530 deg. F . The lower tem 
p era tu res  400-500 deg. F ., to  determ ine  th e  loss 
in s tren g th  a t  the  second period  of h e a t frag ility , 
the  tem pera tu res  of 860 and  900 deg. F . were 
selected because of the d is tin c t h a lt found in  th e
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cooling curve of th e  cas t iron a t  abou t these tem 
pera tu res; 1,200-1,530 cleg. F . were chosen because 
of the  rem arkable  d u c tility  of cast iron  when 
heated  to a dull red.

The resu lts  of experim ents a re  given in  
Table V I., and  shown graphically  by F ig . 16, 
together w ith the curve p lo tted  from  th e  figures 
published by Rudeloff.

I t  will be observed th a t  th e re  is a s tr ik in g  sim i
la r ity  between each iron w hether a  so ft or h igh 
ten ac ity  grade, or w hether h igh  or low in  phos- 

• phorus, th e  s tren g th  falling  from  200 to  500 deg. 
F ., and rising  to a m axim um  between 800-900 
deg. F . Above 900 deg. F . th e  s tre n g th  rap id ly  
falls away, and is u n d e r 2 |  tons sq. in. a t  1,530 
deg. F . (832 deg. C.), i.e ., betw een th e  carb ide an d  
phosphide change po in ts even in  th e  s tro n g est and 
toughest irons.

These experim ents, w hilst by no m eans complete, 
enable a b e tte r  understand ing  of th e  effect of tem 
p e ra tu re  on th e  s tre n g th  of cast irons. They show 
off the  lim ita tion  of th is  m ateria l fo r in te rn a l com
bustion engine p a rts  where h igh  tem p era tu res  are  
encountered  unless provided w ith  a  su itab le  
arrangem ent for the d issipation  of th a t  h ea t. They 
explain th e  ir reg u la r behaviour of cast iron  when 
used for press tool and die work, and  the  b reak 
ing down of fu rnace  castings, firepans, stove 
grates, k iln -s tir re r  blades and  ingo t moulds. 
T ogether w ith  a knowledge of th e  s tre tc h in g  
capacity  of cast iron they  enable th e  designer and 
foundrym an to  p red ic t the d is trib u tio n  and m ag
n itu d e  of the  stress in  a casting  of com plicated 
form, and fu rn ish  a w orking knowledge of th e  
s tren g th  of any portion  of a casting  a t  th e  various 
stages during  cooling in  th e  m ould, thereby 
enabling th e  necessary p recau tions to  be taken 
in  selecting th e  r ig h t tim e  to  release e ither mould 
or cores, and  when to  rem ove chills w ithou t endan
gering  the  casting  in  any way.
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Sheffield Branch.

MECHANICAL PROPERTIES OF METAL.

By F. C. A. H. Lantsbury, M.Sc., F.I.C.
A t the  six th  m eeting of the session Mr.

F . C. A. H . L an tsbury , M.Sc., F .I .C ., gave a 
lec tu re  on “ The M echanical P ro p ertieso f M eta ls .” , 
This was ,a jo in t m eeting with the Society of 
E ngineers and M etallurgists and th e  In s titu te  of 
M etals.

D ealing  first w ith  mechanical tests, Mu. L a n t s 
b u r y  said  th is  was th e  group of tests which was 
of th e  g rea te s t in te re s t to mechanical engineers, 
because, a f te r  all, th e  u tility  of all engineering 
stru c tu re s  was dependent alm ost wholly on th e ir 
ab ilities to  re s is t th e  action of stress. All engineers 
were fam iliar w ith the operations of m aking simple 
m echanical te s ts  in  tension, torsion, shear, com
pression and  bending, w ith the  object of obtaining 
values fo r the  breakdow n streng ths and  ductili
ties  u n d e r these types of stress. The first point 
W'as the  m ethod involved in weighing the  forces 
used in  tes ting . Generally, th is was effected by 
m eans of a jockey w eight, which could be caused 
to  move along th e  g rad u a ted  lever of a steelyard, 
which lever m igh t be simple or compound. This 
m ethod of m easurem ent was subject to a disad
v an tag e  which m ight give rise to serious dis
crepancies in th e  resu lts obtained as a  resu lt of 
th e  in e r tia  o f the  jockey weight. There was a very 
grave d anger indeed th a t  th is  defect m ight set up 
m om entarily  stresses in th e  tes t specimen which 
were g rea tly  in  excess Of those recorded in the 
m achine and give rise  to results which were 
en tire ly  m isleading. This danger could he entirely  
elim inated  by tak in g  advantage of the hydraulic 
method of weighing largely developed by M artens. 
English te s ting  m achine m akers had no t taken the 
advan tage  th ey  m ight have of th is method of load 
m easurem ent, b u t th e  Em ery machine (U.S.A.) 
and the  Amsler (Swiss) m achine were excellent 
examples of th e  use of th is principle.
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F o r com parison i t  was im p o rtan t to  us© goo- 
m etrically  sim ilar te s t pieces and  conform  to  
B ritish  s ta n d a rd  specifications. The second po in t 
in the  m aking  of s ta tic  te s ts  was th e  ex trem e im 
portance of tru e  ax ia l loading. A slig h t degree of 
eccen tric ity  in  load ing  was sufficient to  give 
erroneous results, and  th is  was p a rticu la rly  liable 
to  occur d u rin g  th e  use of wedge grips. E n 
deavours were m ade to  obv iate  o r m inim ise th is  
troub le by th e  use of spherically seated  g rips, b u t 
even th is  p recau tion  was n o t wholly sufficient to  
elim inate  en tire ly  th e  trouble . Q uite early  in  th e  
h is to ry  of m echanical te s tin g  i t  was discovered 
th a t  in  ac tua l use m etals u ltim ate ly  broke u nder 
stresses fa r  lower th a n  th e  m axim um  stress d e te r
m ined by th e  simple tensile te s t. T his was first 
proved experim entally  by th e  E nglish eng ineer 
F a irb u m , and his work was ex tended  by th e  ex 
perim ents of th e  G erm an investiga to r W ohler, 
whose resu lts  were published in  1871. As a resu lt 
of th is  work i t  (became generally  recognised th a t  
n e ith e r th e  m axim um  stress nor th e  y ield stress 
were any gu ide  to  th e  life  of a m a te ria l u nder 
rep ea ted  stresses. The object of his lec tu re  was 
ra th e r  to  consider resu lts in  a genera l way th a n  to  
give deta ils of th e  .actual tes t. B u t reference  to 
some of th e  o u ts tand ing  tes ts  m ust he m ade in 
order to  g e t an adequate  idea of results . W oh ler’s 
te s t  consisted in  g ripp ing  th e  specimen in  a ro ta t
ing  chuck suspending a w eight from  the  free end.

The specimen was th u s  subjected  to  a lte rn a te  
bending stresses, th e  d e te rm ina tion  of which was 
a m a tte r  o f simple calculation . The resu lts  were 
expressed as num ber of a lte rn a tio n s to  produce 
f rac tu re  u nder th e  ou tside fibre stresses involved. 
A lthough th is  was th e  oldest of th e  dynam ic stress 
tests , i t  was still one of th e  sim plest and best. As 
o rd inarily  ca rried  ou t, i t  suffered from  th e  defect 
th a t  a f te r  th e  te s t had  been ru n n in g  for some tim e 
th e  freely suspended w eight acquired  a  c e rta in  
period ic ity  of up-and-dow n movem ent, which m ade 
th e  fibre stresses of u n ce rta in  q u an tity . T his 
defect could be removed by su b s titu tin g  for th e  
suspended w eight a  fix tu re  which could ibend the  
specimen by a  ce rta in  known am ount and holding 
i t  rig id ly  in th is position. U nder these conditions 
th e re  could be no question of period icity . One
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of the objections which had been advanced ag a in s t 
the \V ohler te s t was th a t in the  bending te s t the 
m axim um  stresses existed a t the surface of the 
specimen only. The principle of subjecting  speci
mens to  a lte rn a tin g  un iform ly-distributed  stresses 
was in troduced by P ro f. Osborne Reynolds, and 
developed by D r. S tan ton  a t  the  N ational Physical 
L aboratory . A still la te r m achine was th a t  of 
P rof. Sm ith , of B elfast, who utilised  the  cen tri
fugal force of ro ta tin g  masses to  set up  th e  stress 
in th e  te s t  piece, and a t  th e  -same tim e u tilised  a 
pow erful sp ring  to  a lte r th e  stress range. One 
of the  difficulties w ith regard  to  the  carry ing ou t 
of a lte rn a tin g  stress tests was th a t  although the 
lim its of stress varia tion  were defined there was 
in  the  m ethods described no knowledge as to  how 
th e  v aria tio n  occurred between two lim its. The 
difficulty had  been successfully surm ounted in the  
a rran g em en t in troduced by H aigh. One end of 
th e  specimen was fixed to  the  fram e of the 
m achine, while th e  o ther end was attached  to an 
a rm a tu re  situ a ted  between two electric m agnets 
excited a lte rn a te ly  by a lte rn a tin g  curren ts. In  
th is  way th e re  was produced in the  specimen a 
stress v a ria tion  which m ust follow the sine wave 
of the  E .M .F . of th e  exciting  curren t.

A lthough engineers were more or less fam iliar 
w ith th e  m ethods of m aking s ta tic  tests, they were 
e ith e r ig n o ra n t of or showed rem arkable contem pt 
fo r th e  co rrec t description of the  tests. The term s 
stress and s tra in  were more frequently  misused 
th a n  quoted  properly, and  before passing on to a 
consideration  of the methods devised for th e  study 
of th e  elastic  s ta te  of m aterial i t  was necessary to 
have a  c lear conception as to  the  exact meanings 
of stress an d  s tra in . W hen a  m ateria l was sub
jected  to  th e  action of a load or force i t  was said 
to  be u n d er stress, and stress was measured as 
load per u n it  a rea . The action of stress was to 
cause o r tend  to  cause deform ation or a lteration  
in dim ensions, and the  a lte ra tion  in dimensions of 
u n i t  m ate ria l was known as the stra in . To speak, 
therefore, of a s tra in  of so m any tons or pounds 
p e r square inch was absurd.

I t  w as th e  behaviour of the  m aterial in the 
elastic  region which was of th e  g rea test in terest 
to  the engineer, because th e  resu lts of dynam ic
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tes ting , which ha-d been highly developed d u ring  
th e  la s t few years, had proved conclusively th a t  
any stress in excess of th e  yield stress would u lt i
m ately lead to  fra c tu re . T here was a general 
notion th a t  th e  determ ination  of the  elastic  
p roperties were too difficult for com m ercial p u r
poses, b u t since th e  o rd in a ry  commercial te s ts  did 
n o t provide sufficient in fo rm ation  to the  engineer, 
th ere  was no doubt th a t  in tim e de te rm ina tions of 
e lastic  constan ts would have to  he m ade in  lieu of 
th e  m any im ita tiv e  te s ts  which had  been in tro 
duced.

M r. L an tsbury  re fe rred  to  a num ber of extenso- 
m eters an d  th e  m ethods o f using them , and 
rem arked th a t  in m aking th e  o rd inary  tensile  
te s ts  all who had had experience of te s tin g  had 
observed th a t w ith m aterials like mild steel there 
was a d is tin c t drop of th e  beam  when th e  yield 
load was a tta in e d , w hilst w ith o th e r m ateria ls , like 
copper, no such drop of the  beam  occurred.

ITie lec tu re r re fe rred  to  a num ber of te s ts  which 
he described as obviously of g re a t im portance. 
W hen the  resu lts  had been fu r th e r  stud ied , so 
th a t  th e ir  rea l physical m eanings could be 
thoroughly understood, they  would undoubtedly  
have a g re a t influence on th e  fu tu re  of m echanical 
testing . A t p resen t the  resu lts  ob ta ined  were 
b ring ing  the  tensile te s t to  th e ir  notice, and  only 
when they 'were thoroughly  understood would the  
full value of th is  te s t be realised. I f  a specimen 
was stressed beyond its yield p o in t and the  stress 
removed they  knew th a t  one of th e  effects was 
perm anen t deform ation, b u t an o th er and more 
in te re stin g  effect had  been produced. On im me
d ia te  reloading, observations w ith  th e  extenso- 
m eter showed th a t  the  m ateria l began to  yield 
im m ediately. In  o ther words, its elastic lim it was 
zero. B u t if the  specimen was k ep t for a period 
of 24 hours o r  heated  in boiling w ater for ha lf 
an hour before re-testing , i t  was found th a t  th e  
elastic lim it was raised  to  a po in t only ju s t  below 
th e  stress to  which the  m ateria l had  previously 
been subjected. This process could be repeated  
un til th e  elastic lim it was prac tica lly  co incident 
w ith th e  m axim um  stress of the  m ateria l. The 
effect of m echanical work in “ im p ro v in g ”  th e  
m echanical p roperties of a m etal were, of course,
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well known in p ractice, and was made use of in 
the opera tion  of cold rolling. They saw, th e re 
fore, th a t  th e  determ ination  of the  elastic lim it 
of a m ateria l was extrem ely liable to give mislead- 
ing resu lts  if the ir object was to  g e t an idea of 
the  tr u e  properties of the m ateria l itself. P ro 
ceeding fu rth e r w ith  the inquiry, i t  was found 
th a t  a  specimen which had had  its elastic lim it 
increased by tensile  work had had  its elastic  lim it 
in compression lowered. S im ilarly , compressive 
work increased th e  elastio lim it in compression 
and a t  th e  same tim e lowered th e  tensile e lastic 
lim it, and  in  every case the  decrease in  one value 
was equal to  th e  increase in th e  o ther value. Or, 
in o th er words, the range of stress over which a 
m ate ria l behaved elastically was constan t for th a t  
p a rt ic u la r  m ateria l. Now the lim iting  range  of 
stress for which a m ateria l would resist an infinite 
num ber of reversals was independent of small 
v a ria tio n s of the  mean stress, and S tan to n  and 
Bairstow  had shown th a t  th e  tru e  or n a tu ra l 
e lastic  lim it of a m etal was equal to  half the 
lim iting  range  of stress, while the very essence of 
B auschinger’s theory of breakdown was th a t  in 
its  n a tu ra l s ta te  the compression and tensile 
e lastic  lim its of a m etal were equal in value. The 
value of th e  elastic lim it determ ined in  th e  
o rd in a ry  way had been callel the “ p r im itiv e ” 
elastic lim it to d is tinguish  i t  from the “ n a tu ra l ” 
e lastic lim it determ ined by a lte rn a tin g  stress tests. 
I t  would be observed th a t  in  every case the tru e  
e lastic  lim its were lower th an  those determ ined by 
th e  o rd in a ry  s ta tic  method, and th is was, of course, 
of th e  u tm ost value to  th e  designer.

B u t th e re  was still a  g re a t deal of knowledge 
to  be gained w ith regard  to  endurance tests, and 
in  view of th e  enorm ous am ount of tim e necessary 
fo r ob ta in ing  th e  results, endeavours had been 
made to  find th e  lim iting  ranges in  shorter tim e. 
The sub jec t of hardness te s ting  was one of ex
trem e im portance to  the  engineer, and yet it  was 
of g re a t  difficulty, because of the confusion of 
ideas which existed as to  th e  m eaning of hardness. 
The m ineralogical definition of hardness was 
resistance to  abrasion, b u t even th is  is not a  single 
p roperty , b u t  a com bination of a num ber of 
properties. T herein lay the difficulty with regard
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to th e  sub ject of hardness, in th a t  up to the  
p resen t tim e th e  methods which had been in t ro 
duced did no t m easure any p a rtic u la r  p ro p erty  
b u t a  com bination  of p roperties, an d  th e  influence 
of each of th e  p ropertie s was d iffe ren t in each 
te s t. N evertheless, th e  m ethods which had  been 
in troduced  had  undoubtedly  been of g re a t p ra c t i
cal value in  enabling th e  m eta llu rg is t and  engineer 
to  ge t g rea te r un ifo rm ity  of p roduct. H is work 
led him  strongly to believe th a t  th e re  was a definite 
p roperty  of m etal which would u ltim ate ly  be recog
nised as tru e  hardness. A t th e  p resen t tim e, how
ever, th e  whole of th e ir  ideas on th is  sub ject were 
in th e  m elting  pot, and  th e  work and discussions 
going on a t  the  p resen t tim e  would consolidate and 
focus th e ir  ideas on th e  subject. A t th e  p resen t 
tim e th ree  m ethods were in vogue for te s tin g  h a rd 
ness, th e  m ethod chosen depending upon th e  
m ate ria l to  be tested  and the knowledge required . 
These methods m igh t be described as (1) scra tch  
te s ts , (2) p en e tra tio n  tests, (3) abrasion o r w earing  
tests.

So far, said M r. L an tsbu ry , in conclusion, purely 
physical te s ts  did n o t in te re s t th e  m echanioal 
eng ineer so .much as th e  elec trica l eng ineer, b u t 
there  were ind ica tions th a t  in  th e  very n ea r fu tu re  
m agnetic  te s tin g  would be used very largely  in 
tes tin g , because th e re  was undoubtedy  a close 
relationsh ip  betw een th e  m agnetic  and m echanical 
p roperties of steels. T here never was a  tim e  when 
th e  te s tin g  of m etals w as of such g re a t im portance 
to  the  engineering  industry , and a n  adequate  
system  of te s tin g  would only be realised  by 
thorough discussion of th e  available m ethods and 
th e ir  indications by th e  engineer and physical 
m etallu rg ists .

DISCUSSION.

M r. T u r n e r  th anked  M r. L an tsbu ry  for h is lec
tu re , and said th a t  when they  saw all th e  th o u g h t 
and energy th a t  had  been expended upon te s tin g  
m achines they  realised th a t  th e re  was a good deal 
more th an  they  th o u g h t in th e  p roduction  of 
models fo r o rd in ary  serviceable use.

M r. J .  E . H t d e  rem arked  th a t  M r. L an tsbury  
had offered a very clear ex p lan a tio n  of m any of 
the  term s and m achines of which they  read and
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heard , b u t w ith which, in  the foundrym an’s busi
ness, they did no t actually g e t in  touch. They 
could qu ite  im agine th a t  when engineers had tried  
most m ethods of testing  steel and non-ferrous cast
ings and  found them  w anting, they m ight tu rn  to 
some of these more elaborate machines and  see if 
they  would help them  still fu r th e r. They lalboured 
under a g re a t d isadvantage, for when they had 
cast th e ir  mould nobody seemed to  have very 
much confidence in it , and i t  would be by careful 
investigation  and w ith the  clear guidance of such 
gentlem en as Mr. L antsbury  th a t  they would pos
sibly be enabled to  im prove th e ir product. The 
m any w orkers he had m entioned did not, of course, 
include all of them , because they had  seen from 
tim e  to  tim e  in  Sheffield o ther machines to  which 
M r. L an tsbu ry  had  n o t referred . H e would like 
to  know w hether the  ones m entioned represented 
the  m ost reliable and  w hat m ight be called the 
s tan d a rd  m achines of 1922. H e was much more 
fam iliar w ith  these th ings 10 years ago, and many 
th a t  he knew th en  seemed to have entirely  dis
appeared. Mr. H yde w ent on to  say th a t  he was 
very much indebted for the stress-stra in  diagram  
and  the  descrip tion  of the two term s. I t  was sur
prising  how ind is tinc t many of the  leading 
chem ists were when they were using the  words 
stress and s tra in . Sometimes i t  seemed as though 
every m an was a law unto  himself, and u n til one 
got used to  him  i t  was extrem ely difficult to  under
s tan d  w hat he really  m eant.

M r . J .  W a t s o n  said the  lecture had been p a r
ticu la rly  in te restin g  to men like himself who were 
engaged in th e  foundry. They saw the tes t piece 
c u t off from the  casting, and knew nothing about 
i t  u n ti l  they  got th e  report. V ery o ften  they  never 
saw th e  m achines th a t  broke i t  o r the te s t piece 
a fterw ards.

A resolution of thanks was accorded Mr. L an ts
bury  for h is lecture.
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London Branch.

THE MAKING OF CASTINGS WITHOUT FEEDING 
HEADS.

By E, Ronceray, M.I.Mech.E.

An a rtic le  which the  au th o r published in “  L a 
Fonderie M oderne ”  a little  more th an  a year ago 
on “  C astings W ithou t F'eeding H eads ”  has raised  
g re a t in te re s t in  th is country .

The tran s la tio n  appeared  in ab strac ts  in T h e  
F o u n d r y  T r a d e  J o u r n a l , which raised discussions, 
some of which were g e ttin g  ra th e r  controversial 
and to which the  au th o r finally d iscontinued to 
reply, th ink ing  th a t  correspondence of such a 
n a tu re  could n o t lead to any im provem ent in 
understand ing . Some of th e  branches of th e  In 
stitu tio n  of B ritish  Foundrym en have discussed the  
artic le , which proves the  in tense  in te re st B ritish  
foundrym en took in the  sub ject, and  th e  au tho r 
has been frequen tly  inform ed th a t  m any foundry 
men have made m ore or less e laborate  experim ents 
to confirm or re jec t th e  resu lts dealt w ith.

I t  is a generally  accepted fac t th a t  m etals, in 
solidifying, decrease in volume. The best au thors 
accept th is fac t, and have dem onstrated  and built 
on i t  cooling theories, concluding th a t  in the  
cen tre  of a cooling m etallic  mass there  m ust 
be a cavity .

I t  m ay be th a t  th is theory  holds good for very 
large masses, b u t in m ost of the  cases observed 
in foundry  prac tice  th e  cav ities found in east
ings may be a ttr ib u te d  to  o ther causes which a 
be tte r p ractice is likely to suppress.

In  order to  obtain  sound castings i t  is common 
practice to  p u t on th e  to p  of h igher p a rts  of them  
heavy feeding heads, and even tually  to  use the  
well-known action of pum ping for adding  new 
m etal. I t  is no t uncommon to  find u nder feeding



heads cavities and porosities. The empiricism of 
th is  m ethod does no t satisfy  progressive men, and 
th e  au th o r has some hope th a t  if such men are 
w illing to  observe and experim ent on th e  lines 
th a t  will be outlined, the re  will be in  the  near
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F i g . 1 .— C y l i n d e r  B o t t o m - C a s t  w i t h  t h e  
H e a v y  P a r t  U p p e r m o s t  b v  M e a n s  o f  
S m a l l  R u n n e r s .

fu tu re  new laws governing th e  solidification of 
m etal and  th e  escape of mould-gas. which will 
resu lt in considerable im provem ent, no t only 
in  foundry  prac tice  b u t also in  o ther industries, 
for example, in ingo t pouring.



The Origin of the System.
For the  first tim e, a short h is to ry  will be given 

of th e  way th a t  th e  pouring  of castings w ithout 
feeding heads was orig inated . This will enable 
the  au th o r n o t to  seem to  u su rp  any  longer a 
p a te rn ity  which does no t belong to  him , and  to 
p u t in its  r ig h t place a  g re a t foundrym an, M r. E . 
Saillot, one of th e  n’lanagers a t  the  a u th o r’s works, 
who is th e  o rig inato r of most of the  im provem ents 
th a t th e  au th o r has had the  honour to  p resen t

724

F i g . 2 . — M o u l d i n g  M a c h i n e  C h o s s - H e a d .
T h e  C a s t i n g  W e i g h s  3  c w t . ,  t h e  
R u n n e r s  8 l b s .  T h e  A r e a  o f  t h e  
R u n n e r  i s  9 / 1 6  i n .  s q .

d u ring  these p ast tw en ty  years to  th e  foundry  
world. M r. Saillot is a  m an of persp icacity  and 
observation—ta len ts  seldom developed in hum an 
beings, possessing as well an in s tinc tive  genius 
for eng ineering and foundry  work.

In  about 1886 the foundry  of the  W estern  R ail
way Com pany of F rance  was engaged in  m aking  
w hite-m etal brasses for ca rriag e  axle-boxes. In
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experim enting w ith various ways of pouring them  
it  was found th a t  for some reason, of li tt le  weight 
for th e  question under discussion, b e tte r results 
could be obtained w ith a sm all m etal head than  
w ith heavy risers. This gave th e  idea to  make 
te s ts  on gun-m etal railw ay castings in  o rder to  
reduce feeding heads and  risers. S tep by step 
the  reduction  in  bulk took place and  pum ping was 
done away w ith. However, risers plugged by sand 
s till were used, and the runners, though n o t so 
la rg e  as usual, were of ample 6ize. This w ent on 
fo r a few years.

L__125 I
F i g .  3 .— M o u l d i n g  M a c h i n e  B a i m i n g  

P l a t e . W e i g h t  8 1  l b s . W e i g h t  
o f  R u n n e r  2 §  l b s . D i a . o f  V e r 
t i c a l  R u n n e r  9 / 1 6  i n . D i a . o f  

H o r i z o n t a l  R u n n e r s  5 / 1 6  i n .

One day, passing th ro u g h  th e  foundry while a 
Webb gun-m etal locomotive safety-valve body 
w eighing about 2 cwts. was being poured, M r, 
Saillot, who w as m anager of th e  works, saw the  
men on th e  p o in t of stopping pouring  as the m etal 
d id  n o t fill the  mould as quickly as usual. One 
crucible was already  poured, and  a second one 
was ready. M r. Saillot ordered i t  to  be poured. 
There was n o t much risk. The mould was con
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dem ned and  th e  m eta l could as well have bpen 
poured in i t  as in ingo t moulds. C on tra ry  
to  th e  usual p rac tice , th e  rise r plugs d id  no t lif t , 
and  there  rem ained in th e  pouring  basin  an 
am ount of m eta l abou t equ ivalen t to  th e  volume 
of risers. A perfec t casting  was th e  resu lt. I t  
was found in  fe ttlin g  i t  th a t  th e  ru n n e r was p a rtly  
closed by a piece of slag w hich had  fallen  down 
from  th e  crucible a t  th e  beginn ing  of th e  pouring . 
The free section of clogged ru n n er was about 
i  in. sq.

A nother mould was made w ithout feeding heads, 
an o rd inary  pencil being used for m aking th e

F i g .  4 . — M o u l d i n g  M a c h i n e  
1 6  l b s .  D i a .  o f  V e r t i c a l  
R u n n e r  5 / 1 6  i n .  D i a .  o f  
H o r i z o n t a l  R u n n e r s  \ i n .

runner. The resu lt was perfect. The m achining 
revealed no defect, and from  th is  tim e these cast
ings w ere m ade w ith  ru n n ers  of abou t f  in . in stead  
of |  in. to  1 in. as before. The m ethod was ex
tended  w ith  success to  locomotive slide-valves and 
axle-box bearings.

Hot Pouring Essential
M achine m oulding was becoming know n a t th is 

tim e. Cliché tab les were fitted  w ith  clichés where 
feeding heads, as used for hand  moulding, were 
provided, and  th e  moulds were poured on end.
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D uring  a whole m onth Mr. Saillot had the feed
ing heads p u t downwards. The loss was, if any- 
th ing , less th an  before.

I t  m ust be mentioned th a t in th is  foundry 
moulds were dried and m etal was very hot. L a te r

F i g . 5 .— M o u l d i n g  M a c h i n e  C o l u m n . 
W e i g h t  1 1 7  l b s . W e i g h t  o e  R u n n e r s

5  l b s .  S e c t i o n  o f  R u n n e r  1  i n  T r i a n g l e .

on the  adoption of an oil furnace gave trouble 
u n til i t  was found possible to  get the  same tem 
p e ra tu re  as w ith clay crucible furnace. This hot
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pouring  is most im p o rtan t, as i t  was proved in 
ano ther case.

In  the  iron  foundry  of th e  same com pany brake 
blocks, oil boxes, and  locomotive cylinders had  
always been poured  w ithou t feeding heads—nobody 
knew why—b u t all o ther castings used to  be made 
w ith heavy heads. The loco, cylinders were poured 
horizontally  w ith a flow-ofl: th a t  was closed a f te r  
having le t pass 2 to  3 cwts. of iron. H owever, 
cylinder covers were poured on end w ith a large 
closed rise r w eighing about as much as th e  cover

F i g .  6.— A  1 4 - C w t .  L o c o m o t i v e  C y l i n d e r  
C a s t  w i t h  a  1 | - i n .  R u n n e r ,  E n l a r g e d  
o n  E n t e r i n g  M o u l d  t o  I  1 5 / 1 6  in .

itself. The casting  was sound, b u t in  polishing it  
th e  m etal looked darker n ea r th e  riser, which 
can easily be explained by slower cooling a t  th is  
place. No troub le  w as experienced by pouring  
th is  sam e casting  on  fla t w ith  a small g a te  in  
the  cen tre  and  no riser.

The resistance of staff and m en to  such m ethods 
increased when an  order came for th ree  wheel 
press cylinders, w eighing from  5 to  6 tons. B u t
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Ŝociété Anonyme cJoh n  CochG/'jli <3eraing

L o c o m o t i v e  C y l in d e r

p IG . 7 .— A  2 - T o n  5 - C w t .  L o c o .  C y l i n d f " ,  
C a s t  w i t h  1 1 3 / 1 6  i n .  R u n n e r .
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Mr. Saillot insisted, and  the first one was poured, 
heavy p a r t  in top, as shown in F ig . 1. The ru n n e r 
was 40 x 40 m /m  (about 1 9-16 in . sq.), and  no 
risers o r feeding heads w ere provided. The top  
came slightly  fla ttened, b u t was p u t in reg u la r 
service w ithou t any trouble . The two o thers were 
m ade sam e way, b u t w ith  a  ru n n e r  only 30 x 30 
m /m  (1 3-16 in. sq.) and were perfect. P ropello r 
screws of 9 ft. dia. were made sim ilarly  w ithou t 
trouble.

The au th o r had  frequen t ta lk s on such e x tra 
o rd in a ry  facts w ith  M r Saillot, when for busi
ness we had oppo rtun ities of trave lling  together, 
b u t when in  th e  office th e re  was no  tim e for such 
speculations, which, a fte r  all, were not d irectly  
re la ted  to  th e  business of th e  firm.

At this tim e m achine-m oulding was principally  
confined to  sm all castings w hich did n o t requ ire  
feeding heads. M oreover, we had  more or less 
to  follow th e  custom ers’ views as to  th e  
method of ga ting . W e h ad  no t a t  th is  tim e 
obtained sufficient convincing power to  impose 
o u r own views. The m achine m oulding was in  its 
infancy, and as can be im agined, we had  enough 
w heat to  g rin d  in  our mill w ith  w hat was re la ted  
to d irec t opposition to  new processes and n o t to  
divide our efforts in  a side line and see th e  m achine 
acoused on account of all inside shop failu res.

However, the  opportun ity  arose d u ring  th e  w ar 
when i t  was necessary to  m ake sem i-steel shells 
w ith all speed. In  o rder im m ediately to  m ake 
shells on m achines th a t  were already installed  
in foundries, we devised a m ethod of m oulding 
on reversilble sp lit p a tte rn -p la te s , and to  pour 
them  on end. W e recom m ended doing away with 
feeding heads and to  use for a 155 m /m  (6 in .) 
shell w eighing 1 owt., a ru n n e r abou t |  in. W e, 
of course, m et a considerable opposition from  th e  
W ar Office, and most foundry  men, b u t the  scheme 
a t  last proved satisfactory . H ad  the  moulds been 
dried  no trouble w hatever would have been ex
perienced, b u t i t  was very advantageous to  pour 
in green sand, and we strong ly  recom m ended i t .  
P roviding sufficient care was tak en  in sand-m ixing 
and sand-ram m ing, p erfec t shells were obtained , 
and th e ir  cost was considerably reduced by the  
saving in handling  coal and m etal. H owever, in
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the rueh, th is  care was n o t always tak en  and 
troubles were th u s  experienced. Some foundry- 
nien m ade shells up to  2'20 m /m  (9 in.) and  la rg er 
w ith success by th is  m ethod, which proves th a t  
technically i t  was satisfactory .

L a te r on, when his dem onstration  foundry  was 
pu t in operation  th e  au th o r tr ied  w ith  a lte rn a 
tions of success and fa ilu re  to  produce th e  same 
results on different shapes of castings, w ith the 
view to  determ ine th e  causes and ob tain  d a ta  for 
determ in ing  sizes of run n ers  in p roportion  to 
weight of castings. H owever, i t  should no t he 
considered th a t  th e  au th o r has fully succeeded to  
elim inate feeding in every case.

Then i t  was th o u g h t th a t  in publishing th e  resu lt 
of these experim ents in “  L a  F onderie  M oderne ”  
o ther people could be induced to  tak e  th e  sam e 
course, and from  combined experience obtain some 
increase in common knowledge.

The a u th o r wishes to  em phasise th a t  th is  system 
of slow pou ring  is no t his invention ; he has no 
desire to  claim th a t  i t  is his, though in  sp ite  of 
his efforts i t  is o ften  called “ M r. B oncerav’s 
System .”  I t  is no t so.

Since inves tiga ting  slow pouring  i t  has been 
ascerta ined  th a t  it  is p artly  used in m any shops, 
though unsystem atically . In  th e  W estern  E a il wav 
W orks M r. S aillo t found some castings m ade by a 
sim ilar process, w hilst he him self developed it. At 
the  Liège E xh ib ition  of th e  F rench  and  Belgian 
Associations, where v isits were organised in local 
shops, th e  au th o r discovered th a t  loco cylinders 
and m any o ther castings were m ade according to 
the  same principles, possibly th rough  some know
ledge of w hat M r. S aillo t d id  a t  G otteville some 
years before, possibly for some o th e r reasons. 
B runelli, years ago, recom mended pouring  th rough  
small run n ers  about pencil size on th e  top  of 
castings.

C onsequently th e re  is no invention on th e  
a u th o r’s p a it ,  b u t only an a tte m p t to  collect data 
and to  find exp lanations for fac ts which a re  of 
the u tm ost in te re s t for foundrym en.

This being well understood, i t  will perhaps be 
advisable to  give a 9h o r t descrip tion  of a few 
samples of castings which have been m ade success
fully by slow pouring  and no feeding heads. F irs t
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of all, th e  castings shown in the  orig inal a rtic le  in
La 1' onderie M oderne,” which a re  shown in Figs. 

2 to  5.
Some trouble  is experienced w ith  th e  castings 

shown in  Figs. 2 and 3 when proper sand is not 
used for th e  co p e ; i t  is very liable to  scabbing. 
S im ilar resu lts a re  obtained by B runelli runners 
used on top  of easting.

The to p  of core, in  F ig . 4, being heated  inside 
an d  outside, is liable to  evolve too much gas and 
produce a w aster when the  core is not perfectly

F i g .  1 1 .— A c t u a l  C a s t i n g  M a d e  a c c o e d i n g  t o  
t h e  M e t h o d  S h o w n  i n  F i g . 10.

vented. T his casting  is now poured on top  w ith a 
round ru n n e r of J  in. section.

The au th o r poin ted  ou t in T h e  F o u n d k y  T r a d e  
J o u r n a l  th e  following conditions in which castings 
can be m ade w ithout feeding h e a d s :— (a) When 
th e  n a tu re  of the  casting  is such th a t  th e  gating  
and cooling can be a rranged  so th a t  solidification 
takes place a t  th e  same tim e  th roughou t th e  cast
ing. (b) T hat th ere  will be no swelling of th e  sand, 
o r if th e re  is, it  will no t continue a fte r  pouring is 
completed.

Of course, small runners involve very hot metal. 
The runners m ust be kept filled du ring  the pouring
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so th a t  no a ir  o r slag en ters in to  the  mould. 
The slag m ust always be k ep t o u t of m oulds if 
sound castings a re  to  be expected. T here a re  
num erous ways to  o b ta in  th is  resu lt, which too 
frequently  are  lost sigh t of.

Belgian Experiments.
In  various papers, M r. Leonard, confirm ing th e  

results m entioned, says th a t  slow pouring  has the  
add itional advantage of giving more tim e fo r the  
gas to  escape. H e gives very in te res tin g  exam ples 
and th e  a u th o r’s p rac tice  confirms it. H ea lsoag rees 
th a t  when risers are  used they  m ust be plugged o r

F i g .  12.— T h e  C a s t i n g  S h o w n  i n  F i g .  11, 
B r o k e n  u p  t o  E x h i b i t  t h e  S o l i d i t y .

otherw ise i t  is n o t in frequen t to  find theim contam in
ated  w ith  blowholes.

I t  has been rem arked by some B elgian friends, 
especially Mr. Lamouçeux, th a t  th e ir  p rac tice  d if
fers slightly  from  th e  a u th o r’s sketches in  th a t  
when they  use small ru n n e rs  they  m anage to  have 
the  reduction  fa r  from  th e  castings and increase 
the  ru n n er close to  it, in o rder to  reduce th e  speed 
of m etal where i t  en ters th e  mould. This is qu ite  
reasonable, especially when th e  stream  is strik in g  
a core o r a p a r t of sand. I t  can  th en  cause scab
bing and i t  is advisable to  follow th is  suggestion .

Figs. 6 and 7 re fe r to  locomotive cylinders cast 
vertically  a t  Cockerill W orks, Seraing, near Liège.
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I t  can  be seen th a t  th e  ru n n e r is choked close to  
the basin and th a t  a fterw ards the  runners are 
increased. The risers are there  for washing the  
mould. T heir section is too small to  consider them  
as feeding heads. This p ractice is qu ite  common in 
th e  Liège d is tric t, and th is discovery was a g rea t 
sa tisfac tion  to  th e  author. The actual castings 
a re  shown in  F igs. 8 and 9.

British Experiments.
A m ongst o ther confirm ations of satisfactory  re 

sults from  G reat B rita in  th e  au tho r 'has received

F i g . 1 4 .— T w o  S e c t io n s  t h r o u g h  a 10-Ton 
H . P .  H y d r a u l i c  C y l in d e r  C a s t  w i t h  
E i g h t  f - iN .  D i a . R u n n e r s .

from  Messrs. John  M usgrave & Sons, Lim ited, 
Bolton, th e  details of a  rocking lever which are 
shown in  F igs. 10 and  11.

I t  is said th a t  previous to  adopting  th is system 
they  were obliged to  have a large rise r over each 
of th e  bosses, also on th e  body . This m eant 4 risers 
to  be fed and  c u t off by m achine. The casting  made 
of oast iron  was broken up and found to  be abso
lutely solid and  w ithou t any signs of sinking on 
th e  outside.
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A semi-steel m ix tu re  w ith 35 per cent, of steel 
w ith  the  gates slightly enlai'ged gave th e  same 
good results. F ig . Î2 shows the  casting  a fte r  
b reaking. A nother casting  m ade by th e  sam e firm 
is shown in  F ig . 13. I t  is a face-plate coupling, 
w eighing 1 cwt. The d iam eter of vertical ru n n e r 
is £ in ., and  th a t  of th e  tw o horizon tal ru n n ers  
ï  i n -I t  is said th a t  previously th is  casting  had  to  
be fed to  he solid. No sign of sink ing  was found ; 
■broken, i t  xvas perfectly  solid and  even in  te x tu re , 
and th e  m achine-shop forem an s ta ted  i t  was th e  
cleanest casting  he ever had to  m achine.

W hen v is iting  works around Liège, w hilst th e  
au th o r’s a tte n tio n  was already tak en  up  w ith some 
in te res tin g  castings poured in  unusual ways, he 
was struck  a t  Esperance-Longdoz foundry  by a

F i g .  15.—F r a c t u r e d  F I e a d  o f  t h e  C a s t i n g  
S h o w n  i n  F i g .  15.

heavy roll lying on the  floor, on which traces of 
only a few1 small, very th in  gates were noticeable. 
The casting  weighed about 10 tons and ap p a ren tly  
had  no feeding head. M oreover, a f te r  inqu iry , it  
was ascertained th a t  th e  p a i t  of the  casting  where 
th e  gates w eie ap p a ren t had to  be c u t ou t, and a 
sa tisfac to ry  reply could no t be ob tained  as to  why 
th is p a r t  was added to  the  p a tte rn . The au th o r 
was inform ed th a t  th e  idea was to  have more pres
sure on th e  casting . I t  was more likely, however, 
th a t  i t  was p u t th e re  more for safety  th a n  for 
any th ing  else.

The 10 tons of iron were poured th rough  8 round 
gates f  in . d ia . T h ink ing  th a t  i t  would be m ost 
in te resting  to  find o u t w hether the  head wras sound,



th e  a u th o r asked th e  foundry m anager, M. V arlet, 
to sp lit i t  a f te r  having out it, and to  send him a 
photograph of th e  section. H e was good enough, 
with the  permission of his m anaging director, M.
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F i g .  1 6 .— F r a c t u r e d  H y d r a u l i c  C y l i n d e r  
M a d e  a s  S h o w n  i n  F i g .  14.

S toultz, n o t only to  do th is, b u t also they sacrificed 
th e  casting. This casting  is shown in Figs. 14, 15, 
an d  16. I t  undoubtedly is a most rem arkable 
job.

Experiments with Non-Ferrous Metals.
M. Saillo t’s a tten tio n , as previously sta ted , was
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first called to  th is  subject an inciden t du ring  
th e  pou ring  of a  gunm etal casting . I t  m ay be of 
in te rest, therefore , to  finish th is  P ap e r by recount, 
ing how a brassfounder, M. F a rm e r, who v isited  
th e  a u th o r’s foundry , hav ing  read  th e  o rig ina l 
artic le , ca rried  o u t some experim ents on castin g s 
th a t  had  previously given trouble . H e  used small 
gates w ith complete success. M r. F a rm e r  was 
k ind enough to  send th e  a u th o r th e  d raw ing  giving 
deta ils of th e ir  m anufactu re . The first one was 
a p lain  cylinder made of 88-10-2 m etal of 13 ins„ 
outside dia. x 6 in. deep x I f  th ick , w eighing 
77 lbs. I t  was bottom  cast, w ith tw o |  in. x £ in. 
ru n n er . The second was a bearing  casting  m ade 
in 86-12-2 m etal, and  weighed 42 lbs. I t  was 
bottom  cast by two runners  of 19/32 in . x 3/32 in. 
B oth castings were in every way satisfactory .

M any repo rts  of successful experim ents have been 
received from  differen t p a rts  of E urope, b u t the 
ob ject of th is  P aper was to  m ention some typ ica l 
ones, wdth nam es of works, so th a t  th e  fa c ts  could 
be indisputable. No doubt B ritish  foundrym en will 
succeed in m any cases if they  t r y  for them selves.

The underly ing  scientific princip les a re  n o t d ea lt 
w ith  in  de ta il because th e  au th o r is no t certain  
th a t  h is hypotheses a re  rig h t. iSuffice to  say for 
the  p resen t th a t  i t  is possible to  pour successfully 
w ithout feeding heads a g re a t num ber of castings 
th a t  have been considered impossible to  do by th is 
m ethod up  to  now, and to  get them  sounder than  
w ith  the  use of feeding heads.

Obviously i t  is desirable th a t  scien tists and p rac
tica l men should set to  work an d  try  to  determ ine 
causes fo r such results, w'hioh will probably resu lt 
in  th e  discovery of unknow n laws.

In  conclusion, th e  au th o r desires to  th an k  M r. 
G reiner, G eneral M anager of Cockerill W o rk s; Mr. 
D royart, S u p erin tenden t of th e  F ound ries; Mr. 
S toultz, M anaging  D irector, and  M r. V arle t, foun
d ry  m anager, of Esperanoe-Longdoz W orks, fo r 
hav ing  had the  k indness to  supply photographs and 
draw ings showing th e ir  p ractice. The au th o r is 
fu r th e r  indebted  to  Messrs. John  M usgrave & Sons 
and Mr. L. A. B entlev, th e ir  foundry  m anager, and 
M r. F a rm e r, for having experim ented on th e  lines 
indicated , and for g iving perm ission to  use the  
dooum ents they  so k indly had prepared .
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DISCUSSION.

