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T h e Institute of 
British Fou n drym en

ANNUAL CONFERENCE 
HELD AT GLASGOW.

June 9, 10, 11 and 12, 1925.
The tw enty-second annual convention of the 

In s ti tu te  was held in Glasgow from Tuesday, 
J u n e  9, to  F rid ay , Ju n e  12. T he business of the 
C onvention opened on Ju n e  10 a t  the  In s titu te  of 
E ngineers an d  Shipbuilders in  Scotland, E lm bank 
C rescent, M r. R . O. P a tte rson , th e  re tir in g  presi
den t, presided, and th e re  were a large num ber of 
members and  visitors present.

Civic Welcome.
The P r e s i d e n t ,  in  in troducing  the  proceedings, 

said  he was sorry to  have to announce th a t  Lord 
P rovost M ontgom ery, th e  civic head of th e  city, 
had been called away to  London in connection w ith 
m unicipal business. In  his absence, however, he 
had p leasure in calling upon B ailie Angus 
M cDougall to  extend greetings to  th e  members 
a tten d in g  th e  Convention.

B a i l i e  M c D o u g a l l ,  who was cordially received, 
explained a t  th e  ou tse t th a t  th e  Lord Provost of 
th e  c ity  had  been summoned to  London in con
nection  w ith th e  Glasgow B oundaries Bill. As 
business men, they would, in th e  circum stances, 
apprec ia te  th e  fac t th a t  th e  subord inate  ought to  
do his best in th e  absence of th e  chief. T hat, 
therefo re , was his du ty  th a t  m orning. I t  was his 
priv ilege to extend to  them  a hearty  welcome to  
the  c ity  of Glasgow. A t the  m om ent i t  was not 
his in ten tio n  to  deliver any th ing  in th e  n a tu re  of 
a speech, because la te r  in th e  d ay  he would, he 
hoped, be speaking to  them  a t  th e  reception in 
th e  C ity  Chambers.

L o r d *  I n v e r n a i r n ,  on behalf of th e  Glasgow 
R eception Com m ittee, extended a form al welcome 
to  th e  delegates. H e explained th a t  th e  Glasgow

B
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C om m ittee had  endeavoured to  a rran g e  fo r  those 
a tten d in g  th e  C onvention an  in te re s tin g  as well 
as an in s tru c tiv e  program m e. The social aspect 
had not been overlooked, and, indeed, i t  had  been 
the earnest desire of th e  R eception  Com
m ittee  to  re tu rn , in  some sm all m easure 
a t  least, th e  hosp ita lity  which th e  S cottish  
members of th e  Ih s ti tu te  had  a t  all tim es 
received when a tte n d in g  sim ilar conferences 
in E ngland. From  th e  in form ation  placed 
a t  his disposal he understood th a t  th e  In s t i 
tu te  had  m et in Glasgow on th ree  p re 
vious occasions, nam ely, 1905, 1911 and  1920.
S ince th e  la s t annua l conference was held in 
Glasgow, th e  In s ti tu te  had  been incorporated  by 
Royal Chanter. W hile he did n o t propose to  tre s 
pass upon th e ir  tim e  and patience, he should like 
to say th a t  m eetings of th is  k ind , w here an ex
change of views was encouraged, had  a value both  
im po rtan t and far-reach ing . In  th e ir  own
industry , as well as o thers, i t  seemed to  him  to 
be one of th e  essential roads to  success. M embers 
of th e  In s titu te —a t least so fa r  as Scotland was 
concerned—were rep resen ta tive  of Scottish  foundry  
practice and  engineering, and  he noticed  th a t  
visits were to  be paid  to  th e  works of th e  C arron 
Company, th e  F a lk irk  Company and  the  establish
m ents of Messrs. Babcock & W ilcox and M essrs. 
W eir, of O athcart. These were firms who were 
known th roughou t th e  world. Proceeding, Lord 
In v e rn a irn  w ent on to  say  th a t  th e  success of th e  
in itia l annual congresses had  been such as to  lead 
to  a  dem and for extended  oppo rtun ities for th e  
fu r th e r  acquisition of p rac tica l and scientific 
knowledge. I t  had resulted  in  th e  fo rm ation  of 
local sections no t only in Glasgow, P aisley  and 
F a lk irk , h u t in all large centres of th e  iron 
industry  in E ngland . A t these places b ranch  
m eetings were regu larly  held. I t  was very pleasing 
to  reflect th a t  th e  In s ti tu te  of B ritish  
Foundrym en was ta k in g  a forw ard p a r t  in b rin g 
ing about an in te rn a tio n a l sp ir it  am ong foundry 
men in  G rea t B rita in , A m erica, F rance , I ta ly , 
Spain , etc. They of th e  R eception C om m ittee and 
th e  In s ti tu te  in Glasgow were glad  to  have the  
delegatee w ith them , and  th e ir  one wish was th a t 
th e  v isit should prove n o t only beneficial, h u t 
in teresting .
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C o l o n e l  J .  A. R o x b u r g h ,  on behalf of the 
Glasgow Cham ber of Commerce, joined in the  
gree tings of th e  members of th e  Convention. 
Glasgow, i t  was well known, seemed to  be a mag
n e t th a t  drew conferences of every conceivable 
k ind  to  its  m idst, and th e  Chamber of Commerce 
in  Glasgow, whom he represented , was always 
delighted to  welcome to  th e  o ity  any body of men 
o r women who had  any th ing  to  do w ith trad e s  and 
industries  o r who were w orking in  any way w hat
ever for th e  good of th e  country. H e  need not 
rem ind th e  members of th e  C onvention th a t  the  
p a rticu la r industry  in  which they  were in terested  
had been and  still was in  a very depressed con
dition . I t  d id  seem to  him , however, th a t  the 
very fac t of th e  industry  being so depressed was 
a  justification  for the  p resen t Convention. I t  
ought to  encourage them  to  pursue th e  line they 
were tak in g  in  order to  get th e ir  processes and 
th e ir  o rgan isation  more perfec t th a n  they  had 
ever been before. Some of them  he was afra id  
when th ey  got in to  low sp irits  were a p t to  take  
ra th e r  a pessim istic view of the  fu tu re  as regards 
th e  industries of th e  country, b u t he was sure they 
would agree w ith him  in saying th a t  they did not 
feel th e  last days of G reat B rita in  had come as 
yet. Personally , he was confident they  would pull 
th rough  th is  troub le  as they  had got through o ther 
troubles. In  th e  m eantim e, however, i t  behoved 
them  all to  work together, both from the  side of 
the  employers and th a t  of th e  employees. On 
behalf, therefo re , of th e  Glasgow C ham ber of 
Commerce and th e  m anufactu rers of the neighbour
hood, he welcomed th e  delegates to  th e  city. He 
hoped th e  m eetings would be both p leasan t and 
profitable and th a t  th ey  would go away w ith a 
good im pression of Glasgow.

P r o f e s s o r  A .  L .  M e l l a n b y ,  D .Sc., Royal Tech
nical College, Glasgow, humorously rem arked th a t 
th e  mem bers had  his sym pathy in being subject to 
th e  d isciplinary process of listen ing  to  so many 
speeches. I t  seemed to  be inevitable th a t  before 
th e  mem bers could enjoy th e  delights of Glasgow 
and d is tr ic t they  should be subjected to  th e  p ar
tic u la r  ordeal known as speech-making. Already 
a  welcome had  been extended to  them  from  the 
business men of Glasgow, b u t he (Professor 
M ellanby) was th e re  th a t  day represen ting  the
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scientific, technical and educational side of the  
city. T h a t side of Glasgow would prove equally 
dem onstrative, and i t  would extend as h ea rty  a 
reception to  th e  mem bers of th e  C onvention as 
had already come from  th e  m ore p rac tica l busi
ness men. If , however, they  had  th e  feeling  
th a t  by coming to  th e  c ity  they  were going to  
derive some additional excitem ent, he was a fra id  
they  would be ra th e r  disappointed . On behalf of 
the  body he represen ted  he welcomed th e  delegates, 
and he tru s ted  they would all have a  happy and 
prosperous v isit.

The Oliver Stubbs Medal.
The P r e s i d e n t  rem arked th a t  i t  was now his 

p leasan t d u ty  to  ask Lord In v e rn a irn  to  p resen t 
the  Oliver -Stuhhs m edal to  M r. A. C am pion. The 
Council on the  previous evening had  selected M r. 
C am pion for th a t  d istinction .

L o r d  I n v e r n a i r n  said he had  been asked by the  
In s ti tu te  to m ake th is  p resen ta tion , and  i t  was 
an honour which he personally highly appreciated . 
I t  was now well known in th e  in d u stry  th a t  the  
O liver S tubbs m edal was presented  for m eritorious 
service rendered  on behalf of th e  In s ti tu te  of 
B ritish  Foundrym en, and i t  was fe lt  th a t  the  
p resen t rec ip ien t (M r. Campion) was well w orthy 
th e  d istinction .

M r .  C a m p i o n  said he was deeply apprecia tive  
of the  high honour th e  In s ti tu te  had  conferred 
upon him . H e  was now beginn ing  to  w onder if 
th e  honour was a t  all deserved. A ny th ing  he 
had been able to  do e ither for th e  In s ti tu te  o r th e  
foundry tra d e  in general had  been work th a t  lie 
really  loved. H e had  alw ays been fasc inated  by 
foundry  tra d e  problems, and he hoped he would 
con tinue to  he so for m any years to  come. In 
deed, if ho could assist the  In s titu te  in any  way 
or could benefit th e  in d u s try  in any p a rticu la r 
d irection  he would be pleased to  do so.

T h e  P r e s i d e n t  a t  th is  stage  of th e  proceedings 
rem arked th a t  they  w ere deeply g ra te fu l to  all 
th e  civic and o ther d ign ita ries  who had  jo ined  in 
th e  welcome th a t  m orning. They had  now, how
ever, completed the  first p a r t  of th e  program m e.

The Year’s Bereavements.
The m inutes of th e  las t annua l m eeting  hav ing  

been read  by th e  ac ting  secretary , th e  P res id en t



m entioned th e  names of those who had died during  
th e  p as t twelve months. As a tr ib u te  to  th e  
memory of those who had  gone the  delegates stood 
m  th e ir  places.

ANNUAL REPORT AND BALANCE SHEET. 

For the Session 1924-1925.
The G eneral Council have pleasure in  p resenting  

to  th e  mem bers th e ir  repo rt of th e  progress and 
work of th e  In s ti tu te  du ring  th e  p ast Session, 
1924-25.

T hree G eneral Council m eetings have been held 
d u rin g  th e  Session a t York, York and Sheffield 
respectively. R epresen tatives of th e  Branches from 
all p a rts  of th e  coun try  have a ttended  th e  m eet
ings, and  th e re  has been an average attendance  of 
tw enty-tw o.

The respective branches have th e  following 
members a tta c h e d : —

A ssociate

B irm in gh am  
E a st M idlands 
L an cash ire  
L ondon  
N ew ca stle  
S cottish  
Sheffield  
W est B id in g  of 

Y orks. 
W ales an d

M onm outh
G eneral

M em bers. M embers. A ssociates. T otal.
48 (56) 81 (85) 14 (14) 143 (155)
32 (31) 44 (46) 8 (7) 85 (85)

105 (99) 197 (174) 9 (6) 311 (279)
75 (80) 68 (64) 12 (11) 155 (155)
80 (84) 86 (100) 76 (67) 242 (251)
54 (65) 114 (150) 26 (21) 194 (240)
85 (86) 88 (89) 12 (12) 185 (187)

34 (36) 50 (46) ' - 84 (82)

19 (16) 12 (11) _ _ 31 (27)
47 (31) 44 (4) 4 95 (25)

579 (604) 785 (810) 161 (142) 1525(1556)

T he figures in  b rack ets are for th e  Session, 1923-1924.

The to ta l num ber of members on the roll of th e  
In s ti tu te  on A pril 30, 1925, was 1,525. As th e
Coventry B ranch  has been disbanded for the
present, mem bers belonging to  th a t  B ranch have 
been tra n sfe rre d  to  th e  general list. The Council 
reg re t to  have to  rep o rt th a t  eigh t deaths have 
ta k e n  place d u rin g  th e  year.

The mem bers would learn  w ith reg re t of the
death  in  A ugust la s t of M r. B uchanan, who was
the  first P res id en t of th is  In s titu te  in  1904 and 
1905. M r. B uchanan  was also a tru stee , and took 
a very keen in te re s t in  every th ing  apperta in ing  
to  th e  w elfare of th e  In s titu te .
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The In s ti tu te  has also lost a valued mem ber in 
th e  death  of M r. E . H . B roughall. I t  w ill be 
rem em bered th a t  M r. B roughall was ju n io r Vice- 
P res id en t las t year, b u t had  to  resign owing to  
ill-health .

M r. Oliver Stubbs, a P a s t-P re s id en t of th e  
In s titu te , has been elected an H on. L ife M ember 
in recognition of h is valuable services.

Annual Conference, 1925.
This will be held on Ju n e  10, 11 and  12 in  the  

L ecture H all of th e  In s titu tio n  of E ngineers and 
Shipbuilders in  Scotland, E lm bank C rescent, Glas
gow, by th e  k ind  perm ission of th e  au tho rities .

“ Oliver Stubbs ” Gold Medal.
The th ird  m edal was aw arded to  M r. Jo h n  Shaw, 

of th e  Sheffield B ranch , fo r his work in  connec
tion  w ith  th e  Test B ars Com m ittee and  m erito rious 
services rendered  to  th e  In s t i tu te  over a period of 
m any years.

General Council.
The members who re tire  in  accordance w ith  th e  

rules a r e :—Messrs. W . T. E vans, A. F ir th ,  J. 
H aigh , E . Carey H ill and  J .  G. Robinson. 
Messrs. E vans, F ir th ,  H aigh  and Robinson offer 
themselves for fe-eleetion.

Standardisation of Test Bars.
Good progress has been made du rin g  th e  year, 

and  a w orking arrangem en t has been a rrived  a t 
between your Com m ittee and  th e  B .C .I.R .A . Three 
jo in t m eetings have been held and  th e  general 
outline of th e  I .B .F . Specification accepted. From  
fu r th e r  tes ts  i t  is probable th e  loads specified on 
th é  tran sverse  bars will be lowered to  come in to  
line w ith  th e  usual 28 cwts. now specified on th e  
2 in. x 1 in. +  36 in . bar. Two full m eetings have 
also been held w ith  th e  B .E .S .A ., D r. Moore, of 
th e  W ar Office, being elected chairm an . All th e  
g re a t public dep artm en ts  and  chief technical 
societies were rep resen ted  a t  those m eetings. F ive 
o ther members of th e  I .B .F . were co-opted to  serve 
on th is  C om m ittee in  th e ir  capacity  as m akers of 
heavy castings. W hile good and favourable pro



gress has been made, no general s ta tem en t can 
be m ade, as th e  proceedings a re  confidential.

No fu r th e r  progress has been m ade w ith the 
In te rn a tio n a l B ar. The home question m ust be 
se ttled  first.

Diplomas.
These have been aw arded to  th e  following for 

P apers read  a t  m ee tin g s :—E . M. C urrie, 
C oventry ; F . W. Rowe, for P aper read  before E ast 
M idlands B ranch ; J .  A. G ardner, Scottish ; A. L. 
Key, L ancashire ; A. Sutcliffe, B urnley ; J .  W. 
G ardom , London ; A. R hydderch, for P ap e r read 
before London B ranch ; J .  P . K ayser, Sheffield ; 
J .  D . Nicholson, N ew castle; C. Gresty, N ew castle;
H . B. Beeny, C oventry ; 0 .  Smalley, N ew castle;
E. Longden, B irm ingham ; S. G. Sm ith, L anca
sh ire ; A. R . B a rtle tt , London.

British Cast Iron Research Association.
The C ast Iro n  R esearch Association during  the 

p ast year has made considerable progress. A fter 
th ree  years’ office as P residen t, Lord W eir, in 
accordance w ith th e  Articles of Association, 
resigned, and was succeeded by S ir John  Dew- 
rance, K .B .E . A d is tinguished group of gentle
men in  th e  ironfounding  and engineering indus
tr ie s  accepted th e  office of V ice-President.

The num ber of members has increased, and for 
th e  first tim e d u ring  th is, th e  fou rth  year of the 
A ssociation’s existence, the  m inim um  income 
stip u la ted  by th e  D epartm en t of Scientific and 
In d u s tr ia l R esearch has been reached. I t  has, in 
fac t, been exceeded by a good m argin , and i t  is 
hoped d u rin g  th e  n ex t financial year, the  final year 
of th e  five-year period du ring  which G overnment 
su p p o rt was prom ised, to  increase th is m argin  to  
cover th e  whole of th e  shortage of income during 
th e  first th ree  years.

D uring  th e  year laboratories have been acquired 
w here investigations and chemical, m echanical and 
microscopical tes ts  are  being conducted. In  addi
tion , im p o rtan t fundam enta l investigations are 
being carried  ou t on a  p rac tica l scale in  foundries, 
and  o ther researches are  in  progress a t  the 
U niversities of B irm ingham , Sheffield and M an
chester, toge ther w ith th e  N ational Physical 
L aboratory .
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A num ber of research reports have been issued, 
and  a considerable am oun t of m a te ria l is avail
able for early  d is trib u tio n . The B u lle tin  has been 
issued regu larly  each q u a rte r .

The relations b e tw e e n 'th e  A ssociation and  th e  
In s ti tu te  have become exceedingly close. The 
delegate m em ber appoin ted  by th e  In s t i tu te  to  the  
A ssociation, M r. H . F ield , a tten d s  Council m eet
ings, and  th e  D irec to r of th e  A ssociation has been 
inv ited  to  jo in  th e  Council of th e  In s ti tu te . The 
two bodies have also co-operated w ith  sin g u la r 
success in  connection w ith  work on a  n a tio n a l 
specification for grey and  m alleable irons, now 
being considered by th e  B ritish  E ng ineering  S ta n 
dards A ssociation. I n  th is  and  in  m any o ther 
d irections i t  is fe lt th a t  th e  tw o bodies can work 
for th e  benefit of the  industry .

Members of th e  In s ti tu te  who would like 
in fo rm ation  on th e  work of _the A ssociation a re  
cordially inv ited  to  com m unicate w ith  th e  D irec
to r, and  i t  is hoped th a t  every B ritish  m anufac
tu re r  in the  engineering  and  iron found ing  indus
tr ie s  will recognise th e  economic advan tages of 
m em bership, by which, for a sm all an n u a l sub
scrip tion , benefits accruing from  a to ta l annual 
expend itu re  of over £7,000 can be secured.

American Foundrymen’s Association.
The close association betw een th e  In s t i tu te  and 

th e  A m erican F oundrym en’s Association is to  be 
cem ented n ex t year, when an  In te rn a tio n a l g a th e r
ing  is to  be held in  th e  au tu m n  a t  D e tro it C ity. 
An official in v ita tio n  is being extended  to  all 
members to  p a rtic ip a te . The system  of th e  
exchange of P apers has been con tinued  th is  year.

Association Technique de Fonderie de France.
In  th e  au tu m n  of th is  y ear a jo in t m eeting  w ith  

th e  Belgian Foundry  A ssociation is being held in 
Liege, and members will be welcomed on th a t  
occasion.

R .  0 .  P a t t e r s o n ,  P resident.
W. G. H o l l i n w o r t h ,  General Secretary.



Balance Sheet.
The accounts and balance sheet are presented here

with :—

I n c o m e  a n d  E x p e n d i t u r e  A c c o u n t ,  for the year 
ended December 31, 1924.

E x p e n d i t u r e .
£ s. d.

Postages .......................... 87 13 10
Prin ting  and stationery, including print

ing of proceedings 496 19 6
Council, finance and annual

meeting expenses .............. 36 15 5
Expenses in connection with

Cardiff branch meeting ... 8 4 9 45 0 2

Illuminated address .......... 11 0 0
Branch expenses—•

Lancashire ... .............. 89 13 2
Birmingham .............. 82 18 7
Scottish .......................... 83 19 9
Sheffield .......................... 60 18 9
London ... .............. 42 17 0
East Midlands .............. 19 6 6
Newcastle .......................... 101 11 7
Coventry .......................... 20 10 6
West Riding of Yorkshire 15 14 6
Wales and Monmouth 16 14 0 534 4 4

A udit fee and accountancy 9 9 0
Incidental expenses .............. 23 9 2
Salaries—secretary and clerk 400 0 0
Rent o f office ... .............. 65 0 0
Depreciation of furniture 9 9 8
Diplomas and certificates 53 8 8

£1,735 14 4
Donation Birmingham Chamber

10 10 0of Commerce ..............
Donation Faraday Society 10 10 0 21 0 0

1,756 14 4
Excess of income over expenditure ... 277 7 7
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I n c o m e .
£  s. d.

Subscriptions received ... ... ... 1,913 14 9
Sale of proceedings .................. 10 0 6
Interest on W ar Loan and cash on deposit 30 6 8 
Donation—Birmingham Chamber of Com

merce .....................................  ••• 80 0 0

£2,034 1 11

L i a b i l i t i e s .
£  s. d.

Subscriptions paid in advance 101 11 6
Sundry creditors .............. 320 5 8
Tbe Oliver Stubbs Medal

iFund—balance from last
account .............. 205 0 4
Refund of tax on invest

ment .............. 3 9 0
Interest to date .............. 7 19 4

216 8 8
Less; Cost of Medal,

1924 .......................... 9 10 0 206 18 8

Surplus a t December 31, 1923 9 10 0
A dd: Excess of income over

expenditure for year
ended December 31, 1924 277 7 7 999 14 6

£1,628 10 4

A s s e t s .
' £  !3.  (1 . £  s. d .

Cash in hands of secre
taries—

Lancashire .............. 2 15 1
Birmingham .............. 11 15 9
Scottish .......................... 21 13 6
Sheffield .......................... 77 5 0
London .......................... 34 4 9
East Midlands 28 18 11
West Riding of York

shire .... .............. 25 16 7
Coventry ... .............. 18 2 8
Wales and Monmouth ... 7 6 0 227 18 3

General Secretary 5 16 8
Lloyds Bank, Limited—

General account .............. 269 19 5
Deposit account 400 0 0 669 19 5
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A s s e t s — continued.
£  s. d. £  s. d.

Oliver Stubbs Medal Fund—
£342 5s. 7d. local loans £3 

■per cent, stock a t cost ... 200 0 0
Balance in hand Lloyds 

Lloyds Bank, Ltd. ... 6 18 8 206 18 8

Investment account—
£100 5 per cent. National War bonds
£550 5 per cent. War Loan at cost ... 432 10 1

Furniture, fittings and fixtures—
Per last account ..............  94 16 11 ,

Less; Depreciation 10 per 
cent. ... ... ... 9 9 8 85 7 3

£1,628 10 4

We have prepared and audited the above balance- 
sheet with the hooks and vouchers of the Institute 
and certify same to he in accordance therewith.

(Signed) J. & A. W. S u l l y  & Co., 
Chartered Accountants, Auditors.

Diploma Winners.
T h e  P r e s i d e n t  rem arked th a t  doubtless mem

bers would be in terested  to  learn  th a t  the  follow
ing gentlem en had been aw arded diplomas by th e  
C o uncil:—Messrs. D. W ilkinson, B irm ingham : 
J. W l F r ie r , N ew castle; Jow ett, L ancash ire ; and
F . C. Edw ards, B irm ingham .

Presentation to Mr. O. Stubbs.
T h e  P r e s i d e n t  sa id  h e  had now to  tu rn  to 

a p leasan t task , namely, th a t  of passing on to  
M r. O liver S tubbs an illum inated  address in 
album  form  as a  small recognition and as a re
m inder of th e  m any signal services he had rendered 
to  th e  In s ti tu te  and  to  th e  foundry trad e  in 
general.

M r .  O l i v e r  S t u b b s ,  who received an en th u 
siastic  ovation  in  rising  to  reply, said he was 
deeply sensible of th e  honour th a t  had been done 
him . A lready he had  received from a previous 
P res id en t an  illum inated  address in. recognition of 
th e  li t t le  h e  h ad  been able ibo do on behalf of the 
In s ti tu te  and th e  foundry  trad e . The address in 
his possession was a very large one, and when the
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suggestion was throw n o u t to  h im  th a t  he should 
accept ano ther address, he had  h in ted  th a t  it  
m igh t ta k e  book form, so th a t  i t  could be handed 
round  to  h is friends. A lthough he had  gone o u t 
of office, his in terests  were closely bound up  w ith 
those of th e  In s titu te . Personally , he fe lt th a t  
was th e  proper sp ir it to  prom ote. I t  was only 
r ig h t th a t  those who had go t the  experience should 
continue to give th e  younger members th e  benefit 
of th a t  experience. A lthough, as he had  already 
rem arked, he had  re tire d  from  active d u ty  as an 
office-bearer, he s till did his very best to a tte n d  all 
the m eetings. H e noticed th a t  a ll th e  p a s t p resi
dents of the  In s t i tu te  were n o t w ith  them  th a t  
m orning. To his m ind th a t  was ra th e r  u n fo r
tu n a te , because he did th in k  th a t, some of the  
gentlem en who were absent m ight have got to  the  
annua l ga thering . A t the  m eeting  of th e  Council 
on th e  previous evening som ething had  been said 
about th e  form ation  of ju n io r branches. P e r
sonally, he was a firm believer in th is , th a t  the  
success of th e  In s ti tu te  en tire ly  depended on th e  
m anner in which they  looked a f te r  th e  in te rests  
of th e  younger men. H e  w as a believer in  the  
idea’of g e ttin g  hold of th e  young. I f  they  tre a te d  
them  in th e  p roper w ay an d  w ith  th e  r ig h t
m easure of ta c t  they  would come o u t r ig h t a t  th e
finish. H e was delighted to  no tice  th a t  two of th e
jun io r m em bers of' th e  L ancash ire  b ranch  were 
w ith them  on th is occasion, and  he hoped the  
In s titu te  would develop' along th e  lines of g iv ing  
every possible m easure of encouragem ent to  the  
young men connected w ith th e  industry .

Induction of New President.
T h e  P r e s i d e n  r  said th a t  th e  n ex t item  on the  

program m e was, to  h im  a t  all events, a  very happy  
one. H e  could assure them  th a t  th e  P res iden tsh ip  
of an In s ti tu te  such as th e irs  was no easy m a tte r . 
So fa r  as he was concerned, however, he had  
regarded i t  as a  labour of love. C erta in ly  he had 
ra th e r enjoyed the  work. A t th e  sam e tim e, i t  
•was arduous, and to  some e x te n t he had p leasure 
in  hand ing  th e  duties over to  his successor. H e 
proposed, therefo re , th a t  th e  new P res id en t of 
th e  In s titu te  for th e  ensuing year should be Mr. 
J .  Cam eron, of K irk in tilloch , th e  senior vice- 
president.



Me . F . J .  C o o k  (past-president), B irm ingham , 
said i t  afforded him pleasure to  second the  propo
sition  m ade by th e ir  good friend , M r. P a tte rson . 
W ith  all due respect and  reverence for those who 
had gone before, he was hound to  say th a t  he felt 
M r. Cam eron, of K irk in tilloch, would m ake an 
ideal P residen t. H e subm itted  his nam e w ith the  
g rea te s t confidence.

The proposition was p u t to  th e  m eeting and 
carried  w ith  acclam ation. M r. Cameron was duly 
invested w ith  th e  chain of office by Mr. P atterson .

Me . J .  O a m e e o n ,  in  acknowledging th e  honour, 
hum orously rem arked  th a t  i t  was only las t n igh t 
he began to  realise the  job he had  taken  on. Mr. 
P a tte rso n  and th e  o ther P residen ts of th e  past 
had  n o t tak en  th e ir  du ties an d  responsibilities a t 
all lightly . T here was no doubt of th is, however, 
th a t  w ith in  th e  las t four or five years th e  In s titu te  
had  been g e ttin g  a li tt le  m ore am bitious. As a 
m a tte r  of fac t, i t  had  been asking a g rea t deal 
m ore from  its  P res id en t th an  was th e  case in the 
earlie r days. They were no t con ten t now with 
m erely a simple ou tin g  and  a few papere. The 
social elem ent as well as th e  prac tica l and scientific 
aspects of th e  C onvention had  been fully developed 
and  explored. H e was conscious of his own lim ita
tions, b u t he yielded to  none o f those who had 
occupied th e  p residen tia l chair when he spoke of 
the  ad m ira tion  he had for the  In s titu te  and its 
work. W ith  th e  help he would get from  the 
senior v ice-president and th e  ju n io r vice-president, 
as well as th e  co-operation th a t  would come from 
an adm irab le  Council, he  would do h is best to 
m a in ta in  th e  high trad itio n s  of th e  past.

Election of other Officers.
T h e  P e e s i d e n t  rem arked th a t  he had now a  very 

pleasing du ty  to  perform , and th a t  was to  subm it 
th e  nam e of M r. Y. C. F au lkner for th e  post of 
senior vice-president. H is enthusiasm  for the 
industry  was well known, and he had lite ra ry  
powers above most of his colleagues in the  mem
bership. I t  did seem to  him  th a t Mr. F au lkner 
would m ake an excellent P res id en t when his tim e 
cam e along for holding th a t  office.

M e .  O l i v e s  S t u b b s  seconded th e  nom ination of 
Mr. F au lkner, senior vice-president. Those who 
had  come in to  contac t w ith  the  la t te r  gentlem an
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knew he would m ake a thoroughly  good officer 
because he had th e  best in te rests  of the  industry  
and  th e  In s ti tu te  a t  h ea rt.

The proposition was p u t to the  m eeting and 
carried  unanim ously.

M b . F a u l k n e r , in  th e  course o f  a  brief 
acknow ledgm ent, sa id  he h ad  to  th a n k  th e  members 
most sincerely for hav ing  elected him  as senior 
vice-president. The im pression had  ra th e r  been 
borne in upon him  th a t  m orn ing  th a t  th e  post was 
no sinecure. N ex t year th e  work m igh t be of a 
more extended n a tu re  because London was ra th e r  
a  difficult d is tr ic t in which to  organise a confer
ence. N ot only so, b u t they  would have n ex t year 
the  In te rn a tio n a l Congress in  D e tro it C ity. P e r
sonally, he hoped th a t  as m any members as possible 
would accompany him to  A m erica in O ctober of 
th a t  year. An In te rn a tio n a l Com m ittee was being 
form ed, and h is colleague (M r. D elport) was 
leaving for th e  U nited  S ta tes  in  th e  n ear fu tu re  
so as to  b rin g  back th e  necessary d a ta  and  in fo r
m ation. They were desirous of en su ring  th a t  not 
only B rita in  b u t E urope m igh t be adequate ly  
represen ted  in th is conference.

M r .  P a t t e r s o n  proposed th e  election of M r. 
J .  T. Goodwin, of iSheepbridge, as ju n io r vice- 
president, rem ark ing  th a t  M r. Goodwin was a very 
old and valued mem ber of th e  In s titu te . H e had 
tak en  a considerable in te re s t in th e  fo rm ation  and  
conduct of th e  B ritish  C ast Iro n  R esearch Asso
ciation. H e  was confident th a t  when th e  tim e 
came M r. Goodwin would m ake an  ideal p residen t.

Mr . Y .  O .  F a u l k n e r ,  who seconded, said th a t  
Mr. Goodwin joined th e  In s t i tu te  as fa r  back as 
1905. H e had  had a  message from  M r. Goodwin 
re g re ttin g  th a t  a sudden call to  tow n had  p re
vented him  from  ta k in g  p a r t  in  th is  conference. 
The In s ti tu te  could co n g ra tu la te  them selves th a t  
M r. Goodwin had  allowed his nam e to  go forw ard. 
The proposition was ca rried  unanim ously.

Mr . H . J .  Y o u n g  proposed and Mr . G. E . 
R o b e r t s  seconded th e  re-election of M r. F . W . 
Finch as honorary  tre a su re r , th e  form er rem ark ing  
th a t  Mr. F inch  was a  founder of th e  In s ti tu te  and 
its first secretary .

M r. W. G. H ollinw orth was re-elected general 
secretary, sym pathetic  references being  m ade to
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his health . A telegram  was dispatched conveying 
the  g reetings of th e  Conference. As the resu lt of 
a ballot, Messrs. W. T. E vans, H . W in terton , T. 
H arley, A. F ir th  and J .  H aigh  were elected to  the 
Council.

Messrs. F . J .  Cook, T. H . F ir th  and 0 . Stubbs, 
all past-presidents, were re-elected trustees, and 
Messrs. J .  & A. W. Sully & Company the auditors.

W hilst th e  ballot was being taken  M r .  C a m e r o n  
delivered his presiden tia l address, in which he 
said : —

PRESIDENTIAL ADDRESS.
G entlem en,—I t  is five years since our last Con

ference was held in Glasgow under th e  presidency 
of Mr. Riddell, an d  i t  is my privilege to welcome 
you aga in  to  Scotland, where I t ru s t  we shall have 
a  successful g a thering  and he favoured w ith good 
w eather.

I t  is a m a tte r  of reg re t th a t  th e  coal and m etal 
industries a re  extrem ely depressed, especially 
locally. Only th e  foundries m aking ligh t castings 
have th e ir  o u tp u t approaching th e  norm al, while 
some of th e  la rger shops and foundries have not 
been so qu iet for m any years. The industry , how
ever, has w eathered  m any a storm  in  th e  past, and 
i t  is to  be hoped th a t  th e  present conditions will 
speedily disappear. I t  is du ring  such periods th a t  
progressive firms tak e  advan tage  of the  qu iet spell 
to  ca rry  o u t im provem ents and re-organisation. 
There is tim e to  overhaul obsolete p lan t, to  improve 
p rac tice  and conditions of work, and to  effect 
economies. I t  is indeed in  such tim es th a t  the 
accum ulated experience and knowledge of the  
In s ti tu te  become m ost valuable.

In  th e  course of th e  year th e  In s titu te  has been 
sorely bereaved by th e  loss of its  first president, 
Mr. R obert B uchanan, and by one who, had his 
health  n o t broken down, would have been elected 
your p res iden t to-day. In  M r. B roughall I  was 
fo r tu n a te  enough to  m ake a warm personal friend, 
and have on more th a n  one occasion enjoyed his 
hosp ita lity . H e was a fine foundrym an, equipped 
b e tte r  th a n  most of us, and he p u t th e  stam p of 
efficiency on everything he undertook. The places 
left vacan t in our ranks by th e  loss of those two 
members will be h a rd  to  fill, b u t th e ir  example is 
bound to  be a  stim ulus to  th e  younger generation
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of b rillian t m eta llu rg ists and foundrym en who h are  
in recen t years become a  prom ise to  our fu tu re .