Favourable Experiments Detailed
T h e  B r a n c h - P r e s i d e k i  (M r. H . 0 . S later) 

opened th e  discussion by s ta tin g  th a t  M. 
Ronceray had  served th e  foundry world to  g rea t 
purpose, in  th a t  he had not only lectured to  them  
in a  most fluent m anner, in a language not his 

; b u t he had  explained some fundam ental 
principles in connection w ith moulding. H e him 
self, like M. Ronceray, had carried  ou t a num 
ber of experim ents of th e  p articu la r n a tu re  re
fe rred  to  in  the  lecture. Mr. Stone, a member, 
like m any o ther foundrym en, could not accept the 
theory , b u t was convinced by practical experiments. 
The m ethod was la te r  extended to  include gun- 
m et al and  o ther alloys. No doubt m any of them  
were aw are th a t  malleable iron was som ething of 
a  “ hungry  ” m etal, sim ilar to  manganese bronze 
and  steel. One experim ent was made—a spring 
b racket on a m otor lorry, w ith  a section of £-in., 
w ith  ribs leading to  bosses of 3 in. dia. x 2^ in. 
I t  was necessary, in  order to get a sound casting, 
to  have a feeding head on each boss, there  being 
two bosses on the  casting. The difficulty was not 
so m uch th a t  of g e ttin g  th e  m etal sound under
n ea th  th e  risers, as in  g e ttin g  the  risers off w ith
ou t knocking a  piece o u t of th e  casting owing to 
design and  th e  la rger risers used. Necessity drove 
them  to  inven tion , and  they  cast these brackets 
w ith  ju s t a  sm all rise r, w ith  about the  same dimen
sions as m entioned by M. Ronceray, namely,
3-16th in. by ij in . To m ake up for th e  feeding 
heads, they  p u t 6, 9 and 12 insi. of ex tra  height 
of ru n n e r  on to  these p a rticu la r castings. The 
theory  a t  th a t  tim e was th a t  the  pressure would 
have some com pensating effect for th e  risers. 
They h ad  found th a t  th a t  was not altogether 
sa tisfac to ry  in  th is  p a rticu la r case, owing to 
g rea tly  unequal section, and th e re  was difficulty 
w ith  reg ard  to  th e  regu lar solidification of the 
m etal. H av ing  an  advan tage  which in malleable 
iron  they  did n o t have to  th e  same ex ten t in cast 
iron work, owing to  annealing , they  p u t a chill
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on th e  bosses. The calculation  they  used was to 
have a chill ha lf th e  size of th e  th ickness of the  
boss to  save th e  fusion of th e  chill and a t  th e  same 
tim e densening th e  bosses, and i t  was found th a t  
th a t  regu la ted  the  solidification of th e  m etal, and 
they ob tained  a perfec t casting . They ex tended  the  
method u n ti l they  saved som ething like 20 to  25 
per cen t, of th e  m elting  charges on th e  shop as a 
whole. W ith  reg ard  to  M. R onceray’s 6-in. shell, 
d id he cast th a t  shell w ith  a core, and, if so, w hat 
did he allow for m achining?

M. R o n c e r a y  said i t  was oast w ith  a  core, and 
he had  allowed 4 or 5 mm. on th e  rad ius.

T h e  B r a n c h - P r e s i d e n t  said  th a t  was f- in . a side 
for m achin ing , and  M. R onceray had  achieved 
som ething g rea t. H e had  saved som ething like 
20 to  30 per cen t, on th e  m achining charges of a 
shell. There was one th in g  which had  come to  
his m ind, and th a t  was as to  w hether th e  secret 
of small gates an d  no risers lay  in th e  use of hot 
m etal. H e was pleased to  no te , from th e  lecture , 
th a t  the  F rench  m oulder was like th e  E nglish  
m oulder, in th a t  he followed out in s truc tions as 
fa r  as he could when being w atched. I t  gave 
them  sa tisfaction  to  know th a t  th ey  could no t 
a ltogether denounce th e  E nglish  m oulder any more 
th a n  any o ther.

Casting Shells.
Mr . A. R. B a r t l e t t ,  speaking in connection w ith  

the shell which M. R onceray had  m entioned, said 
th a t  his firm  had  m ade m any shells d u ring  th e  
w ar, b u t he was sorry to  have to  adm it th a t  they  
had  to  cast them  all w ith  feeding heads. T heir 
m ethod of g a tin g  was certa in ly  n o t th a t  described 
by M. R onceray, and he gave an  exam ple of th e ir  
m ethod of g a tin g  by m eans of a sketch. The shells 
were cast vertically  and  moulded vertically . They 
were made on a s trip p in g  p la te  m achine, and pos
sibly th e  way th ey  w ere moulded had  some effect 
upon th e  castings. They were m oulded six in  a 
box, which was round, and  th e re  was a core in  
each, as shown in F ig . 1. The core box is swung 
from  th e  perpendicu lar fo r ru n n in g  to  th e  h o ri
zontal for lif tin g  from  th e  box, when lifted  ou t. 
I t  is th en  d ipped in to  a blacking bin and  hung  on 
bars ready  for stoving.

The reason fo r m aking heads such as a re  shown
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was th a t  they had a moulding m achine converted 
to th is  p a rticu la r use, and as i t  was the only 
machine which they  though t would make them  
economically and quickly, they  adopted th a t  
method. They had never had a reject, bu t they  
always had to  break off the  heads. H e believed 
the  general practice in  E ngland was to  cast them , 
sometimes singly, in a box, b u t he understood 
m any firms cast them  two in a box, b u t w ith  feed
ing heads on them . The runners were generally 
much sm aller, when compared w ith  w hat was 
generally  accepted for a casting  of th a t  size. The

A = S tee l band w ith  handle each side to  a c t  a s  t ru n 
nions. B = R am m ed  first to  th is  level w ith protecting 
cap  in  -position. C = T h is  cap then  -placed on top 
and  ram m ed. T hree brads p u t i t  and  wire w ithdrawn. 
D = T o p  -plug th e n  driven in to give finished shape 
an d  leng th . E = S p lit  here for ease of m achining. 
F = P r in t .  G = A d ju stab le  p in  holes across corner,
1 in. d iam eter. H = B o lt holes for fasten ing  when 
m ach in ing , § in. diam eter. I= C o re  ba r w ith vent 
w ires placed in position first. K =C ore p rin t. L =  
J o in t  of mould. M =Core head broken off here w ith 
ham m er. N =T op. 0 = C o re . P = R u n n e r. Q =H ead .

R =C hill.

castings weighed 49 lbs. each, and were for 4.5 gas 
shells. Six-in. shells were necessarily longer, and 
weighed little  under 1 cw t., bu t they  were ru n  in 
the  same m anner, w ith a 9-in. head. He had had 
no experience o f  any th ing  which was run  in the 
m anner M. Ronceray had spoken of.

M. R o nceray  a s k e d  w h e th e r  t h e  fe e d in g  h e a d s  
w e r e  b r o k e n .

M r . B a r t l e t t  illu s tra ted  the  feeding head, and 
how i t  was broken, by m eans of a sketch, repro
duced in  F ig . 2.

M r . B a r t let t  t h e n  in s ta n c e d  t h e  c a se  o f  a n o th e r
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casting , w eight 8 tons 10 cw ts., w ith  a flange top  
and  bottom , th e  casting  being tapered . I t  was 
ra th e r  difficult to  m ake, as w ill he apprecia ted  
from  F ig . 3.

M. R o n cer ay  a s k e d  w h e th e r  t h e  head w a s  s o u n d .
M r . B a r t l e t t  s a id  t h a t  w h e n  c u t  o ff i t  w .as p e r 

f e c t ly  s o u n d .
M. R o n c e r a y : And t h e  t o p ?
M r. B a r t l e t t  : T hat was also perfectly  sound.
C ontinuing, he said he had illu s tra ted  a sm all 

and a large casting , which more or less c a rried  o u t 
w hat M. Ronceray had said. There w ere several 
sm all th in g s  such as m achine-m oulded castin g s 
which we in  E ng land  would never th in k  of p u tt in g  
a riser on, and  M. R onceray’s theory  was ca rried  
ou t by his own experience of a good m any small 
th ings. The fac t which h ad  in te rested  him m ost 
was th e  coupling ru n  th rough  th e  cen tre , 
which M. Ronceray had  m entioned. H e had 
never seen such a th in g  done. H e w as n o t up 
holding all M. R onceray’s theories, b u t was ju s t 
giving facts as he had  found them  in  h is own ex
perience. H e would like to  know w hether M. 
R onceray found th a t  he obtained a d ifferent resu lt 
w ith  a  d ifferen t chem ical analysis of h is iron. D id 
he find i t  essen tial to  have a very h igh phosphoric 
iron  for ru n n in g  castings w ith  fa irly  th in  section, 
and w ith  such a small ru n n e r , or could he advo
cate  any p a rtic u la r  chem ical analysis to  be 
successful u nder his system ?

M r. H all expressed h is p leasure a t  hav ing  heard  
a leo tu re  by M. R onceray. A bout Ju n edasttyea r th e
lec tu re r had w ritten  an a rtic le  in “  L a  Fonderie  
M oderne, ” which had  been tra n s la te d  by his (Mr. 
H all’s) em ployer and  him self, and  they  carried  
ou t c e rta in  experim ents, which were afte rw ards 
described in  th e  F o u n d r y  T r a d e  J o u r n a l .  One 
question arose o u t of those experim ents, and th a t  
was w ith  reg a rd  to  th e  casting  of shells. M. 
R onceray, he believed, had  cast shells, or had  had  
them  cast in  F rance , th e  b ig  side up . W as th a t  
correct ?

M. R o n cer ay  s a id  i t  w a s .
M r. H all said M r. B a r tle tt  was casting  shells 

w ith  the  th ick  side up, w ith  a  feeding head on 
top. W as th a t  correct?

M r . B a r t l e t t  a g r e e d .
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M r . H all  said th a t  d u ring  th e  w ar he had  ibeen 
tak en  to  Woolwich A rsenal to  see some of these 
shells cast. They weighed about 10 lbs., and a t 
\\ oolu ich A rsenal they  were casting  them  w ith  the 
heavy side u p ; there  was about l |- in .  of m etal on 
th e  th ick  side, and there  was a ru nner all th e  way 
round  about l-16th-in . thick, w ith one down-stick. 
As soon as the shell was cool enough, they h it it, 
and  i t  dropped out of the  ru n n er, b u t when pu t 
up for te s t the  shells used to  leak. H is firm had 
tak en  on a con trac t for those sheila. They a t  once 
commenced to  cast them  the  th ick  side down, and 
had a 1-in. down-stick, which poured four shells. 
They would unders tand  th a t  there  were four in 
one box, against Mr. B a r tle t t’s six. They had the 
1-in. down-stick to  take  all four, w ith a small 
ru n n e r in  th e  bottom , and no riser. H e was not 
going to  say they  had success every tim e, but 
u nder th e  hydraulic te s t they  never lost more than  
1 per cen t., and there  were never any wasters. 
They ram m ed very hard . The trouble in  England 
seemed to  be th a t  we m ust not ram  very hard , be
cause if we did we should get scabs. W as i t  a 
question of the  sand more th an  anyth ing  else? 
They knew th e  iron en tered  into i t  to  some ex ten t, 
b u t he w anted  to  find o u t w hat effect the  sand had. 
H e was still experim enting on these lines w ith 
d ifferent sizes of ru nner

Applicability to Steel.
M r . F . D a r l ey  (Messrs. F ir th , Sheffield) said he 

had  n o t had  much experience w ith cast iron, but 
he was very much struck  w ith  M. Ronceray’s 
m ethod of slow ru n n in g  and cooling in order to  
g e t a solid casting , although personally he had 
very  li t t le  fa i th  in it. In  his opinion they  m ust 
have very ho t m etal to  do th a t , and the  ho tte r the 
m etal th e  g rea te r th e  contraction . In  steel, w ith 
which he was concerned, i t  would be of no use a t 
all, for th e  simple reason th a t  they  could no t run  
a 1-cwt. casting  w ith  less th a n  a 1-inch runner, 
and fu r th e r , unless th e  steel were very fluid, i.e ., 
very hot, they  would n o t get an in tric a te  th in  
casting  1 in. th ick  and  5 ft . long w ith a runner of 
less th a n  1^ in . H e had  also found th a t  i t  was an 
u t te r  im possibility to  m ake a steel casting per
fectly , w here they  had  to  feed a  th ick  p a r t  through 
a  th in  wall. The contraction  of steel was 7/32nd
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of an inch to  a foot, w hereas in th e  case of iron 
i t  was only l /1 0 th  of an inch. H e was ra th e r  
surprised  th a t  brass and phosphor b ronze was 
successful fo r th e  purpose as th e  con traction  was 
about 3 /16 ths. of an inch, nearly  as much as steel. 
He had  come to  th e  m eeting  because i t  had  been 
announced th a t  th e  question of m aking castings 
w ithou t heads would be discussed, b u t he was 
a fra id  th e re  was no chance of being able to  make 
steel castings w ithou t heads, simply on account of 
the  excessive con traction , and th e  difficulty of 
keeping th e  steel sufficiently fluid to  ru n  w ith  a 
small runner.

Sand Experiments.
M r . E i. H. B r o w n  said th a t  he had  been presen t 

las t Septem ber a t  th e  conference of th e  Association 
Technique d e  Fonderie, a t  L iege, and he h ad  h ad  
the  pleasure of v is iting  bo th  Messrs. John 
Cockerill’s works, and also those of th e  E sperance 
Longdoz, and he would like to  p o in t o u t tw o or 
th ree  fundam en ta l facto rs in  which th e ir  m ethods 
differed from  those of th e  m a jo rity  of foundries in 
E ngland . F irs t, w ith  regard  to  B elgian sands, 
they  w ere to ta lly  d ifferent from  our own. They 
were produced from  sands which were found, he 
believed, e ither on the  o u tsk irts  of Belgium , or in 
Luxem bourg, and sometimes, perhaps, in G erm any, 
b u t the  Belgians were producing a casting  w ith a 
finer skin th a n  we could produce, while th a t  p a r
ticu la r sand was fa r  more porous. W hen he came 
back he had b ro u g h t w ith  him  a box of sand from  
one of th e  foundries a t  L iege, passed i t  th rough  
a series of sieves, and com pared i t  w ith  an  aver
age sand in h is firm ’s works a t  N ewcastle. W here
as th e ir  own sand would barely pass th rough  a 60 
mesh sieve, he could pass p rac tica lly  th e  whole of 
the  B elgian sand rig h t th ro u g h  th a t ,  and  about 
45 per cen t, of i t  th rough  an  80 mesh sieve. T ha t 
was considerably finer th a n  m ost of them  in E ng 
land  could use. S im ilar sam ples of sands, 3-in. 
square, were ram m ed u n d e r a  B rinell te s tin g  
m achine, to  ge t th e  same pressure on the  two. 
H e p u t th rough  a  co nstan t flow of a ir , and for th e  
purpose of th e  experim en t he was using  a carbon 
dioxide diffuser. The B elgian sand passed p ra c ti
cally 25 per cent, more gas th a n  th e  E nglish, a t  
the  same pressure. W ith  reg a rd  to  th e  corn^
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position of th e  m etal, th e  composition of the 
cylinders m entioned in the  lecture was no th ing  
like th a t  of the cylinders he had seen made here 
and  in H olland. H e quoted an instance of some 
cylinders of very sim ilar construction, which he 
had  seen made during  the  five weeks he spen t a t 
a  works in  Am sterdam . They were making 
practically  a  sim ilar type of casting  w ith  a head 
somewhere about 9 in. in  height, tap e rin g  from 
about 3 in. a t  th e  top, to , roughly, 1£ in. a t  the  
bottom . The m etal was nearly  0.5 per cent, lower 
in phosphorus th a n  th a t  which he understood was 
being used in Belgium, and th e  su lphur was con
siderably h igher, certa in ly  up to  0.15 per cent, 
alm ost every tim e. T hat necessitated a manganese 
con ten t of well over 0.44 per cen t., otherwise they  
would get su lphur blowholes. The m anager of 
th is  p a rticu la r foundry had told him th a t  they 
could cast the  same cylinder in w hat he said was 
identically  th e  same composition of m etal as used 
in Belgium, w ithou t heads, b u t when they tr ied  
th e ir  own m etal, which, due to  the  sulphur con
te n t, was considerably th icker, and was impossible.

High Temperature Tests.
T here was ano ther point, w ith  regard  to  tem pera

tu re s  of casting . W hen speaking of casting  w ith hot 
m etal, they m ust remember th a t  hot m etal did not 
m ean th e  same to  one foundrym an as to  another. 
H e was astounded in th e  p a rticu la r foundry  he 
had m entioned, in  H olland, to  see the m etal they 
were ru n n in g  th rough  a cupola w ith  a receiver. 
H e had never previously, in th is country, seen 
m etal any th ing  like so hot, and i t  had taken  him 
nearly  n ine m onths’ experim enting to  g e t anything 
like it. H e had ascerta ined, by the  use of a  pyro
m eter, th a t  the  tem p era tu re  was somewhere in the 
region of 1,500 deg. 0 . W ith  regard  to  the  whole 
of th e  castings cast in Belgium, there was in Bel
gium  practically  no th ing  else th an  intensely high 
phosphorous iron. Iro n  was coming from Belgium 
and Luxem bourg co n ta in ing  phosphorus up  to 2.6 
per cen t. W as th a t  th e  m etal which M. Ronceray 
■was p u tt in g  in to  some of th e  castings he had men
tioned? Because if so, the  average Englishm an 
would n o t look a t  it.

M . R oncer ay  s a id  i t  w a s  im p o ss ib le .



Semi-Steel Considered,

M e . B r o w n , con tinu ing , and  dealing  w ith  the 
question of sem i-steel, said  he believed i t  was 
generally  accepted now th a t  semi-steel differed 
from  cast iron  only in th e  very slightly  lower 
carbon co n ten t; th e  d im inution  was in th e  v icin ity  
of 0.1 per cen t., and  th e re  w as also a som ewhat 
lower m anganese con ten t. I f  they  had  to  have a 
th icker ru n n e r for th e  semi-steel, did no t th a t  
m ean th a t  w ith  any  th ick  m etal th e  same would 
be necessita ted? D u ring  th e  course of th e  last 
two years he had been casting  some cylinder liners 
fo r a m arine  engine. The sulphur co n ten t was 
over 0.2 per cen t., and  i t  Was deliberately  k e p t a t 
th a t  high value. In  th e  p a s t th ere  had  been an 
enorm ous am ount of troub le  w ith  th e  po rosity  in 
th e  to p  of those cylinders, and  they  had had  some 
very b ig  heads cast on them . W ith  a 72-in. liner 
i t  was th e  usual p rac tice  to  cast w ith  an 18- to 
21-in. head. H e illu s tra ted  h is rem ark  by m eans 
of a sketch of a half-section of th e  liner.

Such a casting  would show a d ep th  of an y th in g  
up to  72 in ., and  a thickness of m eta l of abou t 1J 
to  1J in . except in one place, where i t  would be 
about 2£ in. A fte r a good deal of experim en ting  
he had  found th a t  th e  shorter tap e red  head was 
considerably b e tte r  th a n  a long narrow  one. The 
runners  for these liners w ere cast on th e  top  of 
th e  head ; th e re  were four runners, abou t 1£ ins. 
long by, roughly, -J-in. wide. As to  th e  su lphur 
con ten t, h igh-sulphur m etal had  advan tages over 
low -sulphur m etal in some ways. In  dealing  w ith  
a  cylinder line r they  w ere endeavouring  to  ob ta in  
a casting  w ith  a h a rd  skin, re s is tan t to  w ear, and 
also, when dealing  w ith  superhea ted  steam , i t  h ad  
to  w ith s tand  a fa ir ly  h igh te m p e ra tu re  and s till 
be re s is tan t. S ulphur hardness m ain ta ined  th a t  
resistance to  w ear considerably b e tte r  u n d e r in 
creased tem p e ra tu re  th a n  silicon. The average 
percen tage of silicon in  these liners was between 
0.0 and  1 .2 , depending ac tua lly  on th e  size of the  
liner. M anganese, of course, w as h igher still, 
about 1.54. H e would like to  know if  M. B onceray 
could suggest any m ethod of ru n n in g  th a t  p a r t i 
cu la r ty p e  of casting  w ith  th e  same composition 
m etal, and  w ithou t th e  enorm ous head, because it  
ran  in to  considerable cost bo th  in  m elting  th e  
m etal and in c u ttin g  off th e  head.

*
748
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Gas-Engine Liners.

M r J .  L o n g d e n  said there  was in th is country  
a good deal of practice on the  lines which M. 
Ronceray had  laid  down. The difficulty was th a t 
ioundrym en, and perhaps English foundrym en 
especially, needed more courage. As M. Ronceray 
had po in ted  out, th e  principle was to  keep the 
m eta l en te ring  the  mould a t  the  th in n est possible 
p a r t  of th e  casting , in  order to  enable all th e  
m eta l in th e  mould to  set as nearly  as possible 
sim ultaneously. He did no t claim th a t  he had 
t i ie d  th e  small section runner, but he had proved 
th e  valid ity  of the  principle of p u ttin g  th e  m etal 
in to  th e  mould a t  th e  th innest place, so th a t  the  
m etal finally reached the heavy p a r t when it  was 
cooler, i t  being the  last place reached by the 
m etal, so th a t  there  was more chance of even 
cooling. Some years ago he had experience of 
casting  gas engine liners, having sections p re tty  
much as those outlined by Mr. Brown. The weight 
varied  from  about 14 cwt. downwards, the  bigger 
ones hav ing  a  section of about 2 ins., being about 
4 f t . 6 ins. long, and cast on end. There was no 
big head  cas t on the  end; there  was a head of 
about 1 J  ins., b u t it  could not be claimed th a t  th a t  
was a feed ing  head. I ts  function, he believed, 
was to  receive gas holes or any scum th a t  m ight 
have arisen  th rough  the  operation  of casting, and 
he was surprised  to  notice th a t  no bad results 
accrued, such as one m ight have expected. In  
th is  case th e re  were hundreds of liners cast per
fectly  sound, w ith  perhaps th ree  small runners on 
th e  top , each about 1 in. round. Mr. Brown had 
re fe rred  to  th e  difference in  th e  m etal used here 
and  on th e  C ontinent. H e had said th a t  the 
B elgian m eta l was h igher in  phosphorus and lower 
in carbon. H e (Mr. Longden) was ra th e r of the 
opinion th a t  th a t  to ld  in favour of M. Ronceray, 
because if on th e  C ontinent they  could get sound 
castings w ith  a lower carbon conten t and a higher 
phosphorus con ten t, th a t  seemed to  help to prove 
th e ir case. H e believed he was r ig h t in saying 
th a t  th e  phosphide eu tec tic  wias the  las t to  set in 
th e  casting , and  th a t  th e  contraction was g rea ter 
th an  th a t  of th e  pu re  iron. Consequently, there 
was a g rea te r tendency for the  production of the 
holes. S im ilarly, th e  absence of sufficient carbon
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would also ten d  to  m ake for increased liquid sh rink 
age, because if th e  carbon were low th e re  was less 
to  p rec ip ita te , and  when th e  carbon had  been p re 
c ip ita ted  i t  took up a la rg er space th a n  w hen i t  
was in its combined form, th u s  help ing to  p rev en t 
shrinkage holes. H e believed th e re  was a g re a t 
field for investiga tion  in  th is  p a rticu la r m a tte r , 
and th e re  was no doubt th a t  i t  needed courage, 
b u t he was qu ite  satisfied th a t  a g re a t deal was to  
be expected of it , and  a g re a t deal of economy 
would resu lt.

Pans made without Heads.
Some tim e ago he was responsible for th e  

m aking of a num ber of pans w eighing abou t 30 
ewts. each. They were 4 f t .  6 ins. in  d iam eter 
and 5 f t . deep, and he w as staggered  w hen he dis
covered th a t  i t  was necessary to  m ake them  w ith  
a m achining allowance on th e  to p  flange of J-in ., 
and w ith  no  head. These w ere cast w ith  th ree  
rec tan g u la r sectioned runners, each ru n n e r being 
abou t § in . by 1 in ., and ca s t perfec tly  successfully, 
and  perfectly  clean on th e  to p  flange. T h a t was 
som ething he did n o t expect, b u t i t  was being 
done, and th ere  seemed to  him  to  be g re a t room 
for investigation .

Successful Experiments.
Mb. C r e e k  said he would like to  give th e  au th o r 

a word of encouragem ent. H e had  been up  
aga in s t som ething which had given him  a lo t of 
troub le ; he had  tr ie d  all m ethods, and  could n o t 
ge t a sound casting  in  one p a rtic u la r  case. A fte r 
read in g  th e  artic le  in  T h e  F o u n d r y  T r a d e  J o u r n a t . ,  
however, i t  had  given him  an idea. H e w ent down 
from  a lf - in . ru n n e r to  a £-in. down ru n n e r , and  
a very m uch sm aller ru n n e r  in to  th e  w ork itself. 
The first casting  was absolutely sound, and  from 
th a t  day to  th e  p resen t he h ad  had  no fu r th e r  
trouble w ith  th is  p a rtic u la r  casting . H e had  tr ie d  
m any o ther types w ith  th e  sam e so rt of m etal, and  
i t  had been th e  g rea te s t success in  th e  foundry  
th a t  he had  ever had. H e was convinced th a t  
the re  was a very g re a t deal in  th is  m ethod of ru n 
n ing if they  could only experim en t a li t t le  fu r th e r . 
So f a r  as th e  run n ers  them selves were concerned, 
he had  n o t qu ite  followed th e  lines which M. 
R onceray had  ind icated . In s tead  of hav ing  a
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down ru n n er d irect in to  th e  work, he had had  a 
down ru n n er and a cross ru n n er, and a sm aller 
one un d ern ea th  th a t  leading in to  the  work. The 
resu lt was, as he had said, a perfectly  sound cast
ing, and he had  produced a g re a t m any of them . 
So fa r as iron was concerned, he had not had the 
same success, largely because he had n o t had the 
m etal as hot as had been m entioned th a t  evening. 
H e would continue his experim ents on iron, how
ever, and believed he would get some good results.

THE AUTHOR’S REPLY.
M. R o n c e r a y ,  replying to  the discussion, dealt 

first w ith  hot m etal. Of course, if they  were going 
to  use sm all ga tes they  would have to  use hot 
m etal, and  he believed they all knew th a t i t  was 
absolutely necessary to  use ho t m etal to  have 
sound castings. I f  they  had  not hot m etal they 
would get slag mixed w ith  the  m etal, and if they 
had  large  g a tes  th e  slag would get inside w ith the  
m etal, so th a t  there  were m any reasons for having 
ho t m etal and  sm aller gates. H e was ra th e r  sur
prised  to  h ear th a t  th ere  was some iron containing 
2.6 per cent, phosphorus; he had never seen it , the  
common iron  used on th e  C ontinent contains 1.6 
to  0.27 per cent, phosphorus. In  Belgium the 
phosphoric iron was made from the  French ore, 
because th ey  had  no ore in Belgium. Discussing 
th e  casting  of shells, du ring  th e  w ar i t  was not a 
question of m aking shells w ith  th e  phosphoric iron 
m ade in F ran ce ; they  obtained hem atite  iron from 
E ng land . B u t th a t  was not the  best, he could 
assure them . Irons of different analyses behave 
differently, b u t when the  castings shown were made 
in  d ifferent shops i t  would be understood th a t  the 
analyses were very different. Sometimes they  used 
h igh phosphorus iron, sometimes low, sometimes 
low silicon, and  sometimes low sulphur, and some 
of the  castings he made himself w ith only 15 per 
cent, pig-iron, and w ith  a high phosphorus content. 
One, he believed, con tained  0.26 per cent, sulphur, 
so th a t  th is  proves th a t  i t  was possible to make 
castings w ithout feeding heads w ith both high and 
low sulphur or phosphorus. I t  seemed to  be a m atte r 
of ad ap ta tio n  in  each case. The brass experim ents 
gave th e  same results. H e could not give his ex
perience w ith  steel, because he had  had none, and
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he did no t wish to m ention any th in g  he was n o t 
sure of. H e had  h eard  th a t  if th ey  w an ted  to  
get ingots w ith  sm all pipes th ey  had  to  re so rt to  
slow pouring , and  he asked M r. D arley  w hether 
th a t  was so. .

M b . D a r l ey  said  i t  was possible to  m ake an  in 
got to  ru n  on som ewhat sim ilar lines from  th e  
bottom. H is firm m ade them  in  th e ir  works, in 
gots of about 2 tons, and  th e re  was probably about 
4 ins. of pipe in  th e  to p  only. On th e  o ther hand , 
he had  seen th e  pipe fully  ha lf th e  way down, b u t 
by slow ru n n in g , w ith  a sm aller ru n n er, i t  was 
possible to  ru n  steel w ith  a pipe of only about 
4 ins. H is firm  had  a R esearch D epartm en t, and 
they  con tinued  casting  ingots and  o ther castings 
and indexing them , w ith  a view to  try in g  to  get 
over these difficulties. H e believed they  h ad  m ade 
the  casting  of ingots as nearly  as possible w ith  a 
m inim um  of p ip ing, b u t th a t  was done by hav ing  
a re frac to ry  to p  pipe. These d id  no t ac t as chills, 
because they  w ere p u t in  h o t and  acted as feeders.

M . R o ncer ay  said he had  no personal experience 
of steel, b u t he believed th a t  som ething could be 
gained in  th is  connection, by experim en ting  on 
the same lines. I t  was probably more difficult, 
because the  m etal solidifies more quickly; however, 
the  resu lts  m entioned by M r . Creek on chrom e 
nickel steel were strik in g . W ith  reg a rd  to  con
trac tio n , i t  seemed th a t  th e re  had  been a con
fusion between w hat he would call solid con trac tion  
and liquid con traction . I f  they  poured m eta l in to  
a casting  and  obtained by some way solidification 
of th e  mass as a whole, th e  casting  would be 
sound, b u t th ey  did no t know up to  now w hat was 
happen ing  before solidification. Solid con trac tion  
had no th ing  to  do w ith  th e  p ip ing . The m om ent 
th e  m eta l was solid there  was no possib ility  of 
liquid con traction , and liquid  con trac tion  was w hat 
m ade pip ing. R eplying to  M r. H all, he said th a t  
shells had  been m ade in  m any ways in  P rance , 
good and bad. The regu la tion  m ethod before th e  
w ar, was to  pour w ith  the  heavy p a r t  down, and  
w ith  th e  feeding head on th e  top. I t  w as common 
p ractice, when th is  m ethod was adopted , to  find 
a hole in  th e  th ick  p a r t .

M r . H all  said th a t  was th e  way he had  cast 
them , and  they  w ere all r ig h t, b u t a t  Woolwich
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the heavy side was east up in the  pa rticu la r case 
he had m entioned.

M. R o n c e b a y  said th a t  was rig h t, a n d .th a t  his 
opinion was th a t  shells could be made good e ither 
'vay, and had  been, in fact, providing good practice 
was followed. There were m any troubles th a t  
arose in casting , so th a t in experim enting they 
m ust n o t expect good results every tim e, b u t they 
m ust tr y  to  change only one th in g  a t a tim e, in  
order to  avoid assigning the  wrong reason to  a 
p a rticu la r trouble. W ith  regard  to the sand Mr. 
Brown m entioned th a t  in Belgium, P rance  and 
G erm any, sand was more permeable th a n  in E ng
land , and a t the  same tim e, it  was finer, and he 
(M. Ronceray) could n o t understand  how th a t  
could be. Mr. Brown had said th a t  the skin of 
the  castings made in Belgium was smoother. The 
castings he had spoken about were dry  sand cast
ings, and the  skin of such castings was produced 
by the  blacking, and consequently has no relation  
to  size of sand. Mr. M elmoth had siaid he had  
m ade th e  very same casting, i.e ., a cylinder liner 
w ith  success w ith  English sand and English iron. 
Ho d id  no t th in k  the English sand was bad, the 
success of the workers in many d ifferent foundries 
on m any different castings was clear proof of it, 
b u t if i t  were bad, why did not they m ake i t  good? 
I f  i t  were n o t perm eable, he suggested p u ttin g  
some silica sand in  when milling i t .  R eferring  to  
su lphur segregation and blow holes th a t  Mr. 
Brown ob ta ined , he though t th a t  th e  reasons given 
were altogether wrong.

Sulphur Blow Holes.
C uster m ade experim ents on the  influence of 

occluded a ir  on the  soundness of castings, and he 
found th a t  if, when pouring a  casting, the  a ir was 
trap p ed  w ith  th e  iron, blow holes were found. 
T here was a com bination of the  sulphur w ith the 
oxygen of th e  a ir , producing sulphur dioxide. The 
same resu lts  were found when experim enting in 
sand and  in  chills. M. Ronceray again pointed 
out th a t  th e  system which was referred  to as his 
system was no t h is invention, his only aim was to 
tr y  to  throw  ligh t on the  subject, which was of 
g rea t in te rest. H e would be proud of the fact 
th a t  he had  lectured  to  th e  London Branch if he 
had been able to  in te rest them  sufficiently for them
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to continue experim enting  on the  lines he had 
suggested. I t  was clearly proved by several ex
perim en ters who tr ie d  his suggestions, th a t  i t  was 
possible to  m ake, under ce r ta in  conditions, cast
ings w ithou t feeding heads, and  if i t  w ere possible 
to  m ake some castings, i t  m igh t be th a t  once they  
had found th e  reason for it, i t  would be possible 
to  m ake them  all in th a t  way.

Votes of Thanks.
Mb. M elm o th  proposed a vote of th an k s  to  M r. 

Ronceray for his lecture. In  doing so, he sta ted  
th a t  th e  subject of the  lec tu re  was of infin ite in
te re s t to  him  and o thers in te rested  in th e  produc
tion  of steel castings. M r. D arley  had  said  th a t  
he could no t see th is  m ethod being applied  to  steel, 
bu t in h is (Mr. M elm oth’s) opinion, th a t  was n o t 
th e  a tt itu d e  to  take . H e had been connected w ith 
th e  carry ing  o u t of an  extensive ran g e  of experi
m ents on th e  speed of ru n n in g  steel ingots, and 
although they  were made in chill moulds as aga in s t 
sand moulds in th e  case of castings, ye t they  were 
ru n  from th e  bottom  w ith a small ru n n e r in p ro
portion  to  the  size of th e  ingot, and h is firm  had 
succeeded in dropp ing  th e ir  percen tage of w asters 
from  these ingots from  25 to  30 p er cen t., down 
to  8 to  10 p e r cent, du ring  th e  w ar. A previous 
co n trib u to r to  th e  discussion had  re fe rred  to  th e  
tem p era tu re  of cast iron. H e had never hea rd  of 
such tem p era tu res  as 1,560 deg. C. in  cast iron, 
and he did n o t see w hat p rac tica l purpose would 
be served if i t  were obtained. Also, according to  
some m eta llu rg ica l opinion, excessive h e a t in any 
m etal in th e  liquid  s ta te  was liable to  leave behind 
a fte r  ill-effects. As to  th e  use of th e  op tical pyro
m eter, he had no t a half-penny w orth  of fa ith  in 
any optical pyrom eter on th e  m ark e t for judg ing  
the  tem p era tu re  of a stream  of m olten m etal. H e 
comm ented on th e  fac t th a t  th e  in d u s tria l people 
in th is  country , who, a f te r  all, did coun t for some
th in g , w ere discussing th e  technical and  indus
tr ia l  problems, w hilst th e  po litic ians were 
dealing w ith  more or less ab strac t and  unp ro 
ductive political questions, and also on a g ra tify in g  
fac t, th a t  i t  was one of our F rench allies in th e  
recen t W ar who was teach ing  them  th e  possibility  
of th is  p a rticu la r m ethod of casting . H e him self 
was going to  tr y  to  m ake ce rta in  types of steel
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castings on the  lines suggested, and believed one 
person had already had some success in doing so. 
He had the  g rea te s t pleasure in proposing the  vote 
of thanks to  M. Ronceray for his excellent lecture, 
and the  extrem ely genial way in which he had 
dealt w ith  th e  discussion.

Mk . F a u l k n e r ,  seconding th e  vote of thanks, said 
ho was ra th e r  proud of the  fac t th a t  he ¡had 
s ta rte d  th e  ball rolling. H e had given a short 
account of M. Ronceray’s work in  th e  F o u n d r y  
T r a d e  J o u r n a l ,  and i t  gave him a feeling  of sa tis
faction  to  know th a t  one member had derived 
p rac tica l benefit from it.

The vote of thanks was accorded w ith  accla
m ation.

M. R o n c e r a y , in  a  b r ie f  reply, s a id  h e  w a s  p r o u d  
t o  h a v e  r e c e iv e d  su c h  a  w a rm  r e c e p t io n ,  a n d  
e m p h a s is e d  t h e  im p o r ta n c e  o f  th e  e x c h a n g e  o f  
ideas.



Joint East Midlands and Sheffield 
Branches.

Held in Sheffield,

CUPOLA FACTS, FACTORS AND FANCIES,

By A. Poole,
A jo in t m eeting  of the  E ast M idlands and 

Sheffield B ranches of the  In s titu tio n  of B ritish  
Foundrym en, held in Sheffield, took th e  form  of a 
v is it to  the  B row n-F irth  R esearch L abora to ry , 
where the  v is ito rs were received by D r. W . H . 
H atfield.

A t a m eeting  in th e  C u tle rs’ H a ll a t  n ig h t Mb. 
A. P o o le , of Stoke-on-Trent, gave a lec tu re  on 
“  C upola F acts , F actors, and F an c ies .” W hen one 
considered th e  m any varie ties of oast iron  which 
were requ ired  from  th e  foundrym en of to-day, 
said M r. Poole, and  th e  im p o rtan t p a r t  th e  cupola 
played in th e ir  production , th e  need fo r a s tan d a rd  
type of cupola, w ith  s tan d a rd  practice, embodying 
th e  m axim um  of efficiency and economy, became 
ap p aren t. I t  had  been said th a t  th e  s tan d a rd isa 
tion  of cupola p rac tice  was an  im possibility. W ith  
so m any types of cupolas in  ex istence th is  m igh t 
be tru e , and  would probably rem ain  so u n ti l  th e  
best fea tu res  of these num erous types were 
embodied in  one p erfec t ap p ara tu s . The a tte n tio n  
of those engaged in research  work was, no doubt, 
focussed on these im p o rtan t m atte rs . E xperim en ts 
u nder labora to ry  conditions, however, were n o t 
qu ite  sa tisfactory . To be of th e  u tm ost value they  
should be ca rried  o u t u nder p rac tica l w orking 
conditions, and  th e  responsibility  fo r th e  erection  
of th e  finger posts to  perfection  lay w ith the  
foundrym an him self.

One o f the  m ost im p o rtan t facto rs for good 
cupola practice  was th e  quality  of th e  fuel. The 
dem ands o f foundrym en for a s ta n d a rd  foundry 
coke of definite chem ical and physical qualities
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from th e  m anufac tu re rs  d id  no t appear to  he an 
unreasonable one. The qualities requ ired  m ight be 
sum marised as follow s:__

C hem ical:—The maxim um  percentage of fixed 
carbon associated w ith a  minim um  percentage of 
sulphur, ash, and  m oisture.

■ P h y s ic a l-S trength  combined w ith porosity, 
high calorific power, and more im portan t still, h igh 
calorific in tensity .

Coke of the  following composition m ight be taken  
as a good average s tandard  which would m eet the  
requ irem en ts of most foundrym en if they  could 
secure consistent and regular su p p lie s:—Carbon 
90, su lp h u r 0.5, ash 7 per cent., and the  re s t w ater 
and o fher im purities.

Coke Ratio.
A fter discussing a  coke of th is quality  with 

regard  to  m elting  ra tio s, M r. Poole said the p rin 
c ip a l source of loss was th e  incomplete combustion 
of th e  fuel in  th e  charge. From  analyses of the 
w aste gases tak en  ju s t below the top of a  cupola 
charge i t  had  been estim ated th a t  only 52 per cent, 
of th e  carbon in  th e  fuel was completely burned  to  
C 0 2, th e  rem ain ing  48 p er cent, being burned to 
CO in  th e  charge, changing to  C 02 above the  
charge. T his represen ted  a  loss of about 34 per 
cen t, o f th e  po ten tia l h ea t contained in the carbon 
which form ed 9 /10 th  of the  coke, o r approxim ately 
37 per cent, from th e  to ta l weight of fuel.

The question natu ra lly  arose as to  whether some 
m ethod could be devised for u tilising  the  surplus 
and  p o ten tia l h ea t contained in the  gaseous p ro
duc ts issuing from  the  charge. A m odem  blast 
fu rn ace  had  m any points in  common with the  
cupola, an d  th e re  was no a p p a ren t reason why 
some of th e  methods which had  resulted  in so much 
g re a te r  efficiency and economy w ith regard  to  
b las t-furnace prac tice  should not be applied to  the  
cupola. The adoption  o f the closed top  with the 
cup and  cone charg ing  arrangem ent, or some 
m odification of i t ,  an d  th e  u tilisa tion  of the waste 
gases for p re-heating  th e  blast, drying ladles, cores, 
etc., should n o t present any insurm ountable 
obstacles, and th e  advantages were evident, 
especially w ith large cupolas runn ing  long heats. 
The cup  an d  cone m ethod of charging ensured a
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practically  p erfec t d is trib u tio n  of the charges, an 
essential fac to r for perfec t w orking, an d  if the 
tem p e ra tu re  of th e  «blast was ra ised  only a few 
hundred  degrees C ent., th e  resu lts  should ju s tify  
the in itia l expense. A no ther source of loss in 
cupolas where th e  m olten m etal was collected in the 
h ea rth  was the  excessive am oun t of coke necessary 
to  form  the  bed.

Is Wet Coke Advantageous ?
The idea of s a tu ra tin g  coke w ith  w ate r before 

charging was open to  criticism . I t  was claimed 
th a t  th is  tre a tm e n t had the  effect of keeping the 
upper p a r t  of th e  charge com paratively  cool, th u s  
«concentrating h ea t in  the  m elting  zone, with con
sequent quicker m elting  an d  less combined carbon 
in  th e  m etal by th e  tim e i t  reached th e  m elting  
zone. The tem p e ra tu re  of a  cupola a t  th e  charg ing  
door was h igh  enough to  evapo ra te  th e  m oisture 
in th e  ooke in  a very sh o rt tim e, probably before 
th e  charge had  descended more th a n  a  foot. I t  
was difficult to  see how any appreciab le  cooling 
effect could be exercised by th e  rela tive ly  small 
am ount of w ater absorbed by th e  coke, even in the  
proportion  of 2 |  cwts. to  one to n  of iron . D ealing 
w ith the  question of a ir  supply, M r. Poole said 
th a t  fo r th e  g rea te s t efficiency i t  was necessary to 
supply to the  cupola an  adequate  volume of dry 
a ir, p re-heated  if possible, delivered a t  sufficient 
speed and pressure to  ensure its  even d is trib u tio n  
over th e  whole of th e  cupola area, and  to  ob ta in  
th e  m axim um  calorific value and  in te n s ity  from  
the  fuel. The question of iblast p ressure was in t i 
m ately connected w ith  th e  quality  of th e  fuel. The 
most im p o rtan t charac te ris tic  of foundry  ooke was 
its calorific in tensity  when bu rned  in a ir . The 
tem p era tu re  fac to r in  cupola prac tice  could n o t be 
em phasised too strongly. I t  was also of v ita l im
portance for the  efficient and regu la r p roduction  
of semi-steel. The generally accepted theory  w ith 
regard  to  th e  m elting  of steel was th a t  the  steel 
absorbed carbon from  the coke, thereby  lowering 
its m elting  po in t sufficiently to  m elt a t  cupola tem 
p era tu res , the  im plied assum ption being th a t  the  
cupola does n o t a t ta in  to  tem pera tu res  sufficiently 
high to m elt steel w ith o u t th is ac tion  ta k in g  place. 
T'his appeared to  be fallacious, and in his opinion
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it m ight be definitely asserted th a t  good semi-steel 
of regular composition could not he produced from 
a cupola unless the tem pera tu re  of the m elting 
zone was above th e  m elting p o in t of the steel.

Temperature of Melting Zone.
The tem p era tu re  of the  m elting zone of a  cupola 

working norm ally was easily high enough to melt 
mild steel. In  a P aper read before th e  In s ti tu 
tion  a t  the  Blackpool A nnual Conference, Mr.
G. K- E llio tt said, “ There is good au tho rity  for 
assum ing th a t  the  tem pera tu re  of the h o tte s t p a rt 
of th e  m elting zone is about 2,200 deg. C .” This 
was probably an over-estim ate, said Mr. Poole. 
No firebrick or fe ttling  would stand up to  any
th in g  approaching th is  tem perature  under cupola 
cond itions; b u t i t  was practically certain  th a t  
tem p era tu res  of 1,600 deg. C. and even h igher 
were no th ing  o u t of the ordinary fo r a  cupola 
w orking a t  its best. H aving  no means of tak ing  
th e  tem p era tu re  of th e  melting zone while the  
cupola  was in  operation , he recently took a series 
o f te s ts  of the  coke from the m elting zone when 
d ischarged  from  th e  furnace ten  m inutes a fte r 
th e  b la s t h ad  been sh u t off. The average tem pera
tu r e  of the  coke was ju s t over 1,350 C. I t  was 
reasonable to  assum e th a t  these tem peratures, 
tak en  outside th e  cupola, would be a t  least 250 
deg. C. below those inside the cupola a t  full blast. 
N early  all th e  carbon absorbed by steely m ixtures, 
or any  cas t iron, was taken  from the coke bed a fte r 
th e  m etal was melted. The num ber, disposition, 
and dim ensions of the  tuyeres were governed by 
th e  size of th e  cupola, and the blast pressure. 
The tuyeres  were b e tte r  kep t a t one level. The 
effect of an  upper row was to  raise the m elting 
zone, and consequently th e  coke bed, which led to 
increased coke consum ption. I f  the a ir supply 
was insufficient more tuyeres should be added a t 
the  sam e level, o r the  capacity  increased.