Now th a t  our In s ti tu te  has completed its  tw enty- 
first b ir thday  and > passed th e  adolescent stage, i t  is 
an o p po rtun ity  to  go back to  th e  early  days and 
no te  the steady grow th an d  developm ent and com
pares its  s tan d in g  and im portance to-day w ith  its  
modest outlook tw en ty  years ago.

W hen we ta k e  in to  consideration  th e  adverse 
factors -which have operated  for some tim e, the  de
pression, th e  unem ploym ent and th e  h igher ra te s  
of subscrip tion , th e  progress m ade can n o t be con
sidered otherw ise th a n  satisfac to ry . The actua l 
work accomplished m ay be gauged to  some ex te n t 
by th e  reports of P ap ers  published in  th e  
Proceedings and  also in  th e  technical Press. T here 
are  also m any unpublished which a re  given and 
discussed a t d ifferent branches. In  Scotland th e  
in te rest among th e  members and  th e ir  large 
attendances a t  th e  regu la r m eetings is m ost g ra ti
fying, w hilst the  discussions are  invariab ly  sp irited  
and in teresting . A nother p rom inen t and sa tisfac
to ry  fe a tu re  in  th e  work of th e  In s t i tu te  is to  he 
found in  th e  keen in te res t and excellent a tte n d 
ances a t  th e  m eetings of th e  Council, in  sp ite  of 
th e  long distances m any of th e  delegates have to  
trav e l w ith  th e  cost and loss of tim e  involved. 
F ac ts such as these are  a sure index of in te res t 
and  prosperity .

The s tan d a rd  of th e  P apers given is ris in g  in a 
very noticeable degree, both  in  respect of quality  
and varie ty  as well as scope. F req u en tly  an ex 
cellent P aper is read  by a keen p rac tica l w orker, 
to  whom, in  some cases a t  least, th e  necessary 
lite ra ry  work is a rea l labour. Sometim es when 
h earing  o r read ing  a P aper and  discussion some
th in g  new or o rig ina l is suggested, and  one should 
tak e  advan tage  of th is  by g iving i t  a  tho rough  and  
p a tie n t tr ia l  in th e  foundry.

W e a re  s till very conservative and re lu c ta n t to  
leave the  beaten  track . D uring  th e  la s t few years, 
however, we have seen abroad foundrym en who 
have n o t been a fra id  to  strik e  o u t on new and 
o rig inal lines in  respect of cupola work, g a tin g  of 
moulds, te s tin g  and p a tte rn  m aking, and  more 
recently  in  ob ta in ing  oast iron  in  its  strongest 
physical s tru c tu re  and composition, n o t occasion
ally by chance, b u t regu larly  and uniform ly. L e t
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us t r u s t  th a t  our In s ti tu te  will be encouraged to 
leave “  ru le  of thum b ”  and ta k e  its  share in 
discovering and  m aking known im proved methods 
and procedure. I t  should be superfluous to-day to  
repea t th e  advice o ften  given th a t  a  log be 
accurately kep t daily w ith fu ll details of cupola 
charges, o u tp u t and tim e-table, and th a t  th is  be 
followed up  by a daily or frequent te s t of the 
metal.

The subject of education has been one of the  
leading them es for years in presidential addresses. 
There is no necessity to dwell on th e  subject. 
Much is being done in  th e  progressive branches to 
develop th is  good work quietly and  steadily. I t  
is work in  which the  In s titu te  takes a deep and 
rea l in te rest and in which i t  takes the  leading 
p a r t . F rance  has tak en  up th is  subject very 
thoroughly  in th e ir  specially organised and com
p lete  arrangem ents recently  in s titu ted . The m ain 
po in t is to  in te res t th e  studen t in his c ra ft, to  give 
him a t  least some elem entary knowledge of the 
constituen ts of th e  m etals and raw  m aterials, w ith 
in s truc tion  as to  th e  proper methods of tre a tin g  
them . The s tu d en t m ust be convinced th a t  in his 
own in te rests  such knowledge is essential, should 
he have th e  least spark  of am bition and asp ire  to 
th e  position of forem an or m anager. W ith in  the 
la s t few m onths tw-o foreign moulders were adver
tised  for a position abroad. E ventually  two were 
selected, both  young w orking moulders, one of 
whom had  tak en  advantage of th e  excellent 
Foundry  Technical In s titu te  a t  F alk irk , th e  other, 
who was n o t w ith in  range of sim ilar facilities, had 
ta k e n  a correspondence course on th e  subject. 
This was one of th e  m ain  factors in  th e ir  securing 
responsible and rem unera tive  jobs w ith  good pros
pects of prom otion. M em bership of our In s titu te  
is invariab ly  a po in t in  an app lican t’s favour for 
such positions, especially when he has taken  
advan tage  of any technical and  practical tra in in g  
organised by th e  branches.

A year ago in  his presidential address Mr. 
P a tte rso n  re fe rred  to  th e  activ ities of th e  B ritish  
C ast I ro n  R esearch Association, and expressed the  
hope which was en te rta in ed  regard ing  its fu tu re  
ac tiv ities a fte r th e  difficult in itia l period th rough  
-h ic h  i t  had passed. A t th a t  tim e, nearly  a t the  

d of its  th ird  year of existence, i t  had  obtained
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a  num ber of members, b u t its  research  program m e 
was scarcely in  being, and i t  had n o t succeeded in 
ra ising  in  any single year th e  m inim um  incom e 
stipu la ted  by th e  G overnm ent. H owever, th e  
C ouncil en te r ta in ed  such hope of th e  fu tu re  th a t  
they  undertook w ith  th e  G overnm ent t h a t  not 
only should th e  m inim um  income be secured during  
th e  succeeding two years, b u t th a t  th e  difference 
between th e  actua l and s tipu la ted  income for the 
first th ree  years should be obtained . The fou rth  
year, closing a t  th e  end of th is  m onth , has indeed 
b rought a  very s tr ik in g  change. N ot only has the 
m inim um  income been secured, b u t a  considerable 
frac tion  of th e  deficit of th e  firs t th re e  years has 
also been raised , and  th e  fu tu re  has never been 
b righ te r th a n  a t  th e  p resen t tim e. The quarterly  
B ulletin  has been issued reg u la rly ; th e re  is a 
continuously increasing use by m em bers of the  
L ib rary  and In fo rm ation  B ureau . A num ber of 
members have been advised on difficulties arising  
in foundry working, and m any have expressed 
considerable sa tisfac tion  w ith  th e  resu lts , and  s till 
more members have been personally v isited by th e  
d irecto r and consu ltan t. A research  program m e is 
in full swing, and investigations a re  proceeding a t 
the  U niversities of Sheffield, M anchester an d  B ir
m ingham , and more recen tly  an im p o rtan t piece of 
work has been commenced a t  th e  N ationa l Physical 
L aboratory . In  add ition , th e  A ssociation has 
acquired its  own laboratory  and  has increased its  
staff. Im p o rtan t work is also being ca rried  ou t in 
th e  works of various members. The co-operation 
between the  In s ti tu te  and  th e  Association has in 
creased considerably, since th e  In s t i tu te ’s delegate 
member now acts as a mem ber of th e  Council of 
th e  A ssociation, and  th e  d irec to r of th e  Associa
tio n  has been inv ited  to  jo in  th e  Council of th e  
In s titu te . The two bodies a re  also co-operating 
very closely th rough  the  Jo in t Test-B ar Com m ittee 
in connection w ith  th e  estab lishm ent of n a tiona l 
specifications fo r cast and  m alleable iron , th e
I .B .F . specification being used as a  basis for grey 
iron.

I n  regard  to  th e  fu tu re  of th e  industry , th e re  is 
a vast field for im provem ent in m ethod, in  o rgan i
sation  and in  research. The work of th e  m oulder 
is m ost in te resting . I t  calls for skill, for resource, 
for experience gained from  th e  ever changing



varie ties of work. Too much of his tim e is taken 
up in  th e  p repara tion  and hand ling  of sand in 
ram m ing and  liftin g  heavy boxes. Modern method 
is in th e  d irection  of e lim inating  many of these 
by mechanical m eans and confining the  m oulder’s 
work to the  exercise of his skill. G rea t improve
m ents in p lan t for th is  purpose have been made, 
and th e ir  adoption by en te rp rising  firms has 
effected considerable economies in cost of produc
tion  and on cost. In  th is respect a p len tifu l 
supply of the  cheap power about which so much has 
been heard  will be essential, particu larly  if  the 
advan tage  of th e  electric furnace is to become a 
practical proposition for more general use. There 
is a  grow ing dem and for castings of quality , p a r
ticu larly  in regard  to cast iron. E ngineers re~ 
qu ire  reduction  in w eight w ithout loss of streng th , 
and th e  la t te r  im provem ents in in te rn a l combustion 
engines call for quality  which can only be produced 
by the  com bination of scientific knowledge hand- 
in-hand w ith  efficient foundry equipm ent and pro
cedure. Members of th e  In s titu te  have taken  a 
leading place in  th is  respect and there  is endless 
scope for fu r th e r dem and and  development.

The cen tre  of all foundry work is th e  cupola, 
and  i t  is in te resting  to  know th a t  th e  B ritish  Cast 
Iro n  Research Association have tackled th is im
p o rta n t subject, collecting th e  various details 
involved, w ith th e  view of reaching some approach 
to  reliab le  s tan d ard  practice.

Much work has yet to  be done in regard  to 
tes ting , b lending and use of sands, particu larly  in 
th e  way of m aking use of local m ateria l. The 
em ploym ent of oil sand cores has received a good 
deal of a tten tio n  and is becoming more general, 
w ith  good results. In  th is  subject alone th ere  is 
a whole field of useful research,

The problem of tran sp o rt, especially in foundries 
engaged in  th e  ligh ter classes of work, has not, 
except in exceptional cases, received th e  considera
tion  which i t  requires. In  a P aper read  in  Glas
gow in F ebruary , i t  was pointed out th a t  in a 
ligh t castings foundry m elting 30 tons per day, the 
m ateria ls handled  am ounted to  approxim ately  255 
tons, 150 tons by th e  moulders and 105 tons by 
unskilled labour. These figures, although approxi
m ate, are  illum inating  and  show the  desirability  of 
m aking use of modern methods to  effect consider
able saving in energy, tim e and unnecessary labour.
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So fa r , I  have noted in  a very rough  sketch a 
few of th e  more s tr ik in g  po in ts in th e  w ork and 
progress of the  In s titu te  in th e  p ast and  for the  
fu tu re . I t  may be on account of th e  foundrym an’s 
a r t  being so in tr ic a te  and  so elusiye and  conse
quently so in te resting , b u t in any case i t  is a  very 
s trik in g  fac t th a t  our In s t i tu te  has the  facu lty  of 
g e ttin g  the  very best o u t of its  office-bearers. The 
p ast presiden ts in p a r tic u la r  have given a splendid 
record of service. They have b u ilt up and  m ain
ta in ed  the  p resen t position and have b rough t to  
th e  In s ti tu te  both  honour and  d ign ity . This 
efficient and constan t service has no t been confined 
to  presiden ts, b u t has been general th ro u g h o u t th e  
branches -where th e  more unobtrusive, b u t none the  
less efficient work done by local p residents, com
m ittees and secretaries is th e  m ost valuable asset 
any In s ti tu te  could possess.

O ur object a t  th is  ann iversary  period  should be 
to apprecia te  th e  sp ir it  of loyalty, en thusiasm  and  
service of those who have gone before and  who 
have so nobly borne th e  bu rd en  of th e  early  
struggles. Insp ired  by th e ir  example, le t us not 
be con ten t w ith th e  elim ination  of fa ilu res o r de
fects, b u t le t us strive  to  im prove and still im
prove w orking conditions and  quality  u n til sub
s ta n tia l im provem ent is a tta in ed  in th e  m elting  of 
m etal an d  in th e  qua lity  and finish of th e  castings. 
To a tta in  th is one has to  tak e  some trouble , bu t 
help is to  be found in th e  in terchanges of experi
ence and visits to  works which m em bership implies, 
and th e  rew ard is th e  rea lisa tion  of a t least p a ri 
of our ideal, a keener in te res t in our own work and 
increased sa tisfac tion  and confidence from our 
custom er. I  can honestly affirm from my own p er
sonal experience th a t  since becom ing a member of 
th is In s titu te  I  have gained  much, p rim arily  in 
th e  m any friendships m ade, which to  me a re  even 
more valuable th a n  th e  knowledge and  experiences 
which have been considerable.

Gentlem en, I  th a n k  you for th e  honour con
ferred  upon me, and I  shall do w hat I  can to  
m ain ta in  the  h igh s tan d a rd  set up by my p re
decessors in office.

Votes of Thanks for Address.
M r . J .  S h a w ,  Sheffield, said  th a t  if M r. Cameron 

had  provided them  w ith  a fo re taste  of w hat they
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had  to  expect in th e  coming year, then  they  were 
assured of good th ings. Th© P residen t had touched 
on the  prac tica l side of th e  work, and he had given 
them  an incentive to  strive  to  do b e tte r in  the  
fu tu re . They had  been g reatly  helped by w hat M r. 
Cameron had said to  them  th a t  day. I t  afforded 
him pleasure, therefore, to  move th a t  th e  thanks 
of the  members be extended to  th e  P res iden t for 
his in te resting  inaugura l address.

M r .  F . J .  C o o k ,  B irm ingham , in seconding, 
rem arked th a t  he had a good deal to  do w ith the  
earlier history  of th e  Association. As the  oldest 
p a s t p res iden t of th e  In s titu te  he could appre
c ia te  as much as anyone else th e  progress th a t  had 
been made. H e well remembered w ith w hat fear 
and trem bling  th e  original n ine floated the  In s ti
tu te . Two of the  orig inal founders were present 
th a t  day. They had no conception where they 
m ight u ltim ately  get to  w ith  the  In s titu te . Cer
ta in ly  a t  first th e re  was a g rea t deal of struggle 
to  push th e  A ssociation forward, b u t it  was a 
de ligh t to all of them  to no te  th a t  progress had 
been m ade in  num bers, while they  had also gained 
in  prestige. H e fe lt ce rta in  th a t  th e  good work 
would continue to  he enhanced by the  acquisition 
of th e  p resen t P residen t.

Retiring President Thanked.
T h e  P r e s i d e n t ,  in calling for a vote of thanks 

to  th e  re tir in g  P res id en t fo r his services during 
th e  p ast year, rem arked th a t  M r. P a tte rson  had 
v isited  all th e  B ranches H e had done w hat he 
could to  uphold th e  honour of the  In s titu te , and 
th ey  were g ra te fu l to  him  for his efforts. Mr. 
P a tte rso n  had undoubtedly p u t his h e a rt into the 
work. They knew he would do th a t , bu t he had 
surpassed him self du ring  the  year and had p u t in 
an  ex trao rd in a ry  am ount of activ ity .

Mr . J .  S h a w ,  Sheffield, in seconding, said visits 
to  B ranches in  d ifferent centres of the  
kindom  entailed  a  g rea t deal of tim e  and 
th o ugh t. T h a t was altogether a p a r t from the 
correspondence th a t  the  P residen t had to under
ta k e  in  rep ly ing  to  points raised by individual 
members.

M r . B .  O . P a t t e r s o n , i n  a c k n o w l e d g i n g  t h e  v o t e  
o f  t h a n k s ,  s a i d  h e  w a s  v e r y  g r a t e f u l  f o r  t h e i r
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recognition of his work. H e could assure  them  
th a t  his year of office had  been m ost in teresting . 
H e had visited every B ranch of th e  In s ti tu te  ex
cept one. The experience he had gained had  been 
of invaluable service to  him . H e had  th e  feeling 
th a t  th e  educative advan tages of th e  In s titu te  
were no t stressed as they  ough t to  be. The m eet
ings for discussion on po in ts of m u tu a l in te res t 
and difficulty had  gone a long way tow ards im prov
ing th e  earn in g  capacity  of th e  m em bers. T hat, 
a t  all events, had  been h is own personal experi
ence, and  he had  been a m em ber of th e  In s ti tu te  
since 1905. Nowadays he fe lt th a t  he m ust have 
known very litt le  about foundry  w ork when he 
jo ined th e  In s titu te .

The rem ainder of th e  session was devoted to  the 
read ing  and  discussion of P apers .

Civic Reception.
In  th e  afternoon , and before proceeding to  th e  

O ity Cham bers fo r a  civic reception , M r. Cam eron, 
on behalf of th e  In s titu te , placed on th e  Cenotaph 
a laurel w reath , carry ing  th e  le tte rs  “  I .B .F .” 
The members and friends were th e  guests of th e  
Lord Provost, M ag istra tes, and  Town Council of 
Glasgow. They were received in  th e  Satinw ood 
Salon by B ailie A ngus M cDougall, who was accom
panied  by m any of th e  o ther m ag istra tes  of th e  
city , as well as mem bers and  officials of the 
C orporation.

B a i l i e  M c D o u g a l l ,  addressing th e  com pany in 
the  B anqueting  H all, rem inded them  th a t  the  
In s titu te  was form ed 22 years ago. I t  was 
in au g u ra ted  w ith  th e  idea of p rom oting th e  in te l
lectual w elfare of th e  members. The o ther side 
of its  orig in  and  inception  was to  m ake, if a t  all 
possible, fo r th e  advancem ent of th e  foundry 
industry . Personally  he was glad th a t  he was in 
a position to  congra tu la te  them  on the  success th a t  
had  been a tta in ed . The dem ands of m odern eng i
neering  were now very exacting , and w ith com
p e tition  both severe and intensified, i t  really  
behoved all foundrym en to  ta k e  advan tage  of 
every oppo rtu n ity  of acqu iring  knowledge of 
m ateria ls and  methods. I t  did  seem to  him  (Bailie 
McDougall) th a t  th e  In s t i tu te  of B ritish  F ou n d ry 
men offered a valuable m edium  for th e  acquisition  
of such knowledge.
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M b .  J o h n  C a m e r o n ,  th e  P residen t, appro
p ria te ly  acknowledged th e  kindness of th e  Corpora
tion  to  th e  members of th e  In s titu te . To his mind 
th e re  was no more suitable place in  the  whole 
kingdom  th a n  Glasgow for a  civic reception to  a 
body such as the irs. Glasgow was strongly tied  
up w ith th e  foundry industry  as well as w ith the  
huge coal and m etal industries. Since th a t  was 
th e  acknowledged position, a welcome from its civic 
ru lers was bound always to  he very acceptable.

Mb . R . O. P a t t e r s o n ,  th e  re tir in g  P residen t, and 
S i r  A r c h i b a l d  M c I n n e s  S h a w  joined in the 
ora to ry , which, on account of th e  heat, was brief. 
I n  th e  course of the  afternoon th e  guests were 
served w ith  ligh t refreshm ents.

ANNUAL BANQUET.
The annua l banquet was^held in  th e  Grosvenor 

R estau ran t.
A fte r th e  usual loyal toasts had been proposed 

by T h e  P r e s i d e n t ,  and duly honoured, M r .  R . O . 
P a t t e r s o n ,  re tir in g  P residen t, proposed the  toast 
of “ The C ity of Glasgow,”  which, in th e  absence 
of th e  L ord  P rovost, he coupled w ith the  nam e of 
B ailie A ngus M cDougall.

H e explained a t  th e  outset th a t  the  early  history 
of Glasgow commenced in th e  six th  century. 
Owing to  th e  exceptionally favourable position of 
the  city  geographically, i t  developed its boundaries 
very extensively. So much was th a t  th e  case th a t  
w hereas th e  population  of Glasgow in 1801 was 
some 17,000 odd, i t  was to-day well over a million. 
I t  had  th e  m astery  of th e  sea on one side, while 
i t  was su rrounded  by collieries th a t  provided excel
len t coal. As Englishm en well knew, Glasgow was 
capable of producing excellent pig-iron. In  the 
earlie r stages of its  career Glasgow had  trem endous 
difficulties to  contend w ith in  order to  gain  an 
access to  th e  sea. Indeed, some years ago the  
R iver Clyde was only fit for th e  navigation  of 
sm all boats. An immense sum of money had, how
ever, been expended in  order to  b ring  th e  sea to  
Glasgow, and th e  ou tlay  in  th a t  direction  had 
m ade for th e  general developm ent and advance
m ent of th e  city.

B a i l i e  A n g u s  M c D o u g a l l ,  in  replying to  the  
toast, sa id  i t  was o ftep  a  nxoot po in t for discussion
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w hether th e  Clyde made Glasgow or Glasgow made 
the  Clyde. The g rea test problem , however, th a t  
faced the  city  a t  th e  m om ent was th e  one of 
extension. No doubt Glasgow was indebted  to  the  
Clyde T ru st for th e  foresight and  m anagem ent they  
had  shown. The city  had  been favoured certa in ly  
in  hav ing  th e  n a tu ra l fac ilities of the  L anarksh ire  
coalfields ju s t  a t  hand  to  develop th e ir  industries, 
b u t even m aking every allowance fo r all these 
th ings, he was going to  assert th a t  Scottish  fo re
s igh t had  con tribu ted  to  m ake Glasgow w hat i t  was 
to-day. As a m a tte r  of in fo rm ation  to  th e ir  
English guests, he would p o in t o u t th a t  Glasgow 
had 53 persons to  th e  acre, com pared w ith  33 in 
Liverpool and  M anchester, 21 in  B irm ingham  and 
16 in  Leeds and  Sheffield. They would be ready  
to  recognise a f te r  hearin g  these s ta tis tic s  th a t  th e  
problem of Glasgow in  th e  m a tte r  of density  of 
population  was a very pressing one. I f  th e  city  
could only ex tend  its boundaries r ig h t ou t in to  th e  
country  i t  would he able to  prove helpful to  the  
citizens. I t  would give th e  la t te r  b rea th in g  space. 
The problem was a pressing one. A t th e  m om ent 
it  was being discussed in  London, and indeed it  
was th a t  circum stance which accounted for the  
absence of L ord-Provost M ontgom ery from  the  
present function . In  th e  course of his address 
while proposing th is  to a s t M r. R . O. P a tte rso n , 
the P ast-P res id en t of th e  In s titu te , had  made 
some hum orous reflections on th e  uncom fortable 
n ig h t he had  spen t in  a c ity  hotel alongside which 
the Glasgow tram cars  seemed to  ru n  incessantly, 
and  fa r  from  noiselessly. On th a t  po in t 
he (B ailie McDougall) observed th a t  the  
tram w ays m anager in  Glasgow was concerned 
no t so much about th e  question of rubber 
wheels for tram cars  as th e  rubber wheels of 
th e  com peting om nibus.. Personally , he did not 
th ink  i t  was a ltogether a had th in g  th a t  they  
should have th is  keen com petition on th e  stree ts 
of the  city . Indeed , he ra th e r  welcomed th e  buses. 
I t  seemed to  him  th a t  if th e  buses could give good 
service th en  in  sp ite  of all th e  C orporations in 
the world they  would win eventually . I f  they  could 
not, th en  th e  tram w ays would still con tinue to 
hold th e ir  own.

T h e  P r e s i d e n t  a n n o u n c e d  t h a t  i t  h a d  been 
n e c e s s a r y  t o  m a k e  o n e  o r  t w o  a d j u s t m e n t s  o n  t h e



to ast lis t owing to  the  absence of invited  guests. 
The to a s t of “ The F oundry  and Allied Indus
tr ies  ” would now be proposed by M r. H . Thomson 
C lark, m anager of th e  “ Glasgow H era ld ,” and 
th e  reply would come from  S ir Archibald M clnnes 
Shaw and B ailie A. Ghogan, of th e  C entral Iron- 
m oulders’ Association, F alk irk .

M r .  H . T h o m s o n  C l a r k  said since the  knowledge 
had come to  him  th a t  he was to  propose th is sen ti
m ent he had  been try in g  to  realise w hat the 
foundry  tra d e  in  Glasgow and th e  kingdom really 
represented . H e had  been try in g  to  analyse the 
word foundry, and if his assum ption was correct 
as to  its m eaning th en  th e  foundry industry  m ust 
be one of th e  key industries. P rince  H enry, in  a 
recent speech in Glasgow, had ventured to rem ark 
th a t  Clyde labour was synonymous with excellence. 
W hether th a t  repu ta tion  would he conceded by 
those from  th e  o ther side of th e  B order he could 
not say, h u t apparen tly  from  the  look of the 
audience when the  haggis was brought those 
p resen t appeared to  be thoroughly appreciative of 
Scotland. (L aughte r.) Then he understood th a t 
i t  was coming on to  a period of 25 years since the 
In s ti tu te  was founded. K now ing th a t  circum 
stance as to  th e ir  history, he would ask them  to  
cast th e ir  m inds back over th e  last q u a rte r of a 
cen tu ry . I f  they  did so, then  i t  seemed to  him 
they  would be able to appreciate  th e  considerable 
advance th a t  had been made in  the  foundry trade.

S i r  A r c h i b a l d  M c I n n e s  S h a w  predicted  th a t  
Mr. Jo h n  Cameron would m ake one of th e  best 
presidents th e  In s titu te  of B ritish  Foundrym en 
ever had. A lthough trad e  a t  the  mom ent m ight 
be dull, they  were no t d isp irited . B ut the dullness 
was n o t confined to  th e  foundry  and allied indus
tr ie s—i t  was dull in m any o ther places. B ritish  
foundrym eii were a  scientific body of men. They 
did no t know in these difficult tim es w hether they 
could m ake money o r not, bu t if they could make 
good castings th a t  was everything. The making 
of good castings was th e  one th ing  th a t  worried 
foundrym en. G enerally speaking, however, the 
B ritish  foundrym an was a man of g rea t resource. 
H e knew the  methods and processes of his trade , 
and he was consistently  o u t for im provem ent. He 
was well aware th a t  foreigners were try ing  to  beat



B ritishers in m any th ings, b u t he held tenaciously 
to th e  view th a t  they  would never bea t G rea t 
B rita in  in foundrym en.

B a i l i e  A. G. L o g a n ,  whose nam e was also 
associated w ith  th e  sen tim en t, said he had  
been a  foundrym an since he had  ¡been able 
to  do any th ing  a t all. As a  foundrym an 
he took a p rid e  in  know ing every th ing  th a t  
perta ined  to  th e  foundry . N ot only so b u t 
he felt proud of th e  fac t th a t  th e  w orkm en a t  
all tim es seemed to  ta k e  a  pride in  th e  work they  
Were producing. I f  he knew any th in g  a t  all of 
the  aims of th e  In s titu te  of B ritish  Foundrym en 
he should say  th a t  one of th e ir  chief objects and 
desires was to  encourage tra in in g  so th a t  the  pro
duction  of o u tp u t m ig h t be th e  best ob ta inab le  from 
th e  combined application  of science and skill. H e 
agreed w ith  S ir Archibald M clnnes Shaw in saying 
th a t  th e re  was no danger from  foreign  com petition 
in th e  foundry  and allied trad e s  so long as th ey  
had every m eans of applying research  and  scien
tific production , combined w ith  th e  physical skill 
of th e  workers them selves. As Scotsmen, however, 
and as foundrym en th ey  w ere proud  of th e  fa c t 
th a t  th ey  were capable of tu rn in g  o u t men who 
could go to  th e  ends of th e  e a rth  and carry  on the  
industry . F a lk irk , th e  cen tre  of th e  ligh t c a s t
ings industry , produced more th a n  em inent football 
players. I t  was a d is tr ic t th a t  was capable of pro
ducing very good castings. T here was a  feeling 
in certain- circles th a t  th e  In s t i tu te  of B ritish  
Foundrym en was an organ isa tion  th a t  belonged to  
th e  employers. H e  h ad  heard  th a t  rem arked 
before, and he w anted to  w arn  the  mem bers of th e  
danger of such a  feeling. I t  o ugh t to  be rem oved 
as soon as possible. Som ething ought to  be done to  
show th a t  th e  In s t i tu te  welcomed a ll in to  its  
o rgan isation , and  the  aim  was to  im prove work 
and  scientific foundry  practice. I f  they  could d is
pel th a t  feeling, then  Mr. John  Cam eron would 
have rendered, du ring  h is year of office, an in es ti
mable service to  th e  In s titu te  of B ritish  F oundry 
men.

The Toast of the Institute.
M r .  J a m e s  W e i r  th e re a f te r  proposed th e  to a s t of 

“ The In s ti tu te  of B ritish  Foundrym en .”  H e ex 
plained th a t  he h ad  been asked by his b ro ther, 
Lord W eir, to  express his sincere re g re t a t  no t



being w ith them  on th e  occasion of th is  banquet. 
L ord  W eir had  received an u rg en t call, which he 
could no t see any way of avoiding, and personally 
he could assure th e  P residen t th a t  no one reg re tted  
the  absence of Lord W eir more th a n  he did. 
(L augh te r.) H e felt, however, he could adequately 
rep resen t his b ro ther in expressing appreciation  of 
the  In s titu te  of B ritish  Foundrym en. The In s ti
tu te  was undoubtedly  a v ita l and  living force in  
th e  developm ent of the  industry  w ith which i t  was 
associated. The a r t  of casting m etals was still far 
from  being an ex ac t science—in fac t i t  was only 
em erging from the  era  of the  dom ination of tr a d i
tion  and c ra f t skill. So much the more im portan t, 
th erefo re  were th e  annual Conventions of the  
In s ti tu te  in  form ing a c learing  house of inform a
tion , d a ta , and experience, and in  co-ordinating 
the  allied sciences of m etallurgy and engineering. 
W ith in  his own experience he had seen th e  enor
mous progress which had been made in th e  tech
nique of th e  industry , and in th e  elucidation of 
the underly ing  principles governing it. B u t they 
could n o t have failed to  notice th a t  no sooner had 
they  solved th e  problems of to-day th an  the pro
gress of engineering  and the  o ther industries which 
they  served se t still harder problems for to-morrow. 
The in te rn a l combustion engine, for example, w ith 
its extrem e tem p era tu re  grad ien ts, had necessi
ta te d  an en tire ly  new type  of practice and re 
search. In  fact, he personally though t i t  was not 
too much to  say th a t  th e  fu r th e r progress of th e  
in te rn a l combustion engine depended on the  foun- 
drym an. On th e  o ther hand, th e  progress of aero
nautics, w ith its dom inant requirem ents of ligh t
ness, had  equally given rise to  new problems for the 
foundry  calling for new methods of solution. In  
both of these fields of developm ent th e ir  local 
branch  had tak en  a w orthy p a rt. Indeed, in th a t  
connection he fe lt disposed to  say th a t  th e  In s titu te  
of B ritish  Foundrym en was to  be congratu lated  on 
its  progressive policy and its  broad outlook. T hat 
was evidenced by th e  fac t th a t  papers had  been 
exchanged w ith French, Belgian and American 
Societies. Thus they  were keeping themselves in 
close touch w ith th e  progress which was being made 
in  o ther countries. In  addition  to  th a t  they  m ust 
keep in view the  ac tiv ities of the C ast Iron  Re
search A ssociation and th e  B ritish  E ngineering
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S tandards Association. Of course if an en lightened 
and progressive policy were all th a t  w ere neces
sary  th e ir  industry  would, indeed, be in a  happy 
sta te . U nfo rtunate ly , however, good castings were 
only a m eans to  an  end. They shared w ith  th e  
res t of th e  industries th e  severe depression of the 
moment. The p resen t in d u s tria l conditions neces
sarily  m ean t h a rd  conditions and  scarcity  of labour 
for the  foundry men. M oreover, th e ir  in d u stry  was 
not a pro tected  one. I t  m ust ibear th e  b ru n t of 
foreign com petition. There seemed to  him  to  be 
only one way of m eeting th a t , and th a t  was to get 
r ig h t down to  th e  job. I f  they  p u t b ra ins in to  
th e ir  methods and o rgan isation , and if th e ir  opera
tives would have sufficient flexibility to  m eet chang
ing conditions, th en  he was qu ite  convinced th a t  
nobody would bea t them  back. G rea t B rita in  had 
the  best chance of any  country . I t  had  a good 
rep u ta tio n , and he was glad to  th in k  i t  s till had 
th e  first call on th e  w orld’s m arkets.

M r .  J o h n  O a m e r o n , in acknow ledging th e  sen ti
m ent, said he had to  th a n k  M r. Jam es W eir for 
tak in g  his b ro th e r’s place a t  th is  tim e. Lord 
W eir had been good enough to  send him  a nice 
le tte r  explain ing his absence, b u t his place had  
been filled to  some ex ten t by th e  presence of L ady 
W eir. I t  was w ith som ewhat m ixed feelings th a t  
he stood before them  th a t  evening. F ran k ly  he 
had  never been so proud of any position  he held 
as of the  fa c t th a t  he was presen ting  th e  P res id en t 
of the  In s titu te  of B ritish  Foundrym en. A lthough 
he fe lt proud of th e  In s titu te  and him self th a t  
n ig h t his pride was in term ixed  w ith th e  reg re t 
they all fe lt in  th e  loss of R obert B uchanan—the  
first P residen t, and a  m agnificent Scotsm an. He 
m ade him self a friend  to everyone in th e  industry . 
A lthough the  deceased was th e  firs t P re s id en t of 
th e  In s ti tu te  his in te re s t in  its w elfare was keen to 
th e  very end. The memory of those who had gone 
before encouraged th e  o thers to  live u p  to  th e ir  
example. They would s triv e  to  see th a t  under 
th e ir  m anagem ent th e  In s ti tu te  would n o t lose 
th e  honour and d ign ity  secured fo r i t  by those 
who' had gone before. Touching upon th e  fac t 
th a t  th e  work of th e  In s ti tu te  was la t te r ly  tak in g  
on a more in te rn a tio n a l character, th e  P res id en t 
alluded to  th e  exchange of papers betw een F rance  
and A merica. N ext year the  In s t i tu te  was to  be
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inv ited  to  tak e  p a rt in one of th e  in ternational 
congresses which on th is occasion would be held 
an America. L a te r on th is year oire on a smaller 
scale was to  he held in Belgium. R eference had 
already been made to  the  fact th a t  on th e  following 
day th e  mem bers of th e  In s titu te  were going to  
he the  guests of m any good friends in F alk irk . 
In  F a lk irk  th ey  would have an o p po rtun ity  of 
seeing castings made th a t  went to  every corner 
of the  globe—civilised and uncivilised. Proceed
ing, th e  P res iden t w ent on to  say th a t  th e  work 
of th e  In s ti tu te  was a splendid one. I t  had  no th 
ing  to  do w ith th e  m undane m atters of m aking 
money or barga in ing  w ith labour. I t  had  on the 
o ther hand  a  g rea t deal to  do w ith in teresting  
the  men and even th e  apprentices. I t  set out 
w ith  th e  ideal of m aking apprentices and men 
ta k e  a g rea te r p ride in  th e ir  c ra f t and in gener
ally equipping tliem for th e  highest position which 
the  a r t  of th e  foundrym en offered. There were 
m any connected w ith the  ironfounding industry— 
he was speaking more particu la rly  of employers 
now—who had no t tim e to  come to th e  B ranch 
m eetings and ta k e  p a r t  in the  discussions. H e 
appealed to  such employers, however, to  give 
encouragem ent to  the. men to  go out to  th e  m eet
ings. F rom  his own experience he could tes tify  to 
the  good he had  derived from tak in g  p a r t  in the 
work of th e  In s titu te , and if employees were 
afforded facilities and encouragem ent by th e  
employers so as to  iden tify  themselves w ith the 
In s ti tu te  i t  would lead in the  long ru n  to  the 
developm ent and advancem ent of th e  industry .