Internal Form of Cupola Important.
A nother factor which had an appreciable effect 

on th e  m elting efficiency was the in te rna l shape of 
the  cupola. A lin ing  which tapered  outw ards 
slightly from  ju s t above the tuyeres appeared to 
give the  best results. The heigh t of the charging
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deserved m ore a tte n tio n  th a n  i t  usually received. 
In  m any cases th e  h e igh t had been fixed so th a t 
the  least labour and expense m igh t he involved in 
liftin g  th e  m ate ria ls  to  th e  charg ing  p latform . Mo
dern m echanical appliances, however, had  rendered  
th is consideration  a com paratively u n im p o rtan t 
one. Any increase in th e  charge dep th  would have 
the  obvious effect of u tilising  a g rea te r p roportion  
of heat, w ith  a corresponding increase in  th e  tem 
p e ra tu re  of the  charges before reaching th e  m elt
ing zone.

The w eight of each charge of iron which 
could be efficiently m elted was governed p rin 
cipally by the  fuel ra tio , and  th e  capacity  of the  
m elting zone. The am oun t of slag-form ing 
m ateria l charged in to  a cupola had an appreciab le  
effect both  on fuel economy and loss of iron . T his 
m ateria l consisted chiefly of th e  ash in th e  fuel, 
and th e  sand and  oxide o f iron a ttached  to  the  
pig iron  and  scrap . The average loss of h e a t due 
to  the  form ation and  m elting of th e  slag had  ¡been 
estim ated  a t  abou t 8 p e r  cen t., producing 65 lbs. 
of slag per ton  of iron m elted. Obviously, any 
reduction  in  th e  am ount of slag-form ing m ateria l 
charged led to  fu r th e r  economy. M ost of th e  pig 
iron cast in G rea t B rita in  was cast on sand-beds, 
and the  presence of sand on pigs cas t in  th is  
m anner was unavoidable. W hethe r i t  would be a 
paying proposition o r n o t to  rem ove th e  sand  by 
sand-blasting th e  pigs, he was n o t p repared  to  say. 
The onus, however, should n o t be on th e  users of 
pig iron, b u t on the  m akers, and th e  solution lay 
in following th e  A m erican prac tice  of casting  the  
pigs in cast-iron  moulds. P ig  iron cast in  th is 
m anner would be chilled to  a  g rea te r o r  lesser 
degree, b u t  the  composition rem ained  p ractically  
unaltered , and when re-m elted in a cupola, the  
re su lta n t m etal would have approxim ately  th e  
same qualities as a sim ilar pig cas t on a sand bed.

Sand v, Chill-Cast Pig.
A fu r th e r  im p o rtan t consideration  was th a t  

th e  therm al resistance of a chill-cast p ig  was 
fa r  less th an  one cast on a  sand bed. An ap p re 
ciable am ount of h e a t w as required  to b reak  down 
th e  therm al resistance of the th in  skin of sand
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attached to a sand-cast pig. The weight of sand 
charged per ton  of p ig  iron averaged  about 20 lhs. 
rh is  value could he ascerta ined  from any b rand  of 
Pig iron by weighing a few samples of the pig and  
noting the  decrease in w eight a fte r  sand-blasting. 
Assuming th a t  ooke was used contain ing  6 per 
cent, ash and th a t  the  m elting ra tio  is 2 owts. 
per to n  of iron, the  am ount of slag-form ing 
m ateria l in  the coke ©quailed 12 lbs., which, with 
the  sand adheren t to  th e  pig iron, using half pig 
and half scrap, gave a to ta l of, say, 20 lbs. of slag- 
form ing m ateria l to be fluxed per ton  of iron. 
A ssuming th is  to  be silica (S i02) and th a t  all of 
i t  was fluxed by lime (CaO) to  form th e  silicate 
CaOjSiO,,, th e  am ount of limestone to' he  added 
could he  easily calculated from the  fo rm u la : — 
S ix ty  lbs. of silica requires 56 lhs. o f lime, which 
a re  contained in  100 lhs. of limestone. Twenty lbs. 
of silica would therefore require 33^ lbs. of lime
stone. As th e  ash of the coke was to  some ex ten t 
self-fluxing, and as a  proportion of the silica was 
fluxed by oxide of iron, the am ount of limestone 
added was usually less than  the proportion given.

Influence of Atmospheric Conditions Inside Cupola,
T he atm osphere of a cupola in good working 

order m igh t he taken  as practically  n eu tra l, or 
only slightly  oxidising. Very little , if any, of the 
oxide of iron charged was reduced to metallic iron. 
The g re a te r  proportion  of i t  found its way in to  the 
slag, e ith e r  by com bination w ith the sand and  ash, 
o r w ith th e  silica in the lining m aterials. On the 
o th e r hand , the  only appreciable oxidation of iron 
which took place in a cupola runn ing  normally 
appeared  to  occur in the vicinity of the tuyeres 
a f te r  th e  m etal was melted. The molten m etal col
lected in  th e  h ea rth  was protected from the  
oxidising action  of the blast by the slag which 
floated on its  surface. The am ount of iron in the 
slag was m ainly dependent on the am ount of oxide 
of iron charged, and i t  would he more accurate to 
describe “ loss of iron  ” as loss of sand and ru s t. 
I t  m igh t also be safely assumed th a t  the removal 
of silicon and  m anganese occurred principally 
a fte r th e  m etal was m elted, and was largely due 
to th e  presence o f oxide of iron in  the slag and 
oxide of iron occluded by th e  m etal itself, although
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i t  was provable th a t  some m anganese was rem oved 
by com bination w ith su lphur. The conditions were 
very sim ilar to  those which prevailed  d u rin g  the  
m anu fac tu re  of m alleable iron by th e  “ w et 
puddling  process, where molten m etal was subjected  
to  the  influence of a  slag, rich  in oxide of iron.

The life of a lin ing  was adversely affected by th e  
presence of iro n  oxide, which a ttack ed  the  silica 
in the fire bricks or fe ttlin g , w ith th e  fo rm ation , 
in m any instances, of appreciable q u an titie s  of 
qu ite  unnecessary slag. The reduction  in  th e  slag 
o u tp u t when using pig iron  and scrap , free from  
ru s t and  sand, was very noticeable. Two tr ia l  
h ea ts  recen tly  m elted, one of 5 \ tons and  one of 
6 tons, using p ig-iron previously sand-blasted , 
and  scrap shell-plugs w ith an  anti-corrosive coat
ing, resu lted  in a  to ta l o u tp u t of slag and  refuse 
averag ing  ju s t  over 30 lbs. per to n  of iron m elted.

Silica Cupola Linings.
I t  was a  m istake to  use in ferio r fire-bricks fo r a 

lin ing , which should consist of th e  best silica 
brick available w ith  th e  jo in ts  as close and 
tig h t as is practicab le . The cem ent and fe ttlin g  
used should be as nearly  as possible of th e  same 
com position as th e  brickw ork. G iven norm ally 
good bricks i t  would be found in m ost cases th a t  
th e  jo in ts and  the  jo in tin g  m ate ria ls  were th e  
principal sources of weakness. I f  a  silica brick  
was used in conjunction  w ith a cem ent or fe ttlin g  
con ta in ing  much alum ina  or oxide of iron, chem i
cal action  was nearly  certa in  to  tak e  place betw een 
these compounds and th e  silica of th e  brickw ork, 
w ith th e  re su lt th a t  the  life  of th e  lin ing  was con
siderably shortened. T hree  per cen t, of iron  oxide 
in a silica brick was s ta ted  to  he sufficient to  m ake 
i t  fusible. A t h igh  tem p era tu res  silica caused 
expansion, and provision should be made for th is  
when lin ing  a cupola w ith  h igh silica m aterials. 
In  some cases a  small space was le f t betw een the 
shell and th e  lin ing, which was filled in w ith a 
re frac to ry  sand. W hen associated w ith  silica the 
tendency of a lum ina was to  cause con trac tion . The 
acid silicates of a lum ina a re  s ta te d  to  be more 
fusible th an  th e  basic. The m elting  p o in t of pure 
alum ina is given as 2,050 deg. C., and  th a t  of p u re  
silica as 1,750 deg. 0 . to  1,800 deg. C ., a lthough
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the  la t te r  was open to criticism  .as to whether it  
was the  tru e  m elting point o r not.

In  conclusion, said Mr. Poole, the  po in t should 
not ibe fo rgo tten  th a t low coke consum ption was 
no t th e  only end to  be a tta ined . H o t and rap id  
m elting was of equal, if not g rea ter, im portance, 
and  good castings could no t be produced unless 
the  m etal had the proper am ount of superheat. 
The tru e  m elting ra tio  was no t the  w eight of coke 
per ton  of iron produced from the cupola, bu t the 
w eight of ©oke per to n  of good castings.

A resolution of thanks was aocorded M r. Poole 
for h is lecture, th is  being proposed by Mr. John 
W atson, th e  P residen t of the Sheffield B ranch. 
M r. Evans, the  P residen t of the Derby B ranch, 
seconded, and re fe rring  to  the Paper, suggested 
th a t  if they could g e t the makers of p ig  iron to  
come more in to  line, he th ough t the m ajority  of 
th e ir  troubles would be overcome.



7R4

Sheffield Branch.

SOME PERPLEXING FOUNDRY PROBLEMS.

Discussion on Paper by J, Shaw.
“ Some P erp lex ing  F ound ry  P ro b le m s” was th e  

t i t le  of a  P a p e r read  by  M r . J .  S h a w , o f  th e  
B righ tside  F ou n d ry  and E ng ineering  Company, 
Sheffield, before th e  M arch m eeting . M r. John  
W atson presided.

The P ap er was orig inally  read  by M r. Shaw a t 
the  Blackpool Conference, an d  a rep o r t of i t  has 
a lready appeared1 in th e  P roceedings fo r 1922.

THE DISCUSSION.
T h e  C h a ir m a n  said they  h ad  listened  w ith 

p leasure to  M r. S haw ’s rem arks, and he would be 
very  glad  to  h ea r th e  views of th e  mem bers on the  
points he had  raised.

Oxides may be Present in Cast Iron.
D r . S w in d e n  said he desired to  co n g ra tu la te  

M r. Shaw  on th e  extrem ely in te re s tin g  way in  
which he had  asked his questions, b u t a t  th e  same 
tim e  he hoped i t  would be realised  th a t  i t  was 
much easier to  ask questions th a n  to  answ er them . 
H e  would n o t like to  a tte m p t to  answ er completely 
any of th e  four questions. I n  reg a rd  to  
“ oxygen ” m entioned in the  synopsis of th e  P ap e r 
c ircularised , he th o u g h t i t  was generally  agreed 
th a t  th e re  was no evidence w hatever th a t  oxygen 
as such was p resen t in  e ith e r iron  o r steel, b u t 
th a t  iron  oxide ex isted  m ost probably in  th e  form 
of a solid solution was he th o u g h t definitely 
proved. H e had n o t stud ied  th e  d a ta  in  regard  
to  iron p a rticu la rly , b u t in  reg ard  to  steel th a t  
view was now generally  accepted. H e  was not 
p resen t a t  th e  function  a t  which D r. H atfie ld  made 
th e  s ta tem en t re fe rred  to  by M r. Shaw, and  if it  
was made w ithou t any qualification he (D r. 
Savinden) was ra th e r  surprised , because he saw no
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reason w hatever why oxide of iron should not exist 
in th e  presence of 1.3 per cent, of silicon. Oxide 
of iron would be formed on high tem peratures. 
I t  was well known th a t  where iron and steel con
ta in ed  considerable proportions of m anganese and  
silioon th e  I  e Mn and Si would be oxidised in 
c e rta in  ra tio  according to  th e  tem pera tu re  and 
to  th e  supply of oxygen. H e though t i t  was safe 
to  s ta te  th a t  iron oxide could be formed and 
rem ain  in the  m etal w ithout assuming the  com
p le te  p rio r oxidation  of silicon. In  the  case of 
m anganese i t  was quite definitely proved th a t  th e  
reduction  of iron oxide by manganese is a 
balanced reaction  and th a t  i t  was impossible to  
com pletely de-oxidise w ith manganese. The 
problem was difficult, because of the  difficulties 
in  th e  way of an accurate method of estim ating 
oxy g en ¡n its several sta tes of combination in the 
m etal. The work of P ickard  and others had been 
very carefu lly  carried  out, b u t he still thought 
th a t  th e  Ledebur method did n o t give results of 
p rac tica l value in  a ttem p ting  to  determ ine the 
effect of oxygen o r oxides on e ither iron or steel. 
H e d id  n o t th in k  th a t  anyone would suggest th a t  
th e  analysis shown by M r. Shaw was complete, 
because i t  ignored the oxides. Then there  was the  
im p o rtan t question of n itrides. H e accepted Mr. 
Shaw ’s s ta tem en t th a t  the  quality  of a casting 
depended upon th e  quality  of the  iron and th a t 
re-m elting  did n o t necessarily p u t all iron in to  a 
un iform  condition. To explain exactly why th is 
was was a m a tte r  of extrem e difficulty. One m et 
w ith exactly  the  same th ing  in regard  to  Swedish 
iron . I f  th e  possibilities of explaining th a t 
difference a re  traced  out, tak ing  the case of 
W alloon and L ancashire b ar iron, i t  is found th a t 
one essential po in t of difference is th a t  the  Walloon 
blown w ith a  cold b last and the  Lancashire iron 
was blown in a  pre-heated  blast. H e (Dr. 
Swinden) had  previously m entioned a t these m eet
ings th a t  in  Sweden a b last furnace working under 
ce rta in  conditions had  given iron which was quite 
sa tisfactory  as regards analysis, b u t the  resulting  
steel in th e  open-hearth process was not so good 
as when th e  iron was made with cooler and lower 
pressure blast. One fea tu re  th a t  m ight explain 
th a t  was th e  possibility of the influence of the
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n itrid es  and  also possibly th e  influence of 
hydrogen. T here had been prac tica lly  no work 
done in hydrogen. T ha t hydrogen could be 
occluded in  very la rge  q u an tities  had  heen proved, 
and i t  was s till an  open question  w hat effect 
o rd in ary  deoxidisers had  upon hydrogen. In  
reg ard  to  n itrogen  th e re  was a difference of 
opinion as to  how i t  exists, b u t th e re  is good 
evidence to  show th a t  n itrid es  a re  form ed which 
a re  stable. H e suggested to  M r. Shaw th a t  th e  
con ten t of n itrid es , oxides, and  possibly even 
hydrides would have a bearing  on th a t  difference 
in results quoted. In  th e  case of n itr id e s  i t  was 
qu ite  possible th a t  even re-m elting  would no t 
e lim inate  th e ir  influence. H e  would n o t a tte m p t 
to  discuss th e  question of te s t  bars, b u t i t  seemed 
obvious th a t  more work was requ ired  in  th a t  d irec
tion . W ith  regard  to  the  B ritish  S tan d a rd  specifi
cations, h is experience was th a t  they  were m ost 
re liab le  and  workable, and th e  C om m ittee were 
always anxious to  receive suggestions to  im prove 
them  and m ake them  w hat they  should be—th a t  
was a series of reliable te s ts  to  contro l th e  quality  
o f th e  artic les w hich wrere o rdered  to  these 
specifications.

The Shape of Test Bars.
M r . J o h n  R .  H y d e  said he was very  pleased 

indeed w ith  th e  way M r. Shaw had  d ea lt w ith  
th e  subject. As a foundrym an, how ever, he could 
only say th a t  when doctors differed i t  was a  very 
aw kw ard position for th e  p a tie n t to  be in . A fte r 
th e  discussion on oxygen and  the  whole question 
of analysis, they  were absolutely in a fog. I t  was 
in te resting , however, to  see th e  effects on th e  two 
series of iron th a t  M r. Shaw had  published and 
to  know th a t  they were n o t by any m eans freak  
irons. They had  been m an ipu la ted  by th e  sam e 
people over 60 consecutive days. W hen they  
ob tained  resu lts  like th a t  one had  to  look round  
for some o ther condition th a n  analysis. D r. 
Sw indon had  to ld  them  they  had to  look for o th e r 
th ings. As foundrym en they  had  m ade trem en 
dous strides in foundry  prac tice , and  had  
induced men to  ta k e  an in te re s t in  analysis, b u t 
when i t  came to  n itrid es  and the  like  he was p re 
pared  to  leave th a t  to  th e  R esearch A ssociation 
and le t them  explain  some of th e  differences.
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W ith  regard  to tes t bars, he supposed they would 
have to  p u t up w ith them  more in the fu tu re  th an  
in th e  past, b u t they had always the idea th a t cast 
n o n  was d istinctly  e rra tic  on test. W ith  the te n 
sile te s t they  had been able to  work w ith reason
able consistency, and if they m achined th e  tra n s 
verse te s ts  the  results were also reasonably con
sisten t. B u t then  was introduced the whole ques
tio n  of varia tion  in casting tem pera tu re  and in 
the  type  of mould. H e would support the  round 
b ar m achine as a d is tinc t advance in consistency. 
B u t no one was going to disregard altogether the 
tensile  b a r . Any of these suggestions th a t  were 
p u t forw ard were really in the in terests of both 
sides of th e  question. They would he a help to  
th e  inspectors, m ost of whom adm itted  th a t  cast 
iron  was a difficult subject, and i t  would he a help 
to  th e  foundrym an.

Tensile Tests Preferable.

E n g in e e r -C a p t a in  M o o r sh ea d  said he was pre
pared  to  take  exception to  w hat Mr. Shaw had 
sa id  abou t th e  lax m anner of s ta ting  th e  results 
of tests . As fa r  as the  A dm iralty  were concerned 
they  were p articu la rly  definite in the qualities 
requ ired  in the  case of cast iron under tes t. The 
B ritish  s tandards laid  down th ree  d is tinc t areas 
for tes t, and presum ably they were so arranged 
as to  be the  most applicable to  the  job as long 
as th e  necessary 11 tons tensile was obtained the 
A dm ira lty  were satisfied with the  metal. He did 
no t know w hether in cast iron everybody’s wishes 
oould he m et, and  he considered Mr. Shaw was too 
sw eeping in his statem ents. M r. Shaw apparently  
w anted to  wipe o u t the  tensile test. T ha t was 
destru c tiv e  criticism , because he thought the  ten 
sile te s t was a  very useful one. If  the designer 
of, say, a steam  cylinder was deprived of his 
tensile  te s t and had to rely entirely  on ano ther—- 
presum ably more of a shock te s t than  anything 
else—he did n o t know where he was. All steam 
cylinders should have the tensile test, and to sug
gest w iping i t  o u t was a  re trograde  movement. 
I f  he (the C aptain) could get 11 tons on th e  tensile 
he would be satisfied. H e was inclined to believe 
M r. Shaw had a litt le  b it  up his sleeve, and would 
perhaps give fu r th e r inform ation on tests.
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Satisfactory Puddled Bars Contain Oxygen.
M r. T. D. R o b e r t s o n , of Sydney, A u stra lia , said 

he reg re tted  he was no t ahle to  be p resen t a t  the  
m eeting  a t  Blackpool a t  which Mr. Shaw ’s P ap e r 
was read, and therefo re  he welcomed th a t  oppor
tu n ity  of being p resen t to  h ear th e  subject. When 
th e  question of oxygen was in troduced  to  him 
some tim e  ago he had an idea which he had  never 
had  a chance of p rov ing  by ac tua l experience. 
B u t the  idea he had got hold of was th a t  th e  bad 
effect of oxygen in iron o r steel was largely  a 
question of tem p e ra tu re  a t  which th a t  iron  or 
steel was exposed to  th e  oxygen. I f  they  took, 
for exam ple, th e  m aking  of rod  iron  which was 
m ade u nder extrem ely oxidising conditions a t  a 
very low tem p e ra tu re— it  was really  below its 
m elting po in t— oxidising conditions did n o t appear 
to  have any  bad effect. W ith  reg ard  to  th e  te s t
ing of cast iron , he noticed th a t  th e  sub ject of 
tem p era tu re  had no t been re fe rred  to  a t  all.

Does Oxygen Close Grain of Pig-Iron.
M r. E . A d a m s o n  said  i t  was. well known in 

b last-furnace practice  th a t  c e rta in  form s df iron 
oxide were m ore re frac to ry  th a n  o thers. H e  
th o u g h t i t  was possible th a t  iron oxide could ex ist 
in  pig-iron, an d  did n o t th in k  i t  was wise for 
anyone to  say th a t  simply because th e re  was a 
c e rta in  small percentage of silicon p resen t in  p ig- 
iron  th a t  oxide of iron, if p resen t in p ig-iron  in 
th a t  form, could no t there fo re  exist. H e  though t, 
moreover, before i t  could be definitely  se ttled  
w hether the  increased s tren g th  of p ig-iron was due 
to  the  presence of oxygen a  very g re a t deal of 
fu r th e r  investigation  was necessary, because in • 
creased percentages of oxygen appeared  to  coincide 
w ith closeness of frac tu re , which in  itse lf denoted 
s tren g th . I t  was y e t to  be proved th a t  the  
presence of oxygen or oxide of iron caused th is 
closeness of g ra in , and in iiis opinion th is  close
ness of g ra in  was due  to  therm al conditions in 
sm elting. Too m any conclusions have been d raw n  
in th e  p a s t from  vary ing  percentages of one im 
pu rity . W hat applied in th e  labora to ry  d id  n o t 
always apply in works practice , and when both 
chemical and physical conditions were disclosed 
o ther conclusions could be draw n th an  v a ria tio n s
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of on© im purity . I t  was no t one th ing  which bad 
to  be taken  into account, b u t a whole series of 
influences—for instance, Cook’s two tests referred  
to  by Mr Shaw of 9.1 tons and 18 tons from the  
same analysis was one of the proofs of th is.

H e agreed th a t  oxygen was difficult to  analyse 
and he th ough t th e  presence of oxygen or 
oxide of iron and its influence, and also the  d if
ference between Num bers 1 , 3, 4 and  o ther frac
tu re s  of pig-iron was subject-m atter which was well 
w orth serious research and very s tringen t investi
ga tion . In  1910 he was showing th e  la te  Mr. 
H ailstone a piece of a 2 in. x 1 in. transverse 
te s t b a r which was very close grained, and  asked 
him  to  give his opinion of the  silicon conten ts; 
th e  rep ly  was about 1.50 per cent., and  he would 
no t c red it th e  sta tem en t th a t  it  was 3.00 per cent., 
consequently he wished to  investigate. From  Mr. 
H ails to n e’s le tte r , dated  May 1 1 , 1910, he gives 
Si, 3.051; S , 0.042; P , 1.098; and Mn, 0.688. 
This tes t-b ar .gave 32^ cwts. and 0.60 in. deflection 
on 3 ft. centres—hard ly  a te s t which would have 
been expected from such a  high silicon bar, and 
i t  was.no isolated instance of th is  tes t from sim ilar 
analyses, but one regularly  obtained.

Cold Blast and Refined Irons are Strong.
W ith  regard  to the  physical properties of iron, 

they spoke only of facts when i t  was sta ted  th a t  
cold-blast iron and th a t  refined in the Siemens 
furnace were stronger physically th an  hot-blast 
irons, n o t because of the  analyses, b u t for some 
o ther reason outside of th is. H e thought there 
could be no cause of d ispu te  about this. Dr. 
Swdnderi had  referred  to  the sta tem ent th a t  the 
p resen t m ethod of analyses was incomplete and 
th a t  differences in tes ts  would be explained by 
tak in g  a oomplete analysis. In  his (Mr. Adam
son’s) opinion, th is suggestion was merely ta lk ing  
round th e  subject, and he did not th ink  Dr. Swin- 
den would accept th is position when he himself 
spoke of th e  differences in  physical properties of 
pig-iron from  Swedish charcoal furnaces merely by 
changing th e  m ethod of w ork ing ; therefore if such 
a physical difference is possible in w hat m ight b e  
term ed a “ baby ” blast furnace, how much m o r e  
will i t  apply to  th e  more modern furnaces
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producing 20 or 30 tim es as much pig-iron—or 
possibly even more—per day.

Low Silicon Grey Iron.
M r. Shaw had re fe rred  to  h is (M r. A dam son’s) 

sam ple of p ig-iron w ith silicon 0.35 per cen t, and 
a  perfectly  grey  frao tu re , as those p resen t had  
seen when th e  sam ple was passed round. The accu
racy of th e  analyses had been questioned, because 
i t  d id  not conform to th e  established theory  which 
assumes th a t th e  iron should have been w hite, b u t 
such an objection is no argum ent. The sam ple 
and analyses were given to  him  in 1905 th rough  
th e  kindness of S ir R obert A. H adfield, and  they 
would agree th a t  those in  h is labora to ry  respon
sible for th e  analyses would n o t allow an im proper 
one to  be issued.

Chemical Analysis Less Important than Physical 
Properties.

The em phasis of these physical differences in 
cast iron, as Mr. Shaw pointed  ou t, is  n o t a n  
a tta ck  on th e  chem ist, although i t  has been con
tinually  tak en  as such. U n fo rtuna te ly , m any 
chemists who have been tra in ed  to  m ake analyses 
—which did not control iron foundry m eta llu rgy— 
have begun th e ir  works experience w ith  th e  idea 
tn a t  i t  d id , and m any P ap ers  have been given on 
th a t  score. The physical p ropertie s of pig-iron, 
however, are due to  other causes p rim arily , and 
a re  only modified by chemical composition. In  a 
recen t issue of th e  “  Chemical T rades Jo u rn a l ” 
(dated  October 31, 1921) was given an ex tra c t 
from Vol. 41, pp. 1285-1293, of “ S tah l und  Eisen " 
for 1921 as follows: —

“ T he physical p ropertie s of th e  pig-irons 
are  more im p o rtan t for successful w orking of 
th e  Thom as process th a n  th e  chemical 
p ro p e rtie s .”

I t  is a  fa c t th a t  c e rta in  basic irons are  p re
ferred  to  o thers, n o t on th e  grounds of analyses,
uu t on the  resu lts  ob tained .

W ith  reg ard  to  th e  m achining of tes t-bars, he 
was glad th is  had  been m entioned, as he had
shown in  a P a p e r published before the  Iro n  and
Steel In s ti tu te  in 1910 th a t  m achined b a rs  gave 
fully 10 to  15 per cen t b e tte r  resu lts  th a n  those
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tes ted  as east— tak ing  in to  account th e  exact 
section of th e  bar. H e believed in the  transverse 
bar because i t  gave th ree  different k inds of tes ts, 
tensile , transverse  and deflection; and  if these 
were worked o u t to  th e  m om ent of resistance, as 
shown in  th e  Paper ju s t referred  to , th e  engineer 
knew exactly w hat was desired ju s t as well as the 
tensile  would disclose.

In  1910 he remembered seeing the results, before 
publication , of an investigation by Meyer, of 
IV in te rto u r, on different sized test-bars, published 
before th e  In te rna tiona l Testing Association a t  
th e  Copenhagen Congress of 1910. b u t he felt then 
th ere  was much more work required  before i t  could 
be definitely decided which shape and size of bar 
was th e  best for B ritish  practice, as i t  did not 
follow th a t  w hat suited American conditions 
su ited  ours, and  he though t they  themselves 
should undertake  on a  very serious scale the duty 
of deciding w hat test-bar would be best for B ritish 
requirem ents.

THE AUTHOR’S REPLY.

M r . S h a w , in his reply, said he was pleased to 
hear th a t  Dr. Swinden agreed th a t  i t  was possible 
both  oxygen and probahly other occluded gases 
m ig h t have serious effects on the  struc tu re  of cast 
iron. In  th is  respect he was a t  one w ith the  
p resen t D irector of Research (J . E. F letcher). 
Mr. Adamson, in  his rem arks, confirmed a theory 
long held by D r. Moldenke, namely, th a t  the effect 
of oxygen on cast iron m ight n o t be a d irect one, 
bu t by its  influence on the  carbon, causing the 
balling up of th e  graph itic  portion into fine p ar
tic les in s tead  of the  usual plates. Personally, he 
though t, if th e  conclusions of Cain and Pettijo lin  
were correct, th e re  was only one th ing  to  do, 
namely, to  devote all energies to  finding a more 
simple and correct method of determ ination  than  
any a t  p resen t in  use. I t  seemed useless to  form 
any opinions if th e  analysis was open to  suspicion. 
Coming to  th e  question of variation  of streng th  
in  cast iron  of th e  same composition, he was sorry 
no one had  tak en  th is  p o in t up more strongly, 
because i t  was a v ita l one. A fte r allowing for all 
cooling effects and the m inute  variations in some 
of th e  elem ents, would anvone venture  to say th a t
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these were th e  cause of a 50 per cent, increase of 
s tren g th  for 60 consecutive days. A fter e lim in a t
ing  all o th e r factors, th e  only v a ria tio n  they  knew 
of. was th e  fa c t th a t  on th e  day one iron  ran  o u t, 
and  was replaced by a new one to  give th e  sam e 
u ltim ate  analysis, th e  s tren g th  w ent up from 10.7 
tons to 15-8 tons, and  m ain ta ined  th a t  for th e  
rem ain ing  60 days. H e  had also subm itted  to  
them  actua l samples, showing the  g re a t  v aria tio n  
between analysis and s tru c tu re . I t  was open to  
any  m em ber to  take  two of these sam ples away 
with him  and rem elt them  in any way they  liked, 
p roviding they  were n o t m elted above cupola tem 
pera tu res and also n o t held a t  a  h igh tem p e ra tu re  
for a long tim e, b u t when m elted cast in to  a sand 
mould, as th e  iron would be in  th e  foundry . If  
these conditions were observed there  would be no 
recovery of s tru c tu re , and an iron con ta in ing  
T.C. 3.24 per cen t., 0 .0 .  0.25 per cen t., Si 2.89 
per cen t., Mn 0.95 per cent., S 0.027 per cen t., 
P 1.31 per cent., would still have the  close frac 
tu re  as a t  presen t, and  would no t recover when 
rem elted to  the open-crystal fra c tu re  of a No. 1 
th a t  w ould b e  expected from  th e  analysis above. 
N or would th e  0.35 per cent, and 0.18 per cent, 
silicon irons on rem elting  under th e  sam e condi
tions show th e  m ottled  o r w hite fra c tu re  ex
pected, b u t still rem ain  grey. T here can be no 
outside elem ent n o t accounted for in tw o of these 
samples, because we a re  using irons a t  the  m om ent 
from the  same furnace and  ores, which a re  norm al 
in all respeots. Chemical analysis is n o t a t  fau lt, 
b u t the  lack of knowledge of tem p e ra tu re  effects 
in th e  b la s t furnace, d u e  to  ir reg u la r w orking, 
e tc - ; fac ts well-known to  b last fu rnace  m anagers. 
H e would have been pleased if more expression of 
opinion had  been voiced as to  the  advisab ility  of 
using one size te s t-b a r w ith vary ing  loads for d if
fe ren t thickness of castings or th ree  d ifferen t size 
bars, the  la t te r  to  bear some re la tion  to  th e  th ick 
ness of castings they  rep resen ted . L ike him self, 
M r. H yde was in favour of th e  la t te r  m ethod. 
C ap ta in  M oorshead, in his sp irited  criticism , p re
ferred  th e  tensile  b a r. No _ foundrym an would 
quarre l w ith  him  on th a t  po in t, as i t  was more 
easily m ade th a n  the  transverse . In  reply to  Mr. 
R obertson’s question as to  th e  te m p e ra tu re  a t
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which th e  GO bars were cast a t, no actual tests 
were taken . In  every case i t  wras good hot m etal. 
If  he would consider th a t  litt le  varia tion  in the  
resu lts  of th e  tes ts  during th e  first 60 days, and 
i t  was only on changing th e  iron in the  last 60 
days te s t th a t  th e  large increase in stren g th  took 
place, he would realise th a t  tem pera tu re  was not 
th e  dom inating  feature.
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West Riding of Yorkshire Branch.

THE TRAINING OF FOUNDRYMEN.

By A. A. Liardet.

Modern Conditions.
I t  is a n  ind isputab le  fac t th a t  a t  th e  p resen t 

mom ent th e  very g rea test difficulty is experienced 
in  finding boys w illing to  be app ren ticed  to  th e  
a r t  of moulding.

I f  th is  s ta te  of th in g s continues—N ecessity be
ing th e  m other of inven tion—m oulding will cease 
to  be an  a r t ,  and  will d egenera te  in to  a m ere 
m echanical process, ca rried  ou t by w orkers depend
ing on th e  brains of th e  p a tte rn -m ak er and  th e  
mechanic.

The average boy is alm ost invariab ly  in terested  
in all th ings m echanical, b u t is ra re ly  a ttra c te d  
by th e  outw ardly drab  occupation of p lay ing  w ith  
d ir ty  sand, which is how th e  m oulder’s occupation 
is looked upon by th e  ou tsider, a ll ig n o ran t of th e  
skill and experience necessary to  become a p ro
ficient foundrym an.

This being th e  case, i t  becomes alm ost th e  fore
most d u ty  of an  organ isa tion  such as th e  In s t i tu 
tion  of B ritish  Foundrym en to  consider, and, if 
possible, recom mend for adoption, m eans by which 
foundry  w ork and its  various branches can be 
m ade more a ttra c tiv e  to  th e  average boy ju s t 
ready  to  leave school.

We should go a long way tow ards accom plishing 
th is if we could adopt in our foundries in  con
junction  w ith  th e  local Technical In s titu tio n s , a 
system  of tra in in g  which would afford equal 
facilities to  every class of boy en te r in g  a foundry , 
to  a tta in  before th e  com pletion of his ac tua l 
appren ticesh ip—by h is own exertions and p ro 
ficiency—a knowledge of th e  h igher branches of
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foundry work, such as m etallurgy and the selection 
of m aterials.

Co-operation of Technical Schools.
c In^ °  technical schools have no t catered
or the  tra in in g  of th e  foundrym an, bu t of more 

recen t years several of the  larger establishm ents 
have been runn ing  a course in th is branch of en
gineering , and i t  is now th e  wish and in ten tion  
of th e  B radford  Technical College to  in au g u ra te  
such a course in conjunction with the  foundries 
of th e  d is tric t.

W hen considering the  question of any sort of 
tra in in g  the  first point to  make clear in one’s mind 
is the  final resu lt we wish to  achieve. W hat is the 
object of the  tra in in g ?  W hat are we aim ing a t 
to  produce?

The Raw Material.
T rain ing  is a process of evolution, the  shaping 

of raw  m ateria l into some desired finished product, 
by m eans of carefully planned out progressive 
steps, very sim ilar to  any process of m anufacture 
from  the  raw  m ateria l to  the  finished article.

The m ateria ls upon which we have to work in 
th is  case are  hum an beings—m ateria l sometimes 
presum ed to  be of a s tan d a rd  specification, but 
when subjected  to  analysis, of widely varying 
qualities, both physical and m ental.

Any scheme therefore, which we may suggest, 
while keeping th e  u ltim ate  desired result always 
in view, m ust provide for dropping unsuitable 
m ate ria l in to  its  proper grade, a fte r having given 
i t  repeated  opportun ity  to take  the  polish neces
sary  for th e  n e x t step in the  evolution of the 
desired finished article.

I t  is useless to  continue work on m aterial, when 
th a t  m a te ria l is incapable of tak ing the  pre
lim inary  polish.

Our system therefore , m ust also include an ex
am ination  of th is  m ateria l, a t a very early period 
of its  evolution, to  avoid th e  danger of throw ing 
on to  the  scrap heap m aterial which m ight have 
been suitable for some o ther purpose, bu t rendered 
useless owing to  th e  fru itless work th a t  has been 
done upon it.

H av ing  determ ined these points as axioms in the 
problem of th e  tra in in g  of foundrym en, our next



776

task  is to  decide on th e  final resu lt we wish to  
achieve, and  th e  various g rad ings in to  which we 
shall have u ltim ately  to  consign our raw  m ateria l, 
according to  its  capabilities of absorbing th e  
tra in in g  we are  going to  im p a rt to  it.

The d iagram  indicates th e  a u th o r’s idea of th e  
g rad ing  of th e  finished product, to g e th er w ith  
suggestions for th e  necessary tra in in g  to  produce 
it.

Doubtlessly m any will recognise a  sim ila rity  be
tw een th is  d iag ram  an d  one th a t  was published by 
th e  E n g in eers’ Advisory C om m ittee to  th e  B rad 
ford Technical College for th e  tra in in g  of civil, 
electrical and m echanical engineers. This la t te r  
scheme has been adopted in  a modified form , by 
most of th e  eng ineering shops in  B rad fo rd , and 
th e  experience gained from  its  adoption  enables 
me to  p u t forw ard th is  p resen t scheme avoiding 
m any of th e  difficulties which arose w ith  th e  
original.

Probationary Period.
A dopting  the  princip le of g rad ing , o r more cor

rectly , selection, we s ta r t  by bring ing  a boy in to  
the  foundry  between th e  ages of fou rteen  and  six
teen, te lling  him th a t  he is on probation  u n ti l he 
reaches th e  age of six teen , th a t  u n ti l  th en , he will 
only be called upon to  do lig h t work, will have 
every oppo rtun ity  of m aking him self fam ilia r w ith  
foundry work, learn ing  th e  rou tine , and observing 
the  conditions under which th e  foundrym an spends 
the  g rea te r p a r t  of his day. W e fu r th e r  te ll him  
th a t  a t the  age of six teen he will have to  pass a 
simple te s t exam ination  in m athem atics, eng ineer
ing  science, and engineering  draw ing, which he 
m ust s tudy  a t  th e  branch schools evening classes.

W e also m ake i t  qu ite  c lear th a t  he is under no 
obligation to  en te r on a tra d e  appren ticesh ip , nor 
do we bind ourselves to  ta k e  him  as an appren tice  
if he is no t fit physically or otherwise, to  follow 
the  calling of a foundrym an.

H ere  we have our p re lim inary  g rad ing  or selec
tion . I f  a boy fails to  show a sufficient knowledge 
of th e  elem entary  subjects m entioned above, or is 
unsu itab le  for foundry  work, he has to  choose some 
o ther trad e . A t th e  early  age of sixteen no harm  
is done, he s till has am ple tim e  to  tak e  up and 
learn  some o ther subject.



Ability to Read Drawings Essential.
At th is  point the au thor cannot emphasise too 

strongly  the  absolute necessity for all foundrym en 
to  have some knowledge of engineering principles. 
How m any otherwise most excellent‘ foundrym en of 
to-day are  ham pered by the ir inab ility  to  read  a 
d raw ing? How often does i t  happen th a t  i t  is 
only when the  p a tte rn  is in th e  foundry, or worse 
still, when the casting is made, th a t  th e  foundry
man can po in t out obvious errors in design leading 
to  cracked or draw n castings?

On many occasions since the  form ation of this 
B ranch has the  opinion been expressed, th a t  half of 
the  foundry w asters are made in the draw ing office. 
This is only too true , and implies a lack of co
operation  between the designer and the foundry
m an, or more often, because the foundrym an has 
no t thoroughly understood the draw ing when it 
was shown him.

I t  is for th is  reason th a t  i t  is desirable to include 
a knowledge of engineering draw ing, or a t any 
ra te  an  ab ility  to  read  simple drawings, as a neces
sary  qualification of the would-be foundry appren
tice, and advocate continued instruction  in th is 
sub ject du ring  a t  least the  first two years of 
appren ticesh ip .

Trade Apprenticeship.
This p relim inary  grading having dem onstrated 

th a t  th e  boy is satisfactory , he commences his 
tra d e  apprenticeship  approxim ately a t  the  age of 
sixteen.

N oth ing  definite can be said a t the moment on 
th e  advan tages or disadvantages of apprentice 
inden tu res, or w hat is often  term ed the binding 
of appren tices. I t  is only reasonable th a t  if 
employers agree to  give facilities to boys to  take 
such a course of tra in in g  as is laid down here, 
they  should ask for some form of assurance th a t 
the  young m an will not run  away before they have 
obtained any real benefit from his services, as soon 
as an oppo rtun ity  presents itself for him to  im
prove his position.

On the  o ther hand, if the  tra in in g  is a ttrac tiv e  
enough and the  youth really  in earnest, no such 
tem p ta tio n  should ever arise.

From  16 to  17 the  practical work in the foundry 
would consist of ligh t sand core-making, and ligh t 
bench moulding.



778

In  m any foundries i t  is th e  custom to  p u t the  
appren tice  w ith  one or more experienced m oulders 
as a helper, often  w orking on heavy and in tric a te  
moulds. This appears to  me a case' of try in g  to  
m ake him  ru n  before he can walk.

B 14 15 16 17 18

Boy can  S ta r t  
any  tim e  betw een 

th e  ages of 14 & 16.

g> E m ployed  in  F oun- 
2  d ry  on L ig h t W ork, 
•g h and ling  of P a t-  
¿j te rn s, w ith  every  
H o p p o rtu n ity  to  see 
« P a t te rn  Shop work.

o N o t finally  A ppren- 
S ticed  u n til age of 
^  16.

Com m ences T rade  
A ppren ticesh ip  
M oulding and  
Core-m aking.

L ig h t S and Core 
a n d  M oulding 

W ork.

C o n tin u a tio n  of 
T rad e  A ppren- 

sh ip .

A dvanced  C ore
m ak in g  an d  

M oulding W ork 
in  S and.

M athem atics . 
E ng ineering  Science 

■ E ng ineering  D raw - 
a  ing.
'a  A t 
«  B ranch  Schools.
H E ven ing  Classes.
«5
CP
a  T est E x a m in a tio n  
■g fo r F itn ess  to  en te r 
® Technical College 
M on A ppren ticesh ip .

M athem atics.
E ng ineering

D raw ing.
C hem istry .

Tw o N ig h ts  a  
W eek a t  E ven ing  
Classes, o r on  One 

H alf D ay  per 
W eek.

T heory  of P a tte rn  
M aking from  

D raw ings.
Sim ple

M etallurgy .
C hem istry .

Tw o N ig h ts  a 
W eek a t  E ven ing  
Classes o r on  One 
H a lf  D ay  per 

W eek.

P ro b a tio n a ry
Period .

T rade. T rade .

j A p p ren ticesh ip . A ppren ticesh ip .

S ug g ested  S chem e for

D uring  the  p robationary  period he will have had  
sufficient o p p o rtu n ity  to  learn  th e  roo t principles 
and methods of m oulding, so th a t  when given a 
small p a tte rn  or core box he should know, a t 
least, w hat he is expected to  produce from  it.
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Itvery  foundry foreman should select one of his 
assistan ts, e ither an  under-forem an or charge 
hand, 'whose especial care i t  should be to  supervise 
generally  the  work of all apprentices. In  large 
foundries, where m any apprentices a re  employed,

19 20 21

C o n tin u a tio n  oi 
T rad e  A ppren- 

sliip.

H eav y  S and  
M oulding. L oam  

M oulding.

H i g h e r  G r a d e . 
M oulding 
S ix m on ths. 

F u rn ace  W ork. 
M etal and  Sand 

M ixing.

H i g h e r  G r a d e , 
M oulding 

Six m onths. 
L abo ra to ry  and 
R esearch  W ork.

P rogress m ade in 
Shop W ork will 
be ta k en  in to  con
s idera tion  in  con
ju n c tio n  w i t h  
re su lt of yearly  
exam inations for 
decision as to  su b 
sequen t d isposal.

L o w e r  G r a d e . 
C on tin u a tio n  of 
T rade  A ppren 

ticesh ip  to

M oulding or Core
m aking .

L o w e r  G r a d e . 
C ontinuation  of 
Trade A ppren

ticeship  to

M oulding o r Core
m aking.

T he B la s t F u rn ace  
G rades of Ore and  

P ig  Iro n .
T he I ro n  F o u n d ry  

Cupola.
S tee l M aking 

P la n t .  R e frac 
to ry  M aterials. 
M oulding  Sands. 

M eta llu rgy . 
C h em is try .

Tw o N ig h ts  a  
W eek a t  E ven ing  
Classes, o r on  One 

H a lf  D ay  per 
W eek.

H i g h e r  G r a d e . 
Steel M aking P ro 

cesses. Micro- 
s tru c tu re s . 

A nnealing. 
M etallurgy . 

E q u iv a le n t one 
h a lf  d ay  p er week.

H i g h e r  G r a d e . 
A dvanced M etal
lu rg y . H eat. 

T reatm ent. 
A lloy Steels. 