C o l o n e l  J .  A. R o x b u r g h ,  presiden t of the Glas
gow C ham ber of Commerce, proposed th e  to as t of 
“ Scientific and  Technical In s titu tio n s ,” and th is  
he coupled w ith th e  nam e of Professor Mellanby,
D .Sc., th e  p residen t of the  Glasgow Section of 
th e  In s titu tio n  of M echanical Engineers. Colonel 
R oxburgh sa id  he took th e  view th a t  the  tim e was 
p a s t yhen  anyone could carry  on a business or 
an industry  in a  w ate r-tig h t com partm ent. In  
the old days each m an was a law un to  himself. 
H e h ad  been struck w ith th e  public-spiritedness of 
th e  foundrym en. M ost of them , like himself and 
o thers present, were in  business to  make money 
ou t of i t  b u t th e  foundrym en seemed to  be in 
business to  benefit th e ir neighbours and th e  world
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in  general. People who were in possession of 
these sen tim ents and  lofty  ideals ce rta in ly  required  
no words of his to  commend them . H is notion  was 
th a t  a t  th e  p resen t tim e the  scientific and technical 
in s titu te s  requ ired  to  g e t r ig h t down to  th e  root 
of th ings. They requ ired  to  ge t down to  facts 
and first costs. H e  had  th e  belief also th a t  in 
the processes which they  opera ted  o r controlled 
they  o u gh t to  s tr ik e  o u t in  o rder to  see in  w hat 
d irection  th ey  could im prove th e ir  work. The 
scientific an d  technical in s titu tio n s were useful in 
th e  way of investigation , and in  th e  d irection  of 
showing people who* werb in terested  how to  im prove 
processes and methods. They served a  useful 
p a r t  in tra in in g  th e  young to  ta k e  th e ir  r ig h tfu l 
places in  th e  industries w ith w hich they  were 
associated. I t  had  always seemed to  him  th a t  
they  could no t bestow too m uch p ra ise  on the  
various scientific and technical in s titu te s  for th e  
work they  were doing in  the ' country . M any of 
those presen t m ust know from  practica l experience 
th a t  these  in s titu te s  were doing excellent work and 
th a t  th ey  were rendering  useful service to  th e  
country.

P r o f e s s o r  M e l l a n b y ,  w ith  whose nam e the  
to a s t was coupled, re fe rred  to  th e  benefit which 
had  accrued to  craftsm en in  Glasgow by th e  fact 
th a t  th e re  had recen tly  been com bined m eetings 
of th e  Glasgow B ranch  of th e  In s ti tu te  of B ritish  
Foundrym en and  th e  Glasgow Section of th p  In 
s titu tio n  of M echanical E ngineers. These m eetings 
had  been unique in  th a t  rep résen ta tions were 
p resen t from  th e  engineering  shops in  th e  ship
yards, and as th e  outcom e of th e  discussions they  
had  learned  a g re a t deal a s  to  th e  problems asso
c ia ted  w ith the  tre a tm e n t of Diesel engine«, for 
example. H e  was g ra te fu l to  Colonel R oxburgh 
for th e  k ind ly  references he m ade to  th e  
scientific and technical in s titu tio n s, an d  he felt 
glad to  learn  th a t  th e re  was a genera l apprecia
tio n  of th e  adm irable work they  were doing in 
th e  country .

“ The Scottish B ranch of the  In s ti tu te  of B ritish  
Foundrym en ”  was afterw ards proposed in app ro 
p ria te  te rm s by P rovost Wm, M uirhead, o f F a l
k irk . M r. Jam es Affleck, B.Sc., th e  P res id en t 
of th e  Scottish  B ranch, m ade a su itab le  
acknowledgm ent,
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Amongst those p resen t w ere : —M r. John
Cam eron (who p res id ed ); B ailie Angus M cD ougall; 
M r. Jam es W eir, of G a th ca rt; S ir Archibald M. 
Innes-Shaw , Glasgow; M r. H . Thomson C lark, 
m anager of th e  “ Glasgow H e ra ld ” ; Hey. Dr. 
M cLean W a tt, m in ister of Glasgow C a th ed ra l; 
M r. R . O. P a tte rson , re tir in g  p ast-p res id en t; P ro 
fessor A. L. M ellanby, D .Sc., President- of the  
Glasgow Section of the  In s titu tio n  of M echanical 
E n g in ee rs ; Colonel R oxburgh, P residen t of the 
Glasgow Cham ber of Commerce; M r. J .  T. Fo-rgie, 
H am ilton  (Messrs. Wm. B aird  & Company, 
L im ited, coalm a'sters); M r. J .  M. M owat, secretary 
of Messrs. Wm. Jack  & C om pany; M r. Jam es 
Affleck, P res iden t of th e  Scottish B ran ch ; Provost 
M uirhead, F a lk i rk ; Mr. A. Logan, of th e  C entral 
Ironm oulders’ A ssociation; M r. John  K ing, 
chairm an  of th e  N ational L igh t Castings Associa
tion . The croupiers w ere :—M r. Wm. B ell; Mr. 
J .  Longden; Mr. Oliver iStubbs, past-p residen t; 
Mr. Y. O. F au lkner, London, senior vice-presi
d e n t; M r. F . J .  Cbok, past-p residen t; Mr. Tom 
B e ll; M r. iG. A. Dudley. The m usical director 
was Mr. J .  O. Dorsie, while the  stew ards in  con
nection w ith th e  banquet werfe Messrs. H . Win- 
te r to n  and J .  Longden. A fea tu re  of th e  menu 
was th e  prom inence given to- “ th e  haggis.” The 
fac t th a t  th e  “  g rea t ch iefta in  of th e  pudden 
race  ” was ushered in w ith  fu ll musical honours— 
typically  h ighland a t  th a t—occasioned g rea t 
am usem ent am ongst th e  English visitors.
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THE PRESENT STATUS OF THE LABORATORY 
INVESTIGATION OF SANDS.*

By H. Ries, Ph.D.t

The labora to ry  investiga tion  of m oulding sands 
is n o t a new idea, for te s ts  of one so rt or ano ther 
have been tr ie d  for a num ber of years, th e  fine
ness te s t being perhaps th e  one m ost commonly 
applied. M any of these te s ts  have been m ade, 
however, according to th e  ind iv idual ideas of th e  
experim enter, so th a t  th ey  conform ed to  no com
mon s tan d ard , and  we consequently lacked a 
common basis fo r com parison, which is, of course, 
very un fo rtu n a te .

In  recen t years th e re  has been a  s trong  move
m ent no t only in  th e  U nited  S ta tes, b u t also in 
Europe, looking both tow ards a  refinem ent of 
laboratory  te s t m ethods, as well as th e ir  s ta n d a rd i
sation . The advan tage  of th is  is alm ost self- 
evident, b u t th e  reasons m ay be s ta ted  here.

S tan d a rd  tes ts  (1) enable th e  consum er to  de te r
m ine th e  qualities of new sands, and  in telligen tly  
com pare thèm  w ith  o thers already  in  use; (2) 
perm it th e  producer to  keep a check on th e  
un ifo rm ity  of his p roduc t; (3) m ake i t  possible 
for th e  consum er to  check all sh ipm ents as 
received in  o rder to  determ ine w hether they  con
form to  his requ irem ents and  specifications; and 
(4) a re  of value for daily  control in  th e  foundry . 
The last of these advantages is by no m eans th e  
least, and its  rap id  spread in  th e  U n ited  S tates, 
accom panied by repo rts of those who a re  using 
it, te s tify  to  its  im portance and value.

W hilst the  different tests, which will, i t  is hoped, 
eventually  become standard ised , may be large in 
num ber, i t  is no t to be th o u g h t th a t  all of them  
will be used for foundry  control. Indeed , th e  
num ber employed for th e  la t te r  purpose will p ro 
bably be lim ited , b u t add itional ones m ay serve

* T h is  P ap er w as su b m itted  on b eh a lf o f th e  A m erican  
Foum drym en's A ssocia tion  to  th e  G lasgow  C onference o f  
th e  I .B .F .

t  Dr. Hies is Chairman of th e Sub-C om m ittee on T ests, Jo in t  
Committee on Moulding Sand Research.
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for th e  exam ination of new sands subm itted  to  
th e  consum er by th e  producer, and  still others 
m ay be used m ainly in  research work on sands.

The im portan t po in t, however, as is generally 
realised, is th e  necessity of g e ttin g  th e  various 
m ethods standardised . In  addition  they  should 
be as simple as possible, and those which are  to  
be used daily in th e  foundry should n o t only he 
easily understood, hut, th e  ap p ara tu s employed 
should be as nearly  foolproof as possible, and of 
a durab le  n a tu re .

In  th e  p resen t con tribu tion , th e  w rite r in tends 
to  deal chiefly w ith w hat has been done in  the 
U nited  S tates, b u t th is  is no t to  be taken  as an 
indication  th a t  American eyes have been closed to 
th e  work of th e ir  fellow investigators across the  
sea. Indeed, they have followed these efforts in 
th e  sam e lines w ith  th e  keenest in te rest and 
appreciation . Some references to  and com
parisons w ith  foreign tes ts  will be made.

Joint Committee on Moulding Sand Research.
In  December, 1921, th e re  was organised a  Jo in t 

Com m ittee on M oulding Sand Research, acting  
under th e  auspices of th e  Am erican Foundry- 
m en ’s A ssociation and th e  E ngineering  Division 
of th e  N ational Research Council. This com
m ittee  included not only represen tatives of the 
foundry  industry , b u t also one from  each of the  
several technical societies or o ther scientific 
o rgan isations which m ight be interested  in such 
an  investigation .

An executive com m ittee was selected to  exer
cise contro l over the  en tire  investigation , except 
th e  handling  of th e  funds required . The la t te r  
a re  kep t and disbursed by the  tre a su re r of the  
A m erican F oundrym en’s Association, which is the 
financial and chief technical sponsor of th e  jo in t 
research.

As th e  work of th e  investigation  was somewhat 
diversified, i t  was recognised a t once th a t  sub
com m ittees would be requ ired  to  tak e  charge of 
and  ca rry  on th e  several phases of the  work. 
As a resu lt th ere  were organised sub-committees 
on (1) conservation and reclam ation ; (2) geolo
gical surveys; (3) te s ts ; (4) finance; and  (5) pub
licity . Sub-com m ittee num ber four was par-

c
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tiou larly  im portan t, as such a broad investiga tion  
oould n o t be ca rried  on w ithout funds. I t  is a 
pleasure to  rem ark  th a t  con tribu tions to  th e  fund  
for research  have been appreciable.

To re fe r m ore specifically to  th e  w ork of th e  
Sub-Comm ittee on Tests, i t  m ay be said th a t  the  
developm ent of s ta n d a rd  te s ts  by th is  com m ittee 
had  a  two-fold im portance, because th ey  w ere 
no t only to  be used by th e  foundrym en them 
selves in th e ir  own laboratories, b u t were also to  
be used a t  th e  te s tin g  s ta tions supported  by th e  
A m erican F oundrym en’s Association, w here th e  
sand sam ples collected by th e  d ifferen t s ta te  
geologioal surveys—to  d a te  over 800 sam ples from  
15 s ta te s—are  being investigated .

A po in t no t to be overlooked is th a t  each te s t
ing m ethod recom mended by th e  sub-com m ittee 
on te s ts  is ten ta tiv e ly  adap ted  for one y e a r’s 
tr ia l, in o rder to  determ ine by use w hether it  
meets all dem ands, needs revision, o r should be 
replaced by a b e tte r  te s t discovered du rin g  its  
p robation  period.

The recom m endations th u s  fa r  m ade by th e  
Sub-Comm ittee on Tests have been p rin te d  in  a 
pam phlet which was issued by th e  American 
Foundrym en’s Association in  June , 1924.

Fineness Test.
This tes t, as a t p resen t recom m ended by the  

A m erican F oundrym en’s Association, is essentially  
a sieve te s t. F o r core sands w ith  no clay th e  
sand is sieved dry, b u t for those sands con ta in ing  
clay substance th e  sand is first shaken in w ate r to  
which NaOH has been added, and th e  so-called 
clay substance separa ted  from  th e  ‘ ‘ g ra in  ’1 by 
siphoning. F or the  fineness te s t sieves Nos. 6, 
12, 20, 40, 70, 100, 140, 200 and 270* a re  used. 
T ha t m ateria l which passes 270 is caught in th e  
pan. The openings of the  No. 270 a re  0.053 mm. 
and th e  average d iam eter of th e  m ateria l rem ain 
ing in th e  pan  is about 0.035 mm.

F or purposes of comjiarison, i t  is n a tu ra lly  
im perative th a t  the  sam e sieve sizes should in 
all cases be used, a lthough even now in  th e  O.S. 
th is  is n o t always done. I t  is, fu rtherm ore , 
im p o rtan t th a t  th e  sieves should be ca lib ra ted

* T hese num bers re fer  to  th e  U .S . Bureau o f S tand ard s  
s iev e  series.



before use, because even carefully woven ones may 
show varia tio n  in  th e  openings for a given size. 
The d iam eter of th e  sieve openings, the  diam eter 
of th e  wires, and th e  allowable deviation or 
tolerance of each from th e  specified dimensions 
have been published by th e  U .S. B ureau of 
S tandards.*

T h a t th e  te s t works sa tisfactorily  has been 
shown beyond doubt, and there  is no difficulty in 
ob tain ing  duplicate  resu lts  which check quite 
closely if the sand is of uniform  character. Some 
criticism  has, however, been m ade of th e  so-called 
clay substance, which may include both colloidal 
clay and fine silt, and th e  p o in t has been raised 
by some, w hether for purposes of scientific 
investigation  i t  m ight not be well to  separate  
these tw o constituents. W hether i t  is essential 
for general foundry  work is open to  discussion.

A nother po in t to  be considered perhaps, is the 
effect of ta p  w ate r on th e  process. W ate r from 
th is  source m ay contain  electrolytes, and may 
vary  in  its  composition from place to  place. The 
question th en  arises, should th e  sand be tested  
w ith  d istilled  w ater. F rom  th e  foundrym an’s 
view point th is  may be regarded as decidedly 
inconvenient, and moreover insufficient d a ta  are 
as yet available to  decide w hether i t  is necessary.

The m ethod of de term in ing  th e  te x tu re  of the  
sand is d ifferent from  th a t  advocated by many 
foreign investigators and w riters, such as Pro
fessor Boswell and o th e rs ,t who commonly use 
th e  e lu tria tio n  process, and, the  au th o r believes, 
reg ard  i t  as b e tte r because, as they  sta te , i t  
separates th e  finer sizes. They, moreover, 
critic ise  th e  sieve tes t, because they  claim  i t  does 
not perform  accurate sorting , since large elongated 
g ra in s m ight go th rough  th e  meshes endwise, and 
henoe be caugh t on the  finer sieves to be weighed 
w ith  the  fine particles, in  whose company they  
should n o t be found.

In  th is  connection a tten tio n  is draw n to  the  
following f a c t s : (1) E longated  grains are, i t  is

* R ev ised  specifica tion s g iv in g  s lig h tly  grea ter  toleran ce  
lim its  w ore issued  b y  th e  U .S . Bureau o f Standards in  
A pril. 1924.

t  See P . G. H . B osw ell, “ A M emoir on B ritish  Besources 
of R efractory  Sands for Furn ace and  Foundry Purposes,"  
P art 1, 1918.

c 2
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thought, the  exception ra th e r  th a n  th e  ru le  in  m ost 
sands; (2) th e  é lu tria tio n  m ethod requires con
siderably more tim e th a n  th e  A .F.A . -sieve te s t;
(3) th e  é lu tria tio n  m ethod requ ires th e  use of 
sieves for th e  medium and  coarser sizes, b u t th e  
la rg er sizes separa ted  by w ater, come w ith in  th e  
range  of th e  finer sieve sizes of th e  A .F.A . te s t;
(4) th e  A .F.A. m ethod is in  ac tua l p rac tica l use 
in  foundries in  th e  U n ited  S ta tes, and is giving 
satisfactory  resu lts ; (5) the  A .F.A . sieve te s t
separa tes partic les down to  0.035 mm. d ia . ; and
(6) although the  au th o r has seen th e  resu lts of
m any é lu tr ia tio n  te s ts  p lo tted , he does not
rem em ber having seen any p rac tica l use m ade of 
th is extrem e separa tion  of th e  sm aller particles.

Expression of Results of Fineness Test.
H av ing  separa ted  th e  sand  in to  its d ifferen t 

groups of g ra in  sizes, n ex t m ust be considered 
th e  best m anner of expressing th e  resu lts  of th e

F i g . 1 .— S i e v e  M e s h e s  P l o t t e d  w i t h o u t  
R e g a r d  t o  S i z e  o e  t h e  O p e n i n g .

tests. Obviously, to  record  them  in tables is th e  
most convenient way, h u t w here a  large num ber 
of sands a re  so a rran g ed , a com parison of them  
is no t always a rap id  operation .

This leads then  to  th e  possibility of expressing 
th e  te x tu re  graphically , as by curves, or by  m eans 
of a num ber.

Fineness Graphs.
I f  ourves a re  used to  rep resen t th e  te x tu re  one 

is obliged to  choose between several m ethods any



one of which may a t  least be considered fairly  
satisfactory . These are  (1) th e  use of rectangu lar 
oo-ordinate paper (Tig. 1), p lo tting  th e  percent
age of each sieve as o rd inates, against the sieve 
6izes • ranged  as abscissae. On such paper, the 
sieve sizes m ay be p lo tted  a t  regu lar in tervals, 
and th e  abscissae rep resen ting  them  may be cor
rectly  spaced in proportion  to  the rea l size of the 
screen openings (Fig. 2). The first method is 
used by m any, the second by few, and i t  is open 
to  th e  objection  th a t  the  coarser sizes take  up 
all th e  room on the  chart, crowding the smaller 
ones together a t  one end.
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F i g . 2 . — S i e v e  O p e n i n g s  a r e  C o r r e c t l y  
S p a c e d  o n  R e c t a n g u l a r  C o - o r d i n a t e s .

(2) The use of logarithm ic co-ordinates for the 
screen sizes while re ta in in g  th e  rec tangu lar co
o rd in a tes  for vertical p lo tting  of percentage 
re ta in ed  by each sieve (Fig. 3). I f  logarithm ic 
co-ordinates a re  used i t  seems best to  p lo t the 
size of th e  ac tua l sieve openings. Two types of 
curves appear to have been used, regardless of the 
k ind of co-ordinates employed. One of these is 
th e  cum ulative curve (F ig. 4), probably more 
used in E urope th an  America. The o ther gives 
th e  ac tua l percentage re ta in ed  on each sieve. I t  
m ay be a m a tte r  of personal choice which one is 
used, b u t, to  th e  w riter, th e  la t te r  of the  two 
seems preferable, because any excess of certa in  
sizes is detected a t a glance, although it  may be 
argued th a t  th e  cum ulative curve would also show 
i t  by a pronounced local steepening of th e  line.
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Fineness Figure.
The second m ethod of expressing th e  fineness 

is by m eans of a figure, which may he called the  
average fineness figure. This can he done in 
several ways. One, sometimes re fe rred  to  as the 
Scran ton  m ethod, consists in  m ultip ly ing  th e  
w eight of sand  re ta in ed  on each sieve by th e  
mesh of th e  nex t coarser sieve. The sum of these 
product^ is divided by 100 and  called th e  aver
age fineness. The objection to th is is th a t  sands 
which differ m arkedly in  th e ir  te x tu re  m ay give

S p a c e d  o n  L o g a r i t h m i c  C o - o r d i n a t e s .

alm ost iden tica l fineness figures, as th e  following 
exam ples (Table I) ta k e n  from  a forthcom ing 
P ap e r by M r. O. M. N evin  will show: —

T a b l e  I .— Illustrating that similar fineness figures are 
given by totally different sands.

Mesh. No. 1. No. 2. No. 3.

6 0.0 0.10 1.10
12 . .  . . 0.0 1.00 5.03
20 0.02 9.70 9.70
40 0.72 5.76 8.70
70 19.68 19.60 10.60

100 20.18 11.30 11.30
140 14.50 10.56 10.56
200 8.26 9.22 9.22
270 ... 9.46 13.50 13.50
270 (Pan) 11.40 11.00 12.01

Clay substance 16.70 9.14 9.14
Aver, fineness 98 98 98
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B ette r resu lts a re  apparen tly  obtained if the 
percen tage  re ta in ed  on each sieve are  divided by 
th e  mesh size of th a t  sieve, and  the sum of these 
taken , and yet th is  second method is no t w ithout 
its  objections. The first one works best w ith 
coarse sands and  th e  second w ith finer grained 
ones.

One may, moreover, question w hether such an 
average fineness figure really shows as much as a 
curve, from which the percentage and d is tribu 
tion  of th e  different sized grains can be read a t  
a glance.

F i g . 4 . — C u m u l a t i v e  P e r c e n t a g e s  w i t h  
S i e v e  O p e n i n g s  o n  L o g a r i t h m i c  C o
o r d i n a t e s .

M ost foundrym en, i t  is thought, recognise the 
value of a fineness test. The te x tu re  of th e  sand 
serves to  ind icate  th e  venting  qualities of the 
m ateria l, as well as th e  smoothness of surface 
finish which i t  m ight produce, unaided by any 
facing  m ateria l, as well as th e  approxim ate size 
of casting  th a t  can be poured in it. I t  is
extrem ely  useful as one of the  tests  to  be applied
in checking up new consignm ents of sand.

Grading Sands.
In  a recen t P aper before th e  American Foun- 

d rym en’s Association, M r. C. M. iNevin has p re
sented some very suggestive ideas on th e  g rading 
of sands by m eans of the  fineness tests. H is views 
worked o u t in connection w ith a  study of some 
60 samples of Albany sand. P lo ttin g  all thoue of 
th e  sam e producers g rade  on co-ordinate paper, 
i t  was found th a t  they  agreed qu ite  closely.
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This perm itted  draw ing w hat m ight be called an 
average curve. I f  now on e ither side of th is  
two o ther curves are  draw n which include m ost 
of th e  varia tio n s from  th e  average line, shown 
by th e  sands of th a t  grade, and  shade th e  a rea  
between these two lines, i t  gives w hat N evin 
suggests calling an  area curve. (F ig. 5, repre-

F ig . 5 .— B y  S h a d i n g  t h e  A r e a  E n c l o s e d  b y  
t h e  D o t t e d  L i n e s  a n  “  A r e a  C u r v e  ”  f o r  
G r a d i n g  S a n d s .  A c t u a l l y  i t  i s  N o. 2  
A l b a n y .

senting  th e  a re a  curve of No. 3, A lbany.) Such 
a rea  curves were constructed  for the  different 
g rades of A lbany sand. H av ing  th en  the  curve 
p lo tted , any new sand from  th a t  d is tr ic t can  be 
fitted  in to  its grade. This, of. course, refers to  
tex tu re , and no t to  any o ther p roperties, a lthough 
perm eability  is w ithin ce rta in  lim its m ore or 
less associated w ith tex tu re .

Now to  apply th e  g rad ing  theory  a li tt le  
fu r th e r, le t i t  be supposed th a t  some producer 
in ano ther te r r ito ry  is selling a sand  which he 
designates as No. 6 o r 3 F ., and  ye t whose fine
ness curve fits nicely in th e  a rea  cu rve  of a  No. 1 
A lbany. W hy should th is  n o t be called a No. 1 
6and also? In  o ther words, one m ig h t probably 
reduce these descriptions to  common term s, or 
th e  sam e1 language. The idea seems a ttra c tiv e  
to  m any, and a  sub-com m ittee of th e  A .F .A . has 
been recently  appointed  to  develop it , if  pos
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sible. I f  practicable, it  is a step  tow ards the  
developm ent of sand  specifications, which may 
be given o u t by th e  consumer to  help th e  producer 
to  supply him w ith  w hat he wants.

Vibratory Tests for Fineness.
Every' industry  has its short-cut methods for 

m aking ce rta in  tes ts, and the  foundry industry  is 
no exception. Indeed, as many know, a descrip
tio n  of some was recently  presented  before the  
F rench  F oundrym en’s Congress.* In  th e  U nited 
S ta tes  some a tten tio n  has been a ttrac ted  to  what 
is known as th e  Sm ith  V ibratory  Test, and , as 
some ra th e r  s trong  claims have been made for th is 
m ethod, i t  may no t be o u t of place to  devote a 
few words to it.

Briefly s ta ted , a mass of sand and w ater are 
shaken thoroughly by hand in a te s t tube or 
bo ttle  about 6 in. h igh and 1 in. d iam eter. The 
suspension is then  placed on a v ib ra to r for half 
an hour, whereupon the  grains of different sizes 
settle  to  th e  bottom  of th e  tube, the coarsest on 
th e  bottom  and the finest on th e  top, presen ting  
a b eau tifu l series of layers. The thickness of 
these is m easured by m eans of a scale, th u s  obtain
ing th e  percen tage of th e  several grades. The 
layer of finest m ateria l is classed as bond. Mr.1 
Sm ith  has sought to  show th a t  th is  one simple 
te s t m ay tak e  th e  plaoe of all th e  s tan d ard  ones 
used in  foundry  control, b u t th is  does not appear 
to  be th e  case, as th e  following comparisons taken  
from  a P ap e r by D ie te rt on foundry control will 
show.

‘'N e a r ly  all sand showed a  la rger am ount of 
clay substance. A p a r t  of th e  bond measured 
in th e  v ib ra to ry  te s t is pan  m ateria l. The per
cen tage  of bond as shown by v ibratory  te s t does 
not enable one to  estim ate th e  perm eability  or 
s tren g th  of th e  sand. The s tandard  perm eability  
and s tre n g th  te s ts  can be m ade mu oh quicker 
th a n  th e  v ib ra to ry  te s t .”  W here th e  same sand 
m ix tu re  is  being  used from  day  to  day, the 
v ib ra to ry  te s t will give an approxim ate idea of 
w hether i t  is ru n n in g  uniform  o r not.

* Procédé d ’B tu d e  exp ér im en ta le  des Sables d e Fonderie, 
Ame C ongres d e Fonderie, Pari», N ovem ber, 1924.



Fineness and Permeability.
O bservations th u s  fa r  m ade -indicate, of pourse, 

th a t  a general re la tion  exists betw een te x tu re  
and perm eability , b u t i t  is only a  very general 
one. I f  we could calculate th e  perm eability  from  
th e  fineness, i t  would be very convenient. Thus 
fa r  no one has suggested a • sa tisfac to ry  m ethod, 
and i t  seems doubtful w hether i t  can be done.

Bonding Strength.
This all m ust adm it is a very im p o rtan t p ro

perty  of m oulding sands, and consequently one 
for which th e re  should be a sa tisfac to ry  m eans 
of m easurem ent. Any te s t devised to  m easure 
th e  bonding s tren g th  should be sim ple, rap id , and 
reiquire only easily opera ted  and rugged appara tu s . 
I t  is safe to assume th a t  th e  te s t for bonding 
s tre n g th  and th a t  for perm eability , to  be re fe rred  
to  la te r, have thus fa r  received more a tte n tio n  
and  have had  m ore labour bestowed upon them  
than  a n y  o ther laboratory  investigation  methods.

I t  is n o t th e  w rite r’s in ten tio n  a t  th e  p resen t 
to discuss the  n a tu re  of th e  bond. I ts  presence 
is acknowledged, and  th a t  i t  plays a v ita l rôle 
in s treng then ing  th e  sand and holding i t  together 
in  th e  mould is adm itted , as well as assisting  i t  
to resist the different forces which tend  to  d is
ru p t i t  before, and even du rin g  the  process of 
filling th e  mould.

T here  s till appears to  be some difference of 
opinion as to  w hat forces a re  operative in d is
ru p tin g  the  sand, th a t  is, w hether they  are 
tensile, compression, o r shearing  forces, or a 
com bination of these, which one of these the  
bond te s t should m easure, o r w hether they  a re  so 
re la ted  to  each o ther th a t  any form  of te s t  which 
measures th e  stren g th  of th e  bond may be used.

There are  in  th e  U n ited  S ta tes  th ree  types 
of te s t which have been recom mended fo r d e te r
m ining the  bonding s tren g th  of green sands, viz. : 
— (1) The b a r te s t which has been standard ised  by 
th e  A .F.A. ; (2) a compression te s t, and  (3) a te n 
sile tes t. The last tw o are now under investigation  
by th e  sub-com m ittee on tests, and recom m enda
tions may, no doubt,, be expected in th e  not- 
d is ta n t fu tu re .
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Bar Test.
This te s t involves com pacting th e  green sand 

in  a  box mould under specified conditions, then 
rem oving th e  bar from  th e  mould and draw ing 
i t  over th e  edge of a  p la te  a t a given ra te  of 
speed. The w eight of th e  piece break ing  off 
varies directly  as th e  stren g th  of the  sand.* The 
break ing  of the  bar is due m ainly to  th e  opera
tio n  of forces of tension, and  w ith  care  i t  is 
possible to  g e t average breaks which do no t vary 
by more th an  5 per cent, as specified in the  
recom m endations of th e  sub-committee. The one 
p o in t to  bear in m ind is th a t  th e  size of the 
piece which breaks off of th e  b ar depends 
p rim arily  (other th ings equal) on the streng th  
of th e  bond.

The te s t as a whole is satisfactory , and is being 
q u ite  w idely used in  different foundries for con
tro l work. The ap p ara tu s  requires more space 
th a n  th a t  used for th e  compression or tensile tes t, 
and  when the  isand is too dry  there  is considerable 
shearing  in  th e  bar, so th a t  the  tru e  stren g th  is 
no t obtained. I t  m ight be said, however, th a t 
when th e  sand gets to  th a t  condition i t  is too dry 
to work in  the  foundry.

Compression Test.
F o r th is  purpose, the sand is formed in to  a 

core, obtained by ram m ing i t  in  a cylinder, broken 
in  a su itab le  m achine by compression, th e  resu lts  
being expressed in  lbs. per sq. in ., or some other 
u n it. Several types of ap p ara tu s  are  now being 
tr ied  ou t in  th e  U n ited  S tates, and  all seem 
capable of g iving good results if properly made. 
One p o in t to  be considered is the  ra tio  of d iam eter 
to  h e igh t of sand core tested , for cores of the  same 
sand in  which the  ra tio  of these two dimensions 
vary  do no t always give the  same compression 
s tren g th  per square inch.

A cylinder, 2 in. high and 2 in. d ia ., yields a 
h igher u n it  s tren g th  th a n  one which is I f  in. high 
and 1 | in. d ia ., th e  com paction being the  same. 
F rom  th e  view -point of mechanics of m aterials, the  
la t te r  m ay be more correctly proportioned, b u t 
from  the  stan d p o in t of p rac ticab ility  the form er is

* T he stren g th  is  represented by th e  w eigh t o f th e  p iece  
b reak in g  off. See  A .F .A . pam ph let on te s t  issued June, 1934.
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easier to  m ake, because i t  can be moulded in the  
ram m er used for th e  perm eability  te s t, b u t even 
a f te r  a sa tisfac to ry  compression te s t has been 
made th e re  rem ains some question as to  w hether 
i t  is an  ap p ro p ria te  one for m easuring th e  bond
ing s tren g th  of th e  sand. T here seems no doubt 
th a t  the  chief fac to r which helps the  sand to  resist 
a compressive force is th e  bond su rro u n d in g  th e  
g ra in s of sand, and  hence i t  is assumed by some a t  
least foundrym en are  really  m easuring  th e  bonding 
s treng th .

Tests which have been m ade on th e  sam e sand 
for compression s tren g th , and w ith  th e  A .F .A . 
bar te s t, have ind ica ted  th a t  th e  curves of the  
tw o m ay ru n  more or less paralle l, b u t th a t  where 
both show a peak the two peaks are  n o t always in 
exact agreem ent. In  favour of th e  compression 
te s t is th e  fa c t th a t  th e  ap p a ra tu s  requires li tt le  
space, and  th a t  i t  can be used on d rie r  sands th a n  
the  bar te s t can. W hether i t  is more delicate  th a n  
the  b a r te s t is a m a tte r  of d ispu te .

Tensile Strength Test.
This has appealed to  some, p a rtly  because i t  was 

though t more tru th fu lly  to  m easure th e  type  of 
fa ilu re  occurring  in a green sand mould, b u t the  
te s t  itself does n o t thus fa r  seem to  have been 
developed so th a t  i t  is capable of being used as 
readily  and  w ith  as li tt le  p rac tice  as the com
pression or b ar te s t. M ost of the  experim ents 
m ade fo r tensile  s tren g th  have involved shaping  
the  sand  in to  a b riq u e tte  sim ilar to  th a t  used for 
te s tin g  cem ent. Such a b riq u e tte , if  m ade of 
m oulding sand, has b u t li tt le  s tre n g th  and  requires 
th e  most carefu l handling , and  has n o t found 
much favour. A m odification recen tly  described 
by W olf and  Grubb* consists in  ram m ing  th e  sand 
in  a core inside of a brass cylinder. This cylinder 
is divided horizontally , th e  upper and  lower halves 
being carefully  fitted , and k ep t clam ped toge ther 
while th e  cylinder is being ram m ed w ith  sand. 
The lower end is th en  fastened  to  a base, the  
clamps removed, and  tension applied to  th e  u p p er 
half. The force requ ired  to  pull th e  sand  cylinder 
a p a r t is thus m easured. This ap p a ra tu s  is 
ingenious, and is claim ed to  be delicate, b u t i t  is

* A m erican F ou n d rym en ’s A ssocia tion , P rep rin t N o . 430.



no t yet foolproof, and in un tra in ed  hands m ight
give results of doubtfu l value.

Comparisons.
W hether or no t the  bar, compression and tensile 

tests all m easure the  same stress or not, there  
seems no doubt th a t  they all determ ine the  
s tren g th  developed by bonding m ateria l in  the 
sand, and th a t  is one fac to r required, e ither in 
study ing  new sands or in  daily foundry control. 
I t  is also tru e  th a t  all th ree  of these tests are 
now in daily  use in  the  U nited  S tates for control 
work, being used for te s ting  e ither single sands or 
m ixtures. The first has been standard ised , the 
others rem ain  to be.

Permeability.
In  view of the  im portance of th is  p roperty , it  

is no t su rp ris ing  to  find th a t  m any have developed 
ap p a ra tu s  for te s tin g  it . T ha t a num ber of 
d ifferent types of ap p a ra tu s  have been tr ied  in 
both America and  Europe has been well brought 
o u t in  a P ap e r by T. C. Adams presented  to  the 
A m erican Foundrym en’s Association a t  its 
M ilw aukee convention.*

One im p o rtan t fea tu re  stressed in  th is P aper is 
th a t  w hilst all th e  d ifferent kinds of appara tus 
determ ine th e  ease w ith which a ir can be forced 
th rough  sand, th e  perm eability  as determ ined is 
ra re ly  expressed in  term s of some common u n it, 
so th a t  th e  figures obtained w ith one appara tus 
cannot be checked w ith  those of another.

Adams points out th a t  the  perm eability  appa
ra tu s  all fall in  one of two m ain groups, as 
fo llow s:— (1) Those which determ ine w ith the aid 
of a perm eability  form ula the  perm eability  of the 
sand in  some definite u n its  (usually centim etre- 
gram m e-m inute un its), and  (2) those which give 
the  perm eability  in some very a rb itra ry  u n it which 
depends on th e  construction  of the  appara tus.

All resu lts from  any ap p ara tu s of group (1) are 
com parable. Those obtained by ap p ara tu s of 
group (2) are  only com parable when each appa
ra tu s  m ade a f te r  a given design is stric tly  s tan 
dardised, otherwise the  results may n o t be com
pared  except w ith o ther results obtained upon the 
one ind iv idual appara tus.

* In  press.
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The Sub-Com m ittee oh Tests of th e  A m erican
Foundrym en’s Association has spen t considerable 
tim e on the  problem of perm eability , and  not 
only were a num ber of experim ents m ade to  clear 
up doubtful points, b u t several pieces of experi
m ental ap p a ra tu s  were constructed . Among the  
factors influencing perm eability , which m ust be 
taken  in to  consideration  in  devising a te s t, are 
g ra in  size; am ount and n a tu re  of bond; q u an tity  
of m oisture in th e  s a n d ; degree of co m pac tion ; 
he igh t of sand  column th rough  which th e  a ir  is 
passing, and pressure.

V aria tio n  in  these factors brings about v a ria 
tion  in perm eability . The ra te  of flow of a ir  
th rough  a sand is p roportional to  th e  pressure 
causing th is flow. I t  is also p roportional to  the  
area  of th e  cylinder, and  inversely p roportional 
to  its  leng th . This m ay serve to  explain  why the  
Test Com m ittee recom mended th a t  the  sand be 
ram m ed in a core of un iform  d iam eter, h e igh t and 
compaction.

W ith  such a  s tan d a rd  core of sand th e  pressure 
requ ired  to  pass th e  a ir  th rough  can he determ ined  
and  th e  tim e  requ ired  fo r a  given volume of a ir  
to  perm eate  th e  sand noted . R esult« which are  
com parable w ith  those obtained on o th e r ap p ara tu s  
where pressure a re  th u s  given, and  tim e  can  he 
m easured, provided th e  sand  oore is p repared  in  
th e  sam e m anner.

T he orig inal ap p ara tu s  recom m ended by th e  
com m ittee was essentially  th a t  used a t th e  B ureau  
of S tandards. This, w hile accurate , w as n o t suffi
cien tly  rugged, compact, or ra p id  for foundry  use, 
p id  so' th e  com m ittee, a f te r  try in g  o u t several 
d ifferent types, finally evolved th e  sm all po rtab le  
one which i t  has been recom mended and described 
in the special pam phle t already  re fe rred  to. I t  is 
constructed  en tire ly  of brass, w ith  th e  exception 
o.f th e  two short legs of th e  m anom eter tube. I t  
is also accura te  w hen used as a s tan d ard  ap p ara 
tu s , and th e  special orifices for rap id  work add 
g rea tly  to  lits u tility . A lthough th is  ap p a ra tu s  
was recommended n o t over e ig h t m onths ago, 
th ere  a re  now between fifty and six ty  of them  in 
use for found ry  oontrol w ork in th e  U n ited  S ta te s .

There m ay be o th e r types of perm eability  
a p p a ra tu s  devised, e ither in  A m erica o<r Europe,
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b u t th e  w rite r  wishes to  urge th a t  they  be con
s tru c ted  and m an ipu la ted  so th a t  they  give com
parab le  results . (Some of those described in  E uro
pean m agazines can be easily adjusted  to  give the 
sam e resu lts as th e  A .F.A . model.

Base Permeability.
T his may be a  new te rm  to  many, and 

need exp lanation . I t  has been found, for 
exam ple, th a t  a  given sand w ith  coarse grain , 
b u t appreciable clay substance, may give a  rela
tively low -perm eahility when tested  by itself. If  
now the  clay substance is washed o u t of th e  sand 
and th e  dry  perm eability  of th e  g ra in  determ ined 
alone, i t  m ay be found to  he considerable. This 
is th e  base perm eability . As s ta ted  by D ie te rt in 
a  P ap e r previously referred  to, “  The base 
perm eability  is of u tm ost im portance, fo r i t  com
pares th e  perm eability  of all sands under like con. 
d itions. Some high-clay sands are dense, due to  
th e  am ount of clay they  contain. If  n a tu ra l 
perm eability  is the  only th ing  considered, one 
would class these sands as closing-up sands for 
heap-sand, while in  rea lity  they  may have a ve<ry 
open g ra in -stru c tu re , which would he shown in 
th e  base perm eability  reading. W hen th e  clay- 
con ten t of th is  sand is reduced by m ixing i t  in to  
th e  heap, its open g ra in -struc tu re  would ac t as an 
opener. All new sand placed in  a heap-sand will 
be brough t to  some predeterm ined olay-oontent by 
sand  control. In  o rder to  determ ine w hat the 
various new sands will do to  a heap-sand they 
should have th e ir  base perm eability  determ ined.”

Density of Sand.
In  any te s t where th e  sand has to  be

com pacted i t  is reoognised th a t  a varying
degree of com paction will ' affect th e  results.
T hus, w ith a  given sand and a given m oisture con
te n t  increased compaction will tend  to  increase the 
s tren g th  as m easured by the  methods referred  to 
above, and decrease th e  perm eability . Recogni
tio n  of th is has been m ade by the sub-committee, 
and th e  force of compaction used in  th e  several 
te s ts  is th a t  which give® a body having th e  same 
degree of density  as the  average mould.

E xperim ents m ade on different sands when com
pacted  in cylinders show th a t  uniform  compaction
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is n o t ob tained  from  th e  top  to  bottom  of th e  core 
in all oases. Thus, in  th e  perm eability  te s ts  as 
recom m ended by th e  A .F .A . th e  core of sand m ade 
w ith  th e  ram m er is m ade 2-in. high, because i t  
gives fa irly  un iform  com paction th ro u g h o u t its  
length . A core, say, 4-in. h igh, if ram m ed all a t 
once, iwould n o t show uniform  com paction. To 
overcome th is  difficulty as much as possible, 
D ie te r t has suggested th e  use of “  double-end- 
ram m ing ,” as i t  is called. This is done by hav ing  
a  m ovable ram m er slid ing in to  th e  cylinder from  
below. To p rev en t th e  cylinder from  slid ing  down 
over it , a hole is drilled  in  th e  ram m er fo r a  pin. 
This holds th e  cylinder in  place u n ti l th e  sand is 
p u t in  i t .  T he u pper ram m er is then  le t down 
in to  th e  upper end  of th e  cylinder, and th e  p in  is 
w ithdraw n before th e  slid ing  w eight on rod of 
u pper ram m er is dropped. As a  re su lt of th is  
equal ram m ing  forces a re  applied to  both  ends of 
th e  sand specimen d u ring  th e  ram m ing  operation , 
and  more un iform  com paction resu lts .

Optimum Water Content.
I t  is probably widely recognised by now th a t  

th e  perm eab ility  and bonding s tren g th  vary  w ith 
the am ount of m oisture  which th e  sand contains, 
and  th a t  th e  q u an tity  of m oistu re  which gives th e  
m axim um  developm ent fo r e ith e r th e  bonding 
stren g th  or perm eability  is called th e  op tim um  
w ater content. T herefore  curves can be p lo tted  
showing the  perm eab ility  an d  bonding s tren g th  
fo r d ifferen t percentages of m oisture. I n  all of 
th e  sands first te s ted  a t  th e  Cornell U niversity  
sand labora to ry  i t  was noticed th a t  th e  curves for 
both  p ropertie s showed a  well-developed peak 
w ith in  th e  m oistu re  ran g e  a t  which th e  sand 
could be worked. As m ore and m ore sands were 
tested , however, i t  was' found th a t  th e re  seemed 
to  be m any  exceptions to  th is.

F ig . 6 shows th e  perm eability  and bonding 
s tren g th  curves of over 200 sands tested  w ith in  th e  
m oisture ran g e  a t  which they  w ere workable. 
These have been divided in to  th ree  classes, of 
which th e  upper p a ir  of curves in  each case m ay 
he ta k e n  as th e  ty p e : —

In  Class I  th e  peaks of th e  curves ag ree ; in 
Olaes I I  th e  perm eability  peak P  oocurs a t  a  lower
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m oisture con ten t th a n  th a t  of th e  bond te s t 
curve B ; and in  Class I I I  th e  position of the  
peaks is reversed. I t  will be observed th a t  in 
several oases no peak is shown, due probably to  
th e  fa c t th a t  i t  is developed when th e  sand is too 
w et o r too  dry  to  be workable. The reason fo r 
th is  is  evidently  to  be sought for in th e  q u an tity  
and n a tu re  of th e  clay substance p resen t, and  has 
been discussed a t  some length  in  a  P ap er on “  The

ClASS I CLASS m  euss tt

1$  562

F i g . 6 . — P e r m e a b i l i t y  a n d  B o n d  S t r e n g t h  
C u r v e s  o i  o v e r  2 0 0  S a n d s  T e s t e d  f o r  
G e o l o g i c a l  S u r v e y .

R elation  of M oisture to  P erm eability  and B ond,” 
p resen ted  by C. M. N evin a t  th e  October, 1924, 
m eeting  of th e  A .F.A .

Moisture Determination.
S ince the  am oun t of m oisture  in a  sand exerts 

an  im p o rtan t influence on th e  perm eability  and 
bonding s tren g th , frequen t determ inations of it



m ay be ¡necessary. The common m ethod for de te r
m in ing  th e  m oistu re  co n ten t is th a t  of heating  
th e  sand  in  a  h o t-a ir b a th  a t  a  tem p e ra tu re  
between 105 and  110 deg. C., and  finding th e  loss 
in  w eight. T his is a  com paratively  slow process, 
and  requires a t  least an hour. T here is need, 
therefo re , of hav ing  a  rap id  inethod applicable 
to  all sands.

I t  is in te res tin g  to  note, however, th a t  ce rta in  
rap id  m ethods have heen tr ie d  w ith some success 
in foundry-contro l work w here the ' sam e sand  or 
sands a re  in  daily  use. F . L . W olf and  A. A. 
Grubb* use an a p p a ra tu s  consisting of fou r elec
t r ic  hea ting  cham bers a rranged  to  pass d ry  a ir  
a t  about 400 deg. F . (205 deg. C .) th rough  as 
m any sam ples of sand contained  in  sm all a lu 
m in ium  capsules. T here is also an  au tom atic  
weighing-device equipped w ith  a c h a r t th a t  in d i
cates the  percen tage m oisture w ithou t calcula
tion . A single te s t takes from  5 to  8 m inutes, and 
30 to  40 determ inations can be ru n  in  an hour.

H . W . D ie te r tf  has devised an o th er rap id  
m ethod based on th e  follow ing p rinc ip le :-—If  a 
tu b e  is filled w ith  w ater, and m oist sand  is p u t 
in  it, th e  am ount of w ate r displaced will depend 
on the  am oun t of w a te r already  contained  in  th e  
sand. A defin ite am ount of m oist sand  is th e re 
fore p u t in  a  w ater-filled cylinder. The w ater 
displaced overflows and  is oaught in  a  g radua ted  
tube, from  which g radua tions th e  percen tage  of 
m oisture in th e  sand can be read.

Refractoriness and Life.
These two term s, according to  the  w rite r’s con

ception, do no t m ean th e  sam e th in g . R efrac 
toriness would seem to  app ly  to  th e  tem perature" 
a t  which a sand fu se s ; life  refers to  th e  leng th  
of tim e  a sand  can be used over and  over w ithou t 
losing its  im p o rtan t properties'. There is as ye t 
no standard ised  m ethod of de term in ing  e ith e r of 
these properties, b u t stud ies leading to th a t  end 
a re  under way.

T here seems to  be a d iversity  of opinion as to 
how a  re frac to riness te s t should be m ade, one

* A m erican  F ou n d rym en ’s  A ssocia tion , P rep rin t N o . 430 
O ctober, 1924.

t  A m erican  F ou n d rym en ’s A ssocia tion , P rep rin t N o  425 
O ctober, 1924.
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group holding th a t  th e  fusion po in t of th e  sand 
as received should he tested , while others believe 
th a t  i t  is m ore im portan t to  determ ine th e  refrac
toriness of th e  bond alone. The w rite r is inclined 
to  agree w ith  the  la t te r  group, because in most 
sands i t  is the  more re s is tan t m inerals, such as 
quartz , which compose th e  g ra in , and these are  
usually  of high refractoriness, while th e  bond com
monly con tains fluxing im purities, which lower 
its  fusion po in t.

There have n o t been m any figures published on 
th is  po in t in  th e  U nited  S ta te s , b u t some in te rest
ing ones have appeared in  a P ap e r by Rhydderch.* 
Aside from  th e  fusion  po in t of th e  sand, i t  is th e  
opinion of -many th a t  th e  v itrify ing  po in t or 
so ften ing  p o in t of th e  sand as a whole should be 
determ ined.

Longevity of Sands.
T here is no doubt th a t  o ther th ings equal, some 

sands d e te r io ra te  m ore rab id ly  th a n  others, and 
req u ire  a  la rg er am ount of new sand to  be added to  
th e  heap from  tim e  to  tim e. One should not 
overlook th e  fac t th a t  th e  life of a  sand will be 
influenced by th e  size of th e  casting  m ade in it. 
A dm itting  th a t  some sands burn  ou t quicker 
th a n  others, those sands which have a  longer life 
o r b u m  o u t less rap id ly  a re  th e  more desirable, 
and  if th is  quality  can be determ ined beforehand, 
i t  m ay m ean a considerable saving to  th e  foundry- 
man.

E xperim ents a re  now under way to  te s t out a 
method useful for th is  purpose. One suggested 
and  used by H . W . D ie te r t and some others con
sists in h ea ting  th e  sand to  a tem p era tu re  of 
600 deg. P . (315 deg. C.) fo r two hours, a fte r 
which i t  is tested  to  determ ine its change in per
m eability  and bonding streng th . This te s t gives 
prom ise of being a  reliable one. M r. D ie te r tt  
has found th a t  some m oulding sands lost as much 
as 87 p er cent, of th e ir  s tren g th  by th e  above- 
m entioned h ea t trea tm en t, while o thers lost as 
li tt le  as 16 per cent. C uriously enough, th e  per
m eability  m ay e ither increase or decrease.

Dye Absorption.
One of th e  supplem entary  tes ts  recommended by 

th e  Sub-Com m ittee on Tests is th a t  of dye absorp
* F o u n d r y  T r a d e  J o u r n a l ,  M ay 29, 1924.
t  A m erican Foundrym en’s A ssociation , Prep rin t N o . 425, 

O ctober. 1924.
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tion , th e  object of which is to  determ ine th e  
n a tu re  and am ount of th e  tru e  clay substance in 
th e  sand or, to  s ta te  i t  in  d ifferent words, th e  
colloidal m atte r . T heoretically , then , if a sand 
contains a  h igh percen tage of bonding substance, 
i t  should show a high dye absorption  and vice 
versa. I t  cannot be said  th a t  th e re  is unan im ity  
of opin ion regard ing  th e  value of th is te s t, and, 
moreover, while i t  is t r u e  th a t  a sand  of high 
bonding-strength  m ay show a  high dye absorption , 
and  vice versa, still i t  seems as if in  m any  cases 
th ere  is only a general re la tion  betw een th e  two 
properties.

One m ay there fo re  be justified  in  seeking an 
exp lana tion  of th is. Dye absorption is a  surface  
phenom enon, and colloidal m a tte r , because of the  
g re a t surface area  of th e  particles, would 
n a tu ra lly  absorb a rela tively  large am ount of dye. 
B u t would no t silica  flour o r fine s ilt also show th e  
sam e p roperty , and although i t  exh ib its  i t  to  a 
less degree, one can  easily rea lise  th a t  if a  sand 
oontained a  considerable percen tage of fine silt, 
th a t  its dye absorption m igh t be appreciable. 
Then, too, sands which have been hea ted  to  red
ness, a  tem p e ra tu re  sufficient to  destroy all tru e  
bonding m ate ria l, m ay s till absorb some dye. So 
from  these fac ts a lone i t  m ay be concluded th a t  i t  
is n o t th e  colloidal bond only which takes up th e  
dye.

To go still fu r th e r, Holmes, in  a Papea- fam ilia r 
to  m any, has called a tte n tio n  to  th e  difference 
between mobile and s ta tic  bond. A ccording to  
G ram m e’s experim ents quoted by Lemoine,* th e  
s ta tic  bond seems to  give li t t le  o r no s tre n g th  to  
th e  sand. M ay th is  s ta t ic  bond no t also absorb 
some dye?

F inally , in th e  dye absorption  te s t as usually 
carried  out, th e  dye used is c rystal violet, which 
is an  acid dye, and hence would be absorbed best 
by basic colloids. M ight th e re  n o t be acid colloids 
present which would reac t best tow ards a  basic dye 
like safran ine , for exam ple? The concentration  
of th e  dye solution also plays an im p o rtan t role, 
and m ust no t be overlooked. N o tw ithstand ing  
these objections which have been raised  against

* M. R. P . L em oine, L ’E ta t  A ctu el d e la  Q uestion  dee 
S ables de M oulage, 4me Q ongrte de F onderie P aris  
N ovem ber, 1924.



th e  dye te s t by some, i t  has been found useful by 
o thers who have used i t  satisfactorily  in  foundry 
control work. This m ay be due in  p a r t  to  its 
being employed for te s tin g  different lots of the  
sam e sand.

Chemical Analyses.
In  looking over th e  lite ra tu re  one notices th a t 

chemical analyses of moulding sands appear to  
have been made more frequently  in  Europe than  
in  th e  U n ited  S tates, which m ight lead one to 
believe th a t  g rea te r im portance is a ttached  to 
them  in  th e  form er. The Sub-Comm ittee on Tests 
has recommended a  m ethod fo r analysing sands 
which is p ractically  th e  sam e as th a t  ordinarily  
used, b u t a  q u an tita tiv e  analysis is no t regarded 
as essential in  all cases.

I t  would no doubt be of im portance in  “  steel ” 
sands, and  even m any core sands, b u t for ordinary 
m oulding sands th e  w rite r fails to  see th a t  i t  can 
perform  any rea l service. As pointed  o u t bv him 
some years ago, i t  is no t difficult to  find brick 
clays th a t  show a  chemical composition identical 
w ith  moulding sands.*

I f  th e re  was a  satisfactory  and accurate method 
of m aking  a  ra tio n a l analysis which was applicable 
to  im pure m aterials, i t  m ight give some in teresting  
d a ta , b u t such a  m ethod has n o t yet, so fa r  as the 
au th o r is aw are, been discovered.

Mineralogy of Moulding Sands.
The w rite r  believes th a t  th ere  is here  an in terest

ing  field for study, which may lead to  practical 
results . I t  involves, however, considerable careful 
pé trograph ie  work, which should be checked up 
w ith  p rac tice . M oulding sands are  likely to  be 
m ade up largely of the  m ore re s is tan t m inerals, 
such as those which w ithstand  th e  destructive 
effects of w eathering  and erosion. Of these, 
q u a rtz  would be th e  most common, bu t one some
tim es hears th e  s ta tem en t m ade th a t  m inerals of 
re la tively  low w eathering  resistance, like feldspar, 
m ay be p resen t in  considerable am ounts. I f  th is  
is really  so, do they  p lay  any  râle in  th e  behaviour 
of th e  foundry  sands, which should be considered 
and  m ay affect th e ir  commercial value? The 
s ta tem en t is also m ade th a t  mica is in jurious. Is

* B ie s , H ., “  T he R ela tive  A d van tages o f  th e  P h ysica l and  
C hem ical E x am in ation s o f M ould ing Sand s,” M etal Industry  
(N ew  Y ork). 1908.
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i t  really  p resen t in any considerable am ount, and 
w hat is its effect ? Lim e and th e  alkalies a re  not 
considered desirable. If  p resen t, a re  they th e re  as 
constituen ts  of m inera l g ra in s or otherw ise? 
N um erous o th e r questions will suggest themselves, 
and w hilst a  pé trog raph ie  study  is being m ade of 
th e  sand grains, th e ir  form  should also be con
sidered to  determ ine w hat effect th is  has on th e  
p roperties of th e  sand. . There is, th en , in  th e  
microscopic study  of sands a large and in te resting  
problem.

Dry Sand Testing.
No reference has been m ade in th e  preceding 

m a tte r  as to  w hether th e  te s ts  discussed a re  for 
green sand or d ry  sand, a lthough th e ir  app licab ility  
m ay be in fe rred . B oth th e  bar te s t  and  tensile 
te s t s tren g th  a re  assumedly fo r green sands. The 
compression te s t can  be m ade on e ith e r green  or 
baked sands. The sam e holds tru e  of th e  per
m eability  te s t. B aked cores a re  som etim es tested  
by fas ten ing  them  in  th e  end of th e  cylindrical 
sand container, m aking a  paraffin connection and 
coating  th e  sides of th e  core w ith  paraffin. This 
perm its a ir  to  be forced th rough  th e  fu ll length  
of th e  core. B aked oores a re  som etimes subm itted  
to a  ¡cross-breaking te s t, and  two of th e  compres
sion m achines now being tr ied  a re  adap ted  for 
te s ting  bars by cross-breaking.

SUMMARY.
Before closing th is  brief review the  w rite r desires 

to  emphasise again  if possible th e  p rac tica l value 
and broadness of app lica tion  of some of th e  te s ts  
which have been suggested. Tests like those for 
s tren g th , perm eability , fineness, life  and  re frac
toriness are, any or all, of im portance.

(1) They m ay be applied  to  new sands fo r the 
purpose of de term in ing  how they  com pare in  th e ir  
p roperties w ith those a lready  in use.

(2) They m ay be used by th e  sand producer to 
check his consignm ents and determ ine  w hether 
they  a re  ru n n in g  uniform .

(3) The foundrym an can use these te s ts  to  check 
new consignm ents which he is receiving from  th e  
quarry , so th a t  if  th ey  do n o t agree w ith  sa tis
facto ry  sands from  th e  sam e qu arry  previously 
received, he can re jec t th e  tru ck  load. This is 
actually  done.
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(4) L ast, b u t by no means least, th e  foundrym an 
can use these methods for daily foundry  control, 
em ploying them  equally for sand m ixtures as for 
indiv idual sands. H e may find th a t  if his heap 
m ain ta in s  a certa in  m oisture content, perm ea
b ility  and s tren g th , all goes well, b u t th a t  if there 
is too much deviation  from  certa in  figures, the  
losses a t  once become noticeable.

A most in teresting  and concise s ta tem en t of the 
application  of te s tin g  methods to  foundry control 
was given by H . W  D ietert*  a t  th e  Milwaukee 
m eeting of the  A .F.A . in October. Mr. D ie te rt 
s ta tes  th a t  in  o rder to  determ ine th e  value of 
sands for th e ir  p a rticu la r work, all samples sub
m itted  a re  tested  for perm eability , streng th , olay- 
su'bstance, tex tu re , base perm eability , lime and 
longevity. T ruck load consignm ents m ust check 
w ith in  20 per cen t, of values obtained from  samples 
subm itted . F or control work in th e  foundry  the  
properties determ ined are  perm eability , streng th  
and m oisture, w ith an occasional sieve test.

F u rth e r  evidence regard ing  th e  value of control 
work is given by W olf and Grubb in ano ther P aper 
presen ted  a t th e  sam e m ee tin g .t These two P apers 
p resen t p rin ted  testim ony, which has been con
firmed by m any o thers verbally, in  some cases 
accom panied by a s ta tem en t of the  actual money 
saving which has been accomplished by th e ir  use.

I t  is fe lt th a t  th e  establishm ent of w hat i t  is 
hoped m ay be regarded as s tan d a rd  methods of 
te s tin g  is a step  in  th e  r ig h t d irec tio n ; in fact, 
th e  au th o r is su re  th a t  i t  is, b u t th ere  a re  still 
more steps to  be tak en , and th e  forw ard movement 
from  one to  th e  n ex t will have to  be made 
cautiously, and sometimes only a f te r  considerable 
research has been done.

I t  has been pleasing to  hear th e  comments of 
approval of a t  least some of th e  tests m ade by 
friends ae ro «  th e  w ater, b u t they  should remember 
th a t  all teste  recommended by th e  com m ittee are 
p resented  ten ta tive ly , and allowed to  stand  for a 
year fo r any critic ism  th a t  anyone wishes to  make. 
A nd so Americans welcome constructive comments 
n o t only from  th e  foundrym en of th e ir own 
country , b u t of those from  o th e r countries.

* A m erican Fonndrytnen’s  A ssociation , Preprint N o. 425. 
O ctober, 1924.

t American Foundrymen’6 Association, Preprint No. 430, 
October, 1924.
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DISCUSSION.
M r . H. J .  Y o u n g , F .I.C . (Newcastle-on-Tyne), 

said  th a t  th is  P ap er, so' fa r  as i t  re la ted  to  m ould
ing  sands, was a p t to  lead  to  confusion ra th e r  th an  
conclusion. H e had one critic ism  to  offer and it  
was th is , th a t  nearly  all th e  te s ts  they  heard  
about in  th is  P ap e r h ad  been on cold sand. T here 
was an in tense difference betw een tes ts  in  a labor
ato ry  and no ting  th e  behaviour of sand in  actua l 
foundry  prac tice , a t  th e  m om ent th e  m etal 
touched it . H e  had done c e rta in  o th e r tes ts  th a n  
those m entioned  o r  described in  th e  P ap er, 
and had  n o t been able to  find any conclusive 
evidence th a t  gases passed th rough  the  sand . They 
placed a pyrom eter tw o inches o r two and a-half 
inches from  th e  m etal, an d  i t  showed no ind i
cation of any te m p e ra tu re  rise. I f  th e  gases 
were ru sh ing  th ro u g h  th e  sand  as one had  been 
led to  im agine, the  pyrom eter would have ind i
ca ted  it . There was no ind ica tion  w hatsover 
of rise, and th e  pyrom eter, th ey  m ust n o t forget, 
was only a sh o rt d istance away from  th e  m etal. 
H e doubted if th e  au th o r h ad  used sand th a t  was 
really  perm eable yet, an d  indeed if such had  h ap 
pened, how was i t  going to  h ang  to g e th e r for 
m oulding purposes? F ran k ly , he d id  n o t believe 
th a t  th e  te s ts  re fe rred  to  were perm eable tests. 
They m igh t be, b u t up to  th e  p resen t he had 
no t th o u g h t i t  w orth  while to  use them  in  his 
own labora to ry . H e supposed he would probably 
be severely jum ped upon  for v e n tila tin g  these 
views, b u t he fe lt he m ust, express his personal 
opinions on th is  P ap e r.

M r . J .  L o n g d e n  said  he was n o t proposing to 
tak e  p a r t  in  th e  discussion of th e  P ap e r itself, 
b u t he fe lt he m ust rise to  reply  to  a rem ark  m ade 
by M r. Young. I t  d id n o t m a tte r  w hether the  
sand wtas perm eable or no t, th e  gases d id  get 
away.

M r . H . J .  Y o u n g : The perm eab ility  of th e  sand 
has n o th in g  to  do w ith  th a t .

A question arose *in th e  m eeting  a t  th is  s tage  
as to w hether M r. A. R hydderch, who had  p re 
sented a sum m ary of th e  P a p e r  on behalf of D r. 
R ies, could com petently  rep ly  to  th e  discussion. 
The P res id en t ru led  th a t  M r. R hydderch  could 
reply to  th e  discussipn and  th e  po in ts raised  if he 
was p a rticu la rly  anxious to  do ieo.
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M e. J .  E . F l e t c h e r  (Dudley) said he felt they 
ough t to  look a t  th is  P ap er in th e  ligh t of the 
valuable A m erican work th a t  had .already been 
done, a n d  they  m ust judge of th e  value of th a t  
work by th e  ab ility  w ith which th is P aper was 
presented . To his m ind i t  represented  a compre
hensive knowledge of sand-m oulding research not 
only in  A merica h u t in  every p a r t  of th e  world. 
Touching first of all on th e  problem of perm e
ab ility , which had  already been dealt w ith by Mr. 
Y oung of Newcastle, he th o u g h t if they  looked 
a t  th e  very elem entary  composition of sand and 
its  build ing up they  m ust realise th a t  between 
sand  grains th ere  existed a num ber of voids. 
These voids had  to  be filled w ith  a ir  to  begin w ith, 
and when th e  h ea t application  came along the  air 
between th e  g ra in s began to  expand. I f  th a t  a ir 
expanded i t  m ust get somewhere, and being driven 
outw ards i t  m ust n a tu ra lly  lower th e  pressure a t 
the  end of th e  spaces between th e  grains. The 
very fac t of th a t  lowering of p ressure m eant a 
vacuum  which drew th e  gases th a t  were liberated 
a t  th e  m oulding face to  th e  sand. There could be 
no d ispu ting  th e  fac t th a t  th e  question of per
m eability  was of u tm ost im portance and value. 
Some years ago he made a series of tes ts on the  
perm eability  of sand, while he also investigated 
th e  tem p era tu re  g rad ien t from  th e  surface of the 
mould outw ards. H is experim ents were m ade on 
moulds of vary ing  thickness, and he found th a t  
perm eability  was obviously re lated  to  tem pera tu re . 
Personally , he had  th e  feeling th a t  perm eability 
te s ts  had  n o t up till now been sa tisfac to ry  for the  
reason th a t  M r. Young had raised. The most of 
th e ir  perm eability  te s ts  had been carried  o u t on 
cold sands. A t th e  m om ent he was carry ing  out 
on behalf of th e  C ast Iro n  R esearch Association 
a series of tes ts , and they  were try in g  to  find ou t 
w hat th e  perm eability  was of the  surface of the 
mould itse lf under actua l conditions. I t  was a 
very difficult problem, and he was bound to  say 
so fa r  as they  had  gone i t  showed very valuable 
results. M r. Young had raised  a very im portan t 
p o in t in  regard  to  the  dual character of sand 
exam ination . The P ap e r itself referred  to  labora
to ry  analysis. As foundrym en, however, they 
w anted  to  know som ething more about the 
behaviour of sand under actual working condi
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tions. I f  sim ple tes ts  could be oontinued to  show 
a co-relationship, he personally believed th a t  use
fu l resu lts fo r  th e  foundry  could be obtained . D r. 
R ies, in h is P ap e r, a lluded to  th e  Sm ith  v ib ra to ry  
te s t. I t  was very sim ilar to  th e  one th a t  he (M r. 
F letcher) had b rough t forw ard, and consisted 
sim ply of a g ita tin g  sand  in  a ce rta in  volume of 
w ater con tained  in a tube . As the  sand  gradually  
fell in th e  tu b e  i t  gave a  curve. They could plot 
the  curve on a tim e  basis. These tests , up to  th e  
presen t, had been most useful, and he m ight m en
tio n  th a t  from  th e  simple te s t he had  re fe rred  to 
i t  was possible to  ge t a c e rta in  idea of th e  porosity  
of th e  sand . T h a t oould be done by shak ing  a 
ce rta in  am ount of sand  in th e  w ater and  no tic ing  
th e  drop of th e  w ate r on th e  top  of th e  tube . A t 
th is  p o in t M r. F le tch er proceeded to  th e  b lack
board an d  gave an in te re s tin g  dem onstration  of a 
process by which separa tion  could be effectively 
carried  out in  th e  sand . H e explained th a t  by 
th e  funnel a rran g em en t which he showed on the  
blackboard i t  was possible to  ge t th e  correct sand 
grade and w hat i t  was capable of g iving. H e was 
hopeful, a t  least so fa r  as perm eability  was con
cerned, th a t  they  of th e  C ast Iro n  R esearch Asso
c iation  would be developing along th e  lines he 
had  ind icated  in his blackboard sketch.

M r . S u t c l i f f e  (Bolton) de ta iled  th e  case of a 
dye gig, em phasising th a t  labora to ry  experim ents 
could n o t be applied to  ac tua l m oulding condi
tions. H e n a rra te d  an instance  w here he 
asked an  opera tive  if a su itab le  v en t had  
been provided for th e  emission of a ir. He 
was assured th a t  such had  been done, b u t when 
he m ade the  exam ination  him self—as every wise 
and p ru d en t m an ough t to  do—he found  th a t  th e re  
was no v en t a t  all for th e  a ir  to  pass th rough .

M r. R . O. P a t t e r s o n  (Blaydon-on-Tyne) said  he 
did no t agree w ith  M r. Y oung a t  a ll in  th e  obser
vations th e  la t te r  had  made w ith  regard  to  the  
perm eability  of sand. H e happened  to  be a user 
of a sand  slinger, and  when th e  m adhine was 
s ta r te d  up about two years ago he had  considerable 
difficulty w ith th e  moulds. From  experience he 
had  proved th a t  a very coarse sand  w ith  a good 
percen tage of bond gave th e  best resu lts , and he 
never saw “ scab.” They employed now a coarse 

sand which gave a yerv considerable space 'between
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th e  gra ins. P rac tic a l experience— and i t  was 
th a t  he was going upon—had proved to  him  and 
those associated w ith him  in  the  work th a t  the 
perm eab ility  of sand  was an im p o rtan t poin t. 
Some tim e  ago a t  his work they  had an  in te res t
in g  experience in  m aking  railw ay chairs. In  
th a t  instance th e  sand th ey  used came from  the  
D oncaster d is tric t. I t  was a coarse-grained sand 
w ith  a good bond. They made railw ay chairs 
regu la rly  a t  his works, and w ith th e  open type 
of sand  they  were now w orking w ith they  had 
never such a th in g  as a  “  draw n ”  chair to-day.