E q u iv a le n t one 
d ay  per week.

A nnual E x a m in a 
tio n s  co rrespond
ing as near as p o s
sible to  th e  com 
pletion  of eacli 
year of A ppren 
ticeship  will be 
held, to  decide 
subsequen t T ech
nical Training.

Failures relegate 
to  lower grade or, 
if repeated , d is
qualification.

L o w e r  G r a d e . L o w e r  G r a d e . 
C on tin u a tio n  of S im ple Course in 
F o u n d ry  M eta llurgy  and  C hem istry. 
E q u iv a le n t One H alf D ay p er Week.

T rade . Low er G rade.

R e s e a r c h  W o r k .
ASSISTANT  

F o u n d r y  M a n a 
g e r .

A s s i s t a n t  *■*' 
M e t a l l u r g i s t .

F o u n d r y  C h a r g e  
H a n d .

S k i l l e d  M o u l d e r  
o r  C o r e m a k e r .

A p p ren tice sh ip . C on tinues T rade  A pprenticeship .

t h e  T r a i n i n g  o f  F o t jn d r v m e n .

i t  would be qu ite  reasonable to  appoint a 
thoroughly skilled prac tica l moulder whose sole 
du ty  would be the  supervision of apprentices 
work.

The a r t  of founding is one of the most ancient.
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I ts  secrets and  m ysteries have been handed  down 
from  genera tion  to  generation . In  a constructive 
a r t  of such an tiq u ity  th e re  m ust of necessity exist 
m any tra d itio n s—not only m any trad itio n s , but 
m any conflicting trad itio n s . The p resen t-day  
s tu d en t of th e  a r t  is likely therefo re , if n o t super
vised by one selected w orkm an, to  be a t  th e  mercy 
of m any conflicting and erroneous trad itio n s , 
ga thered  from  th e  m any in s truc to rs  w ith  whom 
he would otherwise come in to  contac t.

N atu ra lly , th e  descipline of th e  foundry  would 
have to  be m ain ta ined , and  any  such supervisor 
would n o t contro l w hat th e  appren tice  should do, 
bu t only how he should do it.

D uring  th is  period th e  technical tr a in in g  would 
consist of m athem atics, eng ineering  draw ing and 
chem istry. By m athem atics i t  is n o t in tended  
to  convey th a t  in s tru c tio n  would be given in 
analy tica l or geom etrical conics, in teg ra l calculus 
and  all the  o ther advanced subjects covered by 
th is te rm , b u t ra th e r  p la in  applied a rith m etic , 
simple algebra and geom etry, all to  enable th e  
s tu d en t to  und ers tan d  engineering  draw ing  and 
th e  simple calculations en ta iled  in chem istry . The 
s ta tem en t is advisedly m ade th a t  th is  in s tru c tio n  
should be tak en  a t  evening classes (or on one 
half-day per week), because a t  th is  ju n c tu re  it  
would be going too fa r  in  saying th a t  we recom
mend day  classes w ithou t hav ing  consulted em
ployers on th e ir  views on th e  subject.

Day Classes Preferable.
I t  should be s ta ted , however, th a t  th e  day class 

is more sa tisfac to ry  in  every respect. N o t only 
has the  employer a definite control over th e  a tte n d 
ances, as he can insist on th e  app ren tice  a tte n d 
ing, and call for rep o rts  of h is work, which he 
canno t do in th e  case of vo lun ta ry  evening classes, 
b u t also i t  is fa r  more likely th a t  th e  boy will 
derive g rea te r benefit and lea rn  more, from  in 
struc tion  given to  him  a fte r  only hav ing  done a 
few h o u rs’ m anual work, th a n  he would a t the  
end of a fu ll d ay ’s work.

D uring  th is  period i t  is considered inadvisable 
to include any  subject touch ing  on ac tu a l foundry  
work, as th e  appren tice  will have qu ite  sufficient 
new ideas to  absorb reg a rd in g  foundry  practice  
d u ring  th e  day. C hem istry only is in troduced ,
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additional to the engineering draw ing and m athe
m atics, a knowledge of which is so essential to the 
foundrym an.

lh e  chem istry would be of such an order as to 
serve as in troductory  teaching to m etallurgy, which 
appears la te r  in the course.

Practical Side the Most Im portant.

From  the  diagram  it will be seen th a t  no fu rth e r 
definite selection takes place u n til th e  age of 19. 
A process of autom atic grading, however, is tak ing  
place. From  16 to 19 a steady progressive course 
is recommended, the  apprentice being gradually  
advanced on to  more im portan t and in trica te  
moulding, while his technical instruction  carries 
him  up to  simple m etallurgy w ith  a knowledge of 
th e  various m elting and refining processes.

E xam inations would be held a t the  end of each 
session, and reports furnished on the  progress 
made in the  foundry.

F a ilu res a t  exam inations would necessitate the 
s tu d en t continuing instruction  in the subjects he 
has failed in, instead of progressing to the more 
advanced work of the nex t year.

This would constitu te  the grading, bu t would 
give boys who develop late, a chance of rein 
s ta tin g  them selves a t  the  nex t exam ination, and 
enabling them  to continue w ith the others on the 
progressive course.

A second fa ilu re  would na tu ra lly  point out the 
inab ility  of th e  boy to  absorb technical instruction, 
b u t even th is  would not debar him from continuing 
on a lower grade course, or if he preferred , from 
dropp ing  class rvork altogether.

Our system  is such, th a t  during  the whole of 
th is  period he is learn ing  the trad e  of a skilled 
m oulder, so th a t  his failu re  in technical work, and 
his decision to  drop it , would not prevent him 
from  com pleting h is trad e  apprenticeship.

W e m ust no t lose sight of the  fact th a t  a man 
m ay be a thoroughly  com petent skilled moulder 
w ith  very li tt le  technical knowledge beyond th a t  
which he can learn  from actual experience in the 
foundry, although the  more instruction he receives 
in subjects concerned in his work, the  more in
telligen tly  and satisfactorily  will he accomplish it.
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Knowledge of Pattern-M aking Included.
The theory  of p a tte rn -m ak ing  and  m oulding re 

ferred  to  in  th e  technical tra in in g  betw een 17 and 
18, will constitu te  a link  betw een th e  knowledge 
of engineering  draw ing already  gained  and  the  
principles of p a tte rn -m ak in g  and m oulding.

I f  a boy wishes to  become a  p a tte rn -m ak er, th e  
au thor would endeavour to teach  prac tica l p a tte rn -  
m aking and m oulding. N ot even a  m oderate  de
gree of skill can be im parted  to  a s tu d en t in  e ith e r 
of these subjects in th e  re latively  sho rt tim e  which 
is a t  his disposal.

If  th e  boy wishes to  become a pa tte rn -m ak er, he 
m ust be appren ticed  to  a p a tte rn  shop and  learn  
to  make p a tte rn s  ; if he wishes to  become a m oulder 
then  he m ust he appren ticed  to  a foundry  and 
lea rn  to  mould. There is no need for th e  m oulder 
to  t r y  to  m ake p a tte rn s , nor for th e  p a tte rn 
m aker to  t r y  to  make moulds, b u t th e re  is every 
reason for th e  m oulder to  know how p a tte rn s  are  
made, and  th e  pa tte rn -m ak er to  know how moulds 
are  made.

This, then , m ust be the  function  of technical 
in s titu tio n s w ith  re la tion  to  the  tra in in g  of 
foundrym en : to  im p a rt to  th e  s tu d en t a know 
ledge as to  how p a tte rn s  should be m ade from 
engineering  draw ings, to show by m eans of actual 
p a tte rn s  th e  m eaning of p rin ts , cores, loose pieces, 
draw-backs, tu rn -over boards, skeleton p a tte rn s , 
struck-up p a tte rn s , etc., e tc ., bearing  in  m ind 
th a t  th ere  is no logical reason for a m oulder to  
know how even to  sharpen  a  chisel or set a p lane 
iron.

College Foundries C riticised.
A foundry dep artm en t in a technical in s titu te  

for th e  purpose of p rep a rin g  moulds and ru n n in g  
castings is a w aste of money, and  no exceptions 
are  made for those establishm ents ru n n in g  a 
diplom a or degree course for m echanical eng ineer
ing, including foundry  work.

The theory  of m oulding, however, should be 
ta u g h t, th e  theory  underly ing  co n trac tio n , th e  
effect of risers, chills, th e  difference betw een dry 
and green sand .moulding, e tc ., etc. A sm all cast- 
iron m elting  p la n t should be available for m aking 
te s t pieces from  various m ix tures, ca rry in g  ou t 
experim ents in shrinkage and o ther more
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scientific investigations in connection w ith  cast
ings o ther th an  the  actual m aking of the castings 
themselves.

The simple m etallurgy referred  to would not a t 
th is period include any practical analysis; in fact, 
practical analy tical work is no t advocated u n til 
a fte r  the  age of 19, and then  only to  those appren
tices who have qualified for th e  h igher grade 
course and whose atta inm ents appear to indicate 
th a t  they  are u ltim ately  fitted for occupations in 
which a p ractical knowledge of analysis as applied 
to foundry  work, is essential.

L ectures would be given dealing w ith  the  pro
perties of m etals, the  theory of the blast furnace, 
g rad in g  of pig-iron, the iron foundry cupola, steel- 
m aking p lan t, and the alloys of copper, zinc and 
tin .

Necessary Apparatus Defined.
P ractical work would be confined to  experim ents 

such as th e  reduction of ores, th d  exam ination of 
th e  physical properties of various m etals and mix
tu re s  of m etals, as revealed by the  recognised 
m echanical te s ting  appliances, and possibly a few 
simple labora to ry  experim ents showing how to  
detec t th e  presence of certa in  elements in various 
alloys.

A t th e  age of 19, the  most im portan t grading 
or selection in the  whole course takes place. I t  is 
a t  th is  po in t th a t  we determ ine by exam ination 
th e  progress made by the  apprentice in the 
shop, w hether he should follow, for the  last two 
vears of his tra in in g , an advanced course which 
would fit him , a t  th e  expiration  of his apprentice
ship, for th e  positions of responsibility in a 
foundry , o r  continue h is tra d e  apprenticeship, 
w ith such add itional technical instruction as he 
can absorb, u ltim ate ly  becoming a skilled moulder 
or corem aker.

Training Raises Status.
However dem ocratic our scheme may be, offering 

as i t  does equal opportunities to all, a few only 
will rise, w hilst o thers less favoured w ith ithe 
necessarv ta le n ts  will rem ain on the lower level, 
b u t a t  a level considerably h igher than  they would 
have a tta in e d  w ithout th e  opportunities of gain
ing th e  knowledge and experience which such a 
scheme as th is  affords.
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This la s t consideration  is perhaps one of th e  
m ost im p o rtan t in th e  whole scheme. 44 e m is
lead no appren tice  as to w hat position he will 
be fit for on com pletion of h is tim e. 44 e con
tin u e  to  in stil in to  him  th e  fac t th a t  he is 
appren ticed  to  th e  tra d e  of a m oulder or core- 
m aker, w ith  o p p o rtun ities  to  rise. E ven if he 
is n o t successful, th e  existence of these oppor
tu n itie s  m ust lead him  to  absorb a la rge  q uan 
t i ty  of th e  in s tru c tio n  offered for h is consum p
tion , so th a t  he finishes his appren ticesh ip  as a 
skilled craftsm an , w ith an in te lligen t knowledge 
of th e  techn ica lities of th e  m ateria ls  w ith  which 
he works.

T h e  h ig h e r  g r a d e  t r a i n i n g  i n  t h e  w o r k s  fo r  
a p p r e n t ic e s  w h o  a t t a i n  t h e  n e c e s s a r y  s t a n d a r d  
a t  t h e  a g e  o f  n in e t e e n ,  w o u ld  c o n s is t  fo r  t h e  f ir s t  
v e a r  o f  f u r n a c e  w o r k  a n d  p r a c t ic a l  e x p e r i e n c e  in  
t h e  m ix in g  o f  m e t a ls  a n d  p r e p a r in g  r e f r a c t o r y  
m a t e r ia ls .

In  th e  iron foundry  they  should he actually  
ejnployed on th e  cupola, in  th e  b rass foundry  
on th e  m ixing an d  m elting  of th e  various alloys, 
and in th e  steel foundry  on th e  fu rnaces and 
annealing  stoves.

M oulding of P rim ary Im portance.

I t  is suggested th a t  fo r approx im ate ly  six 
m onths in  each of th e  la s t two years, th e  ap p ren 
tice  following th e  h igher g rade  should re tu rn  to 
moulding.

In  some of th e  projected  tr a in in g  schemes for 
foundrym en, and  one of th e  conditions la id  down 
by th e  proposers, is, th a t  th e  co-operation  of 
employers should be enlisted  to  find em ploym ent 
for th e  h igh ly -tra ined  product. This, of course, 
is a highly im practical suggestion. A dem and 
for such men canno t be created .

I t  is for th is  reason th a t  th e  au th o r suggests 
the  six-m onths’ m oulding du rin g  each of th e  la s t 
two years, so th a t  in  th e  event of th e  ap p ren tice  
passing successfully th ro u g h  th e  h ig h er course, 
h u t n o t being able to  find on th e  com pletion of 
his appren ticesh ip  a  vacancy in  a position  of 
responsibility  in  a foundry  to  which th e  knowr- 
ledge he has acquired  fits him , he will no t have 
lost touch w ith  p rac tica l m oulding, and can tak e
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work as a moulder u n til a more favourable oppor
tu n ity  occurs for his advancem ent.

Works Laboratory Practice.
The las t year of p ractical tra in in g  includes 

laboratory  and research work. A laboratory  is 
n o t found in  every foundry. W here such a d ep a rt
m ent exists, i t  is undoubtedly b e tte r  for the 
app ren tice  to  study practical laboratory  work 
th ere  th an  in an academic in s titu tion  of a sim ilar 
k ind, provided th a t , as our scheme provides, he 
has had instruction  in  chemistry and m etallurgy 
a t  an in s titu tio n  where i t  is th e  business to  teach. 
The average works m etallurgist is fa r  too busy 
a m an to afford tim e to  in s tru c t young men in 
th e  rud im ents of chem istry. In  a foundry labora
to ry  th ey  would learn  th e  rou tine  of foundry 
analysis and  its application to  practice.

A pprentices in foundries no t having labora
to ries  would perforce have to  be d ra fted  as 
whole-time students to a technical in s titu tion  
having facilities for teaching practical laboratory 
work, and  ample opportunity  afforded them  for 
v is itin g  th e  laboratories of other foundries in 
th e  d is tric t.

The technical tra in in g  during  the  last two 
years would consist of theoretical work in con
nection w ith th e  advanced practical work referred  
to  above. Several of th e  subjects are enum erated 
on th e  d iagram , b u t they are only m eant to  serve 
as an ind ica tion  of th e  s tandard  of work under
tak en , and by no m eans lim it the  instruction  to 
the ac tua l subjects mentioned.

Foundry Research Workers.
In  th e  la s t year a longer weekly period for 

theore tica l work is advocated, and in exceptional 
cases th e  desirability  of liberating  the young 
m an from  appren ticesh ip  and allowing him ‘to 
en te r some establishm ent where foundry research 
work and  m etallurgy are  solely carried  out should 
be considered.

I t  will be noticed a t  th e  foot of the last column 
of th e  d iagram  a suggestion for the final g rading 
of th e  finished product. The type of positions 
which the  fu lly -tra ined  young foundrym an ought 
to  be able to fill. The au th o r realises th a t  he will
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incur the  criticism  of m any of th e  more scientific 
f ra te rn ity  by recom m ending th a t  the  tr a in in g  for 
the foundry  research w orker and  m eta llu rg is t 
should be based on an  appren ticesh ip  to foundry  
m oulding. Possibly for pu re  research  work and 
m etallu rgy  such tra in in g  is n o t necessary, b u t 
when these have to  be applied  to  p ractice, th e  
only way th e  m eta llu rg is t can learn  how i t  should 
be applied is  by studying  th e  m ethods and  op e ra 
tions to  which he has to  apply it . A knowledge 
of th e  theory  of music is essential to  m ake an  
accomplished p ian ist, b u t he would have no use 
for an in s tru c to r  in  th is  subject who could no t 
play th e  piano. A bstrac t scientific m etallu rgy  
is of li tt le  use in a foundry.

The p rac tica l foundrym an of to-day is grop ing  
in  a fog—not a  fog of h is own m aking— as no 
one can d ispu te  th e  fac t th a t  B ritish  foundries 
have tu rn ed  out castings which a re  second to  none 
in  the  world.

I t  is a fog set up  by th e  conflicting theories 
and dogmas of scientific advisers, who, from  th e  
m en ta lity  developed from  an  ab s trac t academ ic 
tra in in g , are  unable to  exam ine the  m any foundry  
problems w ith th a t  b roader outlook which a 
p a rtia lly  p rac tica l tr a in in g  im parts.

On th e  o ther hand , we m ust adm it th a t  very 
valuable work has been carried  o u t by scientific 
research, and th a t  p rac tica l scientific contro l 
ca rried  out by th e  r ig h t type of m an is an abso
lu te  essential to th e  successful operation  of a 
foundry. W e should regard  th e  p resen t re la tion  
i t  bears to  p rac tica l problems as being  in  the 
process of evolution.

W hilst th e  p rac tica l foundrym an is dropping 
m any of his erroneous trad itio n s  by rubbing  
shoulders w ith scientific control, scientific control 
is dropping m any of its  unappliab le  scientific 
investigations by rubbing shoulders w ith th e  p rac
tica l foundrym an.

Conclusions.
The scheme elaborated  is m ean t to  illu s tra te  in 

p rincip le  only a proposal for th e  tr a in in g  of 
foundrym en. I t  is  incom plete in  m any details.

The actua l num ber of hours to be devoted each 
week to technical in struction  would have to  be
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decided by those accustomed; to  draw ing up  a 
syllabus of in s truction . W hether th is in struction  
should be given in  th e  daytim e or a t  evening 
classes would be a m atter for th e  employer to  
decide, ias also w hether the  appren tices should 
receive wages for the tim e spent a t  day classes, 
if these were adopted. Very little  m ention has 
been m ade of malleable and non-ferrous foundries, 
b u t th e  principle of tra in in g  would rem ain  the 
same.

i t  should be stated  th a t those responsible for 
th e  o rganisation  and control of th is  technical 
in s titu tio n  are willing and anxious to co-operate 
in a scheme of th is kind, and  are  prepared  to  
recom m end the  establishm ent of p lan t, labora
tories, and syllabus to provide for a course of 
tra in in g  sim ilar to  th e  one here laid  down. Addi
tionally , it  would have the whole-hearted support 
of th e  E ng ineering  Advisory Com m ittee to  the 
B radfo rd  Technical College.

The au th o r wishes to acknowledge his indebted
ness to  th e  P rincipal, Professor Richardson, and 
to  Professor Charnock, for enabling him to  s ta te  
w ith confidence th a t  such a course could be readily 
p u t in to  operation  a t th is  college provided certain  
add itional p la n t and appara tu s were installed.

I f  a recom m endation for some such scheme— 
a fte r  i t  has been duly criticised—were made by 
local foundrym en, th e  a tten tion  of those able to 
p u t i t  in to  operation  would be forced as to  the 
desirab ility  and  necessity of its adoption.

W hat m ore fitting  body is th e re  than  the  In s ti
tu tio n  of B ritish  Foundrym en, to discuss, to 
decide and  recommend, w hat is the best scheme 
for the  tra in in g  of foundrym en ?

DISCUSSION.
M r . B u l l o c k ,  supporting  the scheme, said th a t 

i t  would be necessary to  advertise i t  very widely, 
to le t boys know w hat tra in in g  and chances they 
would ge t if  they  decided to learn the  a r t  of 
moulding. This would be necessary, as otherwise 
the p u ttin g  in to  operation  of such a scheme would 
not a t t r a c t  m ore boys to  the  foundry.

M r . S l i n g s b y  g e n e r a l ly  a p p r o v e d  o f  th e  sc h e m e , 
and e m p h a s is e d  t h e  p o in t  b r o u g h t  o u t  b y  Mr. 
B u llo c k . H e h a d  h a d  so m e  e x p e r ie n c e  w ith
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in s truc tion  in p rac tica l founding as given a t  a 
technical in s titu tio n , and knew th e  difficulties 
en ta iled . H e was strongly  opposed to  any en d ea
vour to  teach  p rac tica l founding in  such an in s titu te .

M r. W. H . P o ole  said th a t  although  a m eta l
lu rg is t and  engaged alm ost en tire ly  on research 
work, he was strongly  in  favour of th e  works 
m e ta llu rg is t receiving a p a rtia l tra in in g  in  the  
foundry. H e was of th e  opinion th a t  th is  would 
lead to  w hat everyone wished for—the best ty p e  
of p rac tica l scientific co-operation.

M r . S m it h , w hilst generally  approving  the  
scheme, foresaw g re a t difficulties in  p u ttin g  i t  in to  
operation , especially in small foundries w here em
ployers depended in a large m easure on th e  ap 
prentices to  g e t th e  o u tp u t. Such foundries could 
not spare  appren tices to  a tte n d  technical classes, 
and  had very li tt le  fac ilitie s for affording experi
ence in any work o th e r th an  the  ac tua l m oulding. 
H e strongly  advocated the  day class in stead  of the  
evening, as he knew the  tendency for boys to  go 
to  sleep in the  evening classes a f te r  a day ’s h a rd  
work. H e was of opinion th a t  no prac tica l 
m oulding should be carried  out a t  technical in s ti
tu tes , boys only spent th e ir  tim e throw ing sand  a t 
each o ther in  such classes.

M r . W a t s o n , in  s u p p o r t in g  t h e  s c h e m e , s a id  h e  
h a d  h a d  a c t u a l  e x p e r ie n c e  in  g iv in g  in s t r u c t io n  in  
f o u n d r y  p r a c t ic e ,  a n d  k n e w  t h e  g r e a t  b e n e f it  
w h ic h  a p p r e n t ic e s  d e r iv e d  fr o m  g a in i n g  so m e  
t e c h n ic a l  k n o w le d g e  o f  t h e  w o r k  t h e y  w e r e  e n 
g a g e d  u p o n .

M r . P a r k e r  th o u g h t th e  scheme would break  
down w ith appren tices w orking in highly 
specialised foundries, where they  would have  no 
chance to  learn  o ther m oulding th a n  th e  special 
work upon which th e  foundry  was engaged.

M r . G r o v e s  was of th e  opinion th a t  th e  tim e 
suggested per week for technical in s tru c tio n  was 
fa r  too short. There was so much to  teach  th a t  
one half-day o r two evenings per week would be 
qu ite  inadequate.

M r . T h o r n t o n  g e n e r a l ly  a p p r o v e d  o f  t h e  p r in 
c ip le  o f  t h e  s c h e m e , b u t  t h o u g h t  t h e r e  w a s  so  
m u ch  i n  i t  t h a t  w a n te d  c a r e f u l  c o n s id e r a t io n ,  t h a t  
i t  o u g h t  to  b e  p r in t e d  a n d  s e n t  t o  a ll m e m b e r s  a n d  
in t e r e s t e d  p a r t ie s  fo r  t h e ir  w r i t t e n  c r i t ic is m s .
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M r . L o v e  though t th a t  one of the chief difficul
ties in  ob tain ing  apprentices to foundry work was 
the low wages paid . P a ren ts  could n o t afford to 
keep th e ir  boys a t  a trade , even with special 
opportun ities for learning and advancem ent, if 
th e  wage they  earned was so small.

M r . R o b in s o n  though t the chief objection to  the 
scheme was th a t  employers generally would not 
welcome it. N ot only would i t  be a source of ex
pense, b u t it  would lead to disorganisation of the 
foundries, if boys were allowed to  go to classes 
d u ring  working hours, and be moved to  other jobs 
ju s t a t  an age when they were really becoming 
useful.

THE AUTHOR’S REPLY.
T h e  A u t h o r  (B ran  ch-P resident) replying to 

th e  various points raised in the discussion, 
said th a t  he entirely  agreed on the  neces
sity  of advertisem ent, bu t subm itted th a t  
th is  would be accomplished th rough  the  
branch schools. H eadm asters of schools would 
be en ligh tened  on th e  necessary qualifications for, 
and  advantages offered to, boys who decided to 
lea rn  foundry  work. They would have to guide 
th e ir  early  education to  enable them to pass the 
p re lim inary  qualifying exam ination to the Tech
n ical In s ti tu te  a t  the  age of 16. H e rem inded 
those who spoke against p ractical foundry teach
ing  a t  a technical school th a t  he had made i t  very 
clear in his paper th a t  he was absolutely opposed 
to  it. H e  acknowledged the  difficulties of the  
sm all foundry  and the  specialised foundry, saying 
th a t  th is  had  been recognised w ith reference to 
the  tra in in g  of engineering apprentices now in 
opera tion  in  B radford . A suggestion had been 
m ade for an  exchange of apprentices between dif
fe re n t works, to  enable all to  obtain  equal experi
ence, b u t a f te r  consideration, th is  idea was not 
adopted . A t the  present moment he could only 
say th a t  i f  such a scheme were adopted, these 
foundries would find a difficulty in obtain ing ap
p rentices, as they  would natu ra lly  wish to go to 
those offering th e  best facilities for gaining an all
round experience. In  rep ly ing  to  th e  difficulty of 
low wages paid  to  foundry  apprentices, the P resi
den t said th a t  if we were considering a scheme for 
the  b e tte rm en t generally  of foundrymen of the
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fu tu re , some sacrifices would have to  be m ade. The 
employer, who would u ltim ate ly  reap  th e  benefit 
of a supply of b e tte r  tra in e d  and more in te lligen t 
workmen, would have to  p u t up  w ith  th e  incon
veniences and  expense of allowing ap p ren tices  to  
ta k e  u p  such a course, while th e  p a ren ts  would 
have to  be satisfied w ith  th e  boy’s reduced bread- 
w inning capacity  in order t h a t  th e ir  son m igh t 
benefit by i t  in  th e  fu tu re . H e  su b m itted  th a t  
boys whose sole im m ediate ob ject was to e a rn  as 
much money as they  could, were n o t likely to  m ake 
efficient foundrym en. W hilst acknow ledging th e  
fac t t h a t  th e  in au g u ra tio n  of such a schem e en tire ly  
depended upon th e  co-operation and w illingness of 
th e  employers, he did n o t agree th a t  th e re  was 
likely to  be any opposition from  them . H e  (felt 
su re  th a t  employers would recognise- th a t  i t  was 
abou t tim e th a t  som ething should be done for 
foundrym en. E very  employer realised  th e  diffi
culty of ob tain ing  appren tices to  foundry  work.

A fte r the  discussion, on the  proposition  of M r . 
R o b in s o n ,  seconded by M r . J o h n s o n ,  th e  follow ing 
resolution was unanim ously ad o p ted : —

“ T h a t th is  general m eeting of th e  W est R id 
ing of Y orkshire B ranch of th e  In s titu tio n  of 
B ritish  Foundrym en h ea rtily  approves of th e  
scheme of tra in in g  fo r foundrym en detailed  in  
th e  paper given by the  B ranch  P res id en t, and 
recommends th e  foundry  employers in  th e  area  
to  give i t  th e ir  serious consideration  as a m eans 
of ensuring  a  b e tte r  supply of foundry  ap p ren 
tices and generally  im proving th e  s ta tu s  of th e  
foundrym an of the  fu tu re .”
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Lancashire Branch,
Burnley Section.

MELTING STEEL AND CAST IRON IN THE CUPOLA

By J. Hogg.

Much experim enting w ith steel and iron m ix
ings has been carried  out by experienced foundry- 
men, both a t home and abroad, and m any of them  
have been extremely successful, chiefly w ith 
am ounts of steel varying from 10 to  40 per cent.

I t  has been the practice to refer to  cupola m elted 
m ix tu res of steel and iron as semi-steel. M any 
ironfounders and engineers have unbounded fa ith  
in, and  enthusiasm  for semi-steel m ixtures, for 
w ithou t doubt, such m ixtures are  extremely useful 
for c e rta in  classes of work. The w riter has cast 
p iston  rings in large quantities, which have given 
satisfac tion , using a 20 per cent, addition of steel, 
and  has preference for the  m ixture because of its 
fine w earing  surface.

The w rite r ’s first experience in p u tting  steel in 
the  cupola w ith  iron took place about eight or 
nine years ago. H e had to  deal w ith an order 
for six rollers, about 2 ft. 6 in. d ia. w ith a 12 in. 
face, and w ith  th e  order came a request th a t  the 
castings should be made of a good wearing metal, 
as those previously supplied were of soft grey-iron 
and had  worn away very rapidly. A t the same 
tim e  th e  castings had not to  be too hard  to  
m achine, and  had  to  be dense in character. One 
of th e  old hands in the  shop advised th e  p u ttin g  
of a few old files in  th e  ladle and tap p in g  th e  iron 
on to  them . This method did not appeal to  the  
w rite r, as he had  seen it  done in his apprentice 
days w ith  very indifferent results, and had often 
heard  th e  m ethod criticised. I t  was decided to  
adopt th e  m ethod recommended by various 
lecturers a t  th a t  tim e  and p u t the  steel in the 
cupola w ith  th e  iron. Twenty per cent, was 
charged in small punchings of mild steel, and good
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risers were made on th e  castings. The m oulds were 
skin d ried , and th e  resu lts were sa tisfac to ry , 
although th e  castings were hard er th an  th e  usual 
grey-iron m ix tu re , b u t they  m achined up very 
well.

These m ix tures have been used very often  since 
th a t  tim e and  have been qu ite  satisfactory .

Steel Turnings U sed.
D uring  th e  la t te r  p a r t  of th e  w ar, when C L  

shells were being made in  la rg e  quan tities , and  a 
high tensile-test had  to  be furnished, m any 
foundrym en used steel and iron m ix tu res, among 
them  was included th e  w riter. F a irly  high com
bined carbon helped to  provide a sa tisfac to ry  
tensile tes t, and the  use of steel provided th e  neces
sary combined C. w ithou t resorting  to  w hite iron , 
which would not be sa tisfac to ry  for m achining 
purposes. I t  also helped to  provide a good sound 
casting. On a charge of 10 cw ts., 5 cwts. of good 
scrap w ere used, 3|  cwts. of p ig-iron of two b rands 
which were considered suitab le , and  I t  cw ts. of 
steel. Owing to  th e  g rea t am ount of steel re 
quired each day, punohings could n o t be obtained , 
so steel shavings from  th e  shell tu rn in g  d e p a rt
m ent were substitu ted , th e  m ethod proved suc
cessful. The shells were clean, dense and machine- 
able, th e  tensile te s t which was tak en  from  th e  
body of a shell, chosen by th e  inspector, varied  
from 12.1 to 14 tons. A fter a few days’ co n tin u 
ous progress, a difficulty arose. The castings be
gan to  harden  up, and th is  was soon traced  to  th e  
re-m elt among th e  scrap, which was used in the  
proportion of 20 per cen t. R eference is m ade, of 
course, to  ru n n e r heads, risers, and  gates. I t  
was necessary to  reduce th e  steel to  1 cw t. per 
charge for a few days, and th is  m ethod helped us 
to soften th e  eastings a litt le , w ithou t affecting 
grea tly  the  density  or th e  tensile  resu lt. The 
hardness and  tensile s tren g th  w ere te s ted  daily , in 
the  m orning, and  th e  p roportion  of steel varied  
accordingly.

One te s t gave th e  following re su lt :—The analysis 
of one te s t, which gave tensile 13 tons and 
m achined easily, was G r.C ., 2 .70; C .C., 0 .65 ; S i., 
1.8; S ., 0 .11; M n.. 0 .34; and  P ., 0.59 per cent.

I t  was th o u g h t th a t  th e  M n. ought to  be h igher, 
perhaps double th e  q u an tity , and eventua lly  a
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brand of pig-iron was chosen th a t  was though t 
would give a reasonable am ount, b u t a fte r  order
ing i t  th e  firm was unable to  ob ta in  delivery a t  
th a t period, so no change could be made.

The w riter o ften  uses steel now in  am ounts of 
15 per cen t., and i t  is fa irly  satisfactory , and 
always so if th e  m etal is poured hot. Small pieces 
of p late  or cu ttings of mild steel bars seem to  be 
best for the  purpose.

Practical Details.
A good bed of coke is used of good quality . The 

p ig-iron is placed on the  coke and limestone, th en  
th e  steel, and las t of all the  scrap. No receiver 
is a ttached , b u t effort is made to  get th e  charge 
m elted completely before tap p in g  in to  th e  ladle, 
because it  is presumed th a t  the  charge m ust be 
well mixed.

A very high tem perature  is favoured, as the 
m eta l h ad  to  he very hot wrhen poured, because 
of th e  danger of hard  spots. I f  th e  mould is a 
green  sand one i t  is best to  have i t  on the  dry 
side if possible. A dry sand mould would be b e tte r 
s till for th e  purpose. I f  th e  m etal is a t  all “ du ll,”  
blow-holes are almost certa in  to  appear when 
m achining th e  castings, or if the m etal is not well 
m ixed, or th e  mould damp, hard  places will appear, 
causing th e  casting to  be rejected. I t  is advisable 
to  have th e  m etal analysed a t intervals, or a t least 
to  te s t for combined carbon, which m ust not get 
above 0.85 p er cent., if th e  castings require 
m achining.

A Sim ple Hardness Test.
A te s t th e  w rite r has had strongly recommended 

to  him  for te s tin g  th e  percentage of combined 
carbon is to  polish a small sample of the  iron and 
then  boil i t  for a few moments in sodium p ic ia te . 
The combined carbon will assume a rich brown 
colour, and th e re  is not much difficulty in judg ing  
its  am ount from  day  to  day. This is a special te s t 
for hardness, and can be carried  out by means of 
a low power microscope.

A pplicability of Sem i-steel.
Steel add itions a re  also useful for ge ttin g  a good 

transverse streng th , and i t  is particu larly  applicable 
for beams, g irders, pipes which may have to hang
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over a large span, w ithou t muoli support and  even 
ligh t section castings which do not requ ire  much 
m achining, such as levers for valve work. Ten per 
cent, of steel added to  40 per cent, pig and 50 per 
cen t, good scrap will give good resu lts if m ixed 
properly  and m elted a t  a  fa irly  h igh  tem p era tu re . 
Common iron w ith  steel added are  o ften  mad© to  
fill th e  place of higher-priced irons. Personally  th e  
w rite r would not elim inate  th e  b e tte r  class iron 
en tire ly , h u t reduce th e  qu an tity , say, from  20 to  
10 per cen t., or in  such p roportion  as m ay be con
sidered necessary. Of course, these m ix tu res  will 
not tak e  th e  place of steel itself. I t  has been 
found th a t  firms which w ere hav ing  castings made 
in  steel, and a fte r  hearin g  of th e  so-called sem i
steel, decided to  change over to  th is  p roduct 
because of th e  price. They have m ade th e  m istake 
of expecting sem i-steel to  replace steel, b u t need
less to  say i t  will no t do th a t . F o r im proving grey 
cast iron i t  is em inently  su itab le  when used w ith 
discretion.

Order of Charging.
In  a jobbing foundry  where d ifferent m ixings of 

m etal a re  required , and  some of them  a re  to  be 
steel m ixtures, i t  is suggested th a t  about tw o tons 
of grey cast iron be molted first, so th a t  th e  cupola 
may have a chance of becoming hea ted  to  a high 
tem p era tu re  before s ta r tin g  to charge th e  iron and 
steel m ixtures. An ex tra  layer of coke m ay be 
placed above the  las t grey-iron charge, so th a t  the  
grey-iron charge may have tim e  to  be removed 
before th e  steel m ix tu re  begins to m elt and fall 
in to  the  bottom  of the  cupola. The lig h te r cast 
scrap will, of course, be p u t on th e  las t of each 
charge.

The coke should no t be used too sparing ly  w ith 
an iron and steel m ix tu re . Of course, i t  is n o t 
m ean t th a t  i t  should be w asted, b u t sufficient 
should be used to  ensure ho t m elting . I f  possible 
th e  m etal should come down th e  spout b rig h t w hite 
in appearance, or even dazzling w hite, if i t  has 
any d istance to  be carried . The w rite r  would say 
th a t  he has found P o u ile tt’s tab le , published in 
Professor R head’s book on iron founding, a 
useful m ethod of judg ing  the  te m p e ra tu re  of 
molten m etal w ithou t a pyrom eter.

An excess of lim estone should be guarded
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against, as owing to  th e  high tem p era tu re  used in 
the cupola i t  may resu lt in destroying th e  cupola 
lining and  th e  face of th e  bricks.

The lec tu rer hopes th e  rem arks m ade are  as 
plain and as p ractica l as he had  hoped they would 
he. Perhaps more details about the  s tru c tu re  of 
the m ixtures m ight have been given and also of 
the  m ethod of m elting th e  steel, and of the  steel 
tak in g  u p  its  carbon from th e  coke, etc., before 
becoming fusible, b u t he fe lt  th a t  first of all 
in te rest m ust be aroused, and then  one would be 
able to  tak e  up th e  study of th e  subject more 
deeply afterw ards.

H e is no t prepared to  recommend the addition  of 
steel to  th e  m etal in the  ladles, because of one 
v ita l point. I t  lowers the  tem pera tu re  of the  
m eta l in  th e  ladle, and th is is v ital. A foundry 
forem an had  b e tte r no t use steel a t  all and keep to 
h is grey iron  m ixtures ra th e r th an  a ttem p t to 
c a s t . steel m ix tures a t  a low tem perature . Keep 
to  h ig h  tem pera tu res if success is to be obtained, 
and  also rem ember th a t  the  following rule 
a p p lie s : —

Softness to  hardness.
W eakness to  stren g th  (Tensile).

F o r tran sv erse  strength  aim  a t a lower to ta l car
bon w ith  ju s t  sufficient Si to  keep the  combined C. 
below 0.75 per c e n t. ; if th is proportion is increased 
m achining difficulties will arise.

I f  steel tu rn in g s  are  to  be used, it  can be done 
successfully if one charges by weight and sees th a t 
th e  lig h t shavings of steel are kep t from blowing up 
th e  cupola chimney.

DISCUSSION.

S em i-S teel Firebars.
M r. C o o per  asked w hether more coke was re 

quired for m elting  th e  m ix ture of steel and cast 
iron th a n  was usual in o rdinary  foundry p iactice . 
W as th a t  an item  of ex tra  cost to  be taken  into 
consideration? W as the  m ixture suitable for heat- 
resisting  castings, such as annealing pots, furnace 
fram es or firebars? W as it  w orth while to p u t 
steel in to  castings of th a t  description in  order to 
get a superior firebar which would las t longer? 
Could not th e  q u an tity  of Scotch iron be reduced
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by su b s titu tin g  No. 1 for No. 3, and would th e  d if
ference in  price be justified?

M e . H og g  rep lied  th a t  ex tra  coke would cer
ta in ly  be required . H e bad heard  i t  claim ed th a t  
tex tile  castings could be produced using 1 ’ cwt. of 
coke to  th e  ton , b u t he had  no t been able to  do th a t  
sa tisfac to rily  him self. H e th o u g h t i t  would ta k e  
2k cwt. per ton  to  m elt iron and steel effectively. 
A* lesser q u an tity  m ight suffice, b u t he had  seen 
iron  coming down perfectly  m elted, b u t w ith  very 
th in  steel shavings im bedded in  it, and  th a t  was 
due, he though t, to  an  insufficient q u a n tity  of coke. 
Before steel could be m elted i t  had  to  ta k e  up  a 
c e rta in  q u a n tity  of carbon, and  i t  took th a t  up  
from  th e  coke and  th e  iron in  th e  cupola. I f  th e re  
was n o t enough coke i t  did n o t ge t th e  requ isite  
am ount of carbon and  would no t m elt.

A m ix tu re  of steel and  iron  he should consider 
ideal for firebars, because th ey  would have a  longer 
life th a n  th e  o rd inary  soft grey iron bars. H e had  
him self cast qu ite  a num ber.

No. 1 or No. 3 Pig ?
H e h esita ted  to  say w hether th ere  would be eco

nomy in su b s titu tin g  No. 1 for No. 3 Scotch iron ; 
i t  depended on th e  price. W ith  a reduction  of 14 
lbs. the  same chemical analysis would be obtained 
associated w ith  the  sam e resu lt.

M r . Co o pe r  : In  my opinion i t  is  more economical 
to  buy No. 1 Scotch th a n  No. 3, no t fo r semi-steel 
alone, b u t a t  all tim es.

M r . M il e s  pointed  ou t th a t  when s ta r tin g  w ith 
No. 1 th ey  commenced w ith  a low percen tage  of 
combined carbon. W h at would Mr. H ogg do w ith 
scrap th a t  was le f t over?

M r . H ogg  s ta ted  th a t  he would use i t  for bars 
and  for heavier work such as brackets and  pillars. 
He would m ix w ith  i t  a small percen tage  of o rd i
nary  common iron. I t  would be sa tisfac to ry  when 
it  was n o t in tended  to  m achine th e  casting .

M r . M il e s  rem arked  th a t  very good resu lts were 
obtained for ligh t m achinery castings, w ith  th e  fol
lowing m ixing : Semi-steel shell scrap , 50 per cent:.; 
4-J per cent, silicon pig-iron, 20 per c e n t . ; o rd in ary  
shop scrap, 30 per cent. B u t care m ust be ta k e n  
th a t  th e  shop scrap did n o t undu ly  increase thp  
am ount of combined carhop..
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Size of Heads.

M r. L a y f ie l d  asked w hether i t  was necessary to  
have a bigger head w ith a semi-steel casting  than  
with an ordinary  grey iron casting.

M u. H ogg rep lied  t h a t  if  a c a s tin g  w a s required  
to  be v ery  d en se , i t  shou ld  be fu rn ish ed  w ith  a 
good h ead . H e  w ould  n o t say  th a t  w ith  se m i-stee l 
a b igger  head  w as req u ired  th a n  w ith  so ft  grey  
iron , b u t he w ould  c er ta in ly  a d v ise  p u tt in g  a good  
riser and  a good head .

Temperature Considerations.
M r. H o g g  g a v e  th e  fo llo w in g  figures (degrees  

C en tig ra d e) as sh ow in g  th e  a p p earan ce o f  liq u id  
iron  : D eep  o ra n g e , 1 ,100; clear , 1 ,200; w h ite , 
1 ,300; b r ig h t  w h ite , 1 ,400; d a zz lin g  w h ite , 1,500.

M r . H ogg , r ep ly in g  to  M r. B arnes, sa id  th e  
co lou r w as d u e  to  th e  very  h ig h  tem p era tu re . B y  
p u tt in g  on a la r g e  q u a n tity  of coke for a sm all p er
c e n ta g e  o f  iron  th e y  w ould g e t  th e  m eta l m elted  
d a z z lin g ly  w h ite . H e  d id  n o t  ad vocate  p ou rin g  
in to  t h e  m ould  d a zz lin g  w h ite , b u t bv th e  t im e  it  
g o t  to  th e  m ould  th e  tem p er a tu re  w ould have fa llen  
som ew h a t.

M r . B a r n e s  su g g e s te d  th a t d azzlin g  w h ite  w hen  
p ou red  in to  th e  m ould  w ould  resu lt  in a sand-burnt 
c a s tin g .

M r . H ogg a g reed , b u t sa id  th e  sand  should be 
o n  th e  dry  sid e . F or a h ea v y  ca stin g  th e  sand  
sh ou ld  be a t  le a s t  sk in -d ried . San d  does not p en e
t r a te  d eep  in to  th e  c a s tin g . I t  would be p itte d  
a b o u t th e  fa c e  o f th e  ca stin g . F or in stan ce, if  a 
f la t  p la te  -1 in . th ic k  is ca st, th e r e  w ould be seam s 
a ll o v er  on  b oth  sid es, top  and  bottom . I f  th e  
sa n d  fo u n d  i t s  w a y  in to  th e  m eta l i t  w ould  m ake  
d ir ty  c a s tin g s . S em i-stee l w as n o t su ita b le  for  
o r n a m e n ta l w ork  w hich  did n o t  requ ire any  
s tr e n g th . F o r  w ork  o f th a t  cla ss he w ould  use th e  
com m o n est h ig h -p h osp h oru s iron.

M r . M iles sa id  h e  th o u g h t  i t  had  not been m ade  
q u ite  c lea r  a b o u t th e  u se o f scrap . I t  had been  
p roved  w h en  u s in g  a m ix tu r e  of 40 per c e n t , s tee l 
t h a t  a ll th e  r e tu rn s cou ld  n o t be used. In  one  
fo u n d ry  w h ere 35 to n s  per d ay w ere m elted , in 
c lu d in g  r isers  an d  ru n n ers , 12 to n s  o u t of th e  35 
had  t o  be re -m elted . A fte r  severa l days i t  w as  
foun d  to  be im p o ssib le  to  u se  th a t  12 to n s w ith  th e
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40 per cent, steel, so th a t  i t  w as cu t down to  10 
per cen t, in order to  enable all th e  re tu rn s  to  be 
used each day.