M e. J .  S. G l e n  P e i m k o s e  (M anchester) said 
th a t  D r. R ies, in  th e  early  p a r t  of his P aper, sug
gested sieves Nos. 6, 12, 20, 40, 70, 100, 140, 200 
and 270 for th e  fineness tests. These figures, he 
would p o in t ont, referred  to  th e  Am erican sieve 
series, and he d id  n o t consider th ey  would 
convey any m eaning w hatever to  those of the ir 
members who in  th is  country  used different 
stan d a rd s a ltogether. A m erican sieves were not 
s ta ted  o r described in  th e  P ap er except by num 
bers. I t  was possible, he agreed, to  establish some 
k ind  of co-relationship if  any th ing  to  judge by 
or th a t  was com parable w ith B ritish  sieves could 
be obtained . There was, of course, a very fine 
microscope, and th e  use of th a t ,  he knew, raised 
an  in te re s tin g  problem. H e was ready to  adm it 
th a t  the  microscope would be increasingly adopted 
in  th e  labora to ry  w ith  a view to  finding no t only 
th e  petrological constituen ts in  each grade of 
sand, b u t also th e  re la tive  g ra in  sizes, and to 
establish points w hether they  were sharp , rounded 
or angu lar.

M e. A .  R h y d d e e c h , in  replying to  a few of the 
points raised  in  th e  discussion, said M r. H . J . 
Young had  ra th e r  confused him  by jum ping  in a t 
th e  deep end, particu la rly  when he s ta rted  by 
condem ning high and low th e  question th a t  was 
discussed in th e  P aper. H e had heard  M r. Young 
aforetim e, when discussing the  chemical analysis 
of pig-iron, and th en  he was an en thusiast for 
control by analysis. P recisely th e  same argum ent 
applied to  sand  tes ting . There m ust be applied 
some essence of control in the  elem ents th a t  were 
to  be used. The fac t of the  m a tte r  was th a t  some
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sands were pronounced to  be very good while 
others were repu ted  to  he very bad. There were 
those am ongst them  who were prepared  to  argue 
th a t  M anchester sand  was th e  best possible, bu t 
on th e  o th e r hand  i t  was n o t difficult to  find o ther 
people who solemnly declared th a t  M anchester 
sand was q u ite  useless. The s tran g e  th in g  
about i t  was th a t  m ost of those who m ade these 
con trad ictory  s ta tem en ts  m igh t he doing th e  same 
class of work. W herein  lay th e  difference? The 
argum en t he p u t  forw ard was th is, th a t  they  m ust 
have some m ethod of con tro lling  these th ings. 
Could they  n o t apply correction  or check m ethods? 
I t  seemed to  h im  th a t  if  th ey  were to  condem n a 
th in g  before they  s ta r te d  try in g  i t  they  m igh t as 
well stop rase a rch . They m ust be fa ir  and  tak e  
a  reasonable and  im p a rtia l view of th ings. 
Nobody knew  b e tte r  th a n  M r. Y oung th a t  i t  was 
possible to  go on experim en ting  fo r m any years 
before positive resu lts  were ob tained . Of course, 
i t  was th e  easiest th in g  in  th e  world— and every
body realised th a t—to  ge t negative  results . P ro 
ceeding, ' th e  speaker argued  th a t  th e  labora to ry  
te s t was n o t s tr ic tly  com parable w ith  w hat they 
did in  ac tua l foundry  p rac tice  in  th e  works. Tests 
in th e  labora to ry  w ere invariab ly  carried  o u t on 

a  new se t of conditions en tire ly , and  to  have a com
parab le  labora to ry  te s t th ey  m ust c a rry  i t  o u t a t 
very high pressure. The speaker proceeded to  
contend th a t  he s till considered i t  possible to  te s t 
th e  perm eab ility  of vary ing  grades of sand  by 
using  th e  tu b e  m ethod described in  th e  P ap er. 
W herever th ere  was a v a ria tio n  in  g ra in  he con
sidered  i t  was possible to  de tec t and locate it. 
Personally  he had  been very  much in te rested  in  
th e  dem onstration  M r. F le tcher had  given on th e  
blackboard. H e had  been ra th e r  struck  w ith  th e  
rem arks m ade by M r. P rim rose.

M r. J .  S. G l e n  P r i m r o s e  rem inded th e  speaker 
th a t  the  p o in t he had raised was for s tan d a rd is in g  
sieve sizes and  th e  adoption of a k ind  of un iform  
m icroscopical exam ination  for d e te rm in ing  th e  
re la tive  sizes and  shapes of th e  sand g ra in .

M r. A. R h y d d e r c h  : D r. R ies does n o t te ll you 
w hat sands they  are. The curves are  sim ply th ere  
for illu s tra tion  purposes.
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Written Contribution.
M r. J .  G. A. S k e r l  (Sheffield) wrote th a t  i t  was 

very much to  be reg re tted  th a t  Professor lties 
had no t been able to  v isit th e  conference to  give 
h is P ap e r in person, for he, and doubtless many 
others, would have welcomed th e  opportun ity  of 
discussing th e  progress of sand research methods 
and resu lts a t  some considerable length, both o u t
side and inside of th e  m eeting  room. W ith  regard 
to  th e  A .F.A . te s t  methods themselves, th e  w riter 
feels th a t  detailed  criticism  of such pioneer work 
as has been done by th e  Jo in t Comm ittee would be 
invidious and will confine himself to  one o r two 
general rem arks, based on research work done with 
Professor P . G. H . Boswell and of la te  with the 
B ritish  C ast Iro n  Research Association.

M oulding sand research methods and tests 
should (1) be scientific and accu ra te ; (2) he 
capable of reproducing foundry conditions and (3) 
yield resu lts which allow of comparison between 
th e  various tests  on th e  same sand. These ideals 
have no t up to  the  p resen t been a tta in ed  in the  
laboratory , .and all te s t methods m ust a t  th e  best 
be compromises, capable, however, of being 
correlated  w ith resu lts of foundry tests. C riticism  
m ust always consider th is  factor. F rom  his own 
experience on sand  research th e  w riter would 
suggest th a t  all te s ts  be m ade to  employ th e  same 
un its . F or example, th e  A .F.A . perm eability and 
bond te s ts  each con tain  a curious m ix tu re  of 
m etric and English un its , rendering  m athem atical 
tr e a tm e n t very  tedious, as well as g iv ing results 
which a re  apparen tly  only em pirical.

One of th e  g rea test difficulties in  sand research 
is to  ensure th e  even ram m ing of te s t pieces, as, 
for example, in th e  perm eability  test. A moulding 
sand is a heterogeneous m ix tu re  of four sta tes— 
solid, liquid, colloidal and gaseous, as represented  
in th e  sand grains, m oisture content, th e  bond, 
and a ir  in  in terstices. E ach  of these sta te s  be
haves d ifferently  to  physical forces, and each 
modifies th e  effect of these forces on th e  other 
6 ta tes according to  th e ir  proportion  of th e  whole 
mass. F o r example, i t  is easier to ram  a  moist 
sand th a n  a dry  one. S ince all sands have a 
d ifferent constitu tion , i t  is suggested th a t  they 
each have an optim um  pressure (ram m ing) value,
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and th a t  the  constan t ram m ing  devices as em 
ployed in  th e  A .F .A . te s ts  a re  of sligh t value and 
ten d  to  m ask ac tua l facts, especially as th e  force 
employed in  th e  perm eability  te s t is to ta lly  
d ifferent from  th a t  in  th e  bond tes t. H am m ing 
is th e  m ost im p o rtan t fac to r to  be controlled, and 
is, indeed, th e  basis of a m oulder’s a r t.

F inally , th e  w rite r would th a n k  th e  au th o r for 
a very lucid exposition of th e  A m erican te s t 
m ethods and  say how fittin g  i t  was th a t  th e  
A .F .A . had  nom inated  to  give th is  exchange 
P a p e r one who was a  p ioneer in  sand research  
and who for upw ards of tw en ty  years had  been 
seeking to  advance th e  foundry  tra d e  of th e  world 
from his purely  scientific C h air of Geology a t 
Cornell. As a fellow geologist he again  thanked  
him .



HEAT RESISTING CAST-IRON.

French Exchange Paper.

By Andre Levi.
D u rin g  the  last tw en ty  years th e  influence of 

tem p e ra tu re  on cast iron has been made th e  sub
jec t of num erous Papers and researches. The 
g re a te r  p a r t  of these P apers m ay he described as 
theo re tica l research, th e  object sought being to 
determ ine  th e  action of tem pera tu re  on th e  physi
cal properties of cast iron, and above all to 
explain  th e  causes which bring  about the  modi
fication of these properties.

I t  seems desirable to  review th e  principal works 
touch ing  on th is  question, w ith th e  object of 
a rr iv in g  a t  conclusions of a p rac tica l character. 
As a large num ber of castings have to  he sub
m itted  to  high tem p era tu re  and resist its effect, 
i t  is th o u g h t th a t  an exam ination  of such works 
m ay yield ce rta in  indications and enable m anu
fac tu rin g  formulae to  be embodied fo rthw ith—- 
formulae of in te re s t both to  th e  p rac tica l worker 
and th e  foundry m anager.

The well-known works of MM. Charpy and 
G renet have established the fac t th a t  under the  
ac tion  of h ea t grey cast iron undergoes a per
m anen t, non-reversihle increase in  volume.

These workers showed th a t  th is  increase was due 
to  a  g rap h ite  deposit resu lting  from the  decom
position of th e  cem entite  F e3C =  3 Fe +  graphite . 
They also proved th a t  th is  reaction  took place 
by h ea tin g  even below th e  lowest critical point, 
i.e ., a t  tem pera tu res below 725 deg. C. As 
regards a  p a rticu la r k ind  of cast iron, th e  am ount 
of th is  increase in volume is th e  g rea te r, the  
slower th e  heating . W ith  a constan t heating  
speed th e  rap id ity  of th e  phenomenon increases in 
p roportion  to  the  am ount of silicon in  th e  iron.
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This is ta n ta m o u n t to  saying th a t  th e  annea l
ing  of th e  m etal is accom panied by an  increase 
in volume due to  the  fo rm ation  of g rap h ite . 
N evertheless, i t  has been observed th a t  th e  
augm enta tion  in  volume in th e  course of succes
sive heatings and  coolings is m uch g rea te r th a n  the  
increase which m ay resu lt from  annealing  and the  
decomposition alone of F e 3C.

Outerbridge’s Conclusions.
In  1904 O uterb ridge1 conducted a  series of tes ts  

w ith cast-iron  bars heated  and  cooled several tim es 
in  th e  electric fu rnace . These experim ents led him 
to  fo rm ula te  th e  following conclusions: —

(1) The increase in  volume and  also th e  expan
sion a re  n o t indefinite. A fte r each h ea tin g  opera
tio n  the  expansions appear in  d im in ish ing  ra tio  
and cease a ltogether a f te r  a c e rta in  num ber of 
heats.

(2) The coefficient of d ila ta tio n  in  a m etal sub
jec ted  to  repeated  h ea t tes ts  does n o t rem ain  
constan t. I t  may reach a value lower th a n  h a lf 
th e  coefficient of d ila ta tio n  in  an  u n tre a te d  m etal.

(3) A hea ting , even if prolonged, produces no 
effect unless i t  is followed by cooling.

(4) The increase of volume corresponds to  a 
decrease in  specific g rav ity . In  th e  course of his 
tes ts  O uterbridge found th a t  a f te r  16 successive 
heats th is  specific g rav ity  had  changed from  7.13 
to  6.86, th a t  is, a decrease of nearly  4 per cen t.

(5) In  con tinu ing  his te s ts  on th in  p la tes heated  
by th e  Bunsen burner, he sim ilarly  found an 
increase of w eight.

(6) A microscopic exam ination  of these p lates 
showed th e  existence, a f te r  tre a tm e n t, of a series 
of cracks which would render th e  p lates perm eable 
to  w ater and  a ir.

The two experim ents described below, which are  
particu la rly  s trik ing , enabled O uterbridge to  illus
tr a te  p rac tica lly  th e  phenom enon he had  stud ied .

To show th e  d ifferent action  of tem p era tu re  on 
cast iron and  Steel, O u terb ridge subjected  to  
repeated  heats a steel tu b e  in to  which he poured 
a cast-iron  plug. A fte r a few heats th e  steel tube  
was broken  by th e  sw elling of th e  cast iron. A 
second tu b e  of w rought iron  was filled w ith  m olten 
cast iron  and th e  two ends were planed level.
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A fter th ree  heats i t  was found th a t  th e  iron was 
p ro jecting  from  th e  tu b e  a t  each end owing to  
its hav ing  swollen v

R esum ing his tes ts  in  1908, O uterbridge2 suc
ceeded in g e ttin g  the  specific g rav ity  of cast iron 
to  fall from  7.13 to  6.01, which is equivalent to  a 
decrease of nearly  13 per cent.

H e points out, moreover, th a t  the phenomenon 
of increase of volume appears to  he more rap id  
in  so ft m etal th a n  in  hard . W ith  m etal con tain
ing 0.5 per cen t, combined carbon, he obtained an 
increased volume of 40 per cent, w ith 100 repeated 
heats a t  650 deg., th e  same resu lt being obtained 
w ith  th is  m etal a fte r  27 heats a t  790 deg.

To sum up, th e  work of C harpy, G renet and 
O uterbridge appears to  prove th a t  th e  increase in 
volume is produced by repeated  heats only if they 
are  followed by cooling; th a t  th is  phenomenon 
occurs even a t  tem pera tu res below 725 deg. ; th a t  
i t  is followed by a decrease in  specific g rav ity  and 
by an  increase in  w eight of th e  sam p le ; and th a t  
i t  invariab ly  causes the  form ation of fissures, 
which produce porosity in  the sample trea ted . I t  
is necessary to  no te  th a t  in  no case can the  
decomposition of th e  cem entite alone explain the 
increase in  volume by 40 per cent, found by 
O uterbridge.

F o r th is  reason he is disposed to  a ttr ib u te  th is 
phenom enon to  the  action of th e  occluded gases 
in  the  m etal. H e supposes th a t  these gases 
undergo a t  high tem pera tu res an expansion which 
in  tu rn  produces a perm anen t expansion of the 
m inu te  cavities in  which they are confined. This 
expansion would produce in the  m etal the porosity 
and the  a p p a ren t increase in volume which have 
been described above.

The Work of Rugan and Carpenter.
O uterb ridge’s tests were resumed in 1908 and 

1911 by R ugan  and  C arpen ter. W ithou t en tering  
into th e  details of th e  experim ents carried  ou t 
by these authors, th e ir  conclusions are sum
m arised : (1) In  agreem ent w ith O uterbridge,
R ugan  and  C arpen te r find th a t  th e  increase in 
volume does no t occur unless th e  sample is sub

2 “ Iron A ge.”
D
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jected  to  a lte rn a te  heatings and  coolings. H e a t
ing alone does n o t cause an increase in  vo lu m e;
(2) various te s ts  showed th a t  th e  ex ten t of th e  
increased volume is a func tion  of th e  chemical 
composition of th e  m etal. T he' increased volume 
found in  th ree  d ifferen t m etals varies from  35 to 
38 per cen t., and  rem ains constan t a f te r  abou t a 
hundred  h e a ts ; (3) only grey  cast irons show th is 
phenom enon. The presence of g rap h ite  is th e re 
fore regarded  as an indispensable elem ent in 
increasing th e  volum e; (4) increases of volume are  
augm ented by an  increase in  th e  silicon con ten t, 
and  th is  takes place alm ost in  p roportion  to  th e  
con ten t of th a t  e lem en t; (5) only a p a r t  of th is  
increase in  volume can be a ttr ib u te d  to  'the 
annealing  of F e3C ; (6) increases of w eight tak e  a 
course approxim ately  sim ilar to  th a t  of the  
vo lum e; (7) th e  g rea te r th e  Si content,- th e  g rea te r 
is th e ’ final increase in  w eigh t; (8) th e  au thors 
consider th a t  they  have th u s dem onstrated  th a t  
increases in  w eight and  volume are  solely di e to  
phenom ena of oxidation , which o p era te  specially 
on th e  free  carbon, th e  silicon, th e  iron , and 
p a rticu la rly  on th e  s ilico -fe rrite ; and (9) m icro
scopic exam ination  shows th a t  th is  ox idation  takes 
place very specially along th e  lamellae of g rap h ite , 
which finally d isappears en tire ly .

The increase in  volume is said to  be due to  four 
causes: To th e  p a r t ia l ox idation  of th e  Gr (which 
phenom enon dim inishes when Si increases and  dis
appears en tire ly  when Si =  6 per c e n t.) ;  to  the  
probable ox idation  of th e  Si ex isting  in  th e  form  
of silico-ferrite  causing th e  fo rm ation  of F e  +  
S i0 2; to  th e  ox idation  of th e  iron  uncom bined 
w ith  silicon ; and  finally, to  a sligh t ex ten t, to  th e  
expansion of th e  hydrogen, occluded in  th e  m etal. 
To sum  up, R ugan  and  C arpen te r consider th a t  it  
is p rim arily  a question of a process of oxidation .

In  a second m onograph (1911) th e  sam e w riters 
seek to  exam ine th e  influence of th e  d ifferent 
elem ents on the  phenom enon of expansion. They 
adm it, as th e  resu lt of these tests , th a t  phosphorus 
slightly  dim inishes th e  increase of volume, th a t  
the  presence of m anganese re ta rd s  i t  considerably, 
and th a t  su lphur is w ithou t influence.

F inally , as regards th e  action  of th e  occluded 
gases, these w rite rs consider th a t  th is  ac tion  is
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negligible in  regard  to  m etals contain ing  more than  
3 p er cent, silicon. On th e  o ther hand, w ith Si 
betw een 1.75 and 3 p er cen t., th e  action of the  
gases would effect an expansion of 1 to  2 per cent. 
W hen th e  silicon is below 1 per cent, th e  increased 
volume due to  th e  action of the  gases would am ount 
to  10 per cent, of th e  to ta l increased volume.

W hile m aking certa in  reservations as regards the 
ascrip tion  of th e  expansion to  phenom ena of oxida
tion  (as w ill be seen la te r, th is  po in t has been 
strongly  contested), th e  au th o r re ta in s th e  experi
m en tal faot which appears to  him  to  stand  out 
from  th e  te s ts  of R ugan  and C a rp e n te r : The
elem ents which favour th e  form ation of g raphite 
accelerate the phenomenon of increase in volum e; 
those which oppose th is  form ation re ta rd  its occur
rence. This first conclusion, which th e  au thor had 
already  form ulated  in  1923,3 has been confirmed by 
experim ental researches made by Andrew and 
H ym an, which will be exam ined la te r.

I t  may be assumed fo rthw ith  th a t  the  propor
tio n a lity  between th e  Si-content and  the  expan
sion of th e  m etal, established by R ugan  and C ar
pen te r, would be a ttr ib u tab le  ra th e r  to  the  pro
p e rty  of th e  Si in prom oting th e  form ation of 
g rap h ite  th a n  to  th e  chemical p roperties them 
selves of th a t  elem ent. In  fact, th e  penetration  
of th e  a ir  in to  th e  mass of the  m etal will be all 
th e  easier in  p roportion  as th e  num ber and the  
dim ensions of th e  g raph ite  lam ellae a re  g rea ter.

The experim ents exam ined above, and, moreover, 
most of those ca rried  o u t la te r  hy various workers, 
have all reference to  th e  action on th e  m etal of 
tem p era tu res comprised between 650 and 850 deg. 
C., th a t  is to  say, approxim ate to or above the 
tran sfo rm atio n  points.

Before proceeding to  exam ine these experim ents, 
i t  appears in te restin g  to  analyse a  study dealing 
w ith  th e  action  of superheated  steam  on cast non , 
th a t  is, w ith  th e  effect of relatively  low tem pera
tu res , 425 to  500 deg. C.

A very com plete s tudy  of th is question has been 
m ade by Campbell and G lassford.4

3 “  L a F on d erie M oderne,” April and N ovem ber, 1923.
‘ E ig h th  C ongress on T estin g  M ethods, " R evue de 

J le ta llu r g ie ,” 1912.
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These w riters, hav ing  observed th e  ra p id  corro
sion of iron  casting  subjected  to  th e  action of 
superheated  steam —a corrosion accom panied by an 
increase in  volume—sought to  determ ine : (1) The
n a tu re  of (the) corrosion ; (2) W hy ce rta in  m etals 
do n o t co rrode; and  (3) w hat m ust be done to  
p rev en t its  occurence.

I t  m ay be noted , m oreover, t h a t  R u g an  and 
C arp en te r had  already found th a t  cocks p lunged 
in to  superheated  steam  a t  360 deg. expanded , b u t 
th ey  considered th a t  th is  phenom enon was d ifferen t 
from  th a t  of expansion a t  a  h igh  tem p era tu re . 
The work of Cam pbell and  Glassford, however, 
appears to  th e  au th o r to  b rin g  o u t c e rta in  very 
in te re s tin g  resem blances betw een these two pheno
m ena. A first s tu d y  consists of a  m icrographie 
exam ination  of a  dome-cock and  flange which has 
been in  use on th e  discharge side of the super
h ea te r of a sep a ra te  fu rnace  for tw o years. I t  
shows considerable s tru c tu ra l modifications in  th e  
m etal.

I n  th e  first place, a th in  coating  of oxide is 
form ed round  th e  partic les of g rap h ite  ; th en  th e re  
a re  crevices which become w ider and  w ider; finally, 
as th e  p a rts  in  d irec t con tac t w ith  th e  steam  are 
approached, the  fo rm ation  of a m ix tu re  of oxides 
and  g rap h ite  is found, co n stitu tin g  a powdery 
mass devoid of s treng th .

T his first exam ination , th en , ind icates progres
sive ox idation  process of a  very pronounced 
ch arac te r, which takes place along th e  g raph ite  
lam ellae.

Campbell and Glassford’s Findings.
In  study ing  th e  sam e phenom enon on bars sub

jected  to  th e  action of superheated  steam  (6.75 kg. 
(14.85 lbs.) a t  425 deg C. fo r 30 days a t  first, theD 
90 days afterw ards) Cam pbell and  G lassford came 
to  the  following conclusions : —

(1) U nder th e  action  of steam , sam ples of w hite 
cast iron, steel and malleable cast iron  show only 
one and  th e  sam e type  of oxidation . The samples 
have a  sk in  regu larly  oxidised, to  a  very  sligh t 
dep th , and  th e  oxide fills-uniform ly all th e  crevices 
which m ay ex is t on th e  surface of th e  sam ple.

(2) U nder th e  sam e tre a tm e n t sam ples of grey 
cast iron  contain ing  less th an  1 p e r cent. S i show
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superficial oxidation  sim ilar to  th e  specimens of 
w hite cast iron or steel, b u t in addition  a slight 
p en e tra tio n  of oxides following th e  largest plates 
of g rap h ite  is found.

(3) W ith  S i between 1.25 and 2.50 per cent, 
th e re  are  the same appearances, bu t th e  pen e tra 
tion  of the  oxidation  appears to grow w ith the 
increase of th e  silicon con ten t and extends in 
depth .

T he au thors appear to  conclude, therefore, w ith 
R ugan  and  C arpen te r th a t  the  processes of oxida
tio n  increase p roportionally  w ith th e  increase of 
Si. In  closing, however, they  make one rem ark 
w hich is considered especially im p o rtan t: —

“ I t  appears n a tu ra l,” they  observe, “ to  con
clude th a t  th e  increase of th e  silicon conten t is 
re la ted  to  th e  increased corrosion. Y et the  very 
good resistance of a sam ple contain ing 2 per cent. 
Si m ight ju s tify  ano ther conclusion, viz., th a t  the 
finer the graphite lamellae are, the less is the 
corrosion. T his conclusion is in  accordance with 
p rac tica l experience, which shows th a t  good gun 
iron (grey special cast iron) with- 2 per c e n t  Si 
and G r low) resists th e  action of superheated  steam 
very well.”  In  short, th e  two last researches 
appear to  ind ica te  th a t  th e  increase in volume is 
due to  a process of corrosion, that- is to  say, oxida
tion .

Okochi and Sato’s Views.
Q uite ano ther po in t of view has since been 

advanced by certa in  Japanese  scientists, whose 
work i t  is proposed to exam ine.5

A first investigation  was carried  out by Professors 
Okochi and  Sato, th e  expansion curves being taken 
by m eans of th e  Chevenard dilatom eter.

The following were th e  principal conclusions 
reached as a  resu lt of these te s t s : (1) The influ
ence of oxidation  is of li tt le  im portance in regard 
to  th e  increase in volum e; (2) th e  expansion, du ring  
th e  first hea t, is due to  th e  decomposition of 
F e3C ; (3) du rin g  th e  repeated  heating  and cooling, 
a f te r  th e  form er th e  increase takes place tw ice :
(a) A t th e  p o in t Ac; (b) a t  th e  h igher tem pera
tu re s ; and (4) th e  increase a t  th e  po in t Ac (about 
815 deg.) is due to  the  effect caused by the pressure

5 See th e  C om m unication  to  the Lahge C ongress (1922) by 
Mr. T ario Kdfcuta.



of the occluded gases in  re la tion  to  the  con trac tion  
accom panying th e  tran sfo rm a tio n  Ac du rin g  th e  
rehea ting , and th e  increase a t  the  h igher tem pera
tu res  is 'd u e  to  th e  fa c t th a t  th e  m etal yields to 
th e  p ressure of these occluded gases.

In  order to  accept th is  exp lana tion , which 
approxim ates to  th a t  of O uterbridge, i t  m ust a t  
th e  sam e tim e  be ad m itted  t h a t  th e  m etal is no t 
perm eable to  gas a t h igh  tem p era tu res . O ther
wise those gases would escape before causing  an  
increase in  volume. I t  would have to  be adm itted  
likewise th a t ,  inversely, th e  gases m ay p e n e tra te  
th e  m etal a t  low tem p era tu res—th is  in  order to 
exp lain  th e  increases in  volume follow ing th e  
fu r th e r  heats

Kikuta’s Hypothesis.
M r. Ta/rio K ik u ta  undertook  ce rta in  experim ents 

in tended  to  verify  th is  hypothesis. H e m ade a 
first series of te s ts  for th e  purpose of m easuring 
th e  velocity of th e  passage of a ir  th rough  a hollow 
cast-iron  cylinder, th e  te m p e ra tu re  of which was 
progressively raised. These perm eab ility  tes ts  
showed : —

(1) T h a t th e  velocity of th e  passage of a ir  
th rough  a  hollow cylinder increases up to  600 deg. 
C. and  th en  dim inishes slightly , and  (2) th a t  th e  
velocity of th e  passage of a ir is alm ost constan t 
a t  th e  d ifferent tem pera tu res , and  is so up to  900 
deg. A fte r 34 heats th is  velocity decreases very 
slightly .

A second series of te s ts  ca rried  o u t on bars 
heated  in  vacuo showed th a t  these bars increased  
regularly in  volum e. The tw o series of te s ts  led 
K ik u ta  to  re jec t th e  exp lana tion  of Okochi and 
Sato, as also th a t  of R ugan  and  C arpen te r, since 
no ox idation  is possible in  vacuo. To exp lain  the 
increase in  volume observed, he fo rm ula ted  a very 
ingenious theory  which very well explains th e  
cause of th e  fo rm ation  of crevices and  fissures 
no ted  by th e  preceding observers. The following 
is a sum m ary : In  th e  course of h e a tin g  th e

6 I t  m a y  b e rem em bered th a t  w hen  a  ca st iron  bar is  
h eated  i t  exp an d s regu larly  to  th e  point- Ac (ab ou t 815 d eg .);  
a t  th is  m om en t a  sharp  con traction  ta k es  p lace , w hereupon  
th e  exp an sion  con tin u es, fo llo w in g  a  regu lar curve. I n  
coo lin g , th e  bar con tracts  regu larly  to  th e  p o in t A t (about  
725 d eg .) . A t th is  p o in t a 6harp exp an sion  ta k es  p lace , 
a fter  w hich  con traction  con tin u es  regularly .
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expanding  m etal undergoes a sharp  contraction  a t 
th e  p o in t A c; likewise, in  th e  course of cooling 
and  th e  shrinkage which accompanies it, a sharp 
expansion occurs a t  the  po in t Ar. Now th e  m etal 
is no t a  homogeneous substance, the  d is tribu tion  
of the  g rap h ite  being ir re g u la r : there  are  th ick  
p lates a t ce rta in  points w ith th in  lamellae close 
beside them . The contraction  and expansions 
which occur a t  th e  Ac and A r points, and which 
a re  due to  the  dissolution and deposit of a cer
ta in  q u an tity  of free carbon, a re  very different in 
ex ten t according as they  are  produced in the 
neighbourhood of th ick  or th in  plates of g raphite . 
The resu lt is very considerable tensions a t the 
d ifferent points of one and  th e  sam e sample of 
m etal. I t  is to  these tensions, th e  action of which 
is specially ap p aren t in  th e  v icin ity  of the  graphite  
p lates form ing acute angled fissures in  th e  metal, 
th a t  K ik u ta  a ttr ib u te s  the  phenomenon of 
increase in  volume.

H e expresses his conclusions as follow s: The 
continuous expansion of grey cast iron in  vacuo 
du ring  th e  repeated  heatings and coolings is due to 
the  d ifferen tia l expansion, to the d iffe ren t micro
proportions of the sample which produce numerous 
fissures or cavities in  the neighbourhood of the 
plates of graphite.

M oreover, he adds th a t :  “ In  an oxidising
atm osphere th e  expansion is accelerated by the 
oxides which a re  formed and which fill up the 
fissures or cavities o rig inated  during  th e  Ar 
tran sfo rm a tio n .”  The action of oxidation on the 
increase of volume—con trary  to  w hat is accepted 
by R ugan  and C arpen te r—would therefore  appear 
to  be a secondary and  in d irec t action.

I t  m ay be noted, however, th a t  if th is  theory is 
capable of explain ing  th e  increase in volume by 
h ea tin g  a t  725 deg. C. or above, i t  does no t in any 
way explain th e  increase in volume a t th e  tem pera
tu re  of 425 deg., as stud ied  by Campbell and 
Glassford. F or, even ad m ittin g  th a t  th e  action 
of th e  superheated  steam  gives rise to  phenomena 
essentially  d ifferent from  those accom panying a 
hea t a t  725 deg., i t  is nevertheless the  case th a t  
a very m arked increase in volume m ay be due 
solely to  oxidation  processes.

N evertheless, th e  resu lt of ce rta in  experim ents 
by P ortev in  on th e  effects of harden ing  in grey
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cast iron appears to  confirm K ik u ta ’s theory  to  
some ex ten t. These observations re la te  to  a  stucty 
by D u rand  of th e  the rm a l tre a tm e n t of cast iron7. 
As ap paren tly  the  therm al tre a tm e n t of cast iron 
(harden ing  followed by tem pering  and  annealing) 
should prove of p rac tica l in te res t, i t  is th o u g h t 
well to  dwell for a m om ent on th is  question, cer
ta in  aspects of which fall w ith in  th e  general scope 
of th e  p resen t study .

The work of C harpy and  G renet, as also th a t  
of Howe, has led a large num ber of sc ien tists  to  
consider th a t  cast iron  is constitu ted , from  th e  
po in t of view of s tru c tu re , like a  m ix tu re  of steel 
and g rap h ite . F rom  th is  view i t  follows d irectly  
th a t  th e  p roperties of th e  m eta l w ill depend, on 
th e  one hand , on th e  com position or th e  shade 
(m ild, medium , hard ) of th e  co n stitu en t steel, 
and , on th e  o ther hand , on th e  q u a n tity , dim en
sions and  form  of th e  g rap h ite  lam ellæ  dis
sem inated  th ro u g h o u t th is  steel ; th e  la t te r  play 
th e  p a r t  of inclusion, which inclusion causes in  a 
very m arked fashion a d im inution  in  th e  m echani
cal p roperties of the  co n stitu en t steel.

This view being accepted, D u ran d  draw s from 
i t  th e  following conclusions : Since th e  therm al
tre a tm e n t—th e  annealing , hard en in g  and  tem 
pering  of a steel—im proves th e  m echanical p ro 
p erties very perceptib ly , there  is every reason to  
believe th a t  th e  sam e tre a tm e n t applied to  cast 
iron  should have th e  effect of im proving th e  
characteristics of its m a tr ix  of steel in  a  sim ilar 
m anner, and  consequently those of th e  m etal as 
a whole. The experim ents made by D u rand  gave 
him  th e  following resu lts : —

A nnealing carried  ou t a t  a  te m p e ra tu re  of 
900 deg. on te s t bars of grey cast iron  shows th a t  
th e  tre a tm e n t dim inishes th e  tensile  s tre n g th  by 
about 30 to  40 per cen t. The m ean break ing  
stress a f te r  annealing  rem ains prac tica lly  con
s ta n t, b u t th e  to ta l b reak ing  load is decreased by 
about 20 per cen t., th is  fac t being a ttr ib u te d  by 
D urand  to  th e  g rap h ite  separa tion  accom panying 
the annealing , which separa tion , in  fac t, he 
w orked ou t by analysis. On th e  o ther hand , in 
dealing w ith  te s t bars which had been oil-hardened

7 R ep ort to  th e  A cad ém ie d es S ciences, 1922.



and afterw ards tem pered, he obtained an increase 
of tensile  s tren g th  am ounting to  as much as 30 per 
cent, of the  in itia l s tren g th , and in  ce rta in  m etals 
an  increase of over 40 per cent, in the  heigh t of 
drop. (A fter tre a tm e n t the  s treng th  rose 
from  23 to  30 k g ./cm .2, and th e  heigh t of drop 
from  65 cm. to  1.10 m.) (Technical specification 
of th e  F rench  railw ays for shock tests.) This 
tensile  increase is particu la rly  m arked afte r 
tre a tm e n t in  th e  case of m etals having CC equal 
to about 0.60 per cent.

I t  may be noted th a t  the  m etals tested  had 
approxim ately  the  following com position: Gr., 
2.70; OC, 0.50; Si., 1.18; Mil., 0 .5 ; S., 0.04; and 
P ., 0.2 per cent.

These te s ts  confirm clearly th e  correctness of 
th e  view of C harpy, G renet and Howe as to the 
composition of cast iron. I t  should be noted, 
however, th a t  th e  experim ents in  question were 
carried  ou t on te s t bars.

In  discussing these experim ents and the ir 
possible applications in  the  tre a tm e n t of semi-steel 
cast-iron  projectiles, P ortev in  points out th a t  a 
large num ber of tes ts  m ade on these projectiles 
have shown th a t  any  harden ing  followed by tem 
pering  rendered  th e  projectiles porous. C ertain 
shells' subjected to  th e  tre a tm e n t increased in 
volume and were no longer fit to s tan d  the speci
fication compression te s t required  by the A rtillery. 
On being rung  they  gave a dull sound, an ind i
cation  of defective m echanical properties. These 
defects were more accentuated  by w ater hardening 
th a n  by a m ilder harden ing  w ith  oil.

I t  is reasonable to  suppose th a t  th e  hardening 
of a steel m a trix  enfeebled by g rap h ite  plates 
frequen tly  form ing an acute angle will produce 
blow-holes. All grey cast iron, however, is com
parab le  to  such a m atrix . I t  is also evident th a t 
these blow-holes will be more pronounced in pro
portion  to  the  thoroughness of th e  hardening, th a t  
is, they  will be la rger w ith  w ater harden ing  th an  
w ith  oil harden ing . These phenom ena appear to 
be in  every way com parable to  the  harden ing  blow
holes to  be found in every steel casting  which 
shows acu te  angles.

These observations appear specially designed to 
stren g th en  K ik u ta ’s hypothesis, th e  harden ing  pro
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ducing more m arkedly th e  sam e efiect as th e  pro
cesses of in te rn a l tension to  which he ascribes the  
expansion of th e  m etal. In  closing, P o rtev in  
appears to  favour th e  rejection  of harden ing  fol
lowed by tem pering  cast iron.

In  a second m onograph D urand , re tu rn in g  to  
th e  question, po in ts ou t th a t  th e  increase in  volume 
may be lim ited  by th e  decrease of th e  silicon con
te n t  in th e  m etal tre a te d  and  also by re s tric tin g  
th e  h ea t period—w hich is in  accordance w ith  th e  
tes ts  of C harpy and  G renet a lready  quoted.

F rom  an  exam ination  of th e  experim ents sum 
m arised  above, con trad ic to ry  as th e ir  resu lts  may 
be, th e  following po in ts nevertheless appear to  
stand  o u t very clearly : —

(1) The increase in  volume, which is found a fte r  
a first h ea t followed by cooling, is incontestably 
due to  th e  process of g rap h itisa tio n , th a t  is, to 
decomposition of th e  cem entite  F e 3C =  3 F e  +  
g raph ite .

(2) The subsequent increase in volum e is due 
both to  th e  process of ox idation  and to  th e  action 
of in te rn a l stresses produced a t  th e  p o in t Ar, th is  
la t te r  cause being ev ident a f te r  th e  h e a t tes ts 
in  vacuo ca rried  ou t by K ik u ta  and confirmed by 
th e  observations of P o rtev in  on th e  effects of 
harden ing  (in te rn a l blow holes along the  g rap h ite  
lamellse).

The au th o r is, however, unable to agree w ith  
K ik u ta  to  th e  e n tire  re jec tion  of th e  conclusions 
of R ugan  and  C arpen te r w ith  reg ard  to  th e  influ
ence of ox idation  on th e  increase of volume. The 
tests of Cam pbell and  Glassford show incontestably  
th a t  th e  oxidising action  of th e  steam  a t  tem p era 
tu re s  n o t exceeding 425 deg. m ay produce a con
siderable increase of volume. I t  is ev iden t, how
ever, th a t  in  th is  case, th e  te m p e ra tu re  being 
m arkedly below th e  critica l po in t, K ik u ta ’s hypo
thesis is n o t applicable. Therefore ox idation  alone 
may, in  certa in  cases, produce expansion.

M oreover, i t  was by heats a t  650 deg. ( th a t  is, 
below Ar) th a t  O u terb ridge ob tained  increases of 
volume am ounting  to  as m uch as 40 per cent, of 
th e  in itia l volume.

I t  is adm itted  th a t  th e  two causes (oxidation and 
in te rn a l tension) ac t sim ultaneously, w ithou t, how

5 K eport m  Ttie A caddm ie d cs  S ciences, 1 9 2 2 .



ever, expressing an opinion on th e  re la tive  influ
ence of each of them  upon th e  final increase of 
volume.

B u t, while ad m ittin g  w ith R ugan  and C arpenter 
th e  effect of oxidation , it  is no t though t th a t  th is 
process is, as they sta te , directly  p roportionate  to 
th e  silicon con ten t as a resu lt of the rap id  oxidation 
of th e  silico-ferrite.

As th e  au th o r already s ta ted  in  19233, he still 
th in k s th a t  th is  p roportionality  is due, no t to  th e  
presenoe of th e  silicon itself, b u t to  its  p roperty  of 
p rec ip ita tin g  the  graph ite . Even a t th a t  tim e he 
considered th a t  if, as R ugan  and C arpen te r find, 
m etals w ith  1 per cent. Si increase in  volume less 
th a n  those w ith 2 p er cent., th is  is because, w ith 
th e  increase of Si, th e re  is produced an increase, 
no t only of th e  q u an tity  of g raph ite , b u t also and 
in p a rticu la r an  increase in th e  dimensions of the 
lamellae of th a t  elem ent. Now, i t  is ev ident th a t  
th e  la rger th e  g rap h ite  lamellae are, th e  more the 
processes of oxidation  due to  p ene tra tion  of the  
oxygen along these lamellae will he fac ilita ted  on 
th e  one hand , and, on th e  o ther hand, th e  more 
ap p a ren t will he th e  effect of the  in te rn a l stresses 
produced by th e  heat. This, moreover, is adm itted  
by K ik u ta .

The fac t of th e  feeble oxidation  of gun iron even 
when i t  contains 2 per cent. S i, which is noted by 
Campbell and Glassford, in  itself confirms th is 
hypothesis.

Now, if th is  hypothesis is accurate, i t  is evident 
th a t  all th e  elem ents which, like silicon, p rec ip ita te  
g rap h ite  a t  the  sam e tim e prom ote th e  increase of 
volume, and th a t , on th e  o ther hand, those 
elem ents which oppose th e  form ation of g raph ite  
m ust re ta rd  th a t  process. This is confirmed by- 
work carried  o u t subsequent to  1923 by Messrs. 
A ndrew and H ym an10 and by Mr. D onaldson.11

Influence of Elements on Growth.
M r. Donaldson, in  study ing  th e  action of re

peated  heats a t  450 and  500 deg. C. on cast iron 
of d ifferent compositions, found th a t  while 
chrom ium and m anganese reduce th e  d im inution in

9 See " P onderie M odern«,” A .T .F . Conference.
10 Iron and  Steed In s t itu te , 1924.
11 "  Foundry Trade Jou rn al,”  1924.
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tensile, a fte r  heating , the addition  of nickel (an 
elem ent whch p rec ip ita tes g raph ite) has a con tra ry  
effect. A fter hea ting  for 120 hours a t  450 deg. 0 . 
he found a d im inution  of tensile  s tre n g th  of 7 per 
cent, in  o rd inary  grey cas t iron, of 6 per cen t, in 
th e  sam e m etal co n ta in in g  2.43 p e r cent. M n., of 
5.5 p e r cent, w ith 0.39 C r, and  of 12 p er cent, w ith  
an ad d itio n  of 0.75 per cen t, of nickel.

Andrew and H ym an, in  m aking  te s ts  w ith  re
peated  heats a t  900 deg. C., reached sim ilar con
clusions, which they  fo rm u la te  as fo llow s: —

Nickel and alum inium , ac ting  like silicon, p ro
mote an  increase in  volume, and  th is  no t because 
these elem ents a re  specially oxidisable, h u t be
cause they  prom ote th e  form aton and  the  expan 
sion of th e  g rap h ite  lamellse. As regards 
chrom ium , i t  reduces expansion considerably w ith 
out en tire ly  p reven ting  it . As a sequel to  th e  
exam ination  of th e  work sum m arised above and  as 
a  resu lt of th e  a u th o r’s personal experience, he 
th inks he m ay finally fo rm ulate  th e  following con
clusions :— C ast irons subjected to  repea ted  h ea ts  
and coolings a t  tem pera tu res  n o t exceeding 900 deg. 
undergo an increase in volume accom panied by a 
d im inution  of all th e ir  m echanical characteristics. 
The increased volume following th e  first h e a tin g  is 
due to  decomposition of th e  c e m e n tite : F e3C =  Fe
+  Gr.

The subsequent increases in  volume are  due to 
th e  combined effect of in te rn a l ox idation  and  the  
form ation  of fissures caused by th e  considerable 
stresses produced in  th e  m etal a t  th e  Ar and  Ac 
points. The ex ten t of these volume increases is 
dependent on the  size and form  of the  g rap h ite  
lamellae contained in th e  m etal.

Consequently, all those elem ents which favour 
th e  form ation  and agglom eration  of g rap h ite  lessen 
th e  resistance of th e  m etal to h igh  tem pera tu res . 
The action  of those elem ents w hich form  stable 
carbides, on th e  o ther hand , is unfavourab le  to  the 
increase of volume in  question. In  th e  m anufac
tu re  of heat-resisting  cast iron  i t  is desirable in 
p ractice to  ob ta in  in  p a rtic u la r  ■ (1) A high M n
or Cr conten t (about 0.40 C'r), these elem ents form 
ing stable carbides w hich resist annealing . These 
carbides are  of the  ty p e  (F e M n)3 C. T heir 
s tab ility  re ta rd s  increase of volume subsequent to



th e  first h e a t ; (2) a reduction of the am ount oy 
(jraphite by every possible* m ea n s; (3) the form a
tion  of round graphite nodules and not of acute- 
angled lamellce, and (4) a judicious selection of 
elem ents such as Si, M n, Cr and to ta l carbon in 
o rder to  secure th e  conditions set fo rth  above, in  a 
m anner su itab le  fo r th e  u ltim ate  purpose of cast
ings required  to  w ithstand  the  effect of high 
tem pera tu res.

H ere i t  may he pointed  ou t th a t  cast irons low 
in  to ta l carbon havb norm ally a very fine grain, 
and th a t  on microscopic exam ination  they show a 
highly divided g raph ite  form ed of very fine or 
curved lamellse, o r of round nodules. This type of 
s tru c tu re  is frequen t in  semi-steel cast iron with 
h igh steel con ten t (25 to  30 per cen t.), and p a r
ticu larly  in cold- or semi-cold-blast metal. More
over, i t  m ay be pointed ou t th a t  th is  type  of m etal 
(to ta l carbon low) may he obtained w ith a re la
tive ly  high Si con ten t, 2 per cent, o r more. The 
resu lt is th a t  w ith a su itable adm ixture of silicon 
low to ta l carbon can be obtained, while m ain ta in 
ing th e  combined carbon in the neighbourhood of 
0.6 per cent, and  even less.

H av ing  m ade these rem arks, i t  seems desirable 
to  exam ine some p a rticu la r cases of castings 
requ ired  to  resist high tem peratures, and le t us 
see w hat compositions appear most desirable for 
such castings, ta k in g  as basis the  theoretical con
clusions we have form ulated  above.

I t  should he s ta ted , however, th a t  although 
these compositions are  derived from theoretical 
reasoning, they  have nevertheless been verified by 
th e  au th o r in th e  m anufactu re  of various articles 
and  checked on castings which have given sa tis
fac tion  in  use.

Cast crucibles for con ta in ing  lead baths, for 
harden ing  or tem pering , or for m elting alloys or 
w hite m etals.

H ere i t  is a question of castings which are 
generally  heated  by town gas in  an atm osphere 
which is generally oxidising, and in d irect contact 
w ith th e  flame. These castings are  seldom 
perished by fusion (the hea tin g  tem pera tu res being 
betw een 500 deg. and 600 deg. maximum ), bu t 
usually  by porosity. I t  m ay he observed th a t  
these castings have no t to  w ithstand  any sort of



m echanical stress, and th a t  they generally  rem ain 
rough foundry  castings.

U nder these conditions tw o formulae m ay he 
applied  : (1) W hite  cast iron  or w hite m ottled  iron 
w ith high m anganese con ten t to  p reven t any  pos
sib ility  of g rap h itisa tio n , th e  silicon being k ep t 
low for th e  sam e reason ; (2) semi-steel cast iron 
w ith low to tal-carbon  con ten t and low combined- 
carbon con ten t, w ith  a q u an tity  of M n sufficient 
to  re ta rd  th e  g rap h itisa tio n  of th is carbon, th e  S 
and  P  con ten t being in d iffe ren t: —

T.C. <  3 .0 ; O C <  0 .5 ; Mn <  0 .9 ; S, 0 .15; P, 
0.5 to 1.5; and  Si >  2 per cent. A semi-steel
cast iron  w ith  25 per cen t, steel w ith  a  ferro  
add ition  is qu ite  su itable.

Thin  grates for h ea tin g  ap p a ra tu s . The same 
com position w ith  P  increased to  give flu id ity , Si 
between 2 and  2.5 to  p reven t th e  fo rm ation  of 
w hite cast iron, which would be too frag ile  : —

T.C. < 3 .2 ;  C C <  0 .6 ; M n, 0 .9 ; S, 0.15; P , 
1 .5; and  Si, 2 to  2.5 per cent.

Thick fire bars.—I f  th e  question of cost is no t 
an  obstacle, i t  is well to  lessen th e  P  con ten t in 
o rder n o t to  have too low a m elting  po in t. I f  
th e  castings a re  liable to  be perished by fusion 
th e  OC should be k e p t as low as possible :—

T.C. >  3.20; M n, 0 .7 ; P , 0.4 to 1 .2; S, 0.15; 
and Si, 2.0 pea* cent.

I t  m ay be rem arked th a t  in  all these castings 
th e  ra is in g  of th e  S con ten t p resents no d isad
v an tag e  and  is ra th e r  to  be recom mended, experi
ence hav ing  proved th a t  w hite or m ottled  cast 
iro n  w ith very h igh  su lphu r co n ten t resists the 
ac tion  of reh ea tin g  very well.

S toves, ranges, hea ting  appara tus .—This ty p e  of 
castings m ust fulfil a series of alm ost co n tra 
d icto ry  conditions. As th ey  a re  frequently  
enam elled, these castings have to  undergo one or 
tw o heats, du rin g  which they  a re  quickly b rough t 
to  high tem pera tu res. Progressive h ea tin g  is 
ra re ly  possible in  th is  type  of m anu fac tu re . This 
first h ea t and  th e  necessity of avoiding excessive 
frag ility , which would be very h arm fu l d u rin g  the  
m an ipulative stages th rough  which these castings 
have to  pass, render i t  impossible to  ob ta in  
resistance to  hea t by the  use of w hite or m ottled 
cast iron, or even h igh percen tage sem i-steel. As



these castings a re  also subjected to  various 
m achining operations (drilling), they  have to  be 
specially soft, p articu la rly  as th e ir  thickness 
seldom exceeds 3 to  4 mm. The lim ited thickness 
of these castings presents a danger in  regard  to 
frag ility , h u t a t  the  same tim e it  necessitates the 
use of m etal rich in  phosphorus, as th is elem ent 
alone gives th e  m etal th e  fluidity  indispensable 
to the  success of these castings.12

The sam e reasons which m ake i t  difficult to  use 
sem i-steel cast iron m ake i t  impossible to  employ 
m etals h igh  in  m anganese or chromium.

In  these circum stances, therefore, i t  appears 
difficult to  embody th e  form ula fo r a  good heat- 
res is ting  cast iron, viz., th e  least am ount of 
g rap h ite  possible w ith very low combined carbon. 
The solution may, however, be reached by another 
method. I t  is known th a t  th e  size of th e  g raph ite  
lamellae and consequently th e  g ra in  of th e  m etal 
increase w ith th e  increase of th e  Si conten t be
tw een 1 and  2.5 p er cen t. .Si. B u t when in  the  
neighbourhood of 2.5 per cent, nearly  all th e  
carbon is p rec ip ita ted  in th e  form of g raph ite , any 
fu r th e r  increase of silicon produces an inverse 
effect. The OC s till rem ains low, b u t th e  to ta l 
carbon con ten t dim inishes very rapidly. This to ta l 
carbon being alm ost en tire ly  in th e  s ta te  of 
g rap h ite , w ith  th e  increase o f Si th e  lamellae of 
th e  g rap h ite  a re  seen to become sm aller and 
sm aller and less num erous. P ari passu  th e  grain  
of the  m etal become® m ore compact u n til, as every
one has observed, a  m etal w ith 4.5 p e r cent. Si 
shows a  g ra in  indistinguishable from th a t  of 
m ottled  cast iron, and a  10 per cent, ferro silicon 
has th e  appearance of w hite cas t iron.

The au th o r considers th a t  in th© case being 
dealt w ith (cast iron fo r stoves, etc.) i t  is desirable 
to  tak e  advan tage  of th is  p roperty  of silicon in 
o rder to  lower sim ultaneously th e  OC and T.O. con

12 Tlhe A u th or considers i t  w ell to  keep th e  phosphorus 
con ten t 'between 1 an d  1.5 p er  cen t. A bove 1.5 per cen t, th e  
phosphorus, w ith ou t in creasin g  th e  flu id ity  o f th e  meta-l 
'm aterially , renders it  ex trem ely  frag ile . E xp erim en ts m ade 
on an in d u str ia l sc a le  show ed th a t  th in  ca stin g s  w ith  2 per 
cen t. P  g a v e  so  m uch w a sta g e  from  b reak age in  h and lin g  
th a t  it  w a s  found desirab le to  lower th e  P  toy th e  addition  
o f h em a tite  c a st iron . N otw ith stan d in g  th e  re la tively  h igh  
cost o f th e  la tter , th ere  w as found to  be a  decided ad van tage  
from  th e  p o in t o f v iew  o f  u ltim ate  cost.



te n ts  H e therefo re  recommends th e  following 
fo rm u la :—T.C. <  3 .2 ; OC low; S i, 2.8 to  3 .3 ; Mn 
>  0 .4 ; S, 0.15, and P , 1 to  1.5 per cent.

This composition differs m ateria lly  from  th e  for
mulée recom mended hy m any specialists, both 
F rench  and English. M any recommend a -Si con
te n t  of about 2.20 per cen t. Nevertheless, the  
theore tica l considerations which have been ad 
vanced in the  p resen t P a p e r  and m anufac tu ring  
tes ts  carried  o u t on a la rge  scale have confirmed 
us in our opinion, and we recom m end th e  above 
form ula fo r all stove eastings, w hether enam elled 
o r not.

M etal fo r D iesel m otor castings.—F o r th is  ty p e  
of casting  prac tice  appears en tire ly  to  confirm the 
theore tica l resu lts which have been described. I t  
m ust be rem em bered th a t  these castings have to 
s tan d  g re a t m echanical stresses while w orking in 
certa in  cases (pistons) a t  tem p era tu res  approx i
m ating  to  and som etimes above 650 deg. C. F or 
these castings, therefore, th e  au th o r recommends 
th e  use of semi-steel cast iron w ith  h igh  M n con
te n t : —

T.C. <  3.2 ; Si, 1.8 to  2 ; Mn >  1.0 ; S <  0.10, and 
P  <  0.30 per cent.

A sligh t am ount of C r (about 0.3) could no t h u t 
prove beneficial. The a u th o r also considers th a t  a 
P  co n ten t below 0.3 is essen tia l to  obtain  th e  m axi
m um shock resistance. Professor Cam pion13 has 
shown th a t  th e  low ering of tensile resistance be
tw een 0 and  500 deg. is sensibly less w ith  sem i
steel cast iron th a n  w ith  o rd in ary  cast iron. H e is 
consequently inclined to employ semi-steel cas t iron 
for Diesel m otor castings. The a u th o r’s conclu
sions agree w ith his on  th is po in t. The au tho r 
th inks, however, th a t  in th e  absence of Cr, th e  Si 
con ten t should be k ep t between 1.8 and 2 in  order 
to  lessen th e  q u an tity  of combined oarbon, and no t 
between 1 and  1.5 as is done in  th e  case of semi- 
steel cast iron  for shells.

Cast Iron which has to Undergo Norm alising  
A nnealing .—C erta in  castings, such as th e  w ater 
jacke ts of valveless motors, e tc ., a re  sometimes 
subjected to  a norm alising annealing  fo r th e  p u r
pose of neu tra lis in g  the  in te rn a l strésses and pre

15 " F oundry T rad e J ou rn a l,” M ay, 1924.
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ven ting  possible deform ations when working. In  
th is  case th e  castings undergo only one heat. 
According to' w hat has been already said, th e  in
crease of volume, as also th e  porosity and the 
lessening of resistance which arise  from it, can 
only be due to. th e  annealing  of th e  combined 
carbon. I t  is therefore, well to  keep to tem 
pera tu res  sensibly below 725 deg. in  th e  course 
of th is  annealing . Moreover, the  au th o r advises 
s ta r tin g  w ith  a m etal having as low a combined 
carbon conten t as possible. This can be obtained 
very easily w ith a Si content equal to  or above 
2 per cent., according to  'th e  thickness of the  
castings.

Castings which have to Undergo Thermal 
T rea tm en t.—As D urand  has shown, oil-harden
ing a t 850 deg., followed by tem pering a t 
600 deg., oan im prove very m aterially  the 
m echanical properties of certa in  cast irons. This 
tre a tm en t, however, does no t appear desirable in 
th e  case of castings which have to  stand  high 
pressures. In  all such cases, in order to  p revent 
th e  increase in volume and th e  inconveniences 
resu lting  from  it, i t  is necessary to reduce the  
h ea t period to th e  m inim um. I t  is here unneces
sary  to seek to  reduce th e  combined carbon con
te n t. As only the  m etals w ith  combined carbon 
above 0.50 a re  capable of having th e ir  m echani

ca l p roperties im proved by th is tre a tm en t, the  
au th o r recommends for th e  purpose in question 

cast iron of th e  following composition :—T.O. < 8 .3 ;  
CC >  0.5: Si <  1.20; Mn, 0.6; S  < 0 .1 0 ;  and
P <  0.3 per cent.

Castings having to S ta n d  very H igh Tempera
tures approxim ating  to the M elting P oint of the 
M eta l.—The considerations advanced in th e  pre
sen t m onograph do no t apply  to  th is  type of cast
ing, w ith  reg a rd  to  which th e  problem consists 
p a rticu la rly  in  ob ta in ing  a  p roduct having a  
m elting  po in t as high as possible. The m etal 
being regarded as a steel con tain ing  graph ite  
lamellae in a s ta te  of inclusion, i t  -will a t  once 
be deduced th a t  th e  m elting  po in t of th e  m etal 
will be th e  h igher in proportion  as th e  steel con
s titu tin g  its  m atrix  is soft. W ith  th e  same object 
th e  su lphu r and phosphorus will be elim inated. 
I t  is known, moreover, th a t  g raph ite  is in itself



82

a re frac to ry  elem ent, however sligh t its 
agglom eration, b u t th a t  i t  bu rns fa irly  easily 
when i t  is in  th e  s ta te  of extrem ely divided 
partic les .14

I t  is for these reasons th a t  i t  is desirable for 
th is type  of castings to  ge t so ft cas t iron  w ith 
low S and P conten ts, w ith  com bined carbon 
very low, and w ith th e  g rap h ite  form ed of 
lamellae as wide and th ick  as possible.

In  closing th is  m onograph th e  au th o r desires 
to  em phasise th e  fac t th a t  th e  formulae given do 
n o t constitu te  a res tric tiv e  whole. They a re  not 
th e  only good formulae, b u t rep resen t m erely one 
of th e  possible m ethods of ob ta in ing  h ea t-resis t
ing cast iron.

H e has here  exam ined a series of scientific 
studies and  sought to derive from  them  a general 
theory  explain ing  the  action of high tem pera
tu re s  on grey cast iron.

This theory  has led him  to  ad o p t a c e rta in  
num ber of compositions su itab le  for d ifferent 
types of castings which have to  w ith s tan d  the  
action  of hea t. The au tho r finds, moreover, th a t  
th e  formulae thus ob ta ined  agree generally  w ith  
th e  resu lts of p rac tica l and m an u fac tu rin g  tests. 
The g rea te r num ber of them  a re  no novelty, and 
have already  been recom m ended by technical 
foundry  au thorities.

The foundry  problems in  regard  to  which a 
general view  of th is  k ind  can be fo rm ulated  are 
still ex trem ely  ra re . The work of th e  foundry 
technical associations will w ithou t doubt serve 
"apidly to  increase th e ir  num ber.

The au th o r does no t claim  to  exhaust such a 
complex question in th e  p resen t P aper, b u t he 
would be happy  if the  exam ination  and discussion 
of th is  work should serve to  b ring  about, in  the  
field of h ea t-resisting  cast iron, a lasting  agree
m ent between m etallu rg ical scientists and iron 
founders, for th e ir  well-considered collaboration 
appears to  be more and  m ore indispensable to  all 
fu r th e r  progress in  foundry  work.

14 "This ds th e  case  in  c a s t in g s  w hich  h a v e  to  be en am elled  
The^ ob ject o f th e  p relim in ary  a n n e a lin g  to  w hich  th ese  
ca s t in g s  a re  o ften  sub jected  is  to produce p artia l consum p
tio n  o f th e  g ra p h ite  ly in g  a t  th e ir  surface, th e  presen ce of  
w hich  fo n n s  aui o b sta c le  to  th e  proper ad hesion  o f  th e  
enam el.
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DISCUSSION.
M r . H . J .  Y o u n g , F .I.C . (Newcastle-on-Tyne), 

said th e  au tho r had p resen ted  certa in  conclusions, 
and  he d id  n o t agree w ith m any of these a t  all. 
In  th e  first of his formulae he gave T.C., 
3 .0 ; C.C., 0 .5 ; M n, 0 .9 ; S, 0.15; P , 0.5 to  
1 .5; and Si, 2 per cent. Candidly ¡he 
(M r. Yonng) did n o t know how th e  au thor suc
ceeded in  using iron  of th a t  composition. M ost 
certa in ly  he said no th ing  a t  all about the 
cupola practice. F o r one th in g , 2 per cent, of 
silicon was most undesirable. C erta in  of th e  other 
percentages were equally undesirable, and he could 
n o t und ers tan d  why som ething en tire ly  different 
from  accepted practice should be recommended. 
L a te r on, th e  au th o r ven tu red  an opinion th a t  
m any specialists, F rench  and English, recom
m ended a  silicon con ten t of about 2.20 per cent. 
H e (M r. Young) would n o t recommend it. The 
au thor, u n d er th e  head ing  of m etal fo r Diesel 
m otor castings, re fe rred  to  a  tem p era tu re  approx i
m atin g  650 deg. C.—which, by th e  way, was one of 
th e  h ighest tem pera tu res  in Diesel engine work—• 
and  suggested a  silicon co n ten t of 1.8 to  2 per cent, 
for th a t . In  th a t  p arag raph  he wound up th u s :—■ 
“  F o r these castings, therefore , th e  au thor recom
mends th e  use of semi-steel cast iron w ith high 
M n co n ten t.”  A sta tem en t of th a t  k ind m eant 
absolutely no th ing , an d  th e  au th o r m ight ju s t 
simply have recommended th e  nse of pig-iron. He 
(M r. Young) fe l t  th a t  he could speak fo r some of 
th e  work done in  th is country, and he did not 
th in k  th e re  was agreem ent in B rita in  th a t  the 
h igh silicon co n ten t the  au tho r recommended was 
used in connection w ith  Diesel engine practice. 
H igh  silicon con ten t was very li tt le  used in  super
h ea te r work. H e made these observations as the  
resu lt of his experience, and he should like the  
au th o r to  know th a t  he was being contradicted  on 
c e rta in  points.

M r. F . J .  C o o k  said he quite  agreed w ith a 
good deal th a t  M r. Young had  said. The au thor 
emphasised th e  po in t th a t  th e  form ation and size 
of g rap h ite  was of im portance. In  the  earlier 
p a r t  of th e  P ap er th e  au tho r made th a t  abundantly  
clear, and on page 77 he was responsible for the
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sta tem en t th a t  th e re  ought to  be a reduction  of 
th e  am ount of g rap h ite  by every possible means. 
The conclusions of th e  au thor, therefore, ra th e r 
bore out w hat he (M r. Cook) had said in a previous 
P aper. H e m ust, however, jo in  w ith  M r. Young 
in condem ning th e  analysis th a t  was given for 
Diesel engine practice, because i t  was in  every way 
con trad ic to ry  to  th e  m ethods adopted  in  th is 
country . Moreover, he was going to  claim  th a t  
the  castings m ade for Diesel engines w ith  high 
tem pera tu res  in  G rea t B rita in  were superior, or 
a t  least equal, to  any th ing  produced in  th a t  line 
on th e  C ontinen t. A lready he had  d ea lt w ith  th is 
p a rticu la r aspect of th e  question, in  th e  P aper 
which he co n trib u ted  to  th e  N o rth  E a s t Coast 
In s titu tio n  of E ngineers and Shipbuilders. On th a t  
occasion he stressed th e  necessity for small 
g raph ite . Then on th e  question of silicon content 
he personally should no t recom mend for Diesel 
engines any silicon con ten t in  excess of 1.2 per 
cent. There were circum stances, too, when they 
need no t be a fra id  of silicon con ten t up to  1 per 
cent. In  G reat B rita in  th ey  were no t a ltogether 
conservative regard ing  th e  p rac tice  of th e  past, 
and possibly some of th e  younger members of the 
In s ti tu te  m ight find i t  advantageous to  pursue an 
investigation  of th is  k ind.

Mb. J .  S. G l e n  P r i m r o s e  (M anchester) desired 
to  know on w hat evidence Professor. Levi s ta ted  on 
page 70 th a t  th e  m etal oast iron was no t perm eable 
to  gas a t  high tem p era tu res , w hereas steel was 
very highly perm eable. A lthough th e  s ta tem en t 
was m ade th a t  low to ta l carbon was needed for 
fine-grained iron, th e  very desirable fo rm ation  of 
early  g rap h ite  iron was no t necessarily dependent 
upon th is , b u t chiefly on th e  casting  ra te . The 
recom m endation to  m ake Diesel m otor castings 
w ith about 2 per cent, silicon was no t in  con
form ity  w ith  th e  la te s t and  best p rac tice  in 
m aking m axim um  pearlite  plus curly  g raph ite  
castings w here th e  reduction  to  1 per cen t, of 
silicon and under was found highly desirable.

M r. F l e t c h e r  felt th a t  in th e  general criticism  
th e  members ough t no t to  ignore th e  valuable 
fore p a r t  of th e  P ap er, especially in  its  reference 
to  th e  recen t work of Japanese  m etallu rg ists . The 
question of porosity in  cast iron  was of v ita l



im portance, because they  were o ften  too a p t to 
ta k e  g rap h ite  as being en tire ly  responsible for all 
th e  troubles. There was som ething in  th e  point 
m entioned by M r. Young th a t  th e  space occupied 
by th e  g rap h ite  was a space th a t  was no t abso
lu te ly  filled by th a t  g raph ite . R ound th e  edge of 
th e  g rap h ite  p la te  was a certain  am ount of 
porosity . I t  would be recalled th a t  m any years 
ago an  ex-P residen t of th e  In s titu te  m ade the  
rem ark  th a t  th e re  was no gas in  cast iron. Things 
had  progressed a good deal since then , and  he 
th o u g h t i t  would be acknowledged th a t  th e  
influence of gas pores on th e  heat-resisting  proper
ties of iron was very considerable. There was no 
d ispu ting  th e  fac t th a t  the  first p a r t of the  P aper 
was of extrem e value, b u t he was ju s t a fra id , so 
fa r  as th e  formulae was concerned, th a t B ritish  
foundrym en would tak e  g rea t exception to  the  
analyses proposed.

M e . J .  W . D o n a l d s o n  sa id  he had read  P ro 
fessor L evi’s P ap e r w ith  considerable in terest, and 
he regarded  i t  as a very valuable con tribu tion  to  
th e  li te ra tu re  on th is  im portan t subject of cast- 
iron h ea t tre a tm en t, particu la rly  w ith reference to 
grow th. The various deductions he had drawn 
from  th e  num erous investigations carried  out 
would be, he though t, generally accepted by all 
foundrym en. Professor Levi a ttr ib u te d  th e  growth 
of cast iron  a f te r  repeated  heatings and coolings 
first to  decomposition of cem entite and second to  
in te rn a l oxidation  and  change in  th e  m etal a t  the  
c ritica l points. W hile th is  no doubt took place 
w ith  most irons, he would be pleased to  have his 
theo ry  as to  w hat took place a t low tem peratures 
—440 to  550 deg. C.—w ith irons contain ing 
chrom ium  where th ere  was a contraction  in volume 
accom panied by a decomposition of cem entite. 
W ith  reference to  th e  composition suggested for 
Diesel engine castings, he would p refer a lower 
to ta l carbon, say, 3 per cent., and a lower silicon 
con ten t, say, 1 to  1.3 per cent., in  order to  increase 
ra th e r  th a n  to  lessen th e  proportion  of combined 
carbon. The nearer i t  was possible to  ob tain  a 
p earlitic  s tru c tu re  under h ea t tre a tm e n t by the 
add ition  of more m anganese or by a small per
centage of chrom ium or tu n g sten  th e  b e tte r was 
th e  heat-resisting  properties of iron and the 
sm aller the  change in  volume.

85
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The Author’s Reply.
Mons. Levi, in  reply to  th e  discussion, w ro te : —
Most of th e  critic ism s were d irected  ag a in s t a 

few lines which w ere devoted to  Diesel engine cas t
ings where, as specified in  my P ap er, th e  castings 
a re  subjected  to  h igh  tem p e ra tu re  conditions, such 
as the p iston . I t  appears to  me th a t ,  so fa r  as 
th is sub jec t is concerned, th e re  has been a sligh t 
m isunderstand ing . I t  is established th a t  c a s t iron 
hav ing  h igh silicon con ten t has been re jec ted  by 
p rac tica l men, b u t i t  is questionable w hether th is 
does n o t arise  from  th e  fact—special p rep a ra tio n  
excepted—th a t  alm ost invariab ly  th a t  when th e  
silicon con ten t is g re a te r  th a n  2.0 per cen t, th e  
to ta l carbon co n ten t is high.

I  should have liked to  know if th e  mem bers who 
have, qu ite  righ tly , re jec ted  silicon con ten ts of 
2.0 per cent, a re  p repared  to  discuss such cast iron 
b u t, associated W'ith low to ta l carbon content. I 
s till believe th a t ,  in  th e  absence of chrom ium  
(T ext C .R .), th e  p rinc ipa l e lem ent to  ensure a  
high resistance to  h ea t is a low g ra p h ite  con ten t 
d is trib u ted  in  th in  p la tes o r round  nodules.