M r . H ogg  said he used exactly the  sam e m ix tu re . 
If  a t  th e  same tim e he had had o rders for o rd in a ry  
work he oould have got rid  of th e  re tu rn s . H e did 
not advocate using a high percen tage  of steel w ith  
a high-phosphorus iron.

M r . M il e s  : I  should say i t  was sa tisfac to ry  i f  th e  
percen tage of phosphorus was no t above 1.2 per 
cent. I t  is being used extensively w ith  p ig-iron 
contain ing  4 to  5 per cent, silicon.

M r. H o g g , answ ering M r. B arnes, said  h e  
th o u g h t a. ra t io  of 1 |  tons of coke to th e  
to n  of iro n  could be used w ith a cupola 
2 f t . 8 in. dia. m elting  10 tons a day. H e had  
him self often m elted w ith  2 cwt. H is full blow 
was 10 o r 11  tons, b u t i t  depended upon th e  n a tu re  
of th e  work. W ith  very lig h t casting  th e  iron 
could n o t be m elted sa tisfac to rily  w ith  1 |- cwt. to  
th e  ton .

M r . B a r n e s , r e f e r r in g  to  a  b low  o f  5 t o  6 to n s  
a  d a y ,  s a id  t h a t  b e fo re  t h e  w a r  h is  c u p o la  u se d  
to  a v e r a g e  21- to  3 c w t. o f  co k e  to  a  to n  o f m e ta l ,  
e x c lu s iv e  o f b e d , b u t  no w  i t  h a s  r i s e n  t o  4 c w t.

M r . C o o per  s a id  h is  w o rk  w a s  f a i r l y  h e a v y  w o rk , 
a n d  h e  u se d  3 f  c w t. to  t h e  to n .

Contraction of S em i-S teel.
Replying to  a question as to  th e  effect upon th e  

allowance for con traction , M r. H ogg said  th a t  de
pended upon th e  type  of casting . W ith  a long 
pipe, 9 to  10 ft. long, w here th e  combined carbon 
was very high, th e re  would be a considerable con
trac tio n , b u t in  th e  case of a square o r round  block 
w ith a sem i-steel m ix tu re  th e re  was no need to  
make any difference in  th e  allowance for con trac
tion .

M r . B ee c r o ft  s u g g e s te d  t h a t  t h e  a m o u n t  of 
o a rb o n  w o u ld  be  t h e  sa m e  w h a te v e r  t h e  sh a p e .

M r. H og g  explained th a t  th e  to ta l am ount of 
carbon would be th e  same, b u t because of th e  d if
ference in  th e  ra te  of cooling th e  proportion  of 
combined carbon would vary. I t  was difficult to  
speak dogm atically  on these points, for in  some 
cases th e  con trac tion  m igh t be g rea te r th a n  in 
o ther cases. Differences occurred even wlien th e  
same m ix tu re  wqs used.
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Mu. H a r w o o d , speaking on behalf of the  engi
neering studen ts, said th e  lecture  had  been exceed
ingly instructive . In  th e  p a s t the  foundry  side of 
the industry  had been neglected in technical 
schools, and he was glad th a t  in  B urnley, which 
they were disposed to  regard  as a pioneer town, 
steps had been taken  to  encourage the education of 
foundrymen. A t all tim es i t  was a pleasure to  
meet a p ractical man who understood his trad e  and 
could explain it, and  more could be learned from 
him th a n  from a purely academic m an. The Col
lege had a good ‘25-ton te s ting  machine, and if the  
engineering departm en t could render assistance in 
reg ard  to any phase of th e  c ra f t they would be 
very pleased to give it. They felt th a t  the  foundry 
people could also teach them  something.

T h e  C h a ir m a n  (Mr. R. Place) said du ring  the 
w ar h is firm, like most of th e  others in the  town, 
were engaged upon m unitions, and it was abso
lu tely  essential for them  to  experim ent with the 
use of m ild steel. Before the  war they  used to 
in troduce  a li tt le  hem atite  in to  the m ixture when 
th e  tes ts  of tensile  streng th  were lowv The castings 
were very ligh t. D uring  the  m unitions period 
they  were" no t allowed to  use hem atite  for th a t p u r
pose ; therefo re  they had recourse to  mild steel. 
H e  reg re tted  th a t  they  did not keep records of 
th e ir  experiences, because they  would now have 
been very  in teresting , b u t a t the  tim e all th e ir 
energy w as given to  ge ttin g  out the  work. In  the  
p a s t th e re  had  been a lo t of secrecy among foundry
men, b u t the  wiser policy was to  make known any
th in g  th a t  would help  the  trad e  as a whole. In' 
t h a t  way th ey  would bring  back prosperity to  the 
country .

A v o te  o f th a n k s  w as accorded to  M r. H o g g , on 
th e  m o tio n  of M r . P ell , seconded by Mr . M ii .e s .
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TH E IN S T IT U T E  OF 
BRITISH FOUNDRYMEN.

L IS T  O F  M EM BERS.
September, 1923.

B .— B irm ingham  B ranch. L .— London B ranch .
E .M .— E a s t M idland B ranch . \ .— Jsew castle-on-Tyne B ranch .
L ncs.— L ancash ire  B ra n c h . S'.— Sheffield B ranch.
C.— C oven try  B ranch . Sc.— S cottish  B ranch .

—  G eneral or u n a ttach e d  to  a  B ranch.

Y ear
B ’n ch . of M EM BERS.

E lection .

L. 1922. A baza, M. N ., B.A., Vickers, F e tte r , 
L td ., Ipsw ich.

X . 1921. A dam , F ., 25, M itchell A venue,
Jesm ond, N ew castle-on-Tyne.

B . 1919. A dam s, E ., “ A rclid ,” V icarage R oad , 
B lackheath , n r. B irm ingham .

Sc. 1920. A itkenhead , R . W ., B laek toun  House, 
C arron, N .B .

E .M . 1908. A lton, J .  A. (A iton & Company),
D erby.

S. 1918. A llan, J .  M., Cyclops W orks, Sheffield.
B . ‘ 1906. A llbu t, J .  E . H ., “ W oodcote,” B ourne

S tree t, D udley, Staffs.
S. 1906. A llen & Com pany, E dgar (Subscribing

F irm ), Im peria l Steel W orks, 
Sheffield.

L. 1922. A llnm , A. W ., 41, D evonshire R oad , 
G reenwich, S.E.10.

Sc. 1920. A nderson, A lex., R oebuck P a rk , C ar
ron , F a lk irk , N .B .

Sc. 1919. A nderson, E . W ., 46, Inverle ith  R ow , 
E d inbu rgh .

Sc. 1920. A ndrew , J .  H ., D .Sc., R oyal T echnical 
College, Glasgow.

2d



B ’cnh. of M E M B E R S .
E lection . ,

Lncs. 1919. A ndrew , J .  W ., 71, M iddleton  R o ad , 
O ldham .

L. 1918. A rm strong , H ., 108, B aldock  R o ad , 
L e tchw orth .

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.

N . 1920. A rrow sm ith , J .  K ., 4, D ean  R o ad , 
Sou th  Shields.

L. 1911. A ston , W . H ., 46, E ag le  'W harf R o ad , 
L ondon , N .

L . 1917. A ynsley , J .  M. V. (Miss), 4, E lsw o rth y  
T errace , P rim rose  H ill, L ondon , 
N .W .3.

N. 1918. A ynesley , W . B ., 62, B a th  L an e ,
N ew castle  -on - T y n e .

B. 1920. B all, F . A ., c/o  B all B ros., S t r a t 
fo rd-on-A von.

—  1923. B argellesi, G ., C asella P o sta le , 458
M ilano.

B . 1922. B arnsley , W . G ., T he L im es, C hurch 
R o ad , N e th e rto n , n r. D ud ley .

L. 1917. B arrab a ll, F . J . ,  181, Q ueen V ic to ria  
S tree t, L ondon , E .C .4.

L. 1912. B a rre t t ,  G. H ., 14, B rita n n ia  R o a d , 
B edford .

L. 1911. B a r tle t t ,  A. R ., 1, L ow er P a rk  R o ad , 
B elvedere, S .E .

L. 1923. B a rtra m , J . ,  369, G rove G reen R oad ,
L ey tonstone , E . l .

E.M . 1921. B a te s , W . R ., U n ite d  S tee l C om panies, 
L im ited , Ir th lin g b o ro ’ Iro n  W orks, 
W ellingboro’.

B . 1922. B ay ley , J .  P ., “  T y -g w y n ,” C ly tha
P a rk , N ew p o rt, M on.

Lncs. 1919. B ean land , A. E ., 4, O ldfield R o ad , 
Sale, C heshire.

L. 1920. B eech, A. S ., 97, Q ueen V ic to ria  S tree t, 
L ondon , E.C.

L. 1911. B eere, H . O., 11, L indon  G rove, Peck-
ham , L ondon , S .E .

S. 1922. B ell, G. S., 7, S ou th  P a rk , L incoln ,
Sc. 1910. B ell, W ., 336, Pollokshaw s R o ad ,

Glasgow.

902



Y ear
B ’nch. of M E M B E R S.

E lection .
—  1922. B ell, W m . D ixon, 72, A venue R oad ,

Itc h e n , S ou tham pton .
B. 1923. Bell, W . J . ,  “ G lenfyne,” Pem broke

S tree t, Gloucester.
Sc. 1919. Beilis H ., 12, R egent S tree t, Paisley.
L. 1919. B enbow , M., “ O m bersley,”  C arring

to n  R oad , D artfo rd , K en t.
S. 1920. B enson, E . C., 303, Fulw ood R oad , 

Sheffield.
W .R . 1922. B entley , J .  N ., 6, Cocklington T errace,
of Y . H u ll R oad , Y ork.
L ncs. 1922. B entley , L. A., W ood E n d , B rom ley 

Cross, Bolton.
S. 1918. B iggin, F rank , 19, R u p e rt R oad ,

N e th e r E dge, Sheffield.
S. 1921. B irchall, T ., L atebrook  H ouse, G olden -

hill, S toke-on-Trent.
C. 1920. B irk e tt,W .,ll,R a le ig h R o ad ,C o v en try .
N . 1921. B irtley  Iro n  Com pany (Subscribing

F irm ), B irtley  Co., D urham .
—  1919. B lair, A ., 7, D erryvolgie A venue,

B elfast.
C. 1912. B oote, E . M., 11, L ydgate R oad ,

C oventry.
L. 1912. B oo th , C. C., M ildm ay W orks, B urn- 

ham -on-C rouch.
E .M . 1919. B oo th , J .  H ., F le tto n  Spring H ouse, 

P eterborough .
L. 1920. B ooth , P . M. 4, E rch ingham  P a rk

R oad , C hurch E nd , Finchley, N .3.
L ncs. 1920. Boswell, A ., P rem ier Brass W orks,

B urn ley , Lancs.
W .R . 1922. B oyle, J . ,  “ W estroyd ,” B ram ley,
of Y . Leeds.
L . 1918. B rad ley , P . L ., 55, Jern ingham  R oad , 

N ew  Cross, S.E.14.
N . 1922. B ra ilsfo rd , A ., 18, Elsw ick R ow ,

N ew castle -on - T yne.
B. 1922. B randon , C., 62, N orm an R oad ,

N orth fie ld , B irm ingham .
S. 1921. B reakey , J .  E ., 20, S t. A ndrew ’s R oad , 

Sharrow , Sheffield.
Lncs. 1914. B ridge, W ., 199, D rake S tree t, R o ch 

dale, Lancs.
2 d 2
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B 'n ch . of M E M B E R S .
E lec tio n .

S. 1922. B righ tside  F o u n d ry  E n g in eerin g
Co., L td . (S ubscrib ing F irm ), 
W icker W orks, Sheffield.

Lncs. 1919. B road , W ., 230, D um ers L ane, R ad - 
cliffe, L ancs.

Sc. 1919. B rook , G .  B ., B ritish  A lum in ium  C om 
p an y , K in loch leven , N .B .

C. 1904. B roughall, E . H ., A lfred  H e rb e rt.
L td ., E dgw ick  W orks, Fo lesh ill, 
C oventry .

S. 1922. Bro-wn, E . J . ,  11, N ew lyn Place,
W oodseats, Sheffield.

L. 1921. B row n, E . R . 136, E g lin to n  R oad ,
P lu m stead , S .E .

Sc. 1918. B row n, N . M ., B ogston, G reenock, 
N .B .

W .R . 1917. B row n, P ., P a rk  W orks, L ockw ood, 
of Y . H uddersfield .
S. 1919. B row n, P . B ., 12, G ladstone  R o ad , 

Sheffield.
W .R . 1922. B row n, S. E ., 12, G ledlow  W ood
of Y . A venue, R o u n d h ay , Leeds.
E .M . 1918. B ry a n t, C. W ., C .B .E ., W estw ood  

H ouse, T ho rp  R oad , P e te rb o ro u g h .
B . 1904. B u ch an an , R ., F .R .S .A ., 35, T hornh ill 

R oad , H an d sw o rth , B irm ingham . 
—  1922. B ull, R . A ., 639, D iversey  P a rk w ay ,

C hicago, 111., U .S.A .
E .M . 1910. B u n tin g , H ., 17, M arcus S tree t, 

D erby.
E .M . 1905. B u rd e r, K . M ., “ C lavering ,” A shby 

R o ad , L oughboro ’.
B . 1922. B u rn , A. J .  H ., 34, O ld R o ad , L lanelly , 

S. W ales.
W .R . 1922. B urn ley , H ., 59, P la in trees  R o ad , 
of Y . B rad fo rd , Y orks.
N . 1915. B urrow s, L yc., 36, S o u th w ark  B ridge 

R o ad , L ondon , S .E .l .
S. 1923. B u tle r, J . ,  63, D eepdale  R oad , R o th e r 

ham .
L ncs. 1918. B u tle r, W ., B orough  B rass  & I ro n  

W orks, D ukinfield , M anchester. 
W .R . 1921. B u tte rfie ld , P ., 10, E astfie ld  P lace , 
of Y . S u tton -in -C raven , K e igh ley ,Y orks.
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B 'nch . oi M E M B E R S.

E lection .
N . 1914. B u x to n , W . B ., “ W estw ood,” B eech- 

field R oad , G osforth , N ew castle.
— 1909. C addiek, A. J . ,  M inas de R io  T in to ,

H uelva , Spain.
N. 1919. C alderbank, T. H ., 75, M eldon T errace, 

H ea to n , N ew castle-on-Tyne.
Sc. 1917. Cam eron, J .  (Cameron & R oberton , 

L im ited), K irkintilloch , N .B .
Sc. 1919. C am eron, T . P ., South  B an k  I ro n 

w orks, K irkintilloch, N .B .
S. 1922. Cam m ell L aird  & Co., L td . (Sub

scribing P irm ), Cyclops Steel an d  
Iro n  W orks, Sheffield.

Sc. 1911. Cam pion, A. (H onorary  Life), 3,
S trathv iew  G ardens, B earsden, 
Glasgow.

N . 1912. Carmichael, J . D. (Life), 10, Sydenham  
Terrace, South  Shields.

N . 1912. Carm ichael, J .  D ., Ju n . (Life), 9, Bel- 
grave G ardens, H arto n , South  
Shields.

S. 1918. Carnegie, W ., P irs  H ill H ouse, P its-
m oor, Sheffield.

L. 1919. C arpenter, H . C. H ., Prof. (Hon. Life), 
30, M urray R oad, W im bledon, 
S.W .19.

S. 1921. C astle, Geo. Cyril, “ L in d e th ,” V ictoria
P a rk , W avertree , L iverpool.

Lncs. 1905. C hadwick, J .  (Life), 12, N u tta ll T e r
race, B olton.

L ncs. 1919. C hadwick, J .  N . (Life m em ber), School 
H ill Ironw orks, Bolton.

L . 1919. C heesew right, W . F . (Col.), D .S.O .,
5, D uke S tree t, Adelphi, W .C.2.

L ncs. 1918. C lark, A ., 133, D enton R oad, A uden- 
shaw , M anchester.

S. 1922. C lark, G., 61, W estboum e R oad,
Sheffield.

L. 1915. C lark, H . S., 17, F iley Avenue, S toke
N ew ington, London, N .

N. 1917. C lark, W . H ., 152, N ew port R oad ,
M iddlesbrough.

Lncs. 1919. C lay ton , T ., 14, Stansfield S tree t, Rose 
G rove, B urn ley , Lancs.
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B ’nch. of M EM B E R S .

E lection . . _ _  _
L. 1917. C leaver, C., 10, R m gcro ft S tree t, Hoi- 

low ay, N .I .
—  1917. C lem ent, W . E ., M orfa F o u n d ry , N ew

D ock, L lanelly .
L. 1913. Coan, R ., A lum in ium  F o u n d ry , Gos- 

w ell R oad , E .C .
Sc. 1917. C ockburn, N ., 48, M urrayfield  G a r

dens, E d in b u rg h .
L. 1922. Coll, J . ,  C om andancia G eneral de

Ingenieros, Sevilla, Spain.
N . 1912. Collin, J .  J . ,  19, Ing leby  T errace , S u n 

derland .
N . 1916. Collin, T . S., 4, A rgyle Square, S u n 

derland .
N . 1922. C onsett Iro n  Co., L td . (Subscrib ing

F irm ), C onsett, Co. D u rh am .
B . 1904. Cook, F . J . ,  139, P o p la r A venue, E dg- 

b a s to n , B irm ingham . '
Lncs. 1918. Cook, W . H . “ S tavele igh ,”  434, AVel- 

ling ton  R o ad , H e a to n  C hapel, 
S tockport.

N . 1921. Cooke, W . W .. 40, Sefton A venue, 
H ea to n , N ew castle-on-T yne.

L . 1919. Cooper, B . W ., 13, Y o rk  R o ad , L ey 
to n , E .10.

N . 1921. Cooper, J .  H ., 16, C leasby T errace , 
C orporation  R o ad , 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  E ngineering  
W orks, A lbert E m b an k m en t, 
L ondon, S .E .l.

Sc. 1922. C ouper, J .  C., M ilton  H ouse, D un- 
n ipace , D enny , N .B .

Lncs. 1922. Cowell, A ., 259, M anchester R o ad ,
B urn ley .

B . 1920. Cowper, W . J . ,  Iv y  B an k , Clive R oad ,
B rom sgrove, B irm ingham .

C. 1917. Cox, E .,  123, H earsall L ane, C oven try .
E .M . 1914. Cox, J .  E . (The R u tla n d  F o u n d ry

C om pany, L im ited ), Ilk esto n .
C. 1919. Craig, A ., E a rlsd o n  H ouse, E a rlsd o n , 

C oventry .
B . 1922. C ram b, F . M., 5, T riang le  V illas,

O ldfield P a rk , B a th .
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B ’nch. of M EM B ER S.

E lection .
L. 1920. Creek, W ., 2, E leanor R o ’.d, S tr a t

ford , E .
L. 1911. C reighton, T. R ., The F o u n d ry , S tep 

ney  C ausew ay, E .
W .R . 1922. C roft, F ran k , 52, P o llard  Lane, B rad- 
°f Y . ford.
L. 1919. Crosby, W . R .
B. 1920. Cross, Jo h n  K ., 32, P a rk  H ill, Mose

ley, B irm ingham .
S. 1907. Crowther, J .  G., 5, Sharrow  M ount, 

P sa lte r L ane, Sheffield.
Lnes. 1920. Crowder, T. C., 92, B rew erton  R oad , 

O ldham .
E.M . 1919. Culley, W ., 6 D oncaster R oad , Lei-

cester
Sc. 1906. Cummings, W ., “  H olly  b an k ,” K eir

S tree t, D unblane, N .B .
L. 1923. C urtis, A. L ., 39, L ondon R oad ,

C hatteris , Cambs.
B. 1921. D anks, A ., “ N orthfie ld ,”  H ucclecote,

G loucester.
Lncs. 1918. Davies, H ., 92, H ope S tree t, D ukin- 

field.
—  1919. Davis, P . N ., 29, B runsw ick R oad ,

B runsw ick, M elbourne, V ictoria, 
A ustralia.

L. 1923. Dawes, C. E ., 26, K eston  R oad,
W est G reen, N.15.

S. 1916. Dawson, W . J . ,  220, N ew hall R oad, 
Sheffield.

'B .  1918. D eakin, W ., T hornleigh, Oakfield
R oad, Selly P ark , B irm ingham . 

N . 1919. Deas, P ., 4, B lenheim  T errace, Coat- 
liam, R edcar.

S. 1917. Descli, C. H ., P h .D ., D .Sc., F .I.C ., 
The U niversity , Sheffield.

C. 1921. D icken, Charles, 2, A sh S tree t, D aisy
B ank, B ilston.

L. 1922. D ickson, J . (H erring & Son), Iron-
founders, C hertsey.

Lncs. 1920. D ixon, L., 252, A udenshaw  R oad, 
A udenshaw , M anchester.

L. 1914. D obson, W . E ., “ N ew lyn ,” G rand
D rive, R aynes P a rk , S.W .
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B ’nch. of M E M B E R S .
E lection .

L. 1919. D odw ell, A. E ., 54, R ec to ry  R oad , 
B arnes, S.W .

Lncs. 1918. D o u g h ty , E ., 54, S t. M ary ’s R o ad , 
M oston, M anchester.

Sc. 1911. D ou lton , B . (Life), D ou lton  I r o n 
w orks, H aw kshead , Paisley .

B . 1920. D ow ell, P ., 255, L ong L ane, H a le s
owen.

L. 1923. D ow ning, D ., B ritan n ia  H ouse, T ita- 
ghur, Ind ia .

S. 1921. D uckenfield, W ., 47, D u nkeld  R o ad , 
Ecclesall, Sheffield.

W .R . 1922. D uckham , W . J . ,  4, O xford V illas,
of Y. G uiseley, Leeds.
B . 1920. D udley , W m . E ., 5, C obham  R o ad , 

H alesow en.
S. 1921. E d g in to n , G ., 30, S p ringbank  R oad , 

Chesterfield.
B. 1922. E dw ards, A ., “ D u n b a r ,”  O ld B a th  

R oad , C heltenham .
N . 1921. E ld red , E . J . ,  21, F o rd  S tree t, G ates- 

head-on-T yne.
L. 1909. E llio t, A ., In g a te  Ironw orks, Beccles.
L . 1904. E llis, J . ,  6, E ckste in  R oad , C lapham

Ju n c tio n , L ondon, S.W . 11.
S. 1918. E lliss, J .  A ., 217, M iddlew ood R oad , 

Sheffield.
L. 1919. E step , H . Cole, 2 -3 , C ax ton  H ouse, 

W estm inste r, L ondon , S.W.
E.M . 1918. E v an s , W . T ., M oun t P lea san t, S un n y  

H ill, N o rm an ton .
S. 1920. F airho lm e, F . C., C hurchdale  H a ll, 

n r. B akew ell, D erbysh ire .
L. 1915. F au lk n e r , V. C., B essem er H ouse, 6, 

D uke  S tree t, A delphi, W .C .2.
W .R . 1922. F aw ce tt, Jo s ., 25, E llesm ere T errace ,
of Y . L idget G reen B rad fo rd , Y orks.
S. 1910. F easey , J . ,  192, W est P a rad e , L incoln.
N . 1918. F en d er, B ., 15, K en ilw orth  R o ad ,

M onkseaton, N o rth u m b erlan d .
B. 1914. F ie ld , H ., 12, B ay sw ate r R o ad , H ands- 

w orth , B irm ingham .
B. 1914. F ield ing , G ., 15, P ag e t R oad , W o lv e r

ham p to n .
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B 'nch. of M EM B ER S.
E lection .

B 1904. F inch , F . W . (H onorary), 52, D en
m ark  R oad , G loucester.

S. 1914. F ir th , A ., ju n r ., P rio r B ank , C herry 
T ree R oad , Sheffield.

S. 1914. F ir th , F . W ., “ S to r th  O aks,” R an- 
m oor, Sheffield.

S. 1909. F ir th , T. H ., P rio r B ank , C herry 
Tree R oad , Sheffield.

1907. Flagg, S. G. (H onorary), 1,407, Morris 
B uildings, Ph iladelphia, P enn ., 
U .S.A.

B . 1922. F le tcher, J .  E ., 8, St. Jam es R oad , 
D udley, Staffs.

S. 1921. F low er, J .  A ., 147, Middlewood R oad , 
Sheffield.

Sc. 1917. Forbes, J .  T ., 176, W est George
S tree t, Glasgow.

N. 1919. F o rtu n e , T. C., 76. F alm outh  R oad, 
H ea ton , N ewcastle-on-Tyne.

B. 1919. Fosseprez, G., 3, R ue du  G rand Jo u r ,
Mons, Belgium.

C. 1920. F oston , G. H ., Iv y  B ank, Balsall
Com m on, Berkswell, nr. C oventry.

L ncs. 1909. Fow ler, W . H ., 53, New Bailey S treet, 
M anchester.

L . 1920. F ra n k , A. C., “ R ozel,” K natchbull
R oad , H arlesden , N .W .

Sc. 1920. F ra se r A. R-, Craigard, B earsden,
N .B .

Sc. 1920. F u lto n , D avid , 5, B righton Place,
G ovan, Glasgow.

L. 1919. F u rm sto n , A. C., H ope Cottage, 211, 
N eville R oad , Letchw orth.

N . 1912. G allon, M. E ., c/o Y ounger & Gallon,
A tlas F o und ry , D unston-on-Tyne.

N . 1921. G ard iner, E . T . ,‘ H oppyland H ouse,
A lb ert H ill, B ishop Auckland.

Sc. 1919. G ardner, J .  A ., 24, South H am ilton  
S tree t, K ilm arnock, N .B.

L. 1922. G ardom , J .  W „ 235, P a rk  R oad ,
L u to n , Beds.

W .R . 1922. G arfo rth , E . P ., 48, H aslingden D rive,
.of Y . Toller L ane, B radford.
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B ’nch . Y5 T  M E M B E R S .
E lection . . ,

B. 1922. G arland , F . W ., “ H om eleigh, A l
b a n y  R oad , S tra tfo rd -on-A von .

L ncs. 1922. G am er & Sons, L im ited  (Subscrib ing 
F irm ), V ic to ria  S tree t, O penshaw , 
M anchester.

Lncs. 1922. G arn e tt, N ., B u ry  N ew  R oad , K ersal, 
M anchester.

Lncs. 1919. G arts ide , F ., 18, G eorge S tree t, C had- 
d e rto n , L ancs.

Sc. 1920. George, Jo h n , R osepark , F a lk irk ,
N .B .

L . 1922, G ibbs, A. F „  55, G ordon R oad ,
W an stead , E . l l .

L . 1920. G illespie, H . J .  W ., 7, T yson  R oad , 
F o re s t H ill, S .E .23.

Sc. 1920. G illespie, P ., “  G lenora ,”  F a lk irk
R oad , B onnybridge , N .B .

E .M . 1915. G im son, H ., W h ite  H ouse , C larendon 
P a rk , L eicester.

E .M . 1906. G im son, S. A ., 20, G lebe S tree t, 
L eicester.

C. 1920. G lover, S., R o okery  F a rm , K eresley ,
n r. C oventry .

S. 1905. G oodwin, J .  T ., R e d  H ouse , O ld W h it
tin g to n , C hesterfield.

N. 1922. G ordon-L uhrs, H erm an , 52, Moor-
side, F enham , N ew castle-on-T yne.

L. 1920. Gower, A. B ., 34. Sugden R o ad , L a v e n 
d er H ill, S.W .

Sc. 1921. G rah am  J . ,  27, O nslow  D rive , D en- 
n is to u n , Glasgow.

L ncs. 1922. G randison , W . H ., 113, A lb e rt A venue,
Sedgley P a rk , P res tw ich , M an
chester.

L ncs. 1920. G ran t, G. C. (Sir W . G. A rm strong , 
W h itw o rth  & C om pany , L im ited ), 
A sh ton  R o ad , O penshaw , M an 
chester.

N . 1921. G ray , C. R ., 14, L a tim er S tree t,
T y n em o u th .

L. 1920. G ray, S ., 29, C rescent R oad , P lum - 
s tead , L ondon, S .E .

S. 1920. G reen, H ., Ing leside, Clifton, L an e ,
R o th e rh am .
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B ’nch. of M EM B ER S.

E lection .
N . 1912. G reensitt, R . H ., 24, S tu a r t T errace, 

Felling-on-T yne.
E.M. 1920. G reenwood, R ., T he In te rn a tio n a l

C om bustion E ngineering  Co., 
D erby.

— 1906. G riffiths, H ., 70, P a rtrid g e  R oad ,
Cardiff.

Lucs. 1923. G rundy ,L td ., Jo h n  (Subscribing F irm ), 
Tyldesley, Lancs.

S. 1920. G um m er, G., ju n r., 1, M oorgate
Terrace, R o therham .

S. 1910. H adfield, Sir R . A. (H on.), H adfields, 
L im ited, H ecla W orks, Sheffield. 

Lncs. 1906. H a ig h ,J ., 9, B rad fo rdR oad ,W akefie ld . 
W .R . 1919. H aley , G. H „  “ Longfield,” C layton, 
of Y . nr. B radford, Yorks.
L ncs. 1911. H all, H . P . (P la tt B ro thers, L im ited), 

H artfo rd  W orks, O ldham .
L. 1913. H all, J . ,  37, M elbourne G rove, E a s t

Dulwich, S.E.
—  1912. H am ilton , A ., V ictoria F o und ry , E a s t

Moors, Cardiff.
N . 1922. H am ilton , C. J . ,  30, M alvern S tree t,

Newcastle-on-Tyne.
E .M . 1914. H am m ond, W m ., Sam son F ound ry , 

Syston, Leicester.
Lncs. 1904. H am pson, F . R . (J. E v an s & Com

pany), B ritan n ia  W orks, Cross 
S tree t, B lackfriars, M anchester.

N . 1920. H ands, J . ,  7, W ard  A venue, R ow lands
Gill, D urham .

L. 1921. H arfo rd , A. E ., C apt., 85, S um atra  
R oad , W est H am pstead , N .W .6.

C. 1910. H arley , A ., Ashlea, S toke P ark , 
C oventry .

L. 1918. H arris , A. ‘j .  A. (C apt.), 41, H igh 
R oad , B alby , D oncaster, Yorks. 

Lncs. 1918. H a rtley , W m . A lexr., Stonebridge 
Foundry,C om pany, L im ited , Colne.

—  1922. H arv ey , A ndré, 193, Castle S tree t,
B edford .

S. 1909. H atfie ld , W . H ., D .M et., T he Brown
F ir th  R esearch  L abora to ry , P rin 
cess S tree t, Sheffield.
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B ’neh. o i M EM B E R S .
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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.

B. 1906. H eggie, C., 79, H olly  L ane, E rd in g -
to n , B irm ingham .

L ncs. 1918. H elm , R . W ., C ragside, P ad ih am ,
L ancs.

N . 1910. H enderson , W ., 6, R osew ood C rescent, 
W alkerv ille , N ew castle-on-T yne.

Lncs. 1923. H ensm an , A. R ., 121, P ly m o u th
G rove, C harlton-on-M edlock, M an 
chester.

C. 1921. H e rb e rt, L td ., A lfred  (Subscrib ing
F irm ), Q ueen’s R o ad , C oven try .

N . 1913. H e rb s t, M. B ., S axby  H ouse , Cor- 
bridge-on-T yne.

Sc. 1917. H e th e rin g to n , R -, 19, S t. V incen t
P lace, Glasgow.

C- 1919. H ill, E u s tace  C arey, c/o  R ow land  H ill
& Sons, L im ited , K in g  S tre e t,
C oventry .

C. 1919. H ill, P e rcy  R ow land , K y n s to n , S tone- 
leigh, K en ilw orth .

B . 1918. H ill, S ydney  A sh to n  (Jo h n  T ickle & 
C om pany, L im ited ), W est B ro m 
w ich.

Sc. 1919. H o d g a rt, H . M ., V u lcan  W orks ,
P ais ley , N .B .

L ncs. 1923. H odgk inson , A ., F o rd  L an e  W orks, 
P en d le to n , M anchester.

L ncs. 1914- H odgson , A ., 14, P a rk  R ange , V ic to ria  
P a rk , M anchester.

N. 1922. H odgson, G. W ., 2, B eechw ood T e r
race, Sunderland.

Lncs. 1912. H ogg, J . ,  365, M anchester R o ad ,
B urn ley , L ancs.

S. 1914. H olden , S. M., c/o 99, P la n ta tio n
S tree t, A ccrington.

W .R . 1922. H olehouse, T . R ., 14, T ow er R oad ,
of Y . S a lta ire , Y orks.
S. 1920. H o lland , R ., B o y th o rp e  C o ttage , C hes

terfie ld .
N. 1919. H olm es, C. W . H ., D .M et., c/o  B irtley  

Iro n  Co., B irtley , Co. D urham .



B ’nch. of M EM B ER S.
E lection .

Sc. 1914. H ood, Ja s . M cLay (Life), 54, M axwell 
D rive, Pollokshields, Glasgow.

Lncs. 1919. H orrocks, B ., 1 , Je rsey  S tree t, A sh ton , 
under-L yne.

L. 1920. H ousby , I . ,  345, N orw ich R oad ,
Ipsw ich.

Lncs. 1922. H ow ard  & B ullough, L td . (Sub
scribing Firm ), A ccrington, Lancs.

C. 1923. Howl, Clifford (M ajor), “ N o rlan d ,”
T etten h a ll R oad, T ip ton .

S. 1918. H oyle, J .  R . (Thos. F ir th  & Sons,
L im ited), Norfolk W orks, Sheffield.

Sc. 1913. H udson , W ., Lion F o u n d ry , K irk 
intilloch, N .B.

W .R . 1922. H ull, T. E ., 26, M acaulay R oad,
of Y. Birlcby, Huddersfield.
C. 1922. H um ber, L td . (Subscribing F irm ),

C oventry.
L. 1920. H u n t, R . J . ,  “ G reenhitlie,” E arls

Colne, Essex.
N . 1920. H u n te r, H y ., 1, M anor T errace,

T ynem outh .
L ncs. 1917. H u n te r, H . E ., B arton  H all E ngine 

W orks, P a rtric ro ft, M anchester.
N . 1919. H u n te r, Sum m ers, 1, M anor Terrace, 

T ynem outh .
C. 1907. H u rren , F . H . (The R over Com pany, 

L im ited), M eteor W orks, C oventry.
S. 1920. H u rs t , F . A ., W oofindin Avenue,

R anm oor, Sheffield.
S. 1911. H yde, J .  R ., 27, H astings R oad,

M illhouses, Sheffield.
S. 1922. H y d e , R o b ert, & Son, L td . (Subscrib

ing  F irm ), A bbeydale F oundry , 
W oodseats, Sheffield.

N . 1914. Ire lan d , W . S., 9, P a rk  Terrace,
Gatesheacl-on-Tyne.

Lncs. 1920. Jack so n , J . ,  33, B urns S treet, B rad 
ford , M anchester.

S. 1915. Jack so n , 'L . ,  2, R ichm ond Avenue, 
P a rk  L ane, Sheffield.

L. 1911. J a rm y , J .  R ., “ R osslyn ,” 197,
Cliffe R oad , Strood, K ent.



B ’nch. of M EM B E R S .
E lec tion . . . ,

—  1912. Jen k in s , I . 0 . ,  c/o P h ilip  Je n k in s
Sons, L im ited , E xcelsio r W orks, 
R iverside , N ea th , G lam organ.

S. 1917. Jen k in so n , S. D ., Crom w ell H ouse , 
W incobank , Sheffield.

Lncs. 1920. Jen n in g s J . ,  215, B o o th  S tree t, T o t- 
tin g to n , n r. B u ry .

L. 1904. Jew son , H ., E a s t  D ereham , N orfo lk .
L. 1921. Jew son , K . S., 4, C oopers T errace ,

Scarn ing  R o ad , D ereham , N orfo lk . 
E.M . 1909. Jobson , V ., T he D erw en t F o u n d ry  

C om pany, D erby .
B. 1919. Johnson , F ., “ E n d e rle y ,”  K in e to n  

R oad , O lton, n r. B irm ingham . 
W .R . 1918. Jo hnson , T. H . F .,  32, W ensleydale  
of Y . R oad , T h o m b u ry , B rad fo rd .
Lncs. 1920. Jo lley , W ., B reeze H ill, U rm s to n

L ane, S tre tfo rd , M anchester.
—  1904. Jones , C has., N in ian  F o u n d ry , E a s t

M oors, Cardiff.
—  1916. Jones, Chas. E ., 12, G ordon R o ad ,

Cardiff.
Lncs. 1922. Jones, G. A., 54, F o x  S tree t, E dgeley , 

S tockport.
Lncs. 1922. Ju b b s , J .  R ., 71, E d w ard  S tree t, 

Low er B ro u g h to n , M anchester.
S. 1921. K ay ser, J .  F ., 30, O akhill R o ad ,

N e th e r E dge, Sheffield.
L. 1917. K elly , J a s .,  74, R o therfie ld  S tree t,

N .I .
Lncs. 1919. K enyon , H . W ., L im e M ount, W halley  

R o ad , A ccring ton .
Lncs. 1910. K enyon , M. S ., W ate rloo , W halley  

R o ad , A ccring ton .
L ncs. 1904. K enyon , R . W ., E n tw is tle  & K enyon , 

L im ited , A ccring ton .
L . 1917. K es te r to n , A rt., 151A, E nglefie ld  R o ad , 

E ssex  R o ad , N .I .
Lncs. 1907. K ey , A. L ., 271, R ed d ish  R o ad , S.

R ed d ish , S tockpo rt.
Sc. 1910. K id s to n , R ., G allendar Ironw orks , 

F a lk irk , N .B .
Sc. 1914. K ing , D ., K eppock  Iro n w o rk s , Possil 

P a rk , Glasgow.
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Sc. 1917. K ing, D. M., K eppock  Ironw orks,
Possil P a rk , Glasgow.

Sc. 1904. K ing , J . ,  142, S t. V incen t S tree t,
Glasgow.

Sc. 1919. K innaird , George, 12, A rundel D rive, 
Langside, Glasgow.

L. 1922. L ake, W. B., M ount Place, B ra in tree , 
Essex.

L. 1921. L am bert, W esley, J .  S tone & Co.,
L im ited , D eptford , S.E .

Sc. 1907. L andale, D. (Life), Gowrie H ouse,
K irkcaldy, N .B.

C. 1919. Lane, F .H .N ., 46, H olyhead  R oad,
Coventry.

1922. Lane, H. M., 333, S ta te  S treet, D etro it 
Michigan, U.S.A.

Lncs. 1917. L angton, G. A., M ersey B rass W orks, 
H eaton  Lane, S tockport.

Lncs. 1917. L angton, Sam i., M ersey B rass W orks, 
H ea ton  Lane, S tockport.

L. 1917. L aw day, C. E ., 3, E lm field R oad ,
W altham stow , E .

L. 1921. Law rence, Geo. D ., D onnington, B ush- 
w ood, L eytonstone, E . l l .

Lncs. 1918. Layfield, R . P ., 472, A ccrington R oad , 
B urnley.

B . 1909. Lee, H ow l & C om pany, Engineers,
T ipton.

S. 1920. L eetch , S., 29, D eepdale R oad , R o th e r
ham .

C. 1922. L ennox, D . W m , The O rchard,
K enilw orth .

—  1922. L eonard , J .  (H on.), 51, Quai du
Canal, H ersta l, Belgium.

L ncs. 1922. Lewis, A. H ., 7, W estwood R oad , 
B olton.

Lncs. 1922. Lewis, Thom as, V ictoria Brass W orks, 
B urnley .

W .R . 1922. L ia rd e t, A. A., 17, Apsley Crescent, 
of Y . M anningham , Bradford.
N. 1920. Lillie, G., “ Bloom field,” S tra th m o re  

R oad , R ow lands Gill, D urham .
L. 1917. L indsay , E . E ., Church Lane, R am 

p a n t H orse S treet, Norwich.



B ’nch. of M E M B E R S .
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S. 1913. L ittle , J . ,  20, S t. A n n ’s S quare ,
M anchester.

N . 1918. L ogan, A. (H aw tho rn , Leslie & C om 
pan y ), S t. P e te r ’s W orks, N ew castle.

S. 1904. L ongm uir, P ., D .M et., R a v e n ’s C ragg, 
W o rtley , Sheffield.

Lncs. 1913. L ongw orth , T. P ., M oorside, H orrocks 
F o ld , B olton.

W .R . 1910. L ove, A ., 232, G ladstone  S tree t,
of Y . B rad fo rd , Y orks.
W .R . 1913. L ox ton , H ., H ill B ros., N ev in  F o u n -
of Y . d ry , Leeds.
E .M . 1913. L ucas, J . ,  “ Sherw ood,” F o re s t R o ad , 

L o u ghbo rough .
L. 1922. L uke, C. H ., R o sly n ,” R ichm ond  

R oad , N ew  B a rn e t, H erts .
L . 1921. L um , H a rry , 54, P a rk  R oad , D a rtfo rd .
B. 1922. M acaulay , J .  M ., B .Sc., A .M .I.M .E .,

67, C lark  R o ad , W o lv erh am p to n .
L. 1916. M acGuffie. D ., 15, O sborne R o ad ,

B rim sdow n, M iddlesex.
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 a rth  T errace , 

B a lcarres S tree t, E d in b u rg h .
N . 1923. M ackley, J .  R ., “  M eadow croft,”

Stocksfield-on-Tyne.
Lncs. 1917. M akem son, T ., 21, B eresfo rd  R oad , 

S tre tfo rd , M anchester.
S. 1921. M ander, T. G., 17, Cliffe F ie ld  R oad , 

M eersbrooke, Sheffield.
Lncs. 1922. M arkham , C., “ R in g  w ood,”  n e a r

C hesterfield.
Lncs. 1919. M ark land , T. W ., 327, Tonge M oor 

R oad , B olton.
Lncs. 1922. M arsden & Son, J .  (Subscrib ing 

F irm ), 188, R eg en t R oad , L iverpool.
S. 1922. M arshall, J . ,  “ T he W illow s,” B arrow  

H ill, C hesterfield.
L. 1923. M artin , Chas. A. E ., M adras & 

S o u th e rn  M a h ra tta  R ly ., P eram - 
b u r, M adras.

L. 1922. M artin , M. J . ,  200, P a rk  R oad , C rouch 
E n d , N.



B ’nch. of M EM B ER S.
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S. 1915. M ather, T ., 149, C arholm e R oad ,
L incoln.

N . 1912. M athew s, W ., 4, B urnside, W illington 
Q uay-on-Tyne.

L. 1923. M aybrey, H . J „  B .A ., D .I.C ., 22a, 
G loucester R oad , S ou th  K en sin g 
ton , S.W .7.

Sc-. 1918. M ayer, T ., Morwell H ouse, D u m 
barton .

N . 1921. M ayhew, C. M., 28, G rindon T errace, 
Sunderland.

L. 1922. McClelland, J . J . ,  1, W itham  R oad , 
O sterley, M iddlesex.

L . 1922. McConnell, S. J . ,  44, B ly the  Vale, 
C atford, S .E .6.

N . 1922. MeCrory, C., 5, S ta tion  R oad , W all- 
send-on-Tyne.

Sc. 1919. M cFedries, T., 17, K irk tonho lm  S tree t, 
K ilm arnock, N .B .

S. 1916. M cGrah, F . E ., “ R o seg arth ,” W ood- 
field A venue, P enn , W olverham p
ton.

Sc. 1910. McGregor, A ., Thisbe, N ew m ains, 
L anarkshire.

C. 1919. M cIntosh , A. E ., 73, St. M ichael’s
R oad , Stoke, C oventry.

Sc. 1922. M cK innon, G avin, 1477, D um barton  
R oad , Scotstoun, Glasgow.

Sc. 1923. M cK inty , J . ,  148, G reat W estern
R oad , Aberdeen.

Lncs. 1921. M cLachlan, Ja s ., 7, R osedale R oad , 
H igher T ranm ere, B irkenhead.

—  1922. M cLain. D . (H on.), 710, G oldsm ith’s
B uildings, Milwaukee, W is., U .S.A.

Lncs. 1923. M cLean, C. G., 14, Jem m ett S tree t, 
S tree t, P reston .

Sc. 1920. M cLellan, Thos., R edding R oad ,
L aurieston , B y F alk irk , N .B .

N . 1918. M cPherson, T ., M .B .E .. 21, Percy
P a rk  R oad , T ynem outh.

Sc. 1918. M cT urk, J .  B ., D orra to r Iro n  Com
p an y , F a lk irk , N .B.

Lncs. 1917. M eadow croft, W m . H ., 72, E llio tt 
S tree t, Tyldesley, n r. M anchester.



B ’n ch . of M E M B E R S.
E lec tion .

Lncs. 1919. M edcalf, W ., 265, M anchester R o ad , 
B u rn ley , Lancs.

L. 1922. M elm oth  E . A ., F a irm o n t, Coggeshall 
R oad , B ra in tree , E ssex.

L. 1920. M elville, A. C., F .I.C .
Lncs. 1912. M ilburn , J . ,  H aw k sh ead  E ng ineering  

W orks. W ork ing ton .
C. 1919. Miles, F . W .
S. 1921. M iles (M ajor), R ., Cowley M anor,

C hapeltow n, n r. Sheffield.
Lncs. 1916. Miles, R d . A ., 46, D ean  L ane, N ew ton  

H e a th , M anchester.
Sc. 1921. M illar, A. C., P arkv iew , D a iry ,

A yrshire.
B. 1921. M iller, E rn e s t , A shley V illa, N ew

R oad , B rom sgrove, B irm ingham .
S. 1913. Mills, C. A. (D avy  B ros.), P a rk  Iro n  

W orks, Sheffield.
Lncs. 1918. Mills, H ilto n , 9, S tocks, A lk rm g ton , 

M iddleton , L ancs.
Sc. 1920. M itchell, W . W ., D arroch , F a lk irk ,

N .B .
Lncs. 1921. M offat, W m ., L inden  H ouse , Chapel- 

en-le -F rith .
—  1910. M oldenke, D r. R . (H on. m em ber).
E.M. 1914. M oore, H . H ., H olm w ood, L eicester

R o ad , L oughborough .
B . 1909. M orcom , E . L. (M .A.) (Beilis & M or-

com , L im ited ), B irm ingham .
N . 1912. M orris, A ., P a llion  F o u n d ry , S u n d e r

land .
S. 1917. M orrison, C. O ., F u llw ood  H a ll, F u ll- 

w ood, Sheffield.
Sc. 1920. M otley , A. H . L ., 8, W indsor Q u ad 

ra n t, G lasgow.
Sc. 1914. M uirhead , W m ., B a lcarres , N o r th

M ount V ernon , G lasgow.
L. 1914. N aish , W . A ., A .R .S .M ., A .I.C .,

M .I.M .M ., M .I.M ., 24, U n iv e rs ity  
M ansions, P u tn e v . S.W .

C. 1921. N evilli H . H ., 16,' W arw ick  R ow ,
C oventry .

B. 1922. N ew by, H a rry , senr., Phoenix Iro n
F o u n d ry , W est B rom w ich.



B 'n ch . of M EM B ER S.
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S. 1918. Newell, E rn est, M .I.M ech.E ., The 
T horne, M isterton , via D oncaster.

N . 1912. N ew ton, J .  W ., 19, W averley  Terrace, 
D arlington.

Lncs. 1920. N ew ton, Sam, L ino type & M achinery, 
L td ., A ltrincham .

N. 1913. N oble, H ., “ The C edars,”  Low Pell, 
Co. D urham .

L. 1913. N orm an, A. J . ,  43, D unvegan  R oad , 
E ltham , S.E.

S. 1921. N o rth , Cyril, 89, B anner Cross R oad , 
Ecclesall, Sheffield.

N . 1921. N orth -E aste rn  M arine E ngineering
C om pany (Subscribing F irm ), 
W allsend-on-Tyne.

W .R . 1922. N u tta ll, H ., Spring E dge, H alifax .
of Y.
Lncs. 1918. O akden, E ., A .M .I.C .E., Glen Lea,

W ellington R oad , Fallowfield, 
M anchester.

B . 1917. O’Keefe, W m ., 62, S tanhope S tree t,
B irm ingham .

N . 1920. O liver, R ., 35, E d ith  S treet, Jarrow - 
on-Tyne.

L ncs. 1915. Onions, R ., T he K noll, T orkington 
R oad , H azel Grove, S tockport.

Lncs. 1921. O rm erod, J . ,  24, B a rre tt S treet,
B ury .

S. 1913. O sborn, S., Clyde Steel W orks, Shef
field.

L . 1906. Oswald, J . ,  “ T he D rive,” N ig h tin 
gale L ane, W andsw orth  Common, 
S.W.

L. 1919. O tto , C. A ., 22, O wenite S treet, A bbey 
W ood, S.E.

C. 1918. O ubridge, W . A., A .M .I.M .E. (B ritish
P is to n  R ing  C om pany, L im ited), 
H olbrook  L ane, C oventry.

S. 1921. Oxley, G. H ., N orton  Grange, nr.
Sheffield.

S. 1915. O xley, G. L ., V ulcan F oundry , A tter-
cliffe, Sheffield.

S. 1910. O xley, W ., V ulcan Foundry , A tte r-
cliffe, Sheffield.
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N . 1921. P a lm er’s S h ipbuild ing  & Iro n  C om 

p a n y  (Subscribing F irm ), H eb - 
bum -on -T vne .

Lncs. 1920. P a rk , S., “ Cliffe,”  G t, H arw ood ,
L ancs.

W .R . 1922. P a rk e r , W ., 22, C lay P its  L ane,
of Y . PeUon, H alifax .
E .M . 1905. P a rk e r , W . B ., 1, M u rray  R o ad , 

R ugby .
W .R . 1907. P ark in son , J . ,  Ship ley , Y orks.
of Y .
L. 1919. P a rr , J . ,  40, H aw th o rn  R o ad , B exley  

H e a th , K en t.
S. 1914. P a rram o re , G. F .,  H ousley , Chapel- 

tow n , Sheffield.
N . 1915. P arsons, H . F .,  “ A vonda le ,”  H e a to n  

P a rk  V iew, H e a to n , N ew castle.
L. 1922. P a tch in , G eo., A .R .S .M ., “  A sh-

d en e ,” Furzefie ld  R o ad , B eacons- 
field.

Sc. 1920. P a te , G ., C arron G range, C arron , 
F a lk irk , N .B .

N . 1920. P a te rso n , J .  S., D .Sc., F .I .C ., N eville 
C ham bers, W estg a te  R o ad , N ew- 
castle-on-T yne.

N . 1912. P a tte rso n , R . O ., T ho m ey h o lm e, 
W ylam -on-T yne.

L. 1919. P a tte rso n , V . A ., “  T e rm o n e ,”
S hepherd ’s L ane, D a rtfo rd .

N . 1912. P au lin , W . J . ,  1, S tan n in g to n  G rove, 
H ea to n , N ew castle .

L. 1917. P earce , F . T ., 9, P aliw ell P a rk , E a s t  
Sheen, L ondon .

E .M . 1913. P earson , N . G ., B eeston  F o u n d ry  
C om pany, L im ited , B eeston , N o tts .

E .M . 1914. Pegg , S. J . ,  A lexander S tree t, L eicester.
Lncs. 1909. P ell, J . ,  100 R osegrove L ane, R ose- 

g rove, B u rn ley , L ancs.
L ncs. 192 2 ,-P e lla tt, W . N ., 43, H a w th o rn  R o ad , 

D eane, B o lton .
E .M . 1918. P erk in s , J .  E . S., “ H illm o rto n ,”

T he P a rk , P e te rb o ro u g h .
C. 1920. P erk s , C., Phoenix , C astings, L td ., 

C oven try .
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Ln.cs. 1919. P erry m an , W ., 17, H u rs t S tree t, B ury .
N . 1922. Phillips, E . S., 1, B eech Crest, D urham .
S. 1915. P h ilp , H . R ., 311, A bbey R oad ,

B arrow -in-Furness.
L. 1922. P in d er, J . ,  “ Jesm ond  D ene,”  111,

V iolet H ill R oad , S tow m arket, 
Suffolk.

L. 1922. P inder, R ., Colenso V illas, 49, Leding- 
to n  R oad , Ipsw ich.

Lncs. 1922. Place, J . H ., “ G irsie,” 258, M an
chester R oad , B urnley .

L ncs. 1911. P lace, R . H . (L upton  & Place, 
L im ited), Queen S tree t Ironw orks, 
B urnley .

E .M . 1917. P la tts , W . H ., B ritan n ia  Ironw orks, 
D uke S tree t, D erby.

C. 1919. P layer, E ., Cow Lees, A stley, n r. 
N uneaton .

E.M . 1922. Pochin , R . E ., 246, Fosse R oad , 
South  Leicester.

Lncs. 1922. P o llard , J .  T ., 7, Powell S tree t, 
B urnley.

W .R . 1912. P o llitt, E . E . (Po llitt & W igzell),
of Y . Sow erby Bridge.
W .R . 1922. Poole, W . H ., K ings Grove, Villa
of Y . R oad , B ingley, B radford.
B . 1919. P o tt , L. C., F ord  B rook House, Pel- 

sall, n r. W alsall.
S. 1920. P o tte r , J .  A ., 636, A ttercliffe R oad, 

Sheffield.
Sc. 1913. P o tte r , R ., 50, H elen  S treet, Govan, 

N .B .
S. 1908. P restw ich , W . C., C ham w ood, Cecil 

R oad , Dronfield.
Sc. 1920. P rice, F ., 61, D orra to r R oad , Camelon, 

N .B .
Sc. 1920. P rim rose, Jam es, M., 47, B aird  S treet, 

Cam elon, F alk irk , N .B.
S. 1920. P ro c to r, B ., 611, Ecclesall R oad,

Sheffield.
E.M . 1904. P u lsfo rd , F . C., “ K enm ore,” San-

dow n R oad , Leicester.
N . 1917. P unshon , J .  J . ,  13, Longley S tree t,

N ew castle-on-Tyne.

821



■B’ncli. of M E M B E R S .
E lection .

—  1922. R am as, E . (H onorary ), 2, R u e  de
C onstan tinop le , P lace de l ’E u ro p e ,

N . 1912. R an g , H . A. J . ,  2, S t. N icholas B u ild 
ings, N ew castle-on-T yne.

Lncs. 1919. R an ica r , W ., 1, P a r r  S tree t, T yldesley , 
L ancs.

S. 1921. R aw lings, Geo., 23, B an n e r Cross
R oad , Sheffield.

L. 1911. R ead , R . H ., C adogan Ironw orks ,
Chelsea»

B. 1909. R eason , H . L ., M .I.M ech .E ., M .I.M ., 
29, H allew ell R o ad , E d g b a s to n , 
B irm ingham .

Sc. 1920. R eid , A. G ., B udh ill F o u n d ry , Shet- 
tle sto n , N .B .

Sc. 1920. R ennie , A ., “  K iln s ide ,”  F a lk irk ,
N .B .

B. 1919. R e ta llack , C., “ C lifton ,”  A nchorage
R o ad , S u tto n  Coldfield.

Lncs. 1919. R head , E . L ., P rof. (H o n o rary  L ife), 
College of T echnology, M anchester.

S. 1923. R hydderch , A ., 165, Shirebrook  R oad ,
' Sheffield.

Lncs. 1919. R ichardson , W . B ., H ope  F o u n d ry , 
F a rn w o rth , n r. B o lton .

Sc. 1911. R iddell, M., D ungoyne, A y to u n  R oad , 
Pollokshields, N .B .

C. 1919. R o b erts , G. E ., “ R o sed a le ,”  E a rlsd o n
A venue, C oven try .

Lncs. 1921. R o b erts , G. P ., 153, B rand lesho lm e 
R oad , B u ry , L ancs.

Sc. 1922. R o b ertso n , D o n a ld  M ., 3, R osehall 
T errace , F a lk irk , N .B .

Sc. 1911. R obertson , R ., E tn a  Ironw orks, F a l
k irk , N .B .

W .R . 1908. R ob inson , J .  G ., 17, G ib ra lta r  R o ad ,
of Y . H alifax .
Lncs. 1912. R ob inson , S., Leafield, D erb y  R o ad , 

W idnes.
S. 1910. R obinson , W . H ., 145, B u rn g reav e  

R oad , P itsm oor, Sheffield.
N . 1921. R obson , E . C.
L ncs. 1912. R oe, S., 6, G ran th am  S tree t, O ldham .
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—  1909. R onceray , E . (H on.), 3, R ue P au l Carle,

Choisy-le-Roi, Seine, F rance.
B. 1922. R onceray, R . A. M., 195, B risto l R oad ,

B irm ingham .
C. 1921. R over Com pany, L im ited  (Subscribing

F irm ), M eteor W orks, C oventry.
S. 1919. R ussell, D ., 41. Endcliffe R ise R oad , 

Sheffield.
S. 1918. R ussell, F ., c/o G eneral R efractories 

C om pany,L im ited, K elham  Island , 
Sheffield.

E .M . 1915. R ussell, R . T. (R. R ussell & Sons), 
Peel F oundry , D erby.

E.M . 1906. R ussell, S. H ., B a th  Lane, L eicester.
E .M . 1920. Russell, W . S., 41, W estfield R oad , 

Leicester.
N . 1915. Sanderson, F . (Lawson, W alton  & 

C om pany), 2, St. N icholas B u ild 
ings, N ewcastle-on-Tyne.

S. 1921. Saqdford, J . ,  46, Clifford R oad, 
Sheffield.

N , 1915. Saunders, J . ,  Borough R oad  F oundry , 
Sunderland.

C. 1921. Scam pton, Chas., 8, St. A im ’s R oad, 
Stoke, C oventry.

N . 1917. Sco tt, R ., The H aydon  Bridge E ng in 
eering C om pany L im ited, W est- 
ga te  R oad , N ewcastle-on-Tyne.

B . 1910. Sexton, A. H u m b o lt (Hon. Life), 46, 
K ingsley P a rk  T errace, N ortham p
ton .

L. 1922. S hannon, I I .. 112, M adrid R oad ,
B arnes, S.W.

Sc. 1920. Sharpe, D aniel, 28, R oyal E xchange 
Square, Glasgow.

S. 1906. Shaw , J . ,  39, M ontgom ery R oad ,
Sheffield.

L. 1907. Shaw, R . J ., 41, D orset R oad, South
E aling, W.5.

N . 1922. Shaw , W ., & Com pany, L im ited
(Subscribing F irm ), W ellington 
C ast Steel Foundry , M iddles
brough.
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S. 1908. Sheepbridge C. & I . C om pany,

L im ited  (Subscrib ing  F irm ), S heep 
bridge W orks, C hesterfield.

B. 1922. Shenai, S. D ., E a s t  R o ad , T .D .
T em ple, Cochin, E . In d ia .

B. 1921. Shepherd , H . H ., 92, Q ueen’s H ead
R oad , H an d sw o rth , B irm in g 
ham .

L ncs. 1907. S herbum , H . (Life), c /o  R ichm ond
G as S tove a n d  M eter C om pany, 
L im ited , G rappenha ll W orks, W a r
ring ton .

Lncs. 1905. S herbum , W . H . (Life), R o therw ood , 
S tock ton  H e a th , W arring ton .

L. 1913. Shillitoe, H ., M oun t G race R oad , 
P o tte r ’s B ar, N .

N . 1920. Shipley, H . J . ,  49, T heresa  S tree t, 
B  lay  don  - on - T y n e .

W .R . 1922. Shoesm ith , N . , 8, N o ste r H ill, B eeston ,
of Y . Leeds.
L ncs. 1907. S im kiss, J . ,  A b ing ton  H ouse , H y d e  

R o ad , G orton , M anchester.
N . 1913. Sim m , J .  N ., 61, M arine A venue,

M onkseaton.
W .R . 1921. S lingsby ,W .,H ighfie ld  V illa, K eighley .
of Y .
N . 1921. Sm alley , O ., 19, M arine A venue,

M onkseaton.
S. 1922. Sm ith , A ., “  O ak ro y d ,”  D odw orth

R o ad , B arnsley .
L. 1921. S m ith , A. E . M cR ae, 7, H allfo rd

V illage, D a rtfo rd , K en t.
S. 1922. S m ith , A. Q ualter, 118, D odw o rth

R o ad , B arnsley .
B. 1919. S m ith , C. R ., “ M ilverton  H o u se ,”

R iches S tree t, W o lverham pton .
N . 1921. Sm ith , D aniel, 7, G reen B an k

V illas, E llison  S tree t, Jarro w -o n - 
T yne.

N . 1908. Sm ith , E ., Belle V ue, H a rto n , S ou th
Shields.

S. 1921. Sm ith , F red k ., D evonsh ire  V illas,
B arrow  H ill, n r. C hesterfield.
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E.M . 1921. Sm ith , George, 60, D enison S tree t, 

B eeston, N o tts .
C. 1920. Sm ith-C larke, G. T ., G lenroy, K en il

w orth , nr. C oventry .
N. 1905. Sm ith , J . ,  “ H a rto n  L ea ,” H arto n , 

Sou th  Shields.
N . 1922. Sm ith, Jam es, H olborn  F o u n d ry , 

N ile S treet, South  Shields.
Sc. 1920. Sm ith, J .  C. J . ,  25, C luny D rive, 

Edinburgh.
N . 1917. Sm ith, J . E ., 7, L ily A venue, Jesm ond, 

N ewcastle.
S. 1918. Sm ith, J .  K en t, 459, Q ueen’s R oad , 

Sheffield.
W .R . 1922. Sm ith , J .  W ., 96, B eech Grove,
of Y . C layton R oad , B radford.
N. 1922. Sm ith  P a tte rso n  & Com pany, L im ited  

(Subscribing F irm ),P ioneer W orks, 
B laydon-on-Tyne.

N. 1913. Sm ith, R . H ., 16, D u lverton  A venue, 
South  Shields.

N. 1919. Sm ith, S. E ., W oodside, R ow lands 
Gill, N ewcastle-on-Tyne.

L. 1923. Snook, S. W. G., 30, Lawrence R oad, 
T o ttenham , N.15.

L. 1914 Som m erfield, H . G., “ H an th o rp e ,” 
W oodhouse R oad, N . F inchley, 
L ondon, N.12.

E.M . 1914. Spiers, T. A ., “ B elah ,” M arston 
R oad , Leicester.

Lncs. 1919. S tam w orth , J . ,  M .B .E ., “ The
H ollins,” R im ington, Clitheroe, 
Lancs.

C. 1921. S tan d ard  M otor Com pany, L im ited 
(Subscribing F irm ), Canley, Cov
en try .

Lncs. 1922. S taveley  Coal & Iro n  Com pany 
(Subscribing F irm ), S taveley 
W orks, n r. Chesterfield.

—  1910. S tead , J .  E . (Hon. m em ber).
Sc. 1920. S teven , A. W ., L auriston  Ironw orks, 

F a lk irk , N .B.
E.M . 1914. S tevenson, E ., 112, M usters R oad , 

W est B ridgford , N o ttingham .

825



Y ear
B ’nch. of M E M B E R S .

E lection .
Sc. 1923. S tew art, J .  A., 21, H o lm head  R oad , 

C a thcart, Glasgow.
L. 1912. S tone, J . ,  106, H a rla x to n  R oad ,

G ran tham .
—  1922. S tones, J . ,  2, M arshall R oad , A gar-

p a ra , K a m a rh a t ti  P .O ., C a lcu tta , 
In d ia .

N. 1921. S to th a rd , A ., 66, H ig h b u ry , N ew castle- 
on-T yne.

E .M . 1916. S tree t, W ., 20, B urleigh R oad , L o u g h 
borough.

Lncs. 1921. S tubbs, L im ited , Jo s . (Subscrib ing 
F irm ), M ill S tree t W orks, A ncoats, 
M anchester.

Lncs. 1912. S tubbs , O. (J . S tu b b s , L im ited ), 
O penshaw , M anchester.

Lncs. 1919. S tubbs, R . W ., 209, D ickenson  R o ad , 
R usholm e, M anchester.

C. 1921. S tui’ch, H . A ., A .M .I.M ech .E .,
A .M .I.M .E ., H azeldene , K e n il
w o rth  R o ad , B erksw ell, n r . 
C oventry .

W .R . 1922. Sum m erscales, W . H . G., 15, C astle
of Y. R oad , K eighley .
W .R . 1919. Sum m ersgill, H ., S tan ac re  F o u n d ry ,
of Y . W app ing  R oad , B rad fo rd .
L. 1922. S u th erlan d , H . W ., 47, A m ersham

V ale, N ew  Cross, S .E .14.
L ncs. 1918. Sw ift, G. C., 31, C harlton  A venue, 

T raffo rd  R o ad , P a tr ic ro f t, M an- 
C h e s te r

S. 1918. Sw ift, L. J . ,  “ T he F a rm ,” H u n te r ’s
L ane, H an d sw o rth , 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, G om er-
cf Y . sail, Leeds.
N . 1919. T ay lo r, C. R . R ., M anor H ouse, S ou th  

Shields.
N . 1922. T ay lo r & Son, L im ited , C. W . (S ub

scrib ing  F irm ), N o rth  E a s te rn  
F ou n d ries , S o u th  Shields.

Lncs. 1911. T ay lo r, R . (Asa Lees & C om pany, 
L im ited ), O ldham .
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N . 1923. Thom son, A., Percy  H ouse, Percy 
P a rk  R oad, T ynem outh .

Lncs. 1920. T hom pson, H ., 6, D obson R oad , 
B olton.

W .R , 1922. T horn ton , W . G., 1,081, G rangefield 
* • A venue, T hom bury , B radford .

W .R . 1906. T hw aites B ros., L im ited , V ulcan Iro n  
^ ■ W orks, B radford .

L . 1922. Tortoiseshell, W . J .
1922. Touceda, E . (H on.), 943, B roadw ay, 

A lbany, N .Y ., U.S.A.
L ncs. 1921. Town E n d  F ou n d ry  L td . (Subscribing 

F irm ), C hapel-en-le-Frith , D erb y 
shire.

L. 1922. T rem ayne, Ohas., 26, E versley  R oad , 
C harlton, S.E.7.

Sc. 1922. Tullis, D. R ., 10, Eglin ton D rive,
K elvinside, Glasgow.

B . 1910. T urner, P rof. T. (Hon. M em ber), The 
U niversity , B irm ingham .

Sc. 1923. Tutchings, A., 152, G reenhead D rive,
South  Govan, Glasgow.

Lncs. 1909. Tweedales & Sm alley, L im ited, Globe 
W orks, C astleton, Lancs.

B . 1918. Tyson, E . H ., 406, R o tten  P a rk  R oad , 
B irm ingham .

S. 1916. U nderwood, G. H ., Pye Bridge House, 
P ye Bridge, A lfreton.

Sc. 1919. U re, A. M., 355, K eppochhill R oad, 
Glasgow.

Sc. 1913. U re, G. A ., B onnybridge, Scotland.
N . 1914. V ardy , G., M .B .E ., 46, Percy P ark ,

T ynem outh .
—  1922. V arlet, J .  (H on.), E sperance Longdoz

W orks, Liège, Belgium.
S. 1922. V ickers, L im ited  (Subscribing F irm ),

R iv er D on W orks, Sheffield.
Lncs. 1922. V ickers, L td . (Subscribing F irm ), 

B arrow -in-Furness.
B. 1917. V ickers, T ., C entral H ouse, 75, New 

S tree t, B irm ingham .
S. 1917. V illage, R ., Jaggers Lane, H athersage,

n r. Sheffield. [ham .
S. 1907. W alker, E ., Effingham  Mills, R other-
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L. 1911. W alker, E . J . ,  10, B ush  L ane, C annon 
S tree t, E .C.

—  1916. W alker, J .  E ., 108, P a rk  S tree t, S t.
K ild a , W ., M elbourne, V ic to ria , 
A ustra lia .

L. 1921. W alker, Jo s ., 4, F ran cem ary  S tree t, 
B rockley , S .E .

S. 1918. W alker, T. R ., 7, R an m o re  H ill,
H a th e rsag e , D erbysh ire .

N . 1909. W allis, R ., M .B .E ., W h.Sc., P o in t
P le a sa n t H a ll, W allsend , N ew- 
castle-on-T yne.

H . 1921. W allsend S lipw ay & E ng ineering  Co.
(Subscribing F irm ), W allsend-on- 
T yne.

—  1922. W alte rs , A. F . (H . I .  D ixon  & C om 
p an y , L im ited ), T he O m iar 
F ou n d in g  E ng . C om pany, L im ited , 
L ove L ane, M azagon, B o m b ay , 
In d ia .

S. 1908. W ard , J .  (T. W . W ard , L im ited ), 
A lbion W orks, Saville S tree t, S hef
field.

S. 1914. W ard , J .  C., O ak  P a rk , Sheffield.
B. 1918. W ard le , A ., B eaconfield, O xley B an k , 

W olverham pton .
Lncs. 1920. W areing , W . B ., 35, A ccring ton

R oad , W estg a te , B urn ley .
E.M . 1921. W arren , H ., 139, Fosse R o ad  S ou th , 

L eicester.
E .M . 1910. W assell, A ., R ip ley , D erby .
S. 1915. W atson , J . ,  56, C rescent R o ad , Shar- 

row , Sheffield.
N. 1919. W atson , J .  H ., 6, S idney G rove, 

N ew castle-on-T yne.
W .R . 1922. W atson , Jo s . J . ,  3, S pringda le  A venue, 
of Y . H uddersfie ld .
Sc. 1911. W a tt , G., O verk irk , O xhill, D u m b a r

to n , N .B .
—  1919. W eaver, W . G., D ep t, of M echanical

E ng ineering , U n iv e rs ity  of C ape 
T ow n, S o u th  A frica.

B. 1917. W ebb, B ., 531, S tou rb ridge  R o ad , 
S co tt G reen, D udley .
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L. 1920. W ebster, H . S., 20, Ossory R oad , Old 

K e n t R oad , S.E.
Sc. 1920. W eir, R t. H on. L ord , The, P.O.,

D .L ., LL.D . (Life M em ber), G. 
an d  J .  W eir, L im ited , C a thcart, 
Glasgow.

N . 1912. W eir, J .  M., 7, S tanhope R oad , South- 
Shields.

W olford, R . D ., Sociedad E spaño la  
of ^  • de Construcion N aval, el A rsenal,

A partudo , No. 1, E errol, Spain. 
S. 1910. W ells, G. E . (E dgar Allen & Co.,

L im ited), Im peria l Steel W orks, 
Sheffield.

S. 1914. W ells, J .  A. E ., M oorlands, R ing-
inglow  R oad , Sheffield.

S. 1921. W Tiarton, E ., R osem ont, S ta tion  R oad,
B rim ington , Chesterfield.

N . 1913. W h arto n , J . ,  M aryport, C um ber
land.

S. 1920. WTieddon, A. L ., 33, Osborne S treet,
W inshill, B urton-on-T ren t.

B . 1919. VYutehouse, W ., W ateroliet, H ales
owen.

S. 1916. W hiteley , A ., 7, Glen R oad, N ether 
E dge, Sheffield.

Lncs. 1910. W h ittak e r , C. & Com pany, L im ited , 
D ow ry S tree t Ironw orks, A c
crington.

B. 1922. Wrh y te , D ., 8, Vale View, P orth ill,
W olstan ton , Stoke-on-Trent.

W .R . 1922. W igglesw orth & Company, L im ited , 
of Y . (Subscribing E irm ), E ngineers,

C lutch W orks, Shipley, Yorks.
N . 1920. W igh t, Chas. M., 184, Cleveland R oad , 

Sunderland.
C. 1919. W ild, M ., 29, B eaucham p A venue,
, L eam ington.
B. 1921. WYlkinson, D ., 1,114, B ristol R oad ,

South , N orthfield , B irm ingham . 
WCR. 1919. W ilkinson, G. (E. & W . H aley, L td .), 
of Y. T h o rn to n  R oad , B radford.
Lncs. 1917. W ilkinson, R ., 26, B roadbo ttom  R oad , 

M o ttram , Cheshire.
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Sc. 1919. W illiam s, H ., c/o  J .  C ochrane, L td ., 
B arrh ead , N .B .

—  1916. W illiam s, W ., A lexand ra  B rass F o u n 
d ry , E a s t  D ock, Cardiff.

N . 1913 W illo tt, F . J . ,  17, P a rk  R oad , C lydach- 
on-T aw e, Sw ansea V alley.

N . 1922. W ilson, R . R ., “ C an o n b u ry ,”  R o w 
lands Gill, n r . N ew castle-on-T yne.

Sc. 1906. W in te rto n , H ., 2, L o m e T errace ,
M aryhill, Glasgow.

N. 1912. W ise, S. W ., V ic to ria  H ouse, D u n sto n - 
on-T yne.

B. 1919. W ood, D . H o w ard  (C apt.), 7, A u g u sta  
R oad , M oseley, B irm ingham .

N. 1922. W ood, E . (C apt.), B .Sc., “  O v e rto u n ,”  
18, B everley  R o ad , M onkseaton .

B . 1909. W ood, E . J .  (P a te n t A x lebox  a n d
F o u n d ry  C om pany , L im ited ),W ed- 
nesfield F o u n d ry , W o lv e rh am p to n .

B. 1923. W oodvine, G. R ., “  T he F ir s ,”  Bow- 
bridge, Shrew sbury .

L. 1911. W o rto n , H . J . ,  97, C hesnu t R o ad , 
P lu m stead , S .E .

B. 1914. W rig h t, E . N . (Life), O xford  L odge, 
P en n  F ields, W o lv erh am p to n .

Sc. 1919. W yllie, W ., 66, T itchfield  S tree t,
K ilm arnock , A yr, N .B .

Lncs. 1911. Y a te s  & T hom , L im ited , C anal E n g in 
eering W orks, B lackbu rn .

S. 1915. Y eard ley , E ., 124, L a n g se tt A venue,
W adsley , Sheffield.

N . 1914. Y oung , H . J . ,  F .I .C ., N o rth  E a s te rn
M arine E ng ineering  C om pany, 
L im ited , W allsend-on-T yne.
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Sc. 1919. Affleck, J . ,  21, O verdale  A venue,
L angside, N .B .

E .M . 1921. A irey , A lb e rt V ., 16, L ongm ore L ane, 
S and iacre , N o tts .

B. 1915. A ldridge, S., 91, D ale  S tree t, W alsall,



B 'nch  of A SSO CIA TE M EM B ER S.
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Sc. 1918. A lexander, D ., 16, K ennedy  D rive .
P a rtiek , N .B .

Sc. 1922. A llan, W m. Taylor, c/o Calder, “  K id- 
derholm e,’" S hotts, L anarkshire.

Sc. 1921. A nderson, J . ,  4, C hurch S tree t,
G raham ston, F a lk irk , N .B .

Sc. 1919. A nderson, J .  F ., 4, G ladstone T e r
race, Paisley, N .B .

Sc. 1920. A nderson, W ., 8, M offat Place, Car- 
ron , F alk irk .

L ncs. 1907. A ndrew, F ., 347, B lackburn  R oad, 
D arw en, Lancs.

N . 1913. A rcher, T. M., Fell H olm e, M arket 
L ane, D unston-on-T yne.

Lncs. 1917. A rm itage, R ., 193, Lees R oad , O ld
ham .

N . 1918. A rm strong , G., 37, Sheriff’s H igh 
w ay, G ateshead-on-Tyne.

Sc. 1920. A rm strong, Jo h n , 31, U nion R oad , 
Camelon, F a lk irk , N .B .

Sc. 1920. A m o tt, J . ,  A .I.C., 14, Percy S treet, 
Ib ro x , Glasgow.

Sc. 1920. A rth u r, W m ., 226, M ain S treet,
Camelon, F alk irk , N .B.

C. 1919. A shm ore, H ., 26, E llys R oad, Coven
try .

S. 1920. A shton , D avid , 45, Ellesm ere R oad , 
Sheffield.

Lncs. 1916. A shton, F ., 24, Isherw ood S tree t, 
H eyw ood, Lancs.

L ncs. 1918. A shton, L ., 59, Seym our S treet, R ad- 
cliffe, Lancs.

B. 1922. Askew, A rthu r, D unkirk  B ank ,
A m berley, nr. Stroud.

N. 1922. Askew, Jacob , 26, General G raham  
S tree t, Sunderland.

L. 1905. A ston , D . A ., 36, B astw ick  S tree t,
S t. L uke’s, London, E.C.

Lncs. 1922. A tk inson , A lbert, 1, G uy S tree t,
Pad iham , B urnley.

S. 1920. A tk inson , A. A., 24, W a th  R oad ,
N e th e r E dge, Sheffield.

S. 1916. A tk inson , F . (Thos. A ndrews & Com 
pan y ), Sheffield.
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1920. Avill, W m ., 44, A lbion R oad , R o th e r 
ham .

1912. A yres, J .  A ., “ A ld b o u m e ,”  Eccles- 
field, Sheffield.

Sc. 1918. B acon , A. H ., 228, S aracen  S tree t, 
Glasgow.

Lncs. 1918. B agley , J . ,  97, L eopold  S tree t, L ough- 
bo ro ’.

1920. B ailey , H . I . ,  42, W ellear R oad , W ood- 
sea ts, Sheffield.

1909. B ailey , P . T ., 6, H ill T op, D ronfleld, 
n r. Sheffield.

1920. B ain , Colin, 27, N ap ie r P lace , B ain - 
fo rd , F a lk irk , N .B .

1916. B ain , W ., A rdm ore, B onnyb ridge , 
Scotland.

1917. B a ird , J . ,  32, G ibson G ray  S tree t, 
B ainsford , F a lk irk , N .B .

1918. B a im sfa th e r, Geo., 202, S t. V incen t 
S tree t, S o u th  Shields.

E .M . 1918. B aker, J . ,  31, C harles S tre e t, P e te r 
borough.

ker, W ., “ Ing leside ,”  W elling ton  
R oad , B ilston , S taffs.

Lncs. 1921. B all, G ., C heetham  F o ld , Gee Cross, 
H yde , Cheshire.

1922. B arker, A. G., 30, A ldw orth  R oad , 
S tra tfo rd , E .15 .

1919. B ark e r, S. B ., 34, D arley  R o ad , Coal- 
b rookdale , Salop.

1922. B arkes, R . P ., 23, T hom as S tree t, 
E a s t  S underland .

1913. B a rn ab y , N . F . (Jo h n  B row n &
C om pany, L im ited ), S cu n tho rpe , 
Sheffield".

Lncs. 1910. B arnes, G., 16, T rem ellan  S tre e t, 
A ccring ton .

Lncs. 1915. B aron , E ., 24, G rim shaw  L ane ,
N ew ton  H e a th , M anchester.

S. 1912. B arr, J .  P ., 94, B alfou r R o ad , D a rn a ll, 
Sheffield.

L. 1914. B a rre t t ,  H . G.
E .M . 1916. B arringer, E . A ., 80, L a m b e rt R o ad , 

N arbo rough  R o ad , L eicester.
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N. 1921. B a rr i tt ,  Thos., 14, B arrasford  S tree t 
E a s t, H o wden - on-T yne.

N. 1914. B a r tle tt ,  T ., 41, A lbert S tree t, G ates
head.

S. 1921. B ashfo rth , E . J . ,  132, O sgathorpe
R oad , Sheffield.

L. 1911. B a tch , J . ,  60, R obertson  S tree t,
Queen S treet, B a tte rsea , S.W.

C. 1920. B ates, J .  E ., 79, R ansom e R oad ,
C oventry.

H.M. 1921. B ates, Thos. W m., 25, M arcus S tree t, 
D erby.

B. 1904. B a th er, H . K . (Cham berlain & H ill), 
Chuckery F oundry , W alsall.

S. 1920. B a tty , F ., 52, H am pton  R oad , P its- 
m oor, Sheffield.

L. 1921. B ax te r, Percy  L., 131, A m pthill
A venue, B.enoni, T ransvaal, S. 
Africa.

— 1911. B ayles, R . (Douglas & G ran t, L im ited),
R a ith  E ngineering W orks, D un- 
needaw , R angoon, B urm ah.

B. 1907. B ayliss, P. S., “ Ashfleld,” T ettenhall, 
W  olverham pton.

W .R . 1923. B eaum ont, G., 109, Cross Green Lane, 
of Y. Leeds.
E.M . 1919. Beck, H . J . ,  131, U pper D ale R oad, 

D erby.
—  1921. B eckett, J . ,  “ W om bourn,” 47, Mill

S tree t, C arlton, Sydney, N .S.W .
S. 1918. Beech, H ., 193, St. Lawrence Road,

Tinsley, Sheffield.
Lncs. 1921. B eecroft, J . ,  53, Culshaw S treet,

Fulledge, B urnley.
S. 1920. B eeley, W . H ., 216, Eceleshall R oad,

Sheffield.
E.M. 1917. B eer, H ., 40, Crosby R oad, W est 

B ridgford , N o tts .
Sc. 1917. B ell, J . ,  8, Gower S tree t, Ib ro x ,

Glasgow.
N. 1918. Bell, R ., 12, A lbert Place, W ashington 

S ta tio n , Co. D urham .
Sc. 1910. B ell, T ., 2, Bellfield S treet, B arrhead , 

Glasgow.
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S. 1918. B e n n e tt, A. M., 12, B ran d o n  G rove, 
N ew ton  P a rk , Leeds.

—  1912. B en n e tt, J . ,  R osebank , E b ley , S troud .
W .R . 1912. B erry , F ., 125, W atk in so n  R o ad ,
of Y . Illingw orth , H alifax .
L nes. 1920. B erry , J .  W ., 180, L odge L ane,

D ukinfield , M anchester.
L ncs. 1917. B erry , R . I . ,  4, S tra tfo rd  A venue, 

R ochdale .
0 . 1920. B e tte rid g e , C. D ., F ife  R oad , H earsa ll

Com m on, C oventry .
L ncs. 1921. B ickerton , C. 153 , A sh ton  N ew  R o ad , 

B esw ick, M anchester.
E .M . 1915. Bigg, C. W ., 17, A nondale  R o ad , 

D erby .
Sc. 1920. B innie, A lex., 15, C ochrane T errace , 

P leasance  S quare , F a lk irk , N .B .
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 ., 259, C alder S tree t, G ovan- 

hill, N .B .
Sc. 1920. B lack , J . ,  14, L even  S tree t, B a in sfo rd , 

N .B .
Sc. 1920. B lack b u rn , W m ., 59, U n ion  R o ad , 

C am elon, F a lk irk , N .B .
E .M . 1921. B lackham , E . L ., 44, M ay S tree t, 

D erby .
E .M . 1920. B lackw ell, W m ., 65, S parrow  H ill, 

L oughborough .
Sc. 1910. B lackw ood, R ., “ K en ilw o rth ,”  J o h n 

s tone , G lasgow.
L. 1920. B lackw ood, R . W ., “ R o th e sa y ,”  T he 

A venue, E r ith .
E .M . 1919. B lades, C., T he V ines, W anlip  R o ad , 

S yston , n r. L eicester.
W .R . 1922. B lakey , W m ., 15, K irk b u rn  P lace ,
of Y . S t. M arg a re t’s R oad , B rad fo rd .
N. 1920. B lenkinsop, S. D ., 2, R ichm ond

T errace, G atesliead-on-T yne.



,lc ll7„ ot. A SSO CIA TE M E M B E R S.Em otion.
N. 1010. B ly the , J .  D ., 6, C hurchill R oad.

W illington-on-Tyne.
o- 1915. B ooker, H . H ., 153, A lbert R oad , 

H eeley , Sheffield.
• R. 1922. B ooth , G. E ., 80, In s titu te  R oad, 
'  • Eecleshill, B radford, Yorks.

1915- Rorthwi'c'k, T ., Crookliall H ouse, Lead- 
ga te , Co. D urham .

VV R. 1923. B ostock, S., 15, H olly S treet, H em s- 
Y- w orth , Wakefield.

Sc. 1920. B ound, W . H ., W h. E x . A.M.I.
M ech.E., 69, M inard R oad, Shaw- 
lands, Glasgow.

L ncs. 1921. Bow den, J . ,  72, Grange R oad , Chorl- 
ton -cum -H ardy , M anchester.

L. 1906. B ow m an, A., 11, Southw ell R oad,
N orw ich.

Sc. 1919. B oyd, W ., 415, E glin ton S treet,
Glasgow.

S. 1916. B rad ley , H ., 94, A bbey Lane, Wood- 
seats, Sheffield.

N. 1918. B rad ley , J .  H ., 7, Crawley R oad,
W allsend-on-Tyne.

S. 1920. B rad ley , J .  T ., 20, St. Jo h n ’s
R oad , N ewbold Moor, n r. Chester
field.

S. 1918. B ragg, W . J . ,  139, H adfield S treet,
W alkley, Sheffield.

L ncs. 1922. B ran d re tt, T., 35, R yall S treet, R egent 
R oad , Salford, M anchester.

N . 1921. B rass, A ., 44, H aydn  Terrace, Gates- 
head-on-Tyne.

Lncs. 1921. B rassing ton , H ., 16, E a s t S treet,
H ollingw ood P ark , S tockport.

B. 1908. B ray , D ., “ Seacote ,” Carm en Sylvia 
R oad , L landudno.

S. 1915. B rearley , A. W ., T otley  Brook R oad,
Sheffield.

Sc. 1923. B rereton , C. F ., c/o Mrs. A rchibald, 
“ M ossfield,” Greenock R oad, 
Paisley.

Lncs. 1917. B rierley , A ., 21, M ilnrow R oad,
R ochdale.
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E lection .
L. 1920. B rind ley , A. G. G., 14, B exley  R o ad , 

B elvedere, S .E .
Lncs. 1923. B rockbank , A. H ., 3, H aw kens S tree t.

O ld T rafford , M anchester.
E .M . 1918. B rocklesby , C. E .
L. 1917. B rookfield , D ., 285, C am den R o ad , 

H ollow ay, N .7.
Sc-. 1920. B row n, D ., W ellp ark  T errace , B o n n y - 

bridge. N .B .
L. 1917. B row n, E . H ., 91, D evonshire  R o a d , 

F o re s t H ill, S .E .23.
L ncs. 1917. B row n, J . ,  298, M ilnrow  R o ad , R o c h 

dale.
N . 1916. B row n, J . ,  3, H astin g s S tree t, S u n d e r

land .
Sc. 1920. B row n, J .  M ., 14, W illiam  S tree t,

K ilm arnock , A yrsh ire , N .B .
S. 1918. B row n, T ., 488, C hesterfie ld  R o a d , 

W oodseats, Sheffield.
S. 1909. B row n, T . W ., 9, C oupe R o ad ,

B u rn g reav e , Sheffield.
Sc. 1914. B ruce, A ., 52, A shley T errace , E d in 

burgh .
N . 1920. B uckham , G. H ., “ H are  w ood ,”

G range R oad , N ew castle-on-T yne
Lncs. 1915. B ulcock, A ., c/o R . B. R ob inson , 32, 

E a s t M ount T errace, D arling ton .
W .R . 1922. B u l l o c k ,  H e rb e rt, 19, Je sm o n d  A venue,
of Y . H ea to n , B rad fo rd .
N . 1920. B u rcham , J . ,  35, A lv e rth o rp e  S tree t, 

S o u th  Shields
L . 1922. B u rn ingham , E .F ., ’ C am bridge R oad , 

Sid cup , K e n t.
Sc. 1917. B u rns, J .  K ., 77, Sa y  R o ad , R e n 

frew , N .B .
L ncs. 1919, B u tte rw o rth , J . ,  40, C lem ent’s R o y d s 

S tree t, R ochdale .
W .R . 1921. B u tte rw o rth , Jo h n , 19, N eville S tre e t,
of Y. C lare M ount, H a lifax .
L ncs. 1920. B u x ten , J . ,  68, N ook  L ane, H u rs t , 

A sh ton -u -L yne .
S. 1920. C am eron, N ., 70, G len R o a d , N e th e r  

E dge, Sheffield



“ '“' V i e n .  ASSOCIATE MEMBERS.

Sc. 1912. C am pbell, D. M cGregor, Torwood 
F ound ry , L a rb e rt, N .B .

U  1914. C am pbell, J „  9, W estern  G ardens, 
E aling , W.

N. 1919. Cam pbell, J . A., 12, D enw ick T errace, 
Tynem outh.

Lncs. 1918. Campbell, W ., 12, D enbeigh S tree t, 
S tockport.