I f  my memory does n o t fa il me, M r. F . J .  Cook, 
for th e  only Diesel engine casting  I  re fe rred  to  in  
my P ap er, th a t  is, th e  p iston , has form ally recom
mended in a very rem arkab le  mem oir a — s^ con----

to ta l carbon
ra tio , which should give a figure ran g in g  
between 0.7 and 0.8 (“ E ng ineering , 1920). This, 
w ith  a  to ta l carbon of 3.0 p er cen t., gives a silicon 
con ten t of betw een 2.0 and 2.25 per cen t. U n
fo rtu n a te ly , th e  o rig ina l te x t is no t available to  
me a t  th e  m om ent, and  I  am  quoting  from  an 
ab strac t which appeared  in  u  R evue de M etal- 
lurgie. ” As fo r o th e r castings, i t  is established 
th a t  one should reduce th e  silicon co n ten t accord
ing to  th e  mass of th e  casting , an d  in c e rta in  
cases do th is  u n ti l a figure of 1.0 p er cent: is 
reached, as M r. Cook has ou tlined . I  am  s till of 
opinion th a t  for p istons an d  cylinder jacke ts th is 
figure is too low. M r. J .  S. G. P rim rose  is cer
ta in ly  in e rro r in  seeing on page 70 of m y P ap e r 
confirm ation th a t  cast iron is not perm eable to  
gas a t  h igh  tem pera tu res. I  sa id  exactly  th e  oppo
site. The words used were “ To accept O uter- 
b ridge’s exp lana tion , i t  is also a t  th e  sam e tim e



necessary to  accept th a t  cast iron is  no t perm eable 
to  gas a t  high tem p era tu re .”  (Pour adm ettre  
l’explication  d ’O uterbridge, il fa u t adm ettre  en 
même tem ps qua la  fon te  n ’est pas perm éable au 
gas à h a u te  tem péra tu re ). B u t I  did n o t accept 
O uterbridge’s explanation, and I  showed la te r how 
th e  experim ents of K ik u ta  contrad icted  th is 
hypothesis. So fa r as th e  relationsh ip  between 
low to ta l carbon and com pact g raph ite  is con
cerned, which was referred  to  by M r. Prim rose, I  
would draw  a tten tio n  to  th e  fa c t th a t  if  compact 
g rap h ite  is obtained by o ther m eans i t  is nearly  
always associated w ith  low to ta l carbon. Howe, in 
his classical work on th e  M etallography of Iron  
and Steel, w hen dealing  w ith ce rta in  irons 
con ta in ing  com pact g raph ite , sta tes in  th e  French 
e d i t io n :—-“ M alheureusem ent, il y ’a lieu de 
croire que dans tous ces cas, cette compacité du 
g rap h ite  coencidait avec une  teneu r en graph ite  
exceptionnellem ent basse, suffisante pour en ex
pliquer la  com pacité to ta l carbon, 3.16 per 
cent. (U nfo rtunate ly , th e re  is every reason to  
believe th a t  in all these cases the compactness of 
th e  g rap h ite  coincides w ith  an exceptionally low 
g rap h ite  con ten t, sufficiently so to  explain  th is 
com pactness.)

I  can only s ta te  my complete agreem ent with 
th e  observation  of M r. Donaldson on the  useful
ness of chrom ium and tungsten  (?) (French T).

G enerally speaking, i t  is a pleasure to  me to  
recognise th e  g rea t skill and au th o rity  of the  
B ritish  foundrym an on every th ing  apperta in ing  
to  Diesel engines, and fo r th is  reason I  only 
devoted a  few lines to  th e  subject. Also I  a ttach  
considerable im portance to  the  criticism s made. 
On th e  o ther hand , i t  is w ith th e  g rea test astonish
m ent th a t  I  have read  th e  observations m ade by 
Mr. H . J .  Young. This gentlem an insisted upon 
a tem p e ra tu re  of 650 deg. O. for Diesel engine 
pistons, w hilst H q rs t (“ Iron  Age,”  1921) sta ted  
th is tem p e ra tu re  may rehch 900 deg. C.

F u r th e r  on, in speaking of cast iron for heating  
a p p a ra tu s  (pages 78 and 79 of my P aper), I  s ta te  
th a t  several B ritish  and F rench  experts recom- 
TTt e ! : d for th is  type  of casting  a silicon content 
o f g rea te r th a n  2.25 per cent. However, I  speci
fied qu ite  clearly  th a t  I  re fe rred  to  castings 
hav ing  less th a n  3 to  4 m.m. section thickness, 
cast g reen , and  a fterw ards machined. Personally,
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1 find 2.25 per cent, silicon to be insufficient. Mr. 
Young, however, quotes my words, and apparen tly  
recommends even for these  castings a low silicon. 
I f  th is  is his advice, then  such ideas, when they  
re fe r to  very th in  sections, a re  not only co n tra ry  
to  theory, b u t also aga in s t th e  most elem entary  
precepts of foundry  practice. If  he uses it , M r. 
Young may be qu ite  sure  th a t  he will ob ta in  -white, 
unm achinable and  useless castings. I t  seems im
possible to  me th a t  an opinion so co n tra ry  to  e s tab 
lished foundry  p rac tice  has actually  been p u t for
w ard by M r. Young, who, ju d g in g  from the  
isolated severity  of his critic ism , o u gh t to  be a 
p a rticu la rly  em inent specialist. On th e  con trary , 
if i t  is an established fac t th a t  a silicon co n ten t of 
2.25 p er cent, silicon has been recom m ended by 
au th o ritie s  whom M r. Y oung w ould contest, and 
th a t  he him self takes exception, w ithou t actually  
saying it, to  my advice, th a t  i t  is necessary to  
have as m uch as 3 per cent. Si, I  would therefo re  
re fe r him  to  o ther au thors recom m ending 2.25 
per cent, silicon, such as, for instance, J .  J .  
P o r te r  (R eport of th e  C om m ittee on S tan d ard s— 
Am erican F ound rym en’s A ssociation, 1910): G. A. 
D yer (“  Iron  A ge,” pages 175 to  225, 1922), and 
th e  well-known book by G runw ald, “ Technique 
d.e l ’E m aillerie M oderne,”  page 37 (Si = 2.20). etc.

In te r  alia, M r. Y oung questions th e  possibility  
of ob ta in ing  cast iron w ith  a  to ta l carbon con ten t 
of less th an  3 per cent, and a silicon co n ten t of
2 p er cent. This simply goes to  show th a t  he 
ignores th e  resu lts obtained by sim ultaneously  
m elting  steel and ferro-silioon, which has been 
utilised  in  foundry  prac tice  fo r m ore th a n  15 
years.

M r. F . J .  Cook w rites to  p o in t out th a t  in  his 
reply  to  th e  discussion th e  au th o r sta te s  th a t  
unless his memory fails him . he '(Mr. Cook) had 
given a fo rm ula  which w ith  3 per cent, to ta l 
carbon dem ands a silicon con ten t of 2.0 to  2.25 
p er cent, for Diesel engine cylinders. E ith e r  his 
memory has failed  him  o r he has failed  to  read  
th e  form ula correctly. The form ula in  question

read s : ^ 2 6 — S i—0.76 to  0.82 for Diesel engine
iU5

cylinders.
This calls for a silicon con ten t of no t more th an  

half th e  am ount Mons. Levi works i t  o u t to  be.



89

LOW-TEMPERATURE HEAT TREATMENT 
OF SPECIAL CAST IRONS.

By J. W. Donaldson, B.Sc., A.I.C. (Associate Member).

C ast iron used in the  m anufactu re  of certain  
castings, such as internal-com bustion engine 
p a rts , especially cylinders, cylinder covers, 
pistons and piston rings, is subjected to  tem pera
tu re  conditions which have a m arked effect on 
th e  p roperties of th e  m etal. Of recen t years 
ironfounders, engineers, and  m etallurgists, have 
been confronted  w ith  th is  problem of suitable 
m ateria l, and m any valuable and in te re stin g  con
tr ib u tio n s  have been made on th is subject. A 
series of P apers8 were presented  to  th e  Scottish 
B ranch of th is  In s titu te  in  November of las t year, 
and these, w ith  th e  subsequent discussion, 
describe very fully  the  position regard ing  oil
engine castings.

L ow -tem perature h ea t tre a tm e n t of cast iron 
has been investiga ted  by H u rs t1, Campion and 
D onaldson2, Schuz3, and Smalley4, and is so well 
known to  foundrym en th a t  i t  is unnecessary to 
do more th an  re fe r to  th e ir  work here. The 
effect of th e  add itions of special elem ents to  cast 
iron  in  order to  im prove its qualities h a s 'a lso  
been investigated , and the  d a ta  so obtained is to 
be found in  papers by H atfield5, Cam pion6, 
Sm alley7, and  Piw ow arsky10.

Some two years ago, the  au thor commenced a 
series of experim ents com bining the  effects of low- 
tem p era tu re  hea t tre a tm e n t and the  addition  of 
special elem ents on cast iron. P a r t  of the  work 
dealing  w ith the  effect of manganese, chromium 
and  nickel has already been published u nder the 
ti t le  of “  Some E xperim ents on C ast I ro n .” 9 
The p resen t P aper includes th a t  work and  also 
ex tends th e  experim ents to  cover th e  effects of 
tu n g s ten  and vanadium , and th e  combined effect 
of chrom ium  and  nickel on cast iron.

The composition of the  various irons, together 
w ith th e ir  tensile streng th s as cast, a re  shown in
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Table I . The p lain  iron was selected as one which 
is generally  recognised as a good cylinder iron and 
one which has given good resu lts  in service. This 
iron, together w ith  th e  m anganese, chromium, 
nickel and vanadium  irons, were p repared from 
th e  sam e cupola-m elted m etal by rem elting  in 
crucibles and casting  in to  dry-sand moulds, 14 in.

91

T a b l e  I I .— Annealing Tests at 450 deg. G.

Cast
iron.

Dura
tion of 
heating 
in hours

T.C. C.C.
Ten
sile

strength

Brinell
hard
ness.

0 3.16 0.68
Tons.
16.6 223

40 3.17 0.64 16.2 212
P. 80 3.17 0.48 15.7 197

120 3.19 0.43 15.3 183
160 3.13 0.38 15.4 183
200 3.15 0.38 15.5 179

0 3.32 0.77
Tons.

17.6 223
40 3.29 0.74 — 217

M. 80 3.31 0.73 16.8 197
120 3.35 0.55 16.5 183
160 3.28 0.56 — 183
200 3.33 0.54 16.4 183

0 3.17 0.93
Tons.

18.4 248
40 3.18 0.90 17.9 235
80 3.17 0.85 17.5 212

C. 120 3.18 0.72 17.4 207
160 3.16 0.69 17.2 201
200 3.20 0.69 17.3 207

0 3.16 0.67
Tons.
16.8 223

40 3.18 0.18 16.0 167
N. 80 3.18 0.09 14.8 159

120 3.16 0.08 14.8 159
160 3.17 0.07 14.7 156
200 3.15 0.07 14.7 149

by 1̂ - in. d ia. The special elem ents were added 
in  th e  form  of ferro-alloys. In  th e  case of the 
tu n g sten  iron, difficulty was experienced in adding
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th e  ferro -tungsten , and in  order to  ge t an iron 
con ta in ing  tu n g sten  i t  was found necessary to  
vary the composition of the  o rig inal iron by a lte r 
ing th e  silicon and m anganese conten ts. The 
bars, however, w ere also cast from  cupola m etal 
rem elted in crucibles. The two- nickel-chrome 
irons were cast d irectly  from th e  cupola w ithou t 
rem elting, th e  nickel and chrom ium  being added

T a b l e  III .— Annealing Tests at 450 cleg. C.

Cast
iron.

Dura
tion of 
heating 
in hours

T.C. C.C.
Ten
sile

strength

Brinell
hard
ness.

0 3.19 0.70
Tons.
17.0 235

40 3.20 0.18 16.5 174
V. 80 3.21 0.09 14.9 159

120 3.22 0.09 14.6 159
160 3.20 0.08 14.9 159
200 3.23 0.07 15.0 152

0 3.02 0.78
Tons.
17.6 212

40 3.04 0.72 17.1 192
W. 80 3.07 0.63 16.8 183

120 3.03 0.59 16.5 179
160 3.07 0.60 16.5 183
200 3.05 0.60 16.5 179

0 3.30 0.76
Tons.
15.9 229

40 3.23 0.68 15.6 223
C.N.l. 80 3.25 0.60 15.1 217

120 3.23 0.56 14.9 207
160 3.25 0.58 14.8 197
200 3.26 0.57 14.9 197

0 3.33 0.78
Tons.

17.8 225
40 3.28 0.70 17.5 235

C.N.2. 80 3.27 0.64 17.2 217
120 3.27 0.59 16.8 207
160 3.27 0.60 16.8 201
200 3.32 0.58 16.7 201

by th e  add ition  of M ayari pig-iron to th e  charge. 
This m ethod of m anu fac tu re  accounts for th e  
h igher to ta l carbon and th e  v a ria tio n  of th e  o ther
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constituen ts. All the irons were cast a t  approxi
m ately th e  same tem perature.

H eat-tyeatm en t experim ents were carried  out 
under th e  following th ree  sec tio n s:— (1) Prolonged 
annealing  te s ts  a t 450 deg. C. and 550 deg. C.

T a b l e  TV.—Annealing Tests at 5 5 0  deg. C.

Cast
iron.

Dura
tion of 
heating 
in hours

T.C. C.C.
Ten
sile

strength

Brinell
hard
ness.

0 3.16 0.68
Tons.
16.6 223

P.
40 3.13 0.12 15.8 138
80 3.16 0.11 15.1 129

120 3.15 0.09 14.8 129
160 3.15 0.12 14.6 125
200 3.14 0.12 14.8 129

0 3.32 0.77
Tons.

17.6 223

M.
40 3.36 0.69 16.4 187
80 3.30 0.46 16.1 171

120 3.35 0.27 15.4 159
160 3.35 0.25 15.2 148
200 3.34 0.26 15.4 148

0 3.17 0.93
Tons.
18.4 248

40 3.16 0.57 17.9 207
C. 80 3.22 0.53 17.4 171

120 3.20 0.49 16.8 159
160 3.15 0.51 16.4 148
200 3.21 0.49 16.4 148

0 3.16 0.67
Tons.
16.8 223

40 3.19 0.15 16.3 163
N. 80 3.20 0.05 13.8 138

120 3.14 0.05 13.4 134
160 3.20 0.04 12.9 129
200 3.15 0.02 13.4 129

respectively; (2) elevated tem pera tu re  tests as 
cast and  a f te r  prolonged annealing ; and (3) 
grow th tests. The method of experim enting and 
the  resu lts obtained from each te s t are considered 
separately.
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Annealing Tests.
A nnealing experim ents were carried  o u t in two 

series of tests. In  th e  first series, five bars of 
each iron were heated  in  an electric resistance 
furnace to  a tem p e ra tu re  of 450 deg. C. for 8 hours, 
allowed to  cool overn igh t, th en  reheated  the

T a b l e  V.— Annealing Tests at 550 deg. C.

Cast
iron.

Dura
tion of 
heating 
in hours

T.C. C.C.
Ten
sile

strength

Brinell
hard
ness.

0 3.19 0.70
Tons.
17.0 235

40 3.14 0.18 14.8 170
V. 80 3.19 0.08 13.0 134

120 3.22 0.06 12.0 129
160 3.14 0.05 12.0 134
200 3.23 0.03 11.8 129

0 3.02 0.78
Tons.
17.6 212

40 3.02 0.72 17.1 192
W. 80 3.00 0.52 16.2 179

120 3.03 0.34 15.8 159
160 3.01 0.28 14.9 143
200 3.01 0.27 15.0 143

0 3.30 0.76
Tons.
15.9 229

40 3.28 0.67 15.1 207
C.N.l. 80 3.28 0.52 14.7 187

120 3.27 0.43 14.0 .—
160 3.22 0.36 13.9 159
200 3.28 0.37 13.8 159

0 3.33 0.78
Tons.
17.8 255

40 3.31 0.68 17.2 223
C.N.2. 80 3.31 0.56 16.6 187

120 3.33 0.42 16.1 163
160 3.33 0.40 15.8 167
200 3.33 0.40 15.9 163

following day for th e  sam e period. A t th e  end 
of every five days, corresponding to  40 hours’ h ea t
ing, a bar was removed and its composition as 
'■egards to ta l and  combiped carbon determ ined,
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toge ther w ith  its  tensile stren g th  and Brinell 
hardness. The resu lts a re  given in  Tables I I  
and I I I .

In  th e  second series of tests, a sim ilar procedure 
was followed, excepting th a t  the  bars were heated  
to 550 deg. C. in stead  of 450 deg. C. The results 
obtained  a re  given in  Tables IV and V.

C onsideration  of the  results obtained in those 
tests show th a t  prolonged annealing a t  450 deg. C. 
and 550 deg. C. respectively produces changes in 
the  various irons. In  each case th e  combined 
carbon is decomposed, the  tensile streng th  falls 
off, and  th e  B rinell hardness decreases. The 
degree of change varies for th e  different irons 
an d  is more m arked a t  550 deg. O. th an  a t 
450 deg. C. In  Table V I a sum m ary of the 
resu lts is given, showing th e  num ber of hours 
requ ired  to  produce more or less stable conditions, 
and th e  percentage decrease in  th e  combined car
bon, tensile s treng th , and  B rinell hardness when 
these conditions are  a tta in ed .

On hea tin g  th e  p la in  cylinder iron a t  450 deg. 
C. th e  carbide is decomposed to  th e  ex ten t of 
34 pea- cent. This change requires 160 hours’ heat- 
ing to  complete, and is accompanied by a decrease 
in th e  tensile s tren g th  of 7 per cent, and in the 
B rinell hardness of 18 p er cent. H eating  to  550 
deg. C. produces a carbide change of 82 per cent 
a f te r  40 hours’ heating , th e  tensile streng th  fall
ing off by 11 per cent, and th e  B rinell hardness 
by 42 per cent.

Influence of Manganese.
Increasing  th e  percentage of manganese in the 

iron from  0.97 p er cent, to  2.43 per cent, in 
creases th e  s tab ility  of th e  combined carbon prob
ably due to  th e  form ation of m anganese carbide, 
which crystallises w ith th e  iron carbide, form ing 
a double and more stable carbide. This is ind i
cated  by a sm aller decrease per cent, in  the  com
bined carbon both a t 450 deg. C. and 550 deg. C.

Influence of Chromium.
The addition  of a small am ount of chromium 

0.392 per cent, produces a sim ilar b u t more power
fu l effect th a n  the  1.5 per cent, increase in m an
ganese. The in itia l tensile s tren g th  is increased
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considerably and  also th e  percentage of combined 
carbon. This carbide, due to  the  presence of 
chrom ium  carbide, is more stable under tem pera- 
tu ie , showing less tendency to  decompose. The 
tensile stren g th  and B rinell hardness shows sm aller 
percen tage decreases a t  450 deg. O. A t 550 
deg. C. th e  decreases a re  somewhat sim ilar to 
those obtained  w ith th e  p lain  cylinder iron, b u t 
when the in itia l tensile streng th  is considered it 
is seen th a t  even a f te r  stable conditions are 
a tta in ed  by annealing  th e  chrom ium  iron a t  550 
deg. C., th e  final tensile s tren g th  is sim ilar to  
th a t  ob tained  in th e  cylinder iron as cast.

Influence of Nickel, Vanadium, and Tungsten,
Nickel added to  cast iron to  th e  ex ten t of 

0.746 p er cent, produces litt le  effect in  th e  cast 
condition, b u t has a  m arked effect when th e  iron 
is heated . A t 450 deg. C. i t  produces rap id  de
composition of th e  combined carbon to  th e  ex ten t 
of 87 per cen t., and a t  th e  h igher tem pera tu re  
of 550 deg. C. decomposition is almost complete. 
This carbide change is accompanied by a large 
decrease in th e  s tren g th  and hardness.

A sm all percen tage of vanadium  0.124 per cent, 
produces changes very sim ilar to  those produced 
by th e  la rger percentage of nickel. The decrease 
in tensile s tren g th  a fte r  annealing a t  550 deg. C. 
is m ost m arked.

A nnealing a t  450 deg. C. th e  iron contain ing 
0.475 p er cent, of tungsten  produces changes 
som ewhat sim ilar to  those produced in tre a tin g  
th e  chrom ium  iron a t  a sim ilar tem pera tu re . 
R aising th e  annealing  tem p era tu re  to  550 deg. C., 
however, affects th e  s tab ility  of th e  carbide in 
th is  iron, and produces more rap id  decomposition 
th an  is produced in th e  chromium iron under 
s im ilar conditions. The changes a t  th is tem pera
tu re  are  som ewhat sim ilar to  those produced in 
the m anganese iron when sim ilarly trea ted .

Influence of Nickel-Chromium.
The two chrome-nickel irons, owing to  the  differ

ence in  th e ir  carbon, silicon, and  phosphorus con 
ten ts, are  scarcely comparable w ith the o ther irons. 
The principal difference between those two irons 
is th e  lower silicon conten t and h igher chromium 
and  nickel contents of th e  second. This difference

E
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in  composition has a noticeable effect on the  
in itia l streng th s and hardness of the  irons, b u t

T a b l e  V II.— Elevated Temperature Tests.

4
Cast iron.

Breaking 
tempera

ture 
degs. C.

As cast.

Annealed 
for 200 
hrs. a t 
450° C.

Annealed 
for 200 
hrs. a t 
550° C.

Degs. Tons. Tons. Tons.
15 16.6 15.5 14.8

100 16.1 14.9 13.8
200 15.8 14.5 13.6

P. 250 15.2 — •—
300 14.9 13.8 12.4
350 15.7 —• —
400 16.5 13.0 11.0
500 15.1 12.2 10.4
600 11.7 7.6 4.8

Degs. Tons. Tons. Tons.
15 18.4 17.3 16.4

100 18.0 17.1 16.2
C. 200 17.8 17.1 15.8

300 17.8 17.2 15.6
400 17.8 17.1 15.2
500 17.8 16.0 15.2
600 12.8 11.0 9.4

Degs. Tons. Tons. Tons.
15 17.6 16.5 15.0

• 100 17.8 16.6 15.0
200 16.6 16.0 14.9

w . 250 16.2 — —
300 16.1 15.7 15.0
350 16.6 — —-
400 17.0 14.7 14.2
500 15.0 14.2 12.0
600 10.2 9.3 7.1

Degs. Tons. Tons. Tons.
15 17.8 16.7 15.9

100 17.0 16.6 15.6
C.N.2 200 17.4 16.1 15.0

300 17.8 15.9 14.5
400 18.0 15.2 13.8
500 15.0 12.2 10.6
600 8.6 7.5 6.4

little  effect on th e ir  hea t-resisting  properties as 
the  percen tage decreases are  som ewhat sim ilar.
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The second iron, however, even a fte r  prolonged 
annealing  a t 550 deg. C., has a s tren g th  superior 
to  th e  first iron in  its  cast condition. The general 
effect of annealing  on th e  two irons produces con
ditions somewhat sim ilar to those produced on the 
s tra ig h t chrom ium  iron  by sim ilar trea tm en t.

Consideration of Results.
C onsideration of the  various results indicates 

th a t  low -tem perature annealing  decomposes the 
carh'ide w ith  a corresponding decrease in the 
s tren g th  and hardness of the  iron. The addition  
of sm all am ounts of special elements has in  the 
case of chrom ium , tungsten  and m anganese a 
stab ilising  effect on th e  ca rb id e ; whereas in the 
case of nickel and vanadium  the  decomposition or 
th e  carbide is accelerated. A small percentage of 
chrom ium , about 0.4 per cent., produces the  best 
results . I t  m igh t be noted  here th a t  th is  per
centage of chrom ium  is the maxim um  am ount th a t  
can be added to an iron of the  composition experi
m ented w ith, la rger am ounts producing irons so 
h ard  th a t  difficulty is experienced in m achining 
them . T ungsten  to  th e  am ount of 0.5 per cent, 
and m anganese to th e  am ount of 2.5 per cent, 
affect iron in  a somewhat sim ilar m anner, bu t 
while increasing the  stab ility  of the  carbide over 
th a t  of the  p la in  iron do no t produce the  same 
degree of s tab ility  as th e  sm aller am ount of 
chrom ium  does. In  iron contain ing  both chromium 
and nickel, chrom ium  exerts the  predom inating  
effect, th e  nickel allowing of the in troduction  of 
a la rger percentage of chrom ium  th a n  would be 
possible if chrom ium  were added alone. A sim ilar 
resu lt would no doubt be obtained by increasing 
the  silicon conten t in the s tra ig h t chromium iron.

Elevated Temperature Tests.
E levated  tem p era tu re  tes ts were carried  out on 

th e  p lain  cylinder iron and on th e  special irons 
showing the  best results from the annealing  tests, 
namely, the  chrom ium , tungsten , and second 
chrome-nickel irons. Sufficient bars were not 
available to  carry  out tests w ith the manganese 
iron.

In  ca rry ing  ou t those tests a set of bars from 
each of th e  irons was broken a t  tem peratures 
rang ing  from  atm ospheric to 600 deg. C. A second

e  2
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set from  each iron was annealed  for 200 hours a t 
450 deg. C. and  th en  broken over the 
same tem p era tu re  range, while a th ird  set 
was annealed for 200 hours a t  550 deg. 
CL before breaking. I n  carry ing  ou t the  
tests the bars were heated  in an electric-resistance 
furnace a ttached  to  th e  te s tin g  m achine, the  tem -

F ig . 1 .— E l e v a t e d  T e m p e r a t u r e  T e s t s  o f  
C y l i n d e r  I r o n .

p era tu re  being m easured by therm o-couples fixed 
to th e  top  and  bottom  of th e  bars. Each b a r  was 
m ain ta ined  for half an  hour a t  th e  tem p era tu re  
determ ined on before b reak ing . The results 
obtained from  the  various tes ts  a re  given in  
Table V II and F igs. 1 to  4.

Consideration of th e  resu lts in general ind ica te  
th a t  if e ith e r of th e  irons a re  to  be subm itted  to
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tem pera tu res rang ing  from  450 to  550 deg. C. tests 
obtained in th e ir  cast condition cannot be taken  as 
rep resen ta tive . In  th e  cast condition the  tendency 
is for the  s tren g th  of iron  to  dim inish slightly as 
the  tem p era tu re  rises and  then  to  increase again 
w ith a fu r th e r  rise in  tem pera tu re , a tta in in g  a 
m axim um  in  th e  neighbourhood of 400 deg. C.,

F i g .  2 . — E l e v a t e d  T e m p e r a t u r e  T e s t s  o f  
C h r o m e  I r o n .

a fte r  which the  s tren g th  rap id ly  dim inishes with 
increasing tem pera tu re . In  the  case of the 
chrom ium  iron and to  a lesser ex ten t in  the  case 
of th e  chrom e-nickel iron, th e  curves obtained are 
more regu lar, and in  the  chrom ium iron the 
s tren g th  is m ain ta ined  to  500 deg. C. before 
fa lling  off.

S ub jecting  the  irons to  prolonged annealing  at 
450 and 550 deg. C. produces, as previously ind i
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cated , changes in  th e ir  composition, w ith  the  
resu lt th a t  when the  irons a re  tes ted  a t  elevated 
tem pera tu res a considerable d im inu tion  in  
s tren g th  takes place. The curves obtained in  each 
case are more regular, the  s tren g th  d im inishing 
uniform ly as th e  tem p era tu re  increases. The

F i g . 3 .— E l e v a t e d  T e m p e r a t u r e  T e s t s  o f  
T u n g s t e n  I r o n .

decrease in s tren g th  is fa irly  large, showing in 
the case of the  cylinder iron  when te s ted  a t  4 0 0  
deg. C. decreases of 21 per cent, and  27 per cent, 
a f te r  annealing  a t  450 and  550 deg, C. respec
tively, and  in  the case of the  chrom ium  iron 
decreases of 4 per cent, and 15 per cen t, a f te r  
sim ilar annealings and when tes ted  a t  th e  same 
tem pera tu re . The decreases in the  tu n g s ten  and 
chrom e-nickel iron under sim ilar conditions are  
in te rm ed ia te  between those figures.



The curves obtained on breaking each iron a t 
tem pera tu res from  atm ospheric to  600 deg. C. a fte r  
prolonged annealing  a t  450 and 550 deg. C. respec
tively  are given in Figs. 5 and 6. T esting  a t 
400 deg. C. a fte r  a 450 deg. C. annealing  the 
re la tive  increases in  tensile s tren g th  for the

F i g .  4 .— E l e v a t e d  T e m p e r a t u r e  T e s t s  o e  
Cr-N i  I r o n .

chrom ium , tungsten , and chrome-nickel irons, over 
th e  o rd inary  cylinder iron, a re  32 per cent., 13 
per cen t., and  17 per cent. A fte r a 550 deg. C. 
annealing  th e  corresponding increases are 38 per 
cen t., 30 per cen t., and 25.5 per cent. A t both 
tem pera tu res the s tab ility  and superiority  of the 
iron con ta in ing  chrom ium  is m arked.

Growth Tests.
These tests were carried  out on all the irons a t 

a tem p era tu re  of 550 deg. C. Two bars from each
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iron, accurately  m achined to  6 in. in  leng th  and 
1 in. in  d iam eter, were heated  in an electric 
resistance furnace daily  for a period of 8 hours, 
allowed to  cool overnight, and reheated  the  follow
ing day. A fte r five heatings the  hars were 
removed and accurately  m easured by m eans of a 
W hitw orth  m easuring m achine read ing  to  hundred

F i g .  5.—E l e v a t e d  T e m p e r a t u r e  T e s t s  
a f t e r  A n n e a l i n g  a t  450 d e g .  C.

thousandths of an inch. The average m easure
ments obtained, together w ith  the  volumes calcu
lated  from  them  and the  changes per cen t., are 
given in  Tables V II I  and IX . A g raphic  rep re
sen ta tion  of th e  results is given in F ig . 7.

The am ount of grow th which takes place in  each 
of the  irons is small when com pared w ith  the  
grow th of an  o rd inary  foundry  iron. This is



shown in  F ig . 8, where th e  results obtained from 
the d ifferent irons are given along w ith the  results 
obtained from  a foundry iron of the  following 
composition : Total carbon, 3.29; g raph itic  carbon, 
2 72; combined carbon, 0.57; silicon, 1.75; sul
phur, 0.11; phosphorus, 1.54; and manganese. 
0.16 per cent.

F i g .  6 .— E l e v a t e d  T e m p e r a t u r e  T e s t s  
a f t e r  A n n e a l i n g  a t  550 d e g .  C.

Growth in  th e  cylinder iron a tta in s  a maximum 
a f te r  10 heatings, when- the  volume increases by 
0.13 per cent. The m anganese and vanadium  
irons give curves sim ilar to  each other, the  most 
grow th tak in g  place during  the  first 10 heatings 
and  th en  slowly to  25 heatings w ith a slight ten 
dency to  r is e ; change of volume a f te r  25 heatings 
am ounting  to 0.17 per cent. Growth in the  nickel 
iron takes place slowly a t  first, b u t increases with



th e  num ber of heatings y ield ing  a volume change 
of 0.25 per cent, a fte r  25 heatings and still 
increasing. There is li tt le  change w ith  the  
tu n g s ten  iron, a m axim um  change of 0.04 per 
cent, being obtained a f te r  10 heatings. W ith  
chrom ium  th ere  is con trac tion  instead  of grow th. 
This con traction  takes place slowly for 10 heatings, 
then  more rap id ly  to  20 heatings, then  slowly 
again  to  25 hektings where the  volume has 
decreased by 0.27 per cent. The two chrome-

106

F i g . 7 . — G r o w t h  T e s t s  a t  5 5 0  d e g . C .

nickel irons do n o t show con trac tion , a lthough 
they both con ta in  a h igher chrom ium  con ten t, th e  
effect of chrom ium  in  producing con trac tion  
evidently being preven ted  by th e  presence of the  
nickel. Both irons show li tt le  grow th, a tta in in g  
a m axim um  of 0.08 per cent, a f te r  20 heatings.

Summary and Conclusions.
The conclusions derived from  th e  various tests 

m ay be sum m arised and  s ta te d  as follow s: —
(1) A nnealing cast iron for prolonged periods 

a t  tem pera tu res of 450 deg. C. and  550 deg. C. 
respectively, produces changes in the  com position 
of th e  iron which affect th e  s tren g th  and hardness 
of the  m ate ria l. These changes a re  due to  decom
position of th e  carbide, and  a re  more m arked  a t  
the  h igher tem pera tu re .
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(2) I f  cast iron is to be subjected to  elevated 
tem pera tu res, its  s tren g th  a t  those tem peratures 
cannot be determ ined on cast bars. The m aterial 
has to  be annealed a t  the  working tem pera tu re  
u n til the  carbide change is complete before m aking

(3) C ast iron, if of su itable composition, will 
show very little  grow th or change of volume a fte r 
repeated  heatings and coolings.

F i g . 8 .— G r o w t h  T e s t s  a t  
5 5 0  DEG. O .

(4) Small additions of special elements modify 
the  p roperties of cast iron, both as regards anneal
ing  and s tren g th  a t  elevated tem pera tu res as well 
as the  grow th properties.

(5) The add ition  of chrom ium  to  the  ex ten t of 
0.4 per cent, modifies th e  properties of the iron 
to  th e  g rea test ex ten t. The in itia l stren g th  is 
increased by 11 per cent., the  carbide is rendered 
more stable on annealing , w ith a corresponding 
sm aller reduction  in the  stren g th  and h a rd n ess; 
and the b reak ing  stren g th  a t  400 deg. C. afte r



stab ility  is a tta in e d  w ith  prolonged annealing  is 
25 per cent, g rea te r th a n  th a t  ob tained  w ith a 
corresponding iron con ta in ing  no chrom ium . 
R epeated  heatings and  coolings to  550 deg. C. p ro
duce a small decrease in  volume instead  of grow th.

(6) Increasing  th e  m anganese from  1.0 per cent, 
to  2.5 per cen t., or add ing  0.5 per cent, of
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T a b l e  V III.— Growth Tests at 550° C.

Cast
iron

Number
of

heatings.
Length,

ins.
Diameter,

ins.
Volume, 
cub. inB.

Change 
per cent.