L. 1921. Carrell. H y. A lfred, 6J, Peabody
W P  ions n  Farringdon  Road, E.C.
W .R . 1908. Carrick, R „  14 , A vondale M ount, 
o i \ .  Shipley, Yorks.
w  w ' m o t' ? a r te r ’ E "  59> Chief S tree t, O ldham . 
VV.R. 1923. Carver, W., 112, Valley R oad, Pudsey, 
ot Y • near Leeds.
Sc. 1917. Cassels, T. M., 28. B u te  Terrace, 

S tra thbungo , N .B.
L. 1921. Cast, F . H ., 33, R adnor S tree t, Peck- 

ham , S.E.
Lncs. 1920. Castle, S., 68, U xbridge S treet,

A shton-under-Lyne.
Lncs. 1921. Castree, R . J . ,  4 , K irkgate , B urnley, 
W .R . 1922. Causer, L. W ., 79, F itz roy  R oad , 
of'Y . B arkerend  R oad , B radford.
L. 1921. C hapm an, W m. J . ,  6, Rosedale R oad, 

F o res t G ate, E.7.
W .R . 1922. Chappelow, Thos., 181, Taylor S treet, 
of Y . B atley , Yorks.
Sc. 1921. C harters, J . ,  12, W alw orth Terrace, 

Glasgow.
E.M . 1918. C heetham , R . B ., 43, Mansfield R oad, 

D erby.
S. 1911. Chope, H . F ., 38, Church S tree t,

Sheffield.
Lncs. 1921. Christie, R . M., 21, Pendle S tree t, 

Pad iham , Lanes.
C. 1919. Clare, A. E ., 29, B roadw ay, Earlsdon, 

C oventry.
E.M . 1919. C lark, A. S., Leicester R oad, Lough

borough.
N. 1921. C lark, Ja s ., 60, B ensham  R oad,

G ateshead-on-Tyne.
N. 1920. C lark, J .  W ., 133, Thom as Terrace, 

B laydon  -on -Tyne.
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Sc. 1911. C lark, R ., 34, M ungalhead  R o ad , F a l 
k irk , N .B .

L. 1923. C lark, W ., 9, Jub ilee  R oad , B asing 
stoke.

N . 1912. C larke, J . ,  B a tte n b u rg  T errace , N ew 
p o r t  R o ad , T a y p o rt, N .B .

N . 1921. C larke, Jam es, 20, M ortim er R o ad , 
S o u th  Shields.

Lncs. 1917. C lay ton , E . L ., 75, H eyw ood S tree t. 
S ou th  W est V iew, B u ry .

N. 1920. C lem ents, H . F ., 14, R oseberry  C res
cen t, Jesm ond , N ew castle-on- 
Tyne.

Sc. 1922. C leverley, A .M ., B .Sc., 18, P h ilip
S tree t, B ainsfo rd , F a lk irk , N .B .

Lncs. 1922. C lew orth ,A lf.,25 ,W alnu tS tree t,B o lton .
N . 1920. Clowes, R ., 30, B irch in g to n  A venue, 

S o u th  Shields.
Lncs. 1921. Colem an, J .  I . ,  W est D ene, B rook lyn  

R o ad , W ilpsh ire , B lackbu rn .
L. 1923. C oates, E . A ., 48, Cheneys R o ad

L ey tonstone , E . l l .
S. 1920. Coles, W . H ., 2, G ordon A venue,

W oodseats, Sheffield.
C. 1919. Colgrave, W ., 13, W indso r S tree t,

C oventry .
E.M . 1918. Colley, E ., 510, G ladstone S tree t, 

Pete rbo rough .
Sc. 1916. Collins, B . L ., P a rk v iew  T errace , B a th 

g a te , Glasgow.
S. 1920. Collins, W . R ., Sheffield R o ad , Sheep- 

b ridge , n r. C hesterfield.
Sc. 1920. C olquhoun, Jo h n , 72, B alm oral 

A venue, C a th ca rt, N .B .
S. 1907. Cook, A. H ., W . Cook & Sons, W ash- 

fo rd  R o ad , Sheffield.
E.M . 1916. Cook, F ., 168, W oods L ane, D erby .
S. 1914. Cook, W . G., W ash fo rd  R o ad , S hef

field.
Lncs. 1911. Cooper, C. D ., D o lph in  F o u n d ry , 

C hapel S tree t, A ncoats, M an
chester.

S. 1914. Cooper, J .  F ., 176, A tterc lifte  R o ad , 
Sheffield.



E lection . A SSO CIA TE M E U B E B S .

c. 1915. Cooper, W ., 123, W yley R oad ,
C oventry.

N . 1919. C orbett, W . A., 22, A sh G rove, W alls- 
end-on-Tyne.

C. 1919. C'orden, S. H „  Folly  L ane B ungalow , 
C oventry.

Lncs. 1921. Corsair, J.‘, 1 , G rim shaw  S tree t,
S tockport.

S. 1914. Coupe, B „ 317, Bellhouse R oad ,
Pt , n i t  ^  Shiregreen, Sheffield.
B . 191o. Cowper, G. E „  Conway R oad , Brom s-

grove, W ores.
be. 1919. Cree, A ., 207, Caledonian R oad , Pol- 

m adie, Glasgow.
L. 1910. Cree, F . J . ,  F a ir  View, H u n tly  Grove, 

Peterborough.
B. 1906. CressweU, D ., 24, H erbert R oad , L ight- 

woods, Sm ethwick.
Lncs. 1910. Critchley, F ., 631, St. H elens R oad , 

B olton.
S. 1912. Critchley, T ., 52, Lim psfield R oad , 

B rightside, Sheffield.
S. 1916. C row ther, A ., 5, Sharrow  M ount,

P sa lte r Lane, Sheffield.
B. 1906. Curnow, M. H .. 415, W hitehall R oad. 

G reat B ridge, T ipton.
S. 1914. Currie, J .  A.
B . 1907. D ahym ple , D ., 20, Beeches R oad,

W est Bromwich.
Sc. 1920. D ahym ple , J . ,  B onhard  Mill, L in lith 

gow, H .B .
S. 1920. D arb y , A ., 5, D obbin H ill, G reystones, 

Sheffield.
S. 1914. D argue, G., 20, K im berley  S tree t,

A ttercliffe  R oad, Sheffield.
S. 1909. D arley , F ., 187, B um greave R oad, 

P itsm oor, Sheffield.
S. 1915. D arley , G. F ., W estgate F ound ry ,

R o therham .
E.M . 1923. D arring ton , L. G., 27, K ingston 

A venue, H allam  Fields, Ilkeston
Sc. 1922. D avidson , W . B ., 18, H aysw ell R oad , 

A rb roa th , N .B .
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B . 1915. D avies, E ., A tlas F o u n d ry , S hrew s
b u ry , Salop.

E .M . 1918. D av is, “C., 184, T he C roft, L inco ln  
R o ad , W alto n , P ete rbo rough .

L . 1916. D av is, E . J . ,  11, B eclair S tree t,
B elfast.

Lncs. 1923. D avis, J . ,  56, O ld R oad , D ukinfield, 
Cheshire.

L . 1914. D av is, W . H ., “  In g lenook ,”  H am -
brook , n r. E m sw orth , H an ts .

N . 1915. D av ison , H ., 3, B eaconsfield  S quare , 
H artlepoo l.

N . 1921. D avison , senr., J .  G ., C o ttage  P eop le ’s 
H all, R y e  HiU, N ew castle.

N . 1921. D avison , T. R ., 72, T h ird  A venue, 
H ea to n , N ew castle.

N . 1920. D aw son, A. L. B ., 5, L esb u ry  R o ad , 
H ea to n , N ew castle-on-T yne.

S. 1922. D ay , A. B ., 19, S carsdale  R o ad ,
D ronfield , N e a r  Sheffield.

Sc. 1911. D eak in , J . ,  S ignal W orks, 640, N ew  
C ity  R o ad , G lasgow.

B . 1916. D ean , S., 14, D e n t S tree t, T am - 
w orth .

Lncs. 1920. D earden , J . ,  18, H u lm e S tree t, E lto n , 
B ury .

Lncs. 1918. D em aine , F . C., 279, Lees R o ad , O ld 
ham .

Lncs. 1922. D em aine (jun .), F . C., 279, Lees R oad , 
O ldham .

Lncs. 1904. D em pste r, R ., V ale  R oyal, N o rth - 
w ich, Cheshire.

E .M . 1918. D en t, F . J . ,  78, L inco ln  R o a d  E a s t, 
P ete rbo rough .

Lncs. 1918. D erbysh ire , P ., 23, S alisbury  R oad , 
B ro ad h ea th , C heshire.

W .R . 1922. D erring ton , H ., 6, V ic to ria  T errace,
of Y . H opw ood L ane, H alifax . '
E .M . 1909. D erry , L. B ., 108, B roadw ay , P e te r 

borough.
S. 1915. D ick inson , J . ,  43, Y a rb o ro ’ R o ad , L in 

coln.
N . 1916. D ick in son, S., 103, B ede S tree t, R oker, 

S underland .
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B. 1920. D icks, G. E ., 11, St. J o h n ’s R oad , 
R ichm ond H ill, Langley, near 
B irm ingham .

S. 1914. D ixon, A. P ., 16, B otan ical R oad ,
Sheffield.

E.M . 1918. D obbs, W ., Allen & Sim m onds, R e a d 
ing.

B. 1909. D obson, C., The Ivies, B arston ,
H am pton-in-A rden.

191G. D obson, J . ,  24, V ickers R oad, F ir th  
P ark , Sheffield.

B. 1909. D obson, J . G., 6, D aniels R oad , Ideal 
Village, Bordesley Green, B ir
m ingham .

Sc. 1920. D odo, H ., M itsubishi D ockyard and  
E ngine W orks, K obe, Japan .

Lncs. 1921. D olphin, J . H „  201, Eskrick Street, 
Halliwell, Bolton.

Sc. 1919. D onaldson, J .  W ., S co tt’s Shipbuilding 
an d  E ngineering Company, L im i
ted , Greenock, N .B.

Sc 1919. D orsie, J .  C., Maplewood, K irk in 
tilloch.

Sc. 1911. D ownes, J . ,  Cairn D hu Cottage,
B uchanan  S tree t, D um barton.

-NT. 1921. D ow ning, J .  R ., 137, W indsor Avenue, 
G ateshead - on- T yne.

E.M . 1915. D rakefield, G. E ., The Q uadrangle, 
K ing  George’s Crescent, M el
bourne, D erbyshire.

B. 1920. D ubberley , F ., 44, G reat A rth u r
S tree t, Sm ethwick, Staffs.

Sc. 1917. D uncan , J . ,  78, Jellicoe S treet, D al- 
m uir.

Lncs. 1921. D unkerley , Jam es, 7, Pelham  S tree t, 
B ardsley , A shton-u.-Lyne.

N. 1920. D unn , J .  W ., 11, Seymour R oad, 
Stoke, Ipswich.

Lncs. 1921. D yson, Jo h n , 143, Padiham  R oad , 
B urnley .

S. 1918. E asto p , W . T., 868, Chesterfield R o ad , 
Sheffield.

Lncs. 1913. E astw ood, J .  H ., 31, Sam uel S tree t, 
C astleton, n r. M anchester.
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E lec tion .

L. 1912. E cco tt, A. E ., T he E lm s, 68, S m ith ies 
R o ad , P lum stead , S .E .

Sc. 1911. E d m isto n , M., R ose V ale, W indsor 
R oad , R enfrew , N .B .

W .R . 1922. E dm ondson , J . ,  107, W oodroyd  R o ad , 
of Y . W est B ow ling, B radfo rd .
B. 1922. E dw ards, F . C., 32, Q ueen’s H ead

R oad , H andsw orth , B irm ingham . 
X . 1920. E llio tt, J .  V ., 41, Eglesfield R o ad , 

S o u th  Shields.
E.M . 1909. E llson , .J., M anor View, R ip ley , D erby .
C. 1922. E ls to n , A lfred, 62, C raven S t.,C oven try .
Sc. 1920. E rsk ine , N . A. W ., M orton  C ottage,

Cam elon, N .B .
B. 1921. E v an s , Chas. H y ., 102, L la n ta m a m

R o ad , C w m bran, Mon.
C. 1920. E v e re t t ,  A ., 28, M aycock R o ad ,

C oventry .
B. 1919. E v it ts ,  I . ,  77, U n ion  S tree t, W est

B rom w ich.
W .R . 1922. F a r ra r , L evi, 22, Springsw ood A ve., 
of Y . Shipley, Y orks.
Lncs. 1919. F a rro w , C., 84, L ou isa  S tree t, O pen- 

shaw , M anchester.
Lnqs. 1922. F a u lk n e r , T hos., 95, B an k  S tree t, 

C layton, M anchester.
Lncs. 1919. F aw c e tt, W . R ., 93, R osegrove L ane, 

B u rn ley , L ancs.
S. 1919. F ell, R . C. D ., 167, D uncom be S tree t, 

Sheffield.
Lncs. 1923. Fellows, F ., 21, B rig h t S tree t, G orton, 

M anchester.
Sc. 1912. Ferlie , T ., S teel an d  Iro n  F o u n d er, 

A u ch te rm u ch ty , N .B .
Sc. 1919. F in layson , W., 18, Clifford S tree t, 

Ib ro x , Glasgow.
W .R . 1922. F irm , P ., 39, P arsonage R o ad , L a iste r- 
of Y . dyke, B radfo rd .
Sc. 1910. F ish e r, A ., 20, D rum cross R o ad , 

B a th g a te , Glasgow.
Lncs. 1922. F is t, T hos., 17, S t. A nn S tree t, 

B olton , Lancs.
Lncs. 1917. F itz p a tr ic k , A ., F em g ro v e  H ouse , 

F em g ro v e , B u ry , L ancs.



B ’ncli. of A SSO C IA TE M EM B ER S.
E lection .

N . 1922. F lack , E . W ., 3, F alshaw  S tree t,
I t  ash ing ton  S ta tio n , Co. D urham . 

B . 1918. F lavell, W . J . ,  C arte r’s G reen Passage, 
W est Brom w ich.

L ncs. 1923. F lin t, W . H ., 225, P eel G reen R oad , 
P atricro ft, M anchester.

Lncs. 1923. Flow er. E ., 7, M arlborough S treet, 
H igher Openshaw, M anchester. 

1907. F o n ta in e , C., D ock  F o und ry , N ew 
p o rt, M onm outh.

N . 1912. F o rd , H „  14, Oakwellgate Chare,
G ateshead-on-T yne.

B . 1919. F o rd , H . J . ,  22,' A rundel Villas,
Finchfield H ill, Compton, n ear 
W  olverham pton.

W .R . 1922. F orrest, H ., 43, B eaum ont R oad,
of Y . M anninghain, Bradford.
N . 1921. F o rs te r, G. N . O., 6, H y lton  S tree t, 

N o rth  Shields.
L. 1912. Fow ler, T. E ., 22, S ta tion  R oad, New 

S outhgate , N . l l .
C. 1923. F ox , F . ~ S., 147, Foleshill R oad,

Coventry.
W .R . 1922. F o x , H erbert, 36, Granville R oad, 
of Y . F rizinghall, B radford.
C. 1909. F raser, A ., 193a, College S treet, Chil- 

vers Coton, N uneaton.
S. 1912. F reem an , W . H ., 33, Greetwell G ate, 

L incoln.
N . 1914. F rie r , J .  W ., 5, N orthum berland  Villas, 

W allsend-on-Tyne.
N . 1920. F u te rs , R ., W m ., 107, Sandw ich R oad , 

S ou th  Shields.
B . 1910. .Gale, W ., 36, Salisbury R oad, W est 

Brom w ich.
N . 1921. G allon, Thos., 57, Joseph  S tree t, 

N ew castle-on-Tyne.
Sc. 1904. G alt, J . ,  H enry  & G alt, Sneddon 

F o u n d ry , Paisley, N .B.
Lncs. 1922. G arside, A ., 8, B oydes’ B uildings, 

H azelhu rst, A shton -under-Lyne.
B. 1920. G aun t. J .  W ., 38, E m ily  S tree t. W est 

B rom w ich.
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B. 1921. G ay, C. J .  E ., R yefo rd , n e a r  S tone- 
house, Glos.

B. 1920. Gell, J .  V. P ., 56, B ly thsw ood  R oad , 
Acocks G reen, B irm ingham .

N. 1916. G ibbon, O. R ., T horn ley  T errace , Tow 
Law , S.O., Co. D u rh am .

Sc. 1919. G ibson, J . ,  452, P ais ley  R o ad  W est, 
G lasgow

N . 1917. G ibson, J .  A ., 17, L y n n  S tree t, B ly th , 
N  o rthum berland .

Sc. 1922. G ibson, J .  E ., “ A rm o n t,”  F a lk irk ,
N .B .

Lncs. 1923. G ilpin, W ., “ S unnyside ,” B irch  G rove, 
R usholm e, M anchester.

B. 1921. G ledhill, A ., A pple T ree C ottages,
R ednal.

Lncs. 1922. G ledhill, F ., 205, E a s t  View, B radfo rd  
R oad , B righouse, Y orks.

S. 1918. G len tw orth , J . ,  29, H arro w d en  R oad , 
T insley, Sheffield.

B. 1917. G lynn, T. A ., 67, G reen L ane, H an d s-
w o rth , B irm ingham .

W .R . 1922. Goff, R . M ., 78, Low er R u sh to n  R oad , 
of Y. T h o rn b u ry , B rad fo rd .
C. 1923. Goss, W ., 57, B eaconsfield  R o ad ,

C oventry .
E .M . 1919. G oodwin, T ., 210, P a rlia m e n t S tree t, 

D erby.
B. 1920. G otham , R . E ., 75, K en ilw o rth  R oad ,

H an d sw o rth , B irm ingham .
C. 1919. G ourd, C. D ., 25, S h afte sb u ry  R o ad ,

E arsld o n , C oventry .
Sc. 1919. G raham , R ., 116, S tra tfo rd  S tree t,

M aryhill, N .B .
Sc. 1920. G ran t, W m ., 27, S ilver R ow , F a lk irk , 

N .B .
Sc. 1912. G ray , J . ,  2, S ta tio n  R oad , D u m b a rto n .
S. 1919. G reaves, J .  B ., 121, U p p erth o rp o ,

Sheffield .
E.M . 1914. G reen, C. H ., 33. S t. S tep h en  R o ad ,

L eicester.
S. 1917. G reen, F . N ., B rook  H ouse, Eccles- 

Held, Sheffield.

844
Year



B ’nch  of A SSO CIA TE M EM B ER S,
iii lection.

S. 1914. G reen, P ., 43, Jessam ine R oad , Shire- 
green, Sheffield.

Lncs. 1920. G ra jnha lgh , W ., 76, L onsdale R oad , 
B olton.

L. 1918. G regory, E ., 16, M ansfield R oad , Beech 
H ill, L uton.

N. 1917. G resty, C., N o rth -E aste rn  M arine E n 
gineering Com pany, L im ited , 
W allsend - on-Tyne.

Lncs. 1919. Grim wood, E . E . G., 6, B alm oral 
Terrace, Glebelands R oad, A shton- 
on-M ersey.

Lncs. 1912. G rundy, H . V., 47, M oreton Avenue, 
S tre tfo rd , M anchester.

Lncs. 1917. G rundy , J .  H ., 14, K ing  S treet, Earls- 
tow n, Lancs.

E.M . 1921. G uest, Chas., 67, Mansfield R oad, 
D erby.

L. 1920. G urney, S. J . ,  24, B urns Road, B a t
tersea, S.W.

N. 1922. H addon , C. L., M.Sc., A .I.C ., Silver- 
hill, D enton  B urn , Newcastle.

S. 1921. H agon, W in., 35, Southgrove Road, 
Ecclesall, Sheffield.

Sc. 1920. H aig , J . ,  T ay lor’s Building, N orth
M ain S treet, Stenhousem uir, N .B.

Sc. 1920. H aig , T ., 23, L ivingston Terrace, Lar- 
bert, N .B.

B. 1922. H aines, Alfred, 17, Aston S tree t,
Toll E nd , T ipton, Staffs.

S. 1909. H all, E . D ., 327, Penistone R oad,
Sheffield.

B. 1916. H all, F ran k , 230, C arter Knowle R oad,
Sheffield.

L. 1921. H all, Geo., 1, Sylverdale R oad, W est 
Croydon.

N. 1914. H all. J .  J . .  Clyde Vale, R ow lands
Gill, Co. D urham .

L. 1920. H alsey , L ., 63, K illyon R oad, Clap- 
ham , S.W.

C. 1920. H am blin , H ., 55, K ing E dw ard  R oad,
R ugby .

Sc. 1919. H am ilton , W ., 53a, K ing  S treet,
C oatbridge, N.B.
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Sc. 1921. H am ilto n , W . B ., 16, B rig h to n  P lace , 
Ib ro x , Glasgow.

L. 1921. H am m ond , L ., 27, N o rth  W ay, N o rth  
H e a th , E rith .

L . 1918. H an d , H . E ., 189, M anw ood R oad, 
?■ C rofton  P a rk , S.E .4.

C. 1911. H an d y , C. P .
E.M . 1918. H anson , S. W ., 350, G ladstone S tree t, 

P eterborough .
N. 1921. H a rd y , J . ,  35, A lb e rt T errace , W all- 

send-on-T yne.
Lncs. 1919. H arg raves, R . R ., (G randridge an d  

M ansergh, L td .), W heath ill S tree t, 
Salford , M anchester.

Lncs. 1921. H arg reaves, G. E ., 18, Cresw ick A ve., 
R ose H ill, B urn ley .

Lncs. 1911. H arp e r, H ., 28, A lex an d ra  S tre e t, 
C astle ton , n r. M anchester.

B. 1919. H a rp e r, J .  H ., 206, B u sh b u ry  R oad ,
F a llings P a rk , W olverham pton . 

Lncs. 1922. H arris , F ., 18, H o lland  S tree t, P ad i- 
ham , Lancs.

E.M. 1923. H arris , F . C., 10, G rea t C en tra l R oad , 
L oughborough.

N . 1921. H arris , Geo., C leveland A venue, N o rth  
Shields.

S. 1909. H arriso n , J . ,  W oodlea, R ichm ond
R o ad , H an d sw o rth , Sheffield.

C. 1919. H arrison , J .  A ., 7, E d m u n d  R o ad ,
C oventry .

C. 1915. H arrow , H ., 81, R ichm ond  S tree t,
C oventry .

Sc. 1916. H arrow er, J .  (B o’ness Iro n  C om pany), 
B o ’ness, N .B .

Sc. 1914. H a rtle y , R . F ., L ondon  R o ad  F o u n d ry , 
E d inbu rgh .

L. 1922. H arw ood, Jo h n  P ., 112, N ith d a le
R oad , P lu m stead , S .E .

Lncs. 1922. H asan , M. A ., 459, C hesters R oad , 
Old T rafford , M anchester.

Lncs. 1917. H augh ie , C. M., 12, G rosvenor S tree t, 
S tre tfo rd , M anchester.



B 'nch . of A SSO CIA TE M EM B ER S.
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E.M . 1920. H aw ley, T. H ., E to n  H ouse, 82, S yd 
ney S tree t, H orninglow , B urton- 
on-T rent.

Sc. 1910. H ay , J . ,  12, A lbany D rive, B urnside, 
R u therg len , Glasgow.

L. 1912. H ayes, A., 116, R ustha ll A venue, B ed 
ford  P ark , W.

B. 1910. H ayw ard , G. T „ 8, The Laurels, 
M arrow ay S treet, B irm ingham .

Lncs. 1923. H ayw ard , R ., 219, T o tting ton  R oad, 
Bury.

L. 1922. H ayw ard , W m., 33, K ing’s A venue, 
Ipsw ich.

N. 1921. H eddon, R. C., 13, G ladstone S tree t, 
L em ington-on-Tyne.

N. 1922. H eap , G. PI., 269, Bensham  R oad , 
G ateshead-on-Tyne.

B. 1917. H efford, S., 377, Pershore R oad , Selly 
P ark , B irm ingham .

E.M . 1915. H egg, J . ,  115, T aylor Street,Ospaaston, 
D erby.

Lncs. 1922. H enderson, G., 1120, E leven th  S treet, 
T rafford P a rk , M anchester.

L. 1910. H enderson, G. B ., 23, College R oad , 
W oolstan, Southam pton.

N . 1923. H enderson, J .  W ., c/o Singapore
H arbou r B oard, Singapore, S traits 
Settlem ents.

Sc. 1911. H enderson , R ., 67, Love S treet,
Paisley .

N. 1921. Plenderson, R ., 173, D erw entw ater
R oad , Gatoshead-on-Tyne.

Sc. 1921. H en ry , Jo h n , 75, A lm a S tree t,
G raham ston , Falk irk , N .B.

Lncs. 1922. Plenshaw , J .  E ., 427, S tockport R oad, 
Low er B redbury , S tockport. •

S. 1921. ILepw orth, G. W ., 21, Gainsford R oad , 
D am all, Sheffield.

E.M. 1920. H ey , Jam es W m ., 43, Howe S treet, 
D erby.

L. 1922. H ib b ert, J . ,  138, B urlington R oad , 
T h o rn to n  H ea th , Croydon.

Lncs. 1920. H igg inbottom , J . ,  6, Jo h n  S tree t, 
H ey rod , S talybridge, Lancs.



B ’nch. of A SSO C IA T E M EM B E R S .
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Lncs. 1915. H ill, A ., 114, M iddleton  R o ad , H ey- 
w ood, Lancs.

C. 1919. H ill, F ., 86, B room field R o ad ,
C oventry .

L ncs. 1921. H ilto n , F ., 39, M ather S tree t, R ad - 
cliffe, M anchester.

E .M . 1917. H ilton , H . J .  S ., 29, W est A venue, 
D erby .

Lncs. 1909. H ilton , T. G ., B lock 4, R ose H ill R oad , 
B urn ley .

B . 1921. H in ley , Geo. H ., 53, P a rk  L ane  E n d , 
T ip ton , Staffs.

E.M . 1914. H ipk ins, B ., 35, B oyer S tree t, L o u g h 
borough.

B. 1912. H ird , B ., F o u n d ry  D ep t., G uest, K een  
a n d  N ettle fo ld s , L td ., C w m bran 
W orks, n r . N ew port, Mon.

W .R . 1922. H ird , W ., Sm okers’ C om er, H ard en ,
of Y . B ingley , Y orks.
Lncs. 1914. H irs t, S ., 1, S a in t A ndrew ’s S tree t, 

R adcliffe, Lancs.
B. 1913. H o lberry , F ., H ed ley  T errace ,L lan e lly ,

S. W ales.
C. 1918. H o lder, F . W ., 131, E ag le  S tree t,

C oventry .
S. 1920. H o lland , G. A ., 57, B a ltic  R oad ,

A ttercliffe , Sheffield.
Lncs. 1922. H o lland , W .,7 1 , C oniston R oad , S tr e t

fo rd , M anchester.
B . 1917. H ollinshead , A . E ., 68, K in g ’s R o ad , 

Sedgley, D udley .
B . 1917. H om er, W . C., 51, Lodge R o ad , W est 

B rom w ich.
N . 1921. H o pper, Geo. A ., 141, W estm in ste r 

S tree t, G ateshead-on-T yne.
Lncs. 1921. H opw ood, W m ., 4, off R edhouse  L ane, 

B red b u ry , n ea r S tockpo rt.
Lncs. 1919. H orroeks, H ., 16, K im berley  A venue, 

R om iley , n r . S tockpo rt.
L . 1921. H o tchk is , J .  D ., 29, R om berg  R o ad , 

L ondon , S.W .17.
S. 1906. H ough ton , E ., D u n sto n  V illa, Sheep- 

b ridge, Chesterfield.
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C. 1922. H ough ton , J . ,  15, M ayfield R oad , 
C oventry.

Lncs. 1921. H ow croft, J . ,  5, S t. Ja m e s’ S tree t, 
New B ury, F arn w o rth , nr. B olton.

- 1922. H owe, C. A ., 14, B rougham  H ayes,
B a th , Som erset.

Sc. 1920. H owie, J . ,  B urnside C ottages, D enny, 
N .B .

W .R . 1917. H oy, R . E ., 5, B arker S tree t, N o rth  
Y. H olm field, n r. H alifax .

N. 1923. H udson , F ., 28, C urtis R oad , Fenham , 
N  ewcastle -on -Tyne.

L. 1914. H u rs t, J .  E ., 3, Sandilands, Troon, 
A yr.

L. 1922. H usselbury  E ., 147, M arlborough
R oad , B edford.

N . 1918. H u tch inson , S., 4, G ladstone Terrace, 
B irtley , Co. D urham .

Lncs. 1917. In sk ip , A ., 4, W elbeck S treet, G orton, 
M anchester.

Sc. 1920. Irv ine , A ., The P o in t, N o rth  M ain 
S tree t, Stenhousem uir, N.B.

L ncs. 1917. Jackson , H . G., 1, B rierley S treet, 
S talybridge, Lancs.

L ncs. 1921. Jackson , J . ,  25, Clarance S treet,
B urnley.

C. 1919. Jackson , T. G., 63, W hitm ore R oad, 
K enilw orth .

L. 1906. Jackson , W . J . ,  23, Willeys A venue, 
E x e te r.

Lncs. 1920. Jacques , J .  W ., 9, S tan ton  S treet, 
C layton, M anchester.

Lncs. 1923. Jacques, T ., The Cottage, H ill Top, 
R om iley , n ea r S tockport.

C. 1909. Jacques , W ., 131, W yley R oad ,
C oventry.

B. 1914. Jam es, W ., 96, Grove Lane, H ands- 
w orth , B irm ingham .

N. 1919. J a y , H . C., 97, Cardigan Terrace,
H ea to n , N ewcastle-on-Tyne.

N. 1921. Jobes, G. B ., 18, South  S tree t,
G ateshead-on-Tyne.

S. 1914. Jo linson , D. R ., 11, Som erset R oad,
P itsm oor, Sheffield.
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B. 1919. Johnson , J .  B ., 27, B a ll F ie ld s , T ip to n . 
Lnes. 1916. Jones , J .  H ., “ E lle ray ,” T em ple

D rive, Sw inton, M anchester.
Lncs. 1919. Jo w e tt, H ., 53, T u rf H ill R oad , 

R ochdale.
C. 1919. Ju d d , G. H „  8, L udlow  R o ad ,

C oventry .
Lncs. 1922. K ay , W m ., 9, E a s tb a n k  S tree t, B o lton , 

Lanes.
W .R . 1922. K aye , H ., 6, F ry e rg a te  T errace , N ew  
of Y. S carboro’, W akefield.
Lncs. 1907. K em lo, R . W ., 104, B a rto n  R oad , 

S tre tfo rd , M anchester.
C. 1921. K em p, J .  A ., 1, F a ir fa x  S tree t,

C oventry .
Sc. 1912. K ennedy , J . ,  “ D u n a rd ,”  H ow ieshill, 

C am buslang, N .B .
Sc. 1921. K ennedy , L uke, 927, G t. E aste rn

R o ad , Glasgow.
Lncs. 1922. K en t, C. W ., 16, B eech G rove,

W ith in g to n , M anchester.
N . 1921. K e n t, Geo. A ., 5, H igh  W est S tree t, 

G ateshead-on-T yne.
E.M . 1918. K erfoo t, J . ,  23, C um berland  R o ad , 

Loughborough.
E.M . 1920. K erfoo t, Jo s ., 119, L eopold S tree t, 

L oughborough.
Sc. 1914. K e rr, W ., 101, A rdgow an S tree t,

Glasgow.
N. 1922. K irb y , J .  E ., 31, L ab u rn u m  G ardens, 

M onkton, Jarrow -on-T yne.
W .R . 1922. K irk b rid e , A. D ., 4, Cecil G rove,
of Y. A rm ley, Leeds.
Sc. 1920. K irkw ood, J . ,  102, B alg rayh ill R oad , 

S pringburn , Glasgow.
B. 1922. K itch en , B ., 1, H ughes A venue,

B irches B a m  R oad , W o lv er
h am p to n  .

L. 1922. K loum an , F . A ., “ B en g a rth ,” H are  
L ane, C laygate, S urrey .

C. 1919. K lyver, F . D ., 45, F a rm a n  R oad ,
C oventry .

S. 1908. K now les, J .  (c/o. W alkers), M anchester 
R oad , S tocksbridge, Sheffield.
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L. 1922. Laidlow , W m ., 9, Griffin R oad , P lum - 
s tead , S.E.

Lncs. 1923. L aing, J . ,  Green D ragon  H ote l, W o rk 
ington.

S. 1920. L aing, W m ., 4, M ain R oad , H ands- 
w orth , Sheffield.

Sc. 1920. L ang, J .  N ., T horn  wood, B ridge of 
W eir, N .B.

Sc. 1922. L ang, W m ., 5, T h ird  T errace, R ad n o r 
P a rk , C lydebank, N .B .

Sc. 1907. Law rie, A lex., 40, Glebe R oad , K il
m arnock.

Sc. 1919. Law rie, R . D ., 21, C larendon S tree t, 
Glasgow.

S. 1920. Laycock, E.
L ncs. 1917. Leach, R ., 53, Tower View, Lord 

S tree t, S talybridge.
Lncs. 1914. Leaf, J .  W ., 20, Clovolly S treet, 

N ew tow n, Rochdale.
N. 1913. Lee, .J., 38, P o in t P leasan t Terrace, 

W allsend-on-Tyne.
—  1921. Leech, W m. Creighton (N.S.W. Gov.

R ailw ays), W entw orth  and  R u t 
ledge S tree t, Eastw ood, Sydney, 
N .S.W .

Lncs. 1907. Leigh, A. P ., Vulcan W orks, Black- 
friars R oad , M anchester.

E.M . 1919. Lem m y, T. C., 10, St. P au l’s R oad , 
Peterborough.

C. 1920. Lengden, W. A., 34, Churchill Avenue, 
C oventry.

S. 1920. Lewin, H ., Gov. In specto r of Castings, 
K u lti, E .I. R ly ., Ind ia .

B. 1919. Lewis, D. (John  H arp e r & C om pany, 
L im ited), A lbion W orks, W illen- 
hall, Staffs.

B. 1910. Lewis, G., S tra thm ore , P ag e t R oad , 
W olverham pton.

N. 1921. Lewis, M artin , 6, G rosvenor R oad ,
Jesm ond, N ew castle-on-Tyne.

Sc. 1919. L indsay , J . ,  95, D ry g a te  S tree t,
Glasgow.

0. 1919. L inne tt, A. T ., 4, E arlsdon  A venue,
C oventry.
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L. 1919. L isby , T ., 7, M eanley  R o ad , M anor 
P a rk , E .

X. 1919. L ittle , J .  E . O ., 83, R o th w ell R o ad , 
G osforth , N ew castle-on-T yne.

Sc. 1910. L ittle jo h n , A ., 11, E sm o n d  S tree t, 
Y orkhill, G lasgow.

L. 1922. L ittle to n , W . H ., 29a, W abeck  R o ad , 
A nerley , S .E .20.

Lues. 1921. L ivesey, T ., 80, C hurch  S tree t, L it tle  
L ever, n r . B olton .

N . 1916. L oader, W . S., 282, S tan h o p e  R o ad , 
S o u th  Shields.

Sc. 1910. L ogan, J . ,  14, C hapelw ell S tree t,
S a ltcoa ts , X .B .

Lncs. 1920. L o m as, J . , 89, M oorfield G rove, B o lton .
S. 1917. Long, J . ,  62, Sheldon R o ad , N e th e r 

E dge , Sheffield.
B . 1921. L ongden , E d ., 80, R eg en t R o a d , 

H an d sw o rth , B irm ingham .
Sc. 1922. L ongden , J . ,  11, D ru m n y  R o ad ,

C lydebank.
Y\ .R. 1922. Lowe. E ., 40, W oodkouse G rove,
of Y . K eigh ley , Y orks.
L ncs. 1919. L uby , W ., 10, E a s t  A venue, B u m ag e , 

M anchester.
Sc. 1923. L um ley  R ., G arden  R ow , B o n n y  -

b ridge , X .B .
Lncs. 1910. L u p to n  & Sons, H . E ., Seaithcliffe 

W orks, A ccring ton .
S. 1913. M acdonald , W . A ., 62, B an n erd a le  

R oad , Sheffield.
Sc. 1917. M acD ougall, Miss E ., 22, C larendon 

S tree t, S t. G eorge’s Cross, G lasgow.
B. 1908. M ace, C., 64, P o rt S tree t, M anchester.
Sc. 1910. M acfarlane. J . ,  31,K ings P a rk  A venue,

C a th ca rt, G lasgow.
Sc. 1910. M aekay, G ., 103, G lasgow  R oad ,

P aisley , N .B .
S. 1916. M ackley, A ., 151, M alton  S tre e t, S hef

field.
Lncs. 1922. M aclachlan , J .  R ., 52, Ja c k s o n  S tree t, 

S tre tfo rd , M anchester.
Lncs. 1921. M alle tt, E ., 1152, C horley O ld R o ad , 

B olton .
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E lection .

B. 1909. M arks, J . ,  73, Crosswells R oad , L a n g 
ley, B irm ingham .

Lncs. 1923. M arlow, E ., 53, F lix to n  R oad , U rm - 
ston , M anchester.

”  -R. 1922. M arsden, J .  W ., 20, S teadm an  Terrace, 
Y. B radford , Y orks.

Sc. 1921. M arshall, A ., 7 a ,  H endry  S tree t,
B ainsford , F a lk irk , N .B.

Sc. 1910. M arshall, G., “ Fereneze,”  Russell
S tree t, B u m b an k , L anark , N .B .

L. 1922. M arshall, H . C., 29, W estw ard R oad, 
S. Chingford, E .4.

be. 1910. M arshall, J . ,  K elspoke, P o tte r  H ill, 
Paisley , N .B .

Sc. 1920. M arshall, R ., 159, M ungalhead R oad , 
F a lk irk , N .B.

Sc. 1913. M arshall, W ., W oodlands Cottage,
A rm adale, N .B.

Sc. 1912. M arshall, W . G., “ K yleak in ,” Lark- 
hall, N .B .

Lncs. 1913. M arsland, T ., 401, M anchester R oad, 
D roylesden, M anchester.

W .R . 1922. M artin , F ., 67, Nowell Terrace,
of Y . H arehills Lane, Leeds.
E .M . 1907. M ason, H . P ., 46, H aw coat Lane, 

B arro  w-in -Furness.
B . 1919. M ason, T., 29, Old P ark  R oad, K ing’s

H ill, W ednesbury.
Lncs. 1917. M asters, J . ,  2nd 17, Cheetham Hill 

R oad , S talybridge.
B. 1922. M asters, T. J . ,  12, Glover S treet, 

W est Brom w ich.
B. 1913. M ather, H ., “ D oris,” D eykin A venue, 

W itto n , B irm ingham .
B. 1909. M athew s, J . ,  20, E a rl S treet, W alsall.
B. 1921. M auby, R . A ., G orsty H ayes, T e tten -

hall, Staffs.
Lncs. 1920. M ayoh, W ., 90, Maslin S tree t, N e w 

ton , H yde , Cheshire.
N. 1919. M cBride, T. B., 3, K ingsley A venue, 

W hitley  B ay.
Sc. 1910. McCall, J .  J . ,  348, New C ity R oad , 

M aryhill, Glasgow.
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B ’neh. of A SSO C IA T E M E M B E R S .
E lection .

S. 1922. M cCleallan, C. J . ,  110, C arver S tree t, 
Sheffield.

Sc. 1919. M cConnell, W ., 136, C arsaig D rive,
C raig ton . Glasgow.

Sc. 1913. M cD onald, W . P ., 5, H u tch in so n
P lace, C am buslang, N .B .

Sc. 1911. M cE achen, J . ,  R eg en t S tree t, K irk in 
tilloch , N .B .

Sc. 1917. M cFadzean , J . ,  29, F u lla r to n  S tree t, 
K ilm arnock , N .B .

B. 1904. M cFarlane, T ., F a rm  R o ad , H o rse h a y , 
Salop.

Sc. 1914. M cG avin, R ., 26, K ilbow ie R o ad ,
C lydebank , N .B .

Sc. 1919. M cG illivray, D ., 986, M aryhill R o ad , 
Glasgow.

Sc. 1920. M cG ovan, A ., 69, B a ttle fie ld  A v e n u e , 
L angside, G lasgow.

Sc. 1910. M cG owan, R . R ., 14, W ilton  D rive, 
Glasgow.

Sc. 1919. M cGregor, G ., A rdchoille, S tev en sto n , 
N .B .

Sc. 1910. M cG routher, P ., Ing leside, B onny-
bridge, N .B .

N. 1916. M cIn tosh , S., 50, H ollyw ell A venue, 
M onkseaton.

Sc. 1919. M cK ay, J .  M., 26, C am bus C ottages, 
W estw ood R oad , N ew m ains, N .B .

Lncs. 1923. M cK enzie, W m ., F o rd  L an e  W orks, 
P en d le to n , M anchester.

Sc. 1922. M cK innon, J .  C., L easide C ottage, 
B arrh ead , N .B .

Sc. 1910. M cL achlan, W ., 5, D aw son T errace , 
C arron, F a lk irk , N .B .

N . 1921. M cL aren, A . J . ,  45, Panxnure S tree t, 
Scotsw ood R o ad , N ew castle-on- 
T yne.

Lncs. 1919. M cL aren, R ., 19, M ilton  S tree t, P ad i- 
ham , Lancs.

N . 1922. M cL aughlin, P ., P a tte rso n  S tree t, 
B laydon-on  -Tyne.

Sc. 1919. M cL ay, A. W ., 22, E lizab e th  S tree t, 
Ib ro x , N .B .



B ’n ch  o£ A SSO CIATE M EM B ER S.
E lection .

Sc. 1915. M cN ab, J . ,  B um fort H ouse, F alk irk , 
N .B .

Sc. 1910. M cPhie, H ., 40, Philip  S tree t, F a l
k irk , N .B .

Sc. 1910. M cQueen, D ., Eastfield , L auriston , 
F a lk irk , N .B.

Sc. 1914. M earns, A ., 54, N airn S tree t, G las
gow.

C. 1919. M eech, G. R ., 23, Oliver S tree t,
C oventry.

N. 1921. M elville, J .  T. E ., 1, E lizabethville, 
B irtley , D urham .

S. 1918. M eredith , W . C., 14, R ab y  S treet, 
Tinsley, Sheffield.

C. 1921. M eston, j .  M „ 37, Melville Road,
C oventry.

S. 1913. M illar, A ., 90, B aw try  R oad, Tinsley,
Sheffield.

C. 1921. Miller, G. A ., 08, St. M argaret’s R oad, 
Coventry.

Sc. 1912. Milligan, A ., 39, B ank  S tree t,
Greenock.

N . 1921. Mills, W m. J . ,  00, B ournm outh  T er
race, Elsw ick, N ew castle-on-Tyne.

S. 1918. M ilner, H ., 103, Cross H ill, Eccles- 
field, nr. Sheffield.

W .R . 1923. Milner, J . W ., 29, W elbeck S treet,
of Y. Sandal, W akefield.
W .R . 1923. M itchell, G. W ., S tafford C ottage,
of Y. 5, S. W esthorpe R oad , W akefield.
Sc. 1919. M itchell, J . ,  0, Broomfield Terrace, 

Springburn , Glasgow.
Sc. 1920. M itchell, J . ,  12, George S tree t, B a rr

h ead , Glasgow.
W .R. 1923. M itchell, J . ,  10, P incheon S tree t,
of Y. W akefield.
Sc. 1922. M itra, S. B ., c/o B engal Iro n  Co., L td ., 

K u lti, E . I. R ., Ind ia .
Lncs. 1918. M offat, J . ,  12, D ry  den S tree t, Padi- 

ham , Lancs.
B. 1919. M offat, J . ,  212, W est N o rth  R oad, 

N orthfie ld , B irm ingham .
Sc. 1910. M oir, J .  D ., B o ’ness Iro n  Com pany, 

B o’ness, N .B .



B ’nch. of A SSO C IA T E M EM B E R S .
E lection .

B. 1916. Moles, T ., 7, D elville S tree t, C hurchill, 
W ednesbury .

B. 1919. M olineux, W . J . ,  212, O xford  G ar
dens, S tafford .

Sc. 1919. M ontgom ery, A. W ., A nnfield, St.
C a therine’s R o ad , G iffnock, N .B . 

E.M . 1921. M oodie, Colin, 169, S ta tio n  R oad , 
B eeston , N o tts .

B. 1916. M oore, W . H ., 39, Cresswells R oad , 
L angley  G reen, B irm ingham .

N. 1920. M oorhead, H . A ., 22, M oorland C res
cen t, W alke r E s ta te , N ew castle.

L . 1904. M orehead, C., H ill View, P o lla rd s  H ill 
W est, N o rb u ry , S.W .16.

Sc. 1909. M orehead, J .  S., c/'o Saunders, 33, In - 
g leby  D rive, D enn istoun , Glasgow.

B. 1919. M orewood, J .  L ., 37, P a ig n to n  R oad ,
R o tto n  P a rk , B irm ingham .

C. 1920. M organ, B. S., B .Sc., A .I.C ., 42, P a rk
R o ad , R ugby .

—  1922. M organ, W ., 34, C oronation  T errace ,
P o rth , G lam ., So. W ales.

C. 1922. M orris, H . J . ,  N ew  Shop, H e a th  R o ad , 
Sw an L ane, C oventry .

L. 1920. M orris, J .  S., 11a, K ingdon  R o ad ,
W est H am p stead , N .W .6.

Sc. 1920. M orrison, G. B ., 671, H aw th o rn
S tree t, S p ringbu rn , Glasgow.

Lncs. 1920. M orrison, H ., 88, C rete S tree t,
O ldham .

N. 1913. M urray , J . ,  5, E lm w ood A venue,
W illing ton , Q uay-on-T yne.

S. 1914. N ay lo r, A ., 69, S co tt R o ad , P itsm oor, 
Sheffield.

Lncs. 1916. N ay lo r, F .,  26, N ow ell C rescent,
H areh ills  L ane, Leeds.

N. 1914. N ekervis, J . ,  14, B ro u g h to n  R oad ,
S ou th  Shields.

Lncs. 1920. N ew port, F ., 1428, A sh ton  O ld R o ad , 
H igher O penshaw , M anchester. 

Lncs. 1912. N icholls, J . ,  146, H u lto n  S tree t, 
T rafford  R oad , Salford.

N. 1921. N icholson, J .  D ., 13, T ay lo r S tree t, 
S o u th  Shields.



B 'nch . of A SSO CIA TE M E M B E R S.
E lection .

Sc. 1918. N isbet, H . L ., 11, B raeside S tree t, 
Glasgow.

Lncs. 1920. N oble, A., 42, C entral R oad , G orton,
M anchester.

L. 1921. N orm an  A. H ., 43, D unvegan  R oad , 
E lth am , S.E.

C. 1919. N o rth , L. P ., 5-8, M en’s H ostel, H o l
brook  Lane, C oventry.

E.M . 1918. N orthcliffe, S., 66, H arris  S treet, 
Peterborough.

—  1921. N ow land, J .  E ., 37, P rovost S tree t,
H olbeck, Leeds.

N. 1918. O akford, E . P ., “ U plands,” B irtley , 
Co. D urham .

S. 1921. Offiler, G., 9, W ard Place, Higlifields, 
Sheffield.

Lncs. 1921. O ldham , P ., 42, Lodge Lane, Flow ery 
Fields, H yde, Cheshire.

Lncs. 1921. O ldham , H arry , 11, St. T hom as 
S tree t, South  Oldham, Lancs.

Lncs. 1920. O ldham , R ., 191, Dill H all Lane, 
Church, Lancs.

Sc. 1920. Oliver, J . ,  34, R ae S treet, Stenhouse- 
m uir, L arbert, N .B.

N. 1910. Olsen, W ., Cogan S treet, Hull.
Sc. 1920. O rm an, W m ., 27, H am ilton  S treet,

Camelon, N .B.
Lncs. 1921. Orme, R ., 31, S tockport Road, H yde, 

Cheshire.
Lncs. 1921. O sborne, W . H ., 51, H ufling Lane, 

B urn ley .
E.M . 1922. O ttew ell. H ., The Meads, Swanwick, 

A lfreton, D erby.
B. 1922. Owen, A. C., 33, P ark  S treet, Madeley, 

Salop.
S. 1914. Oxley, C., c/o Oxley B ros., M owbray 

S tree t, Sheffield.
S. 1920. Page, S., 7, S co tt R oad, P itsm oor, 

Sheffield.
Lncs. 1923. P alm er, T ., 5, M arm aduke S tree t, 

O ldham .
N. 1921. Park inson , A., 25, P rudhoe S tree t, 

B ackwo r th , n r . N ewcas tie  - on - T yne .
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B ’nch . of A SSO C IA T E M EM B E R S .
E lection

L. 1920. P arne ll, H ., “  F re d a  V illa ,”  Q ueen’s 
R oad , B urnham -on-C roueh .

B . 1918. P arsons, A ., 32, C ordley S tree t, W est 
B rom w ich.

Sc. 1914. P a tr ick , A ., 65, M ungalhead  R o ad , 
F a lk irk , N .B .

N . 1921. P a tte rso n , F . E ., 17, M ariners’ H om es, 
T ynem ou th .

Sc. 1916. P au l, R ., 1, Bellfield S tree t, B a r r 
head , N .B .

B. 1907. Peers, J . ,  13, Id w a l S tree t, N e a th , 
S. W ales.

E .M . 1906. P em b erto n , H ., 15, W olfa S tree t, 
D erby .

Sc. 1920. P enm an , W m ., 68, M ungalhead  R oad , 
B ainsford , F a lk irk , N .B .

B. 1918. P erc ival, A. E ., “ C laverdon ,”  Colwyn
C rescent, R hos - on - Sea, Colwyn 
B ay

Lncs. 1919. Perk ins, F . S., 55, S laney S tree t, N ew 
castle-under-L ym e, S tafts.

Lncs. 1914. P e v itt , H y ., 75, O rford  S tree t (Cen
tra l) , W arring ton .

Sc. 1920 P h ilip , G ., 44, D alderse  A venue,
G raham ston , F a lk irk , N .B .

Lncs. 1922. Phillips, A ., 48, H arley  R oad . Sale, 
n ea r M anchester.

Sc. 1921. Ph illips, W m ., M ary  S tree t, F a lk irk , 
N .B .

C. 1919. P h ipps, H ., 93, R ag lan  S tree t,
C oventry .

B. 1918. P icken , J . ,  L ilac C ottage, D oseley,
D aw ley, Salop.

L. 1920. P ierce, G. C., 11, A theh iey  S tree t,
B ellingham , S .E .

Sc. 1919. P in k erto n , J . ,  57, K in g  S tree t, B la ir- 
h ill, C oatbridge, N .B .

B . 1911. P la n t, W . H ., B eacon H ouse, T ip ton .
E .M . 1918. Poole, A ., 626, O akhill, S toke-on-

T ren t.
Lncs. 1918. P o tts , W ., 1, F a r  L ane, H y d e  R o ad , 

G orton , M anchester.
\ \  .R . 1922. P o u lte r ,H ., 4, B eech G rove, U n d e r-
o fY . cliffe, B rad fo rd , Y orks.

Year



B ’nch . of A SSO C IA TE M EM B ER S.
E lection .

B. 1018. Pow ell, H . J . ,  132, T iv idale R oad ,
T ip ton .

Lncs. 1922. P resco tt, J . ,  3, Louisa S tree t, B olton . 
L ancs.

C. 1919. P rick e tt, R ., 26, L udlow  R oad ,
C oventry.

Lncs. 1922. P riestley , Jo s., 258, W aterloo  S tree t, 
B olton, Lancs.

Lncs. 1922. P riestley , Thos., 185, K ay  S tree t, 
B olton , Lancs.

L. 1912 . Prim rose, H . S., 1 2 a , R ecto ry  Lane, 
Chelmsford.

Lncs. 1912. P rim rose, J .  S. G., 17, Salisbury
R oad , C horlton-cum -H ardy, M an
chester.

E .M . 1921. P rince , Thos., 176, Mansfield R oad, 
D erby.

B. 1909. P ugh , C. B ., 1 B escot R oad , W alsall. 
S. 1917. Pugsley , T . M., N oah’s A rk H otel,

In ta k e , Sheffield.
E.M . 1916. R adford , H . P ., 151, B arclay S treet, 

Posse R oad  South, Leicester.
Lncs. 1920. R am sey , W ., 9, Creswick Avenue, 

R ose H ill, B urnley.
Sc. 1904. R ank in , R . L. (Sharp & Company), 

L ennox F ound ry , A lexandria,N .B . 
L. 1920. R asbridge, W . J . ,  160, E velyn  S treet, 

D ep tfo rd , S.E .
L ncs. 1910. R aw linson, W ., “ W oodston,” L ittle  

H u lton , Bolton.
C. 1921. R eading, G. P ., 46, W aterloo S tree t,

L eam ington Spa.
L. 1917. R eam an , H ., 13, A delaide R oad,

B rockley, S .E .4.
S 1907. R edm ayne, L., L ittle  L ondon R oad , 

Sheffield.
N. 1921. Reece, D ., 24, F o rs te r S tree t, G ates- 

head-on-Tyne.
E.M. 1916. Reffin, J .  J . ,  79, B arclay  S tree t, Fosse 

R oad , S ou th  Leicester.
Lncs. 1907. R eynolds, W ., 13, P a rk  View Terrace, 

O ldham .
W .R. 1922. R hodes, W ., 1, V ernon Place, U nder - 
of Y. cliffe, B radfo rd , Y orks.

Year



B ’neli. of A SSO C IA T E M E M B E R S .
E lection .

S. 1922. R hodes, W m ., H a rtle y  B rook  L ane, 
Ecclesfield, n r. Sheffield.

N . 1912. R ichardson , W ., 204, S o u th  F red e rick  
S tree t, S o u th  Shields.

Lncs. 1911. R iley , J . ,  3, G len R oad , O ldham .
S. 1912. R o b erts , G. E ., 149, Sharrow  V ale 

R oad , Sheffield.
N . 1921. R o b ertso n , H ., 13, L eam ing ton  S tree t, 

S underland .
Sc. 1920. R obinson , C. H ., 42, S m ith  S tree t, 

H illhead , Glasgow.
Lncs. 1920. R obinson , F ., 369, W igan R o ad , 

D eane, B olton.
N . 1917. R obinson , J .  H ., 22, P a rk  P a rad e , 

W h itley  B ay.
Lncs. 1920. R obinson , J .  R ., 12, Cobden S tree t, 

P ad ih am , L ancs.
W .R . 1922. iftobinson, W . G., 15, K esw ick  S tree t, 
of Y. L a is te rd y k e , B rad fo rd , Y orks.
N. 1919. R obson , F .,  44, S tan n in g to n  P lace , 

H ea to n , N ew castle-on-T yne.
N . 1919, R obson, G. E ., T he School H ouse, 

B irtley , Co. D urham .
N. 1916. R obson , J . ,  21, G lebe C rescent, W a sh 

in g ton , Co., D u rh am .
S, 1913. R odgers, E . A ., 11, B ow ood R o ad , 

Sharrow , Sheffield.
S. 1913. R odgers, F ., M arquis of G ranby

H o te l, B am ford , n r. Sheffield.
C. 1919. R odgers, H . W ., 76, R a ilw ay  T errace , 

R ugby .
S. 1913. R odgers, J .  R . R ., 362, F ir th  P a rk

R oad , Sheffield.
B. 1917. R oe, H . J . ,  33, H e rb e rt R o ad , B e a r

w ood, B irm ingham .
E.M . 1913. R oe, J . ,  G lobe F o u n d ry , S tores R o ad , 

D erby.
C. 1920. R ogers, C. F ., 28, M aycock R o ad ,

C oventry .
N. 1919. R o n ch e tti, W ., 72, B idd lestone  R oad , 

H ea to n , N ew castle.
Sc. 1919. R oss, A ., 257, Crown S tree t, Glasgow.
Sc. 1922. R oss, E . J . ,  12, A fton  S tree t, L ang-

side, Glasgow.
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B'nch. of A SSO CIA TE M EM BERS.
E lection .

Ln.cs. 1922. Rowe, F . W ., 2, Langdale R oad , 
S tre tfo rd , M anchester.

W .R . 1922. R ow ntree, F ., 28, C am pbell S tree t, 
of Y. Bow ling B ack  L ane, B radfo rd ,

Y orks.
E.M. 1915. R ussell, H . (R, R ussell & Sons), Peel 

F o und ry , D erby.
N. 1913. Sam son, A ., 14, Sea T errace, M iddle

to n , H artlepool.
S. 1913. Sam w orth , E . A ., 14, H am ilton  R oad , 

F ir th  P a rk , Sheffield.
L. 1923. Sanders, H . H ., 21, E therley  R oad , 

H a rrin g a y , N . 15.
E.M . 1921. Sanders, H orace L., 24, St. P a u l’s 

R oad , D erby.
B. 1905. Sands, J . ,  27, V ictoria S treet, W est

Brom w ich.
W .R . 1922. Sayers, H ., 239, G oodm an Terrace, 
of Y . H unsle t, Leeds.
N . 1916. S co tt, G. W ., 1, N orthum berland  

V illas, W allsend-on-Tyne- 
N . 1921. Sco tt, H enry , B ., 33F, A lbert R oad, 

B irtley , Co. D urham .
N. 1918. Scott, W ., 7, Lynwood Avenue, B lay- 

don-on-Tyne.
S. 1921. Senior, George, 84, L atim er S tree t, 

Sheffield.
W .R . 1913. Shackleton, H . R ., U pper P ear Tree 
of Y . F arm , H ainsw orth  Shay, K eighley.
W .R . 1922. Shackleton, S., 22, Tivoli P lace,
of Y . B radford , Yorks.
W .R . 1922. Shaw, A., 28, M arlboro’ R oad , Ship- 
of Y. ley, B radford.
C. 1920. Shaw, A., 89, M anor R oad , R ugby.
B. 1921. Shaw , Geo., N ew  E nd , C'allowbrook

L ane, R ubery , B irm ingham .
Lncs. 1922. Shaw , S., 35, F rog  L ane, W igan, 

Lancs.
Lncs. 1911. Shawcross, G .N ., M .B .E ., M .I.M ecli.E ., 

L akelands, H orw ich, Lancs.
C. 1920. Shepherd, H ., 6, L ydgate  R oad ,

C oventry.
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B 'n eh . of A SSO C IA T E M E M B E R S
E lection .

E.M . 1915. Shield, F . M., 3, A th e rto n  C rescent, 
H ungerforcl, B erks.

B . 1920. Shorthouse, W . H ., 60, E d w a rd  S tree t, 
W est B rom w ich.

Lncs. 1922. Sim kiss, H ., 28, E n e rg y  S tree t, B ra d 
fo rd  R o ad , M anchester.

S. 1914. Sim m ons, C., T he B rig h ts id e  F o u n d ry
a n d  E ng ineering  Co., W icker 
W orks, Sheffield.

S. 1917. Sim pson, C. D ., 17, W illis R o ad ,
H illsb ro ’, Sheffield.

B . 1914. Sim pson, H ., G reenhu rst, D oseley,
D aw ley, Salop.

N . 1916. S inclair, J . ,  25, G ranville  S tree t, Mill- 
field, S underland .

Lncs. 1905. Skelton , H . S., “  L in d sey .”  O ld
L ane, E ecleston  P a rk , P resco t, 
Lancs.

L. 1911. S la te r, H . O., “  S unny  H ill ,” L essners 
P a rk , B elvedere, K e n t.

Lncs. 1906. S m ethu rst, J .  H ., B rie ry  C roft, L odge 
L ane, W arrin g to n .

E .M . 1918. S m ith , A. J . ,  45, L incoln  R o ad , P e te r 
borough .

C. 1919. S m ith , F . G ., 15, C herry  S tree t,
C oventry .

E.M . 1920. Sm ith , F . J . ,  98, D erby  R oad , L o u g h 
borough.

S. 1913. S m ith , J . ,  A bney  H ouse, G leadless
R oad , Sheffield.

Sc. 1921. Sm ith , J . ,  W oodburn  H ouse, K erse
R o ad , F a lk irk , N .B .

Sc. 1911. S m ith , Jo s ., 235, H o sp ita l S tree t,
Glasgow.

Sc. 1914. S m ith , J .  M ., 64, L ennox  A venue,
Sco ts toun , G lasgow.

B. 1917. S m ith , S., 240, B rom ford  L ane, W est
B rom w ich.

Lncs. 1909. S m ith , S. G ., 86, B a rto n  R oad , S tr e t
fo rd , M anchester.

E .M . 1917. S m ith ard , S., 19-21, T ham es S tree t, 
L eicester.

Lncs. 1921. Spencer, F . W ., 159, Briercliffe R oad , 
B urn ley .



B ’nch. of A SSO C IA TE M E M B E R S.
E lection .

L. 1904. Sperring, B. F .,  244, L ake R oad ,
P o rtsm ou th .

Sc. 1920. S p itta l, J .  80, N oreham  S tree t, Shaw- 
lands, Glasgow.

E.M . 1918. S tacey, C. W ., (pro tern.) c/o H .
B unting , 17, M arcus S tree t, D erby.

B. 1908. S tacey-Jones, J .  E ., Beaconsfield
S tree t, L eam ing ton  Spa.

Sc. 1918. S tark , W . C., 37, Sum m ertow n R oad , 
G ovan, N .B .

B. 1917. S ta rr , F . G. S., 128, Selw yn R oad , 
R o tto n  P a rk , B irm ingham .

L ncs. 1917. S tead , H ., 1st 36, C heetham  H ill R oad, 
Stalybridge.

S. 1914. Steggles, A. L ., 178, B rackin  R oad , 
Shiregreen, Sheffield.

B. 1914. S tephen , S. W . B ., The W oodlands,
B eech L anes, B irm ingham .

B. 1916. S te rland , J . ,  4, B arnby  Crossing,
N ew ark.

L. 1921. S tevens, W m ., H aw arden Villa, Rod- 
bourne, Cheney, Swindon.

Lncs. 1921. S tevenson, M., 9, F oun ta ins Avenue, 
F irw ood, Bolton.

Sc. 1919. S tew art, A., 38, Ferguslie, Paisley,
N .B .

N . 1914. S tobbs, R ., 32, A rm strong Terrace, 
South  Shields.

N . 1912. Stobie, V. (Stobie Steel Co.), D un-
stan-on-Tyne.

S. 1919. S tocker, W . E ., 109, Ellesm ere R oad , 
P itsm oor, Sheffield.

L. 1915. Stone, E . G., 137, Broom w ood R oad , 
C lapham  Common, S.W.

Lncs. 1920. S törer, W . H ., 175, Settle  S treet, 
G reat L ever, B olton.

E.M . 1918. S to tt, C., 26, D e M ontford S treet, 
R eading.

C. 1919. S tynes, A. H ., “ F ie ld  V iew,”  Ly-
th a lls  L ane, C oventry.

L. 1922. Sum m ers, H . G., 35, P e rry  H ill,
C atford , S .E .6.

Lncs. 1910. Sutcliffe, A ., 1, F irw ood G rove, Tonge 
Moor, B olton.
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B ’nch . of A SSO C IA T E  M EM B E R S .
E lection .

W .R . 1922. Suteliffe, A ., 44, F e rn ey  L ee R oad ,
of Y. T odm orden , Y orks.
Lncs. 1919. Sutcliffe, W ., 32, S tinps L ane,R ochdale .
C. 1919. S u tto n , E . W ., Selwood, L y th a lls ,

L ane, Foleshill, C oventry .
S. 1920. Sw ain, J .  R ., 209, G rim esthorpe R oad , 

Sheffield.
Lncs. 1923. Sw ann, H ., 31, A le x a n d ra  R o ad , 

P a tr ic ro f t, M anchester.
W .R . 1922. Sw ann, FL, 6, H eyw ood S tree t, G rea t
of Y. H o rto n , B radfo rd .
C. 1919. Sw indells, A ., 30, H illside, S toke

H e a th , C oventry .
S. 1921. Sykes, H ., 32, D ixon R oad , H ills 

bo rough , Sheffield.
S. 1907. Sykes, W ., 53, H a rc o u rt R oad , Shef

field.
N. 1922. T a it, A. H ., A rm agh  H ouse, W allsend- 

on-T yne.
S. 1913. T a it, E ., B righ tside  F o u n d ry  & E n g i

neering  C om pany, L im ited , 
Sheffield.

Sc. 1921. T annah ill, H ., 6, M ayfield Place,
M orningside, N ew m ains, N .B .

Lncs. 1922. T a te , C. M., B rook  R o y d , T odm orden  
R oad , B urn ley .

—  1906. T aylor, A. (F ielding & P la t t ,  L im ited ),
A tlas Ironw orks, G loucester.

C. 1920. T ay lo r, E ., 19, S ta tio n  S tree t, W est 
C oventry .

—  1905. T ay lo r, F . (T aylor & Sons, L im ited ),
B rito n fe rry , S ou th  W ales.

Lncs. 1921. T ay lo r, H ., 16, W est S tree t, Du k in -- 
field, M anchester.

Lncs. 1921. T ay lo r, Jam es, 3, T rem ellen  S tree t, 
A ccrington.

N . 1921. Tem ple, G. T ., 35, G rosvenor D rive, 
W hitley B ay.

Lncs. 1922. T h a tch e r, E . H ., “ T ro s tre y ,” W raxall, 
Som erset.

Lncs. 1917. Tliewlis, S. J . ,  H o lly  View, D obcross, 
n ea r O ldham .

L. 1909. T hom as. E ., 41, K ingsliill R oad , 
Sw indon.

864
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W .R . 1922. Thom pson, E ., L a S. E . de C. N.
of \ . A partudo  No. 1, Perro l, Spain.
S. 1921. Thom son, Thos. R ., P rie s t F urnaces,

L im ited , O rchard  Cham bers, 
Church S tree t, Sheffield.

W .R . 1907. Thonger, W. F . (Denison & Son,
Y . L im ited), H unsle t F o und ry , Leeds.

S. 1923. T horn ton , A. E ., 34, H am p to n  R oad ,
P itsm oor, Sheffield.

Lncs. 1911. Tim m ins, A. E ., 133, Roose R oad , 
Barrow -in-Furnass.

N . 1921. T inning, W . H ., 69, D ilston R oad , 
N ew castle-on-Tyne.

E.M . 1919. Tokins, E ., l i é /  Belsize A venue, 
W oodston, Peterborough.

Lncs. 1919. Toplis, 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.

B . 1909. T oy, j .  H ., 374, Bearw ood Road,
Sm ethw ick, Staffs.

Sc. 1920. T rapp , P ., K ilns C ottage, F alk irk , 
N .B .

N . 1921. T rem ayne, J . ,  82, T hird  S treet, Gates- 
head-on-Tyne.

Sc. 1923. T urnbull, A lex W ., Prim rose C ottage, 
B onnybridge, N .B.

C. 1919. T urner, F . J . ,  24, M arlborough R oad ,
C oventry.

S. 1918. T urner, W ., 90, Edgedale R oad ,
Sheffield.

C. 1923. Twigger, T. R ., P o st Office, B ubben- 
hall, n r. K enilw orth.

Sc. 1920. U re, R ., S tenhouse House, Carron,
F a lk irk , N .B.

Sc. 1919. U re, W. G., 355, K eppoehhill R oad, 
Glasgow.

E.M . 1921. V aughan, B enj. H ., 25, H olm es S tree t, 
D erby.

B. 1917. V aughan, G. A ., 15, Green S tree t,
W est Brom w ich.

Lncs. 1921. V ernon, G. W ., 11, Ashfield R oad , 
B u rn ley .



B ’nch . Y 0? r  A SSO C IA T E M E M B E R S .
E lection .

Sc. 1911. W addell, R . C., 2, P e rcy  S tree t, Ib ro x , 
Glasgow.

N . 1914. W ainford , E . H ., 38, L angholm e
C rescent, D arling ton .

Sc. 1911. W alker, A ., G ow anbank , M ontrose
G ardens, M ilngavie, N .B .

L. 1921. W alke r,A lex .W .,“ B ra illi,” 41,P om eroy  
S tree t, C larence R o ad , Cardiff.

L - 1911. W alker, C. P ., 42, W indsor S tree t,
W olverton , B ucks.

Sc. 1920. W alker, D ., 5, N ew  H ouses, A nderson  
S tree t, B onnybridge, N .B .

L. 1922. W alker, P . D ., 153, G reenvale Road, 
E lth a m , S .E .

Sc. 1920. W alker, G., 21, N ap ier P lace, B ains 
ford , P a lk irk .

E .M . 1920. W a lk e r,G eo .H . ,2 ,C am p S tre e t,D e rb y
Sc. 1920. W alker, Jo h n , 130, W allace S tree t 

P a lk irk , N .B .
Sc. 1920. W alker, W m ., G ow anlea C ottages

A nderson S tree t, B onnybridge  
P a lk irk , N .B .

B . 1916. W all, J . ,  18, F lav e ll S tree t, W ood
se tto n , D ud ley , Staffs.

Lncs. 1915. W allw ork, R . M., 9, B irch  Y ale D rive 
R om iley , S tockport.

N . 1919. W alsh , T ., 7, T he C rescent, D u n sto n  
on-T yne.

E.M . 1919. W ard , T. P ., 64, C larence R oad , N ew  
E ng land , P e terborough .

C. 1919. W areham , H ., 37, B ro ad w ay , C oven
try .

L. 1919. W ares, F . J . ,  216, Crom w ell R oad , 
P eterborough .

S. 1911. W asteney , J . ,  V ulcan  F o u n d ry , E ck- 
ing ton , Sheffield.

C. 1914. W atson , R ., 49, Y ork  S tree t, R ugby .
Sc. 1912. W a tt , j .  M., 8, W esterlea  T errace ,

D u m b arto n , N .B .
Sc. 1919. W a tt ,R .,E tn a Iro n w o rk s ,P a lk irk ,N .B .
Sc. 1920. W augh, W m ., 683, D u m b arto n  R oad ,

G lasgow.
N . 1921. W eathers, J .  H ., 76, S ta n to n  S tree t, 

N ew castle -on -Tyne.
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B. 1923. W ebb, A. W . J . ,  1, S idney S tree t, 
G loucester.

E.M . 1921. W ebb, E rn est 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 .

W .R . 1922. W est, W ., 32, Oakfield R oad , Man- 
of Y . n ingham , B radford .
Lncs. 1921. W eston, H . L ., 26, R ailw ay  S tree t, 

Sou th  W igston, n r. Leicester.
B . 1911. W estw ood, J .  H ., 163, St. P a u l’s R oad  , 

Sm ethw ick, Staffs.
W R . 1913. W hitaker, E ., Cotwell Iro n  F ound ry , 
of Y . V ictoria  R oad , H olbeck, Leeds.
Lncs. 1919. W hiteley , B ., T he M oorlands, T in t- 

w istle, H adfield, n r. M anchester.
B . 1904. W hitfield, C. O., K in g ’s R oad , Tyseley,

B irm ingham .
L. 1911. W hiting , A ., B rynbella, Pem broke 

R oad , E rith , K ent.
Lncs. 1922. W hittle , H a rry , 69, W estboum e 

A venue, G rea t Lever, B olton. 
Lncs. 1919. W hittle , P ., 50, V ictory  R oad , L ittle  

Lever, B olton.
C. 1919. W hitw orth , E ., 274, M unition C ottages,

H olbrook’s L ane, C oventry.
S. 1907. W ild, A ., M idland B rass F ound ry ,

Sheffield.
B. 1920. W ilkins, A. J .  R ., 149, Toll E n d  R oad ,

O cker H ill, T ipton.
N. 1910. W ilkinson, T ., S tock ton  S tree t, M id

dlesbrough.
N . 1920. W ilkinson, T.
S. 1919. W illiam s, A ., 31, B urngreave B ank ,

Sheffield.
C. 1919. W illiam s, A. M organ-, 43, Q ueen’s

R oad , C oventry.
C. 1923. W illiam s, R ., 166, Cross R oad , Foles- 

hill, C oventry.
Sc. 1911. W illiam son, H ., 3, M ain S tree t, D al- 

m uir, N .B .
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B ’nch. of A SSO C IA T E M EM B E R S .
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Sc. 1920. W illiam son, J . ,  I l l ,  S tirling  S tree t, 
D enny , S tirlingshire.

L . 1911. W illis, A ., “ B e rm u d a ,”  R iverside
A venue, B roxboum e, H erts .

L. 1920. W illsher, W . H ., “  B rey d o n ,” O ak-
hill G ardens, W oodford  G reen, 
L ondon , E .18.

Sc. 1911. W ilson, A ., 29, L a ird  S tree t, C oa t
bridge, N .B .

Lncs. 1919. W ilson, A. E ., 84, D ew h u rs t R oad , 
Syke, R ochdale .

Sc. 1919. W ilson, E ., 17, W eston lea  T errace ,
D u m b arto n , N .B .

N . 1912. W ilson, E . P ., P a rk h u rs t, M iddles
brough .

Sc. 1920. W ilson, H ., 46, M ungalhead  R o ad ,
B ainsfo rd , N .B .

W .R . 1923. W ilson, H . T ., 34a, C om m ercial S tree t,
of Y . T ho rnes L ane, W akefield .
Lncs. 1904. W ilson, W . R ., 15, Sackville  S tree t, 

L iverpool.
E.M . 1921. W infield, P ., 30, H olcom be S tree t,

D erby .
C. 1919. W in te r, W . E ., 66, Y ard ley  S tree t,

C oventry .
Lncs. 1912. W olstenholm e, J . ,  I l l ,  C arlton  T e r

race , B u ry , a n d  B o lto n  R o ad , 
R adchffe , M anchester.

B . 1922. W ood, A ., 5, W esley  P lace , Toll
E n d , T ip to n , Staffs.

E .M . 1922. W ood, F ., 6, V ic to ria  R o a d  E a s t , 
L eicester.

E .M . 1921. W ood, Jam es H ., 18, A lcester R o ad , 
Sheffield.

W .R . 1922. W ood, Jo h n , 6, H udsw ell S tree t,
of Y . S andal, W akefield.
S. 1916. W oodcock, J .  G ., 21, C roydon S tree t,

Sharrow , Sheffield.
E.M . 1914. W orcester, A. S., 27, K e y th o rp e  S tree t, 

Leicester.
Lncs. 1917. W o rra ll, J .  N ., 77, A nsdell R oad , 

T u rf H ill, R ochdale.
N . 1922. W o rth , J .  W ., 18, T y n em o u th  R o ad ,

H ea to n , N ew castle-on-T yne.



B ’neh. of A SSO C IA TE M EM BERS.
E lection .

W .R . 1923. W righ t, L ., 168, O xford  R oad , Gomer-
of Y. sail, n ear Leeds.
Sc. 1913. W right, W ., B u m b an k  F o und ry ,

F a lk irk , N .B.
N . 1917. W right, W . H ., 12, Mill l a n e ,  L ough

borough.
Sc. 1919. Y oung, J . ,  45, C ochrane S tree t,

Pais ley , N .B .
N . 1921. Y oung, Jam es, 72, Carlisle S treet,

Felling-on-Tyne.
N . 1915. Y oung, T ., 12, B ensham  C rescent,

G ateshead-on-T yne.
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Y ear 
B ’nch . of

N.
Election .

1923.

B. 1912.

S. 1920.

N. 1916.

N. 1920.

N. 1919.

N. 1921.

B. 1922.

N. 1913.

N 1922.

B. 1914.

N. 1917.

A S S O C I A T E S .

Allcock, H ., 164, H . S. E dw ards
S tree t, S ou th  Shields.

A ttw ood, E ., 42, P rio ry  Villas, H azle- 
beach R oad , Saltley , B irm ing
ham .

A yres, S idney, H am p to n  H ouse, Bar- 
n a rd is to n  R oad , D am all, Sheffield.

B aker, T ., 51, St. M ary’s T errace, 
T yne D ock, Sou th  Shields.

B anks, V. L ., St. C u th b e rt’s V icarage, 
N ew castle-on-Tyne.

B atey , J . ,  77, W arw ick S tree t, H eaton , 
N ew castle-on-Tyne.

B en tham , J .  W ., 9, C um berland S treet, 
G ateshead-on-Tyne.

B ettley , H ., 3, R eg en t S tree t, W illen- 
hall, Staffs.

Bewley, J .  E . T., 13, W oodlands T e r
race, L eadgate , Co. D urham .

B oudry , C., 23, E sp lanade Place.
W hitley  B ay.

B oyne, W ., 157, W ood E n d  R oad. 
E rd in g to n , B irm ingham .

B row n, C. H ., 72, W ardsw orth  S tree t, 
G ateshead-on-T yne.



B ’nch. of A SSO C IA T ES.
E lection .

N. 1920. B ru n to n , S. J . ,  191, D u nsm uir G rove, 
G ateshead  -on - T y n e .

N . 1923. Careless, T ., 84, M cIn ty re  S tree t,
Ja rrow -on -T yne .

N. 1917. C arr, S., 44, S tan ley  S tree t, R osehill, 
W allsend-on-T yne.

N. 1923. C hapm an , L .B ., D aisy  C o ttage , D ene 
V illas, C hester-le -S tree t, Co. D u r
ham .

N. 1923. C harlton , F . J . ,  23, C edar G rove,
C leadon, S o u th  Shields.

E.M . 1919. C harlton , R . H ., W en tw o rth  H ouse , 
W en tw o rth  S tree t, P ete rbo rough .

S. 1920. C oates, L ., 30, O akw ood R o ad ,
R o th e rh am .

S. 1921. Cooling, Geo. W ., 10, O sberton  P lace,
Endcliffe, Sheffield.

C. 1918. Currie, E . M., 3, S tock ton  R oad ,
C oventry .

N . 1923. D avison , R ., 79, Second A venue,
H ea to n , N ew castle-on-T yne.

N . 1917. D unn , G. N ., 96, B rin k b u rn  S tree t,
N ew castle-on -Tyne.

N . 1918. E glen , T ., 22, M orley S tree t, H ea to n , 
N ew castle - on -T yne.

L. 1922. E lder, A lex., 54, F o rd  E n d  R o ad ,
B edford.

L. 1922. E llis, J .  P ., 6, E ck ste in  R oad , Clap- 
h am  Ju n c tio n , S .W .ll .

S. 1913. E lse , L . H . (W m . Cooke & Co., L td .) , 
26, V ictoria  S tree t, L ondon , S .W .l.

C. 1922. E ls to n , A. G. W ., 62, C raven  S tree t, 
C oventry .

E .M . 1915. F a rm er, W ., 112, C ity  R o ad , D erby .
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 ers to n  

S tree t, S o u th  Shields.
N . 1923. F errie r, J .  E ., 29, M aple G rove,

C leadon P a rk , S o u th  Shields.
S. 1922. F ir th ,  T om  L ., 157, F o x  S tree t,

Sheffield.
Lncs. 1915. F isher, J .  L ., 124, F o lly  L ane , Swin- 

to n , M anchester.



B ’nch . of A SSO CIA TES.
E lection .

N . 1922. F linn , A ., 16, G uildford Place, H eaton , 
N ew castle.

N . 1913. F ord , A ., 43, Moore S tree t, G ateshead.
N . 1917. F rancis, J . ,  S traughan  H ouse, Felling-

on-Tyne.
N . 1923. G alb ra ith , R ., 18, B yethorne  S tree t, 

S o u th  Shields.
L. 1919. G askin, J .  A ., 196, M erton R oad ,

W andsw orth , S.W .18.
N . 1923. G ibson, W ., 66, K ing George R oad.

C leadon, South  Shields.
B. 1917. G ilbert, F ., 17, M aria S tree t, W est 

Brom w ich.
S. 1920. G leadhall, C., 332, E dm ons R oad, 

H eeley, Sheffield.
N . 1921. G obey, f fm .,  3, B urn ley  S tree t,

Blaydon-on-Tyne.
N . 1923. Golder, T ., 7, O range S tree t, South  

Shields.
B . 1919. Gordon, W . A., 176, Sams Lane, W est

Bromwich.
N. 1922. Gospel, W ., 65, S even th  A venue,

H eaton, N ewcastle-on-Tyne.
N . 1923. Gould, M., 42, E lsw ick E a s t Terrace, 

N ew castle-on-Tyne.
E.M . 1917. G rant, G., K irbell C ottages, 7, B arrow  

R oad, Q uom , Loughborough.
Sc. 1914. G ray, R ., 19, M cK errel S tree t, Paisley.
C. 1923. Griffiths, T. J . ,  35, Sir T hom as

W hite ’s R oad , C oventry.
B. 1909. G rindlay, C., 10, M assom R oad , E rd ing  

ton , B irm ingham .
S. 1920. H ague, S. E ., 39, W ostenholm  R oad , 

Sharrow , Sheffield.
B. 1909. H am ilton , G., 18, A nderson R oad ,

T ipton.
N. 1923. H arle , J .  E ., 162, South  Palm erston  

S tree t, S ou th  Shields.
S. 1921. H eeley, Jo h n  Ja s ., 644, Penistone

R oad , O w lerton, Sheffield.
N . 1923. H enderson , T. E ., 2, P ercy  S tree t, 

W allsend - on - T y n e .
B. 1914. H ew itt, J . ,  63, H eeley R oad , B oum - 

brook , B irm ingham .
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Sc. 1920. H ill, T ., 9G, M itchell S tree t, A irdrie , 
N .B .

B . 1920. H o lberry , F . B ., 22, H ed ley  T errace , 
L lanelly , S. W ales.

E.M . 1922. H o lland , G ., C ostock, n e a r L o u g h 
borough.

E.M . 1917. H olm es, A ., 78, A lb ert P rom enade , 
L oughborough.

N . 1923. H olm es, A ., 20, E a r l  S tree t, Ja rro w - 
on-T yne.

E.M . 1916. H ughes, J .  O ., 27, E v in g to n  R o ad , 
Leicester.

Sc. 1919. H u n te r , J . ,  11, W h iteh ead  S tree t, 
P aisley , N .B .

Sc. 1916. Irv in e , J . ,  14, C larence S tree t, P ais ley , 
N .B .

N . 1923. Jen n in g s, P ., 23, C ullercoats S tree t, 
W elbeckR oad ,N ew castle-on-T yne.

B . 1919. Jo hnson , J .  B ., ju n r ., S la te r S tree t, 
G rea t B ridge, T ip ton .

E.M . 1919. Jones , A. C., 13, S o u th  V iew R o ad , 
W alton , n ea r P e terborough .

Sc. 1922. Jones , W . C., B la ir T errace , H urlfo rd , 
A y reshire.

N . 1922. K elly , F . J . ,  1554, W alker R oad ,
W alker, N ew castle-on-T yne.

N . 1914. Law son, J .  W ., 16, H a rtin g to n  S tree t, 
G ateshead-on-T yne.

N . 1923. Lew ins, W ., 90, H . S. E d w ard s
S tree t, S o u th  Shields.

N . 1922. L iddell, L ., 7, T yne View, L em ington- 
on-Tyne.

E .M . 1922. L im b ert, H ., 15b, F a c to ry  S tree t,
L oughborough.

N . 1920. L indsay , A. W ., 16, Phillipson  S tree t, 
W illington Q uay.

Sc. 1920. L iv ingston , J . ,  36, H aggs R o ad , Pol- 
lokshaw s, Glasgow.

Lncs. 1913. Longson, Ja s .,  37, R u p e r t  S tree t,
R edd ish , n r. S tockport.

L. 1914. Lowe, J . ,  98, M arlborough R o ad ,
Bowes P a rk , N .22.

Lncs. 1914. L ucas, G. E ., 36, L angford  S tree t, 
L eek, Staffs.
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S. 1920. M antle, G. F ., 835, A bbeydale R oad, 
Sheffield.

Lncs. 1923. M asters, N ., 2nd  17, C heetham  H ill 
R oad , S talybridge.

N . 1911. M ather, D . G., 8, C hurch R oad , A sh
ford, K en t.

B . 1913. M ather, F ., D oris, D eykin  Avenue, 
W itton , B irm ingham .

Sc. 1910. M athieson, J .  B,_ 3, Cowan S tree t, 
H illhead, Glasgow.

N . 1923. M atthew s, G. W ., 4, B urnside, Rose- 
hill, W illington Q uay-on-Tyne.

N . 1919. M cD onald, H ., 57, H edley  Place,
N ewcastle-on-Tyne.

Sc. 1913. M cLeish, J . ,  7, B uchanan  Terrace,
Paisley , N .B .

Sc. 1913. McLeish, R ., 7, B uchanan  T errace,
Paisley , N .B.

Sc. 1912. M cLintock, G., W oodhead Avenue,
Tow nhead, K irk in tilloch, N .B.

L ncs. 1923. M eadow croft, H ., 72, E llio tt S tree t, 
Tyldesley, M anchester.

S. 1913. M iddleton, W m ., 455, Jenk ins R oad, 
H igh  W incobank, Sheffield.

N . 1922. Miller, J .  G., 79, Clarence S tree t, 
N ewcastle-on-Tyne.

L. 1919. M urdoch, H ., “ C ardale,” 24, Wool
w ich R oad, Belvedere, K ent.

N . 1914. M urray, J . ,  13, D ean R oad, South
Shields.

N . 1917. Oliver, J . ,  74, K ing  E dw ard  S treet, 
G ateshead-on-Tyne.

N . 1922. P aterson , J .  W ., 108, C orbridge S treet, 
B yker, N ew castle-on-Tyne.

N. 1923. Peacock, J .  E ., 42, B olam  S treet,
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 ., 2, Tw eed S tree t,
H ebbum -on-T yne.

N . 1922. P ittu c k , M. D . (Miss), 4, C atherine 
T errace, W hitley  B ay.

N . 1913. Quick, W . H ., 54, A venue Road,
G ateshead-on-Tyne.
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N.

N.

L.

« T E C
1917.

1922.

1922.

N. 1922.

N. 1920.

Sc. 1919.

N. 1920.

Sc. 1920.

Sc. 1920.

Sc. 1911.

N. 1912.

N. 1922.

B. 1910.

Sc. 1920.

N . 1923.

E.M . 1915. 
B . 1910.

Sc. 1913.

B . 1917.

N. 1923.

N. 1921.

R ae, A lex., K ilns P lace , P  
N .B.

R ang , E . J . ,  E d w alto n  H ouse, 
lan d  R oad , N o rth  Shields.

R e d p a th , J . ,  25, B u rn ley  !
B laydon-on-T yne.

R endell, R . J . ,  23, R oyston  A venue 
S o u th  C hingford , E .4 .

R obson , A. E ., 26, W es t View 
Lem ington-on-T yne.

R obson , E . V ., 86, A ddycom be T er 
race, H ea to n , N ew castle-on-T yne

R odger, J .  W ., 18, K en n ed y  D rive 
P a rtick , G lasgow.

S la ter, B ., 7, F ow ler G ardens, D un  
ston-on-T yne.

Sm ith , J . ,  46, Glasgow R o ad , B a rr 
head , N .B .

Sm ith , J . ,  23, C arlibar R o ad , B a rr  
head.

S m ith , W . H ., 19, V ic to ria  P lace
A irdrie.

Spence, W . D ., 3, G ladstone T errace  
N ew castle.

Spencer, F . C., 17, B elg rave  T errace  
N ew castle-on-T yne.

Spiers, F ., 116, W ilton  R o ad , Spark  
hill, B irm ingham .

S ta rk , A ., B ellm on t C ottage, K ir  
kintilloch.

S tobbs, T ., 32, A rm stro n g  T errace  
S o u th  Shields.

S tyles, W . T ., 52, R oe S tree t, D erby
S u tto n , W . H ., 147, A n tony  R o ad  

Saltley , B irm ingham .
Sw ord, J . ,  13, P aisley  R oad , B a rr 

head , N .B .
T hom as, J .  E . L ., 210, O ldbu ry  R oad  

G reets G reen, W est B rom w ich.
T ow ns, E ., 50, W h iteh ead  S tree t 

S o u th  Shields.
T u nnah , R . C., 22, R ip o n  G ardens 

Jesm ond , N ew castle-on-T yne.

hniki



T e a r
B ’n c h . of A SSO C IA T ES.

E lection .
N . 1921. T urnbu ll, R . G ., “ N orw ood,”  W e st

w ood A venue, H ea to n , N ew - 
castle-on-Tyne.

S. 1922. T yler, G. H ., 86, P ickm ere R oad ,
Crookes, Sheffield.

N . 1914. U sher, J .  W ., 10, The A venue, L ead-
gate , Co. D urham .

N . 1922. V an-der-B en, C. R ., 169, D unsm uir
Grove, G ateshead-on-T yne.

N . 1923. W atson , J . ,  3,P ercy  C ourt, N o rth 
um b erlan d  S tree t, N o rth  Shields.

L. 1911. W ells, G. E ., 88, L arcom  S tree t, W a l
w o rth , S .E .

N . 1914. W ilkinson, J.. W estoe V icarage,
Sou th  Shields.

Lncs. 1917. W ilson, A ., 51, W oodfield R oad ,
A ltrincham .

Sc. 1911. W ilson, J . ,  A lpha C ottage, K irk in 
tilloch, N .B .

L. 1922. W ooding, J .  P ., 30, M arlborough
R oad , Q ueen’s R oad , B edford .

S. 1920. W ordsw orth , W . A ., 11, Coverdale
R oad , M illhouses, Sheffield.

Sc. 1919. Y oung, C., 74, C ram ond S tree t, G las
gow.
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M e m b e r s  c h a n g i n g  t h e i r  a d d r e s s  a r e  

r e q u e s t e d  t o  n o t i f y  t h e  s a m e  i m m e d i a t e l y  

t o  t h e  G e n e r a l  o r  B r a n c h  S e c r e t a r y  o f  t h e  

D i s t r i c t .