0 6.0000 1.0000 4.710 0
5 6.0004 1.0005 4.715 0.11

P. 10 6.0011 1.0006 4.716 0.13
15 6.0010 1.0006 4.716 0.13
20 6.0011 1.0006 4.716 0.13
25 6.0011 1.0006 4.716 0.13

0 6.0000 1.0000 4.710 0
5 6.0004 1.0004 4.714 0.09

M. 10 6.0007 1.0006 4.716 0.13
15 6.0009 1.0007 4.717 0.15
20 6.0011 1.0007 4.718 0.17
25 6.0010 1.0007 4.718 0.17

0 6.0000 1.0000 4.710 0
5 5.9992 0.9998 4.707 0.06

C. 10 5.9985 0.9997 4.706 0.08
15 5.9979 0.9992 4.701 0.18
20 5.99S0 0.9989 4.698 0.25
25 5.9978 0.9988 4.697 0.27

0 6.0000 1.0000 4.710 0
5 6.0004 1.0001 4.711 0.02

N. 10 6.0010 1.0003 4.713 0.07
15 6.0025 1.0004 4.715 0.10
20 6.0030 1.0008 4.719 0.19
25 6.0035 1.0010 4.722 0.25

tu n g sten  produces resu lts som ewhat sim ilar to  each 
o ther and  sim ilar to  those produced by the  
chrom ium  b u t by no m eans so m arked. The grow th 
of both  irons is small, th a t  of th e  tu n g s ten  being 
practically  nil.

(7) A dding 0.75 per cent, of nickel or 0.125 per 
cent, of vanadium  sligh tly  im proves th e  in itia l 
s tren g th  of iron, b u t renders th e  carbide less stable 
d u ring  annealing , a large am ount of g raph itisa -



tion  tak in g  place even a t  450 deg. C. w ith a corre
sponding large decrease in  the  stren g th  and 
hardness.

(8) The effect of adding hoth chromium and 
nickel in the  proportion  of 2 and 1 allows the 
use of a h igher percentage of chrom ium , although 
i t  would appear th a t  the  benefits derived from
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T a b l e  IX .— Growth Tests at 5 5 0 °  C.
Number 1

Cast of Length, Diameter, Volume, Change
Iron heatings. ins. ins. cub. ins. per cent.

0 6.0000 1.0000 4.710 0
5 6.0015 1.0003 4.714 0.09

10 6.0019 1.0005 4.716 0.13
V. • 15 6.0020 1.0005 4.716 0.13

20 6.0020 1.0006 4.717 0.15
25 6.0021 1.0007 4.718 0.17

0 6.0000 1.0000 4.710 0
5 6.0002 1.0001 4.711 0.02

W. 10 6.0005 1.0001 4.712 0.04
15 6.0008 1.0001 4.712 0.04
20 6.0007 1.0001 4.712 0.04
25 6.0008 1.0000 4.712 0.04

0 6.0000 1.0000 4.710 0
5 6.0003 1.0001 4.711 0.02

C.N.l 10 6.0007 1.0002 4.712 0.04
15 6.0010 1.0003 4.713 0.06
20 6.0010 1.0004 4.714 0.08
25 6.0011 1.0004 4.714 0.08

0 6.0000 1.0000 4.710 0
5 6.0004 1.0002 4.712 0.04

C.N.i 10 6.0006 1.0002 4.712 0.04
15 6.0008 1.0002 4.713 0.06
20 6.0010 1.0002 4.714 0.08
25 6.0010 1.0002 4.714 0.08

the  increased chrom ium  as regards stab ility  of 
the  carbide and s tren g th  a t  elevated tem peratures 
a re  more th a n  dim inished by the accom panying 
nickel. B e tte r results would no doubt be obtained 
by om itting  the nickel and increasing the  chromium 
w ith  add itional silicon.

F o r perm ission to  publish these tests, the 
a u th o r’s thanks a re  due to  M r. Jam es Brown,
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C .B .E ., and the  o ther d irectors of Messrs. Scotts’ 
Shipbuild ing & E ng ineering  Company, L im ited , 
Greenock.
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DISCUSSION.
M r. J .  E . F l e t c h e r  observed in opening th e  

discussion th a t  th e  P ap er, in  con junction  w ith  
th e  au th o r’s ea rlie r work on the  subject, 

would he app recia ted  by all who had  any
th in g  to  do w ith  th e  low -tem perature h ea t 
tre a tm e n t o f special cas t irons. I t  seemed 
to  him  th a t  those of th e  mem bers who w ere 
in terested  in  th e  h ea t tre a tm e n t a t low tem p era
tu re s  th a t  the  resu lts  ob tained  by the  au th o r bore 
ou t th e  work th a t  had  already  been done in  o ther 
d irections. Indeed, if one m ight suggest a fu r th e r  
series of tes ts, i t  would be on sim ilar irons cast 
under “ P e rlit ” iron conditions. T h a t po in t 
was to  he raised  a t ano ther session of th e  p resen t 
y ea r’s conference. H is own personal view of th e  
issue raised  was th a t  they  ought to norm alise 
before they  began th e ir  tes ts  and expected  to  
derive results . In  o ther words, they  would have 
to begin a series of experim ents of th is  k ind  from  
the  dead level of “  P e rlit ” iron. H e  was ready  
to  agree w ith w hat th e  au th o r had said as to  th e  
influence of nickel-chrom ium . W ork which he (Mr. 
F letcher) had done a few years ago ra th e r  dem on

s tra te d  to him  th a t  the  best resu lts  w ere ob tained  
by adding about 0.5 per cent, of chrom e. Of 
course, those who had to  do w ith  general 
foundries knew th a t  chrom ium  sometimes was no t 
an  unm ixed blessing. Indeed, h is advice to  
foundrym en would be to  see th a t  th e ir  scrap was



tak en  care of, so th a t  i t  did  no t become mixed 
w ith o ther castings. I f  th a t  was no t done, then  
he could easily conceive som ething happening 
which would neu tralise  all th e  ap p aren t benefit. 
H e agreed w ith M r. Donaldson in keeping his 
chrom ium down to  th e  neighbourhood of 0.5 per 
cent. H e fu rth e r endorsed th e  au th o r’s sugges
tio n  respecting silicon as a means of reducing 
accidental hardness.

M e. F . J .  C o o k  fe lt th e  members would all be 
in agreem ent as to  th e  value of th e  Paper, b u t he 
was desirous of asking th e  au thor why he settled 
on 450 deg. C. and 550 deg. C. P erhaps Mr. 
Donaldson would say w hether h is choice was acci
den ta l or specific. H is suggestion, however, would 
be th is—th a t  M r. Donaldson should continue th is 
work for th e  benefit of the  members and subm it 
conclusions and findings as to  the  s truc tu res  of the 
various irons. H e (M r. Cook) was qu ite  convinced 
th e re  w as m ore in th e  s tru c tu re  of the  m etal than  
in th e  actual chemical analysis. H e made th a t 
rem ark  advisedly and as th e  outcome of a g rea t 
deal of experience derived from experim ents which 
he had carried  out.

H e recalled an instance w ith two irons of sim ilar 
chemical composition, one of which was cast in 
th e  ord inary  way and th e  other in chill. Both 
sam ples were subjected for some years to  super
heated  steam  of possibly 550 deg. One engine had 
a condenser and th e  o ther had  not, and a fte r  an 
in te rva l of years, when th e  pa rticu la r samples 
were polished i t  was found th a t  th e  results were 
to ta lly  different—-there being d is tinc t signs of 
corrosion in one case and n o t in  th e  o ther. The 
experience was a very prac tica l one to  him , h u t 
i t  confirmed him  in  p ractice  which he had  carried  
ou t for m any years, namely, th a t  of chilling 
cylinders, and particu la rly  those which had to 
s tan d  up to  superheated  steam . The same fact 
had  em erged in connection w ith engines working 
regu larly  w ith  superheated  steam , namely, th a t  
where th e re  was a chill in the  cylinders th e re  was 
no sign of corrosion or erosion. I t  was because of 
these results th a t  he suggested to  th e  au thor it 
would be for his own advantage and th a t  of the 
members if he looked particu la rly  into the s truc
tu re  of th e  iron. M r. Donaldson’s work and
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experim ents seemed to  prove th a t  they  did get 
b e tte r  results from  chrom ium  th a n  from  m an
ganese. H e agreed th a t  th e  physical properties 
were as good, and  his own experience ra ther 
tended to  show th a t  the  w earing properties would 
be g rea tly  increased.

Comparative Value of Chrome Additions.

M r. H . J .  Y o u n g  observed th a t  th e  au th o r had 
referred  in  his P ap e r to  annealing  te s ts  and 
grow th tests . H is view on th a t  po in t was th a t  the  
annealing  te s ts  were in  rea lity  grow th tests, 
indeed , on th a t  p a rtic u la r  po in t he fe lt i t  was 
ra th e r a p ity  th e  word “  annealing  ”  should have 
c rep t in to  th e  P ap e r a t  all in  th e  sense th a t  it  
was in tended . D ealing  w ith  th e  influence of 
chrom ium , M r. D onaldson m ade th e  following 
p o in t :— “ Even a f te r  stab le  conditions are  
a tta in ed  by annealing  th e  chrom ium  iron a t  550 
deg. C., th e  final tensile  s tre n g th  is sim ilar to  th a t  
obtained  in  th e  cylinder iron  as c a s t.”  Supposing 
th a t  cylinder iron had  contained  one-half per cent, 
of silicon instead  of 1 |  per cen t., he (M r. Young) 
did n o t consider such a rem ark  as th e  foregoing 
could have been possible. As to  th e  add ition  of 
nickel, he th o u g h t i t  had  no p rac tica l influence on 
pig-iron a t  all up to  a c e rta in  silicon con ten t. 
T here was no rea l use a t  all in  th e  ad d itio n  of 
nickel there , because obviously th ey  knew w hat 
th e  resu lt was to  be. I t  seemed to  h im  th a t  if 
they  desired to  ascerta in  th e  effect of nickel they  
had  to  tak e  away th e  silicon and  w atch fo r effect. 
No doubt i t  would be an  expensive business to  
com pare cast iron  w ithou t any silicon and w ith  
th e  add ition  of nickel in stead , b u t he subm itted  
th a t  i t  would be a fa r  more fa ir  com parison th a n  
the, one outlined in  th e  P ap e r. A t a la te r  stage 
of th e  P ap e r and  under th e  heading  of “ C onsidera
tion  of R esu lts ,”  th e  au th o r ven tu red  th e  opinion 
th a t  a sm all percentage of chrom ium , about 0.4, 
produced th e  best results. Then he added : “ I t  
m igh t be noted here th a t  th is  percen tage of 
chrom ium  was th e  m axim um  am ount th a t  can be 
added to  an iron  of th e  composition experim ented 
w ith , la rger am ounts producing irons so h a rd  th a t  
difficulty is experienced in  m achining th em .”  H e 
did no t see th a t  th a t  s ta tem en t was justified  w ith



a hot mould, because surely i t  was possible to 
produce m achinable iron? Then th e  au tho r men
tioned th a t  chrom ium  iron showed contraction  in 
certa in  cases instead  of grow th. H e personally 
believed there  were a num ber of irons on the 
m arke t a t th e  p resen t m om ent th a t  were showing 
con traction  in  th a t  way. I t  applied no t only to  
chrom ium  iron b u t to  o ther irons. T ha t he con
sidered was a serious m a tte r for the  m akers and 
users of Diesel engines. Indeed, he knew of one 
Diesel engine m anufac tu re r who would no t look 
a t  chrom ium  iron on th a t  account. M r. D onald
son m ade a fu r th e r rem ark  in  his sum m ary to  th e  
effect th a t  th e  m ateria l had  to  be annealed a t  the  
w orking tem p era tu re  u n til th e  carbide change was 
complete. H e suggested to  th e  au tho r th a t  the  
carb ide change as explained in  th e  paper could 
n o t have been complete a t  all. I f  th e  sta tem ents 
made as to  th e  heatings and  coolings were care
fully analysed and th e  figures critically  exam ined 
i t  would be found th a t  th e  carbide changes were 
no t qu ite  so complete as th e  au th o r’s contribution  
assumed them  to  be. H e agreed w ith  M r. Cook 
th a t  s tru c tu re  ought to  be determ ined, and on th a t  
po in t he suggested th a t  two im p o rtan t - elements 
had to  be considered—w hat is in  th e  iron and how 
does i t  act?  Mr. Young th e re a f te r  en tered  into 
a critic ism  of th e  au th o r’s tables, and suggested 
reasons why they  m ight be inconclusive. In  con
clusion, he was desirous of saying how much he 
apprecia ted  the  effort th a t  m ust have been 
expended on a P ap e r of th is  description. How 
m any am ongst them  would undertake  a research 
of th e  n a tu re  revealed in th e  con tribu tion?  The 
work was a ltogether of in tense value, especially to  
those members of th e  In s titu te  who were dealing 
w ith  and looking to  th e  fu tu re  of cast iron.

Contraction of Chromium Cast Iron,
Me . J .  S .  G l e n  P r i m r o s e  (M anchester) asked if 

the  au th o r could inform  th e  members if he had 
determ ined w hat loss of chrom ium  and nickel he 
had  found by rem elting  th e  M ayari pig-iron. In  
view of th e  im portance of ra te  of heating-up on 
th e  am ount of g rap h ite  separa ted  i t  would be 
in te re s tin g  to  know how quickly th e  bars named 
on page 99 of th e  P ap er had been trea ted ,
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as the  slower th e  ra te  th e  more was th e  carbon 
precip ita ted , and  also th e  g rea te r th e  volume of 
grow th. The low grade foundry  iron  nam ed on 
page 105 of th e  P ap er seemed a poor com parison 
to  m ake, as th e  ra tio  of m anganese to  su lphu r 
seemed ridiculously low. H e would like to  know 
if th e  au tho r could explain  th e  mechanism of the  
change on annealing  th e  chrom ium  alloy iron 
which was said to  show a con traction  instead  of a 
grow th on repeated  hea ting , especially as P ro 
fessor Levi quoted D rs. A ndrew and H ym an as 
finding th a t  chrom ium  reduced expansion w ithou t 
en tire ly  p reven ting  it . I t  would he invaluable to  
know if th e  au th o r could give any ex p lana tion  of 
w hat th e  con traction  of th e  chrom ium  iron  nam ed 
on page  108 of th e  P a p e r was due to  on repeated  
heatings and  coolings to  550 deg. C.

D r. A n d r e w , re fe rrin g  to  th e  question p u t by 
M r. P rim rose, said  he took i t  th a t  a f te r  th e  
hea tin g  a considerable am oun t of scale fell 
off. C erta in ly  when D r. H ym an and  he carried  
out th e ir  work on th is  investigation  they  found 
th a t  the  scale differed w ith  th e  d ifferen t classes of 
iron. Some of th e  scale fell off very  quickly. H e 
should like, if a t  all possible, th a t  th e  au th o r would 
throw  add itiona l lig h t on th is p a r t  of his P ap e r. 
H is te s ts  had  ra th e r  gone to  show th a t  n o t only 
did they  get ox idation  of th e  surface, b u t oxida
tion  took place by way of th e  g raph ite .

D r. H ym an and him self had  considerable 
evidence before them  a t  th e  tim e  th a t  the  
g rap h ite  showed oxidation . M r. Donaldson m igh t 
also explain  w hether he found any re la tio n 
ship between th e  g rap h ite  flakes and  th e  grow th, 
because D r. H ym an and he had  discovered th a t  
th e  la rger th e  form er flakes were th e  more in tense 
was th e  grow th.

M r . J .  G. P e a r c e , D irecto r, B .C .I.R .A ., B ir
m ingham , asked th e  au th o r w hat m ethod i t  was 
proposed to  pursue for rap id ly  d isc rim ina ting  
between two irons?

Annealing of Cast Iron.
M r . J .  S h a w  ( S h e f f i e l d )  s a i d  t h a t  s o  f a r  a s  h i s  

o w n  e x p e r i e n c e  h a d  g o n e  t h e  a d d i t i o n  o f  c h r o m i u m  
d i d  n o t  a d d  t o  t h e  s t r e n g t h  o f  i r o n  i n  t e s t - b a r  
w o r k ,  b u t  i f  t h e y  w e r e  d e a l i n g  w i t h  l a r g e  b o d i e s
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he believed i t  did have a beneficial effect. He 
agreed en tire ly  w ith th e  au thor in th e  observations 
he had made respecting people annealing  castings 
w ithout knowledge. An instance of th a t  k ind had 
been brough t to  his notice in  regard  to  test-bars. 
They could not send out too strong a w arning 
aga in s t th e  fu tility  and w aste of annealing  w ithout 
judgm ent and knowledge.

T h e  P r e s i d e n t  rem arked th a t  as th is P aper pro
ceeded and developed along th e  lines of original 
research and presented  its experim ents, tables and 
conclusion in  a system atic m anner, i t  was one of 
th e  most valuable types of contributions th a t  could 
be p u t before them .

The Author’s Reply.
M r . J .  W. D o n a l d s o n  said he was personally 

ra th e r  sorry he used th e  te rm  annealing. In  
rea lity  th e  wrong word had  been used. P erhaps 
i t  would have been b e tte r  for him  to  have referred  
to  i t  as “  h ea t tr e a tm e n t.”  A fter all was said 
and done, th e  tes ts  were no t annealing  tests. 
G enerally speaking, th ey  regarded annealing  as 
prolonged heating , b u t in  th e  p resen t instance 
where, as th e  P ap e r clearly indicated , there  had 
been repeated  heatings and coolings, th e  phrase 
“ h ea t tre a tm e n t ”  would have been preferable to 
th e  use of th e  word “ annealing .”  H e supposed 
th a t  th a t  s ta tem en t would now have th e  effect of 
rem oving a large am ount of misconception. When 
w ritin g , th e  P ap e r he had no t sufficient d a ta  a t 
hand  regard ing  th e  m icro-exam inations of the  
various irons. H e had  now obtained a certa in  
am ount of d a ta  on th a t  po in t which would enable 
h im  to  carry  on his te s ts  and develop them  still 
fu r th e r . In  reply to  w hat Professor Andrew had 
said, he had  to  m ention th a t  th ere  were indica
tions of oxide, and there  was certa in ly  a re la tion 
ship betw een th e  g raph ite  flakes and the  ex tent 
of grow th ta k in g  place. H e would develop th a t  
p o in t when he dealt w ith th e  question of micro
exam ination . Som ething had been said in  regard 
to  pearlitic  iron, and his view was th a t  the  irons 
should be judged from th e ir  micro-construction 
more th a n  from  th e ir  chemical analysis. I t  was 
desirable, he though t, to  have iron contain ing  
more or less such pearlitic  s tru c tu re  as would 
m ain ta in  i t  in  h ea t tre a tm en t. T hat m ight be 
done by th e  addition  of chrom ium , m anganese or
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tungsten . The first po in t, however, was to  get a 
pearlitic  s tru c tu re , and to  ge t i t  as nearly  as pos
sible am enable to  hea t tre a tm en t. Such o ther 
questions as had been raised  in the  course of dis
cussion he would endeavour to  deal w ith sa tis
factorily  in  a w ritten  com m unication.

D ealing w ith th e  various points raised in  th e  
discussion, the  au thor, first in reply to Mr. 
F letcher, adm its th a t  the  phosphorus con ten t of 
th e  various iron is too high. H e would have pre
ferred  a phosphorus of 0 .3  per cen t, and in 
g e ttin g  the  irons p repared  specified 0 .5  per cent, 
m axim um , b u t u n fo rtu n a te ly  th is  was exceeded. 
M r. F le tch er’s rem arks regard ing  pearlitic  iron 
and the  tak in g  of pearlitio  iron as a base for in 
vestigations are  of in te res t, and the  au tho r is in 
en tire  agreem ent w ith them . The developm ent of 
a p earlitic  s tru c tu re  and th e  m ain tenance of th a t  
s tru c tu re  as fa r  as possible under h ea t tre a tm e n t 
by th e  add ition  of special elem ents wdiich render 
the carbide stable is necessary if  heat-resisting  
irons a re  to be produced sa tisfac to rily .

In  reply  to M r. Cook’s query  as to  why 450 and 
5 5 0  deg. C . were selected for th e  h ea t tre a tm e n t 
experim ents, i t  m ay be s ta ted  th a t  4 5 0  deg. C. was 
tak en  as rep resen ting  th e  m axim um  tem p era tu re  
likely to  be' a tta in ed  in  general Diesel engine 
practice, and  5 5 0  deg. C. as a tem p e ra tu re  experi
enced under certa in  very severe conditions. W ith  
regard  to  th e  microscopic investigation  • of the 
various irons, th a t  is a t  p resen t b e irg  investi
gated, as th e  au th o r realises how necessary th e  
study  of th e  s tru c tu re  or m a trix  is when con
sidering  the  various changes produced by th e  h e a t 
tre a tm en t. M r. Cook also raised  th e  question of 
th e  effect of chrom ium  and m anganese on the  
w earing properties of the  irons, b u t th e  au tho r 
has no d a ta  to  offer. H e m ight, however, re fe r 
Mr. Cook to  a recen t P ap e r by Professor M ellanby 
( F o u n d r y  T r a d e  J o u r n a l , Vol. 3 0 ,  page 4 7 6 ) ,  
where i t  is s ta ted  th a t  resistance to  w ear m ay be 
associated w ith resistance to  grow th and th a t  irons 
which showed litt le  grow th  came ou t equally well 
when th e ir  w earing properties were tested .

The au tho r is unable to  sta te , in reply to M r. 
P rim rose’s question, w hat loss is found in  rem elt
ing M ayari pig-iron. The ra te  of hea tin g  up of



th e  bars in the elevated tem pera tu re  te s ts  occupied 
about half-an-hour, so th a t  very little  change 
would tak e  place before breaking. As regards the 
m echanism  of th e  change tak in g  place on heat 
tre a tm e n t of th e  chrom ium iron resu lting  in con
trac tio n , th e  au tho r is so fa r  unable to  explain, 
b u t is con tinu ing  his investigations. Andrew and 
H ym an’s tests quoted by M r. P rim rose showing 
where chrom ium  re ta rd ed  grow th, b u t did not p re
ven t it, were carried  o u t a t  900 deg. 0 .

M r. Young questions th e  use of the  term  
annealing  in connection w ith th e  first series of 
te s ts  and suggests th a t  th e  tests are really  growth 
tests. The au tho r adm its th a t  th e  word used is 
u n fo rtu n a te , and would suggest th a t  i t  be re 
placed by th e  words “  h e a t tre a m e n t.”  As regards 
th e  various points raised  regard ing  the chromium 
irons, th e  effect of chrom ium  on the  s tru c tu re  
and  th e  add ition  of silicon o r nickel in order to  
allow of an  increased chrom ium  content, the 
au th o r agrees w ith  M r. Young th a t  by th e  P e rlit 
process a  h igher percentage of chrom ium th a n  0.4 
could be in troduced  w ithout increasing the  silicon 
and also a m uch lower silicon could be used. 
M r. Young sta te s  th a t  th e  carbide changes are not 
complete in the 200 hours over which the  tests were 
made, and suggests th a t  fu r th e r  changes would 
ta k e  place under service conditions. W hile adm it- 
ing  th is to  a c e rta in  ex ten t, th e  au tho r is inclined 
to  th in k  th a t  a t  least 95 per cent, of th e  change 
th a t  is likely to  occur has taken  plaoe a t the  end 
of 200 hours. The comparison of the  various irons 
as regards composition, s tren g th  and hardness 
a f te r  th e  various hea t trea tm en ts  which Mr. 
Young makes, and  his deductions regard ing  the  
condition  of th e  m atrix , a re  extrem ely in teresting , 
and  are  largely  borne ou t by microscopic investi
gations which th e  au thor has made.

In  reply  to  Professor Andrew, i t  m ay be said 
th a t  th e  grow th bars were exam ined very carefully 
for scaling, b u t th e re  were no signs of i t  observed. 
M icroscopic exam inations undertaken , so far, have 
shown th a t  there  a re  indications of oxide form a
tio n  and also th a t  a relationsh ip  appears to  exist 
between th e  size of the  g raph ite  flakes and the 
grow th .
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M r. P earce  asks if th e re  is a quick m ethod of 
te s tin g  for heat-resisting  irons, b u t the au th o r 
cannot give any beyond suggesting th a t  i t  may be 
possible to form  a rough idea from  the  s tru c tu re  
and composition.

As regards th e  effect of pressure on grow th, in 
reply to  M r. Longden, the  au tho r is unable to  give 
an opinion.

The au tho r is ra th e r  surprised  regard ing  M r. 
Shaw ’s rem arks reg ard in g  his experience of te s t 
bars con ta in ing  chrom ium , as th e  various experi
m ents were carried  o u t on bars cast 1£ in. 
d iam eter and gave th e  tests s ta ted .
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A NOTE ON THE PRACTICE AND PURPOSE OF 
PERLIT IRON.

By Horace J. Young, F.I.C., Member.
F o r in troduction  th e  au thor wishes to  explain 

those circum stances under which th is note has heen 
w ritten .

I t  is known nowadays to  m any people th a t  the 
P e rlit process consists of a definite foundry pro
cedure correlated w ith an equally definite m etal
lu rg ical c o n tro l; th e  moulds are heated  to  a p re
determ ined tem p era tu re  to  su it the  m etal w ith 
which they  a re  to be filled, while th e  m etal is con
trolled to  a  pre-determ ined  composition to su it the 
average thickness and th e  mass of th e  casting  it 
is to  occupy.

Obviously, any one portion  of the  process, as 
above described and as se t ou t in th e  p a te n t specifi
cations, can be made to reciprocate w ith th e  other 
and, therefo re , i t  is possible to  carry  ou t the 
method and to  a tta in  th e  desired  resu lt in more 
th a n  one m anner. F o r instance, one foundry may 
find i t  convenient to  vary  the  tem p era tu re  of its 
moulds and to  keep th e  m etal c o n s ta n t; another 
to  use d ifferent m etals w hilst using a sim ilar 
m ou ld -tem perature  th ro u g h o u t; w hilst another 
may have such work as renders i t  b e tte r  to  vary 
both factors.

N o t long ago the au thor, read ing  about th is  p ro
cess in  th e  technical Press, found i t  difficult to 
evaluate. Much of th is  difficulty was due un
doubtedly to  an  e x trav ag an t and, in some in
stances, an  in ap p ro p ria te  use of th e  description 
“  p ea rlitic .”  A v is it to  th e  C ontinent, in  the 
ea rly  p a r t  of th is  year, gave oppo rtun ity  fo r per
sonal investigation  in various foundries using the 
process and tu rn in g  o u t all classes of work, light, 
m edium  o r heavy, as th e  case m ight he.

The final rem ark  of th is preface consists in say
ing th a t  th e  process has heen in  operation in the 
foundries of th e  N orth  E aste rn  M arine E ngineer
ing  Company for so short a period as to  m ake it 
impossible fo r th e  au thor to  include m any of the
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observations m ade in those foundries, bu t he has 
decided, nevertheless, to  adm it none m ade else-1 
where and n o t under h is  supervision.

Of recen t years i t  lias become recognised, from 
resu lts ob tained  u nder service conditions as well 
as those of m any research workers, th a t  grey cast 
irons con ta in ing  li tt le  silicon possess superio r pro
perties to  those of h igher silicon ranges. U nfor
tu n a te ly , th e  obstacles in the  way of using low- 
silicon m etal o ften  are, fo r very m any castings 
m ade under usual foundry  conditions, en tire ly  
prohibitive. The u n re liab ility  of o rd in a ry  cast 
iro n  lies in th e  fa c t  th a t  th e  m etal has a  vary ing  
“  g ra in  ”  according to  its section—a com plicated

F i g .  1 . — P e e l i t  B a b , c a s t  i n .  
d i a s .  G e a p h i t e  x  2 5  D IA S .

casting  is “  d ifferen t all o v er,”  w hilst a p la in  one 
has a m etal “  core.”  F o r  instance, an o rd inary  
te s t-b a r casting  is d iffe ren t in th e  cen tre  from  
w hat i t  is n ea re r to  th e  ou ts ide . Also is i t  recog
nised broadly th a t  grey iro n  con ta in ing  th e  m axi
mum am ount possible of com bined carbon, w ithou t 
free  cem entite , is th e  b est fo rm  in which any one 
p a rtic u la r  cas t iron can  be—th is  fo rm  being 
described as all-pearlitip .
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Added to  these accepted facts is th e  knowledge 
th a t  th e  g rap h ite  should ex ist in am ounts below, 
sa,y, 2.5 per cent., and th a t  the  dim ensions, shapes 
and  d is tribu tion  of th e  voids, p artly  occupied by 
it, should be such as have been found to char
ac te rise  those irons which have given th e  best ser
vice and exhibited  superior physical properties. 
In o ther words, these voids should be short, th in , 
curly or nodular, and confined w ithin th e  netw ork.

In  o rder to  p reven t th is no te  from developing 
in to  a discussion of m a tte r  already proved and 
accepted by recognised au thorities, th e  au thor has 
selected, from  th e  large mass of evidenoe, only 
rem afks m ade by B ritish  workers which have

F i g . 2 .— P e r l i t  B a r , c a s t  1 j  i n .  d i a s .
G r a p h i t e  x  75 d i a s . 

appeared  in those issues of T h e  F o u n d r y  T r a d e  
J o u r n a l  of th e  dates given in parenthesis.

H ilton  Mills (Ju ly  5, 1923 and Ju ly  19, 1923) 
w rites :— “ The tensile stren g th  was under 8.0 
tons per sq. in. Carbon estim ations on th e  test 
b a r showed : Total carbon, 4.20 per cent. ; g ra 
ph ite , 3.40 per cent. ; and combined carbon, 0 .8 0  
per c en t.”  F u rth e r, he w rites: “  My real conten-
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tion  was, th a t  a h igh  p ea rlite  co n ten t was only 
of use when combined w ith o ther s tru c tu ra l char
acteristics, the  chief of which is the  requ isite  fine
ness of the  g rap h itic  carbon. A p ea rlite -g rap h ite  
s tru c tu re  is undoubtedly th e  one to  aim  a t, for 
stren g th  in o rd in a ry  sand  castings, b u t th e  g ra 
ph ite  m ust be the  r ig h t ty p e .”

J .  Shaw (Dec. 6, 1923) w ro te :— “ The essential 
characcenstics of high-grade cast iron may be said 
to be a fine d is tribu tion  of the  g rap h ite , and a 
purely pearlitic  ground m ass.”

F i g . 3 . — P e a r l i t e  B a r , c a s t  1 J  i n .  
d i a s . P e a r l i t e  x  400 d i a s .

G. S. Bell and C. H . Adamson (M ay 8, 1924) 
s t a t e :— “ I t  is fa ir ly  c e rta in  th a t  th e  tensile  
s tren g th  varies d irectly  w ith th e  closeness of the 
s tru c tu res  in a p a r tic u la r  com position.”

F . H . H u rre n  (May 22, 1924), describing the  
m an u fac tu re  of m otor-car cylinders, gives th e  
analyses of th ree  d ifferent p a rts  o f the same cylin
der and  re m a rk s : “ The figures a re  typ ica l of
m any tests, and, as m ight be expected, th e  only 
difference is in th e  combined carbon and g rap h ite  
con ten ts .”
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J .  E. H u rs t (16-10-1924) says, in  his Paper 
en titled  “ Notes on P earlite  O ast Iron  ” th a t  the 
fac t of P e rlit iron being w hite when cast into a 
cold mould “ a t once d ifferentiates between an 
o rd inary  cast iron of a  pearlite -g raph ite  struc tu re  
and  th e  p roduct now known as pearlite  cast iron .”  
F u rth e r , he s ta te s  f‘ I t  is, generally speaking, 
well known th a t  an all-peai'litic stru c tu re  is 
advisable for th e  best general resistance to  w ear.”  
R eferring  to  o ther properties, he rem arks “ A

F i g .  4 . — P e r l i t  B a r ,  c a s t  l \  i n .  d i a s .  
P e a r l i t e  x  1 ,5 0 0  d i a s .

most im portan t additional poin t is th a t  th is high 
tensile  s tren g th  is secured w ith a com paratively 
low B rinell hardness. ” Pie goes on to  say 
“ W hilst, broadly speaking, foundry m etallurgists 
a re  well aw are of th e  influence of ra te  of cooling 
on th e  constitu tion  of cast iron, none of us has 
been aw are of th e  fac t th a t  th e  ra te  of cooling 
could be modified in th e  m anner proposed in the 
p earlitic  cast-iron process, and for such modifica
tion  to  be accompanied by such g ratify ing  
resu lts .” L a te r, he continues “ An all-pearlitic 
m a trix  is th e  best practice. I t  is his experience
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w ith  m any cylinder problems of recen t years th a t  
th e  lower th e  silicon con ten t, th e  b e tte r th e  resist
ance to  w ear under alm ost all conditions apper
ta in in g  in  engine cylinder work, including 
in ternal-com bustion  engine o r otherwise. F rom  
these pointe of view th e  p ea rlite  cast-iron s tru c 
tu re  and th e  underly ing  fea tu res  of th e  L anz 
pearlitic  cast iron as defined, fully ju s tify  th e ir  
claims reg ard in g  resistance to  w ear. The dis
to rtio n  of cast iron under hea t influences in  th e  
engine cylinder is ano ther complex phenomenon

F i g . 5 .— P e r l i t  B r a c k e t . S e c t i o n  §  i n .  x  
4 0 0  D IA S .

................ i t  is shown here, and has since been con
firmed by o th e r investigators, th a t  th e  lower th e  
silicon con ten t th e  g rea te r the  resistance of th e  
p earlite  constituen t to  decomposition under these 
circum stances. I t  is his opinion th a t  a low silicon 
and an all-pearlitic  cast iron  are  desirable con
ditions to  obtain  th e  best resistance to  d is to rtion  
arising  from  th e  above-m entioned causes.”  H e 
sta tes “  I t  will be qu ite  clear from the  definition 
of p earlitic  cast iron th a t  i t  is in tended  to  belong 
to  the  class of irons which have been described as
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border-line compositions, and we may expect th a t  
th is  being the  case i t  would be extrem ely sensitive
to  th e  effect of th e  ra te  of c o o lin g .................th ere
is no semblance of annealing  in the  process.”  

Prof. C. H . Desch (8-1-1925) said “ The best 
cast iron is likely to  consist of a strong steel, con
ta in in g  g rap h ite  crystals of such small size and 
so grouped as to  produce th e  least weakening 
effect. The toughest steel has th e  composition of
p e a rlite .............. There are  m any reasons why cast
iron of close g ra in , w ith  m inu te  particles of

F i g . 6 .— P b e i i t  B r a c k e t , c a s t  1 £  i n . 
d i a s . P e a r l i t e  x  4 0 0  d i a s .

g rap h ite  held in  a pearlitic  ground-mass, is desir
able, a p a r t  from its stren g th  and m achining 
qualities. Chemical a tta ck , such as the  destruc
tion  of acid tanks by sulphuric acid, is associated 
w ith an open g ra in  . . . . .  he has m et w ith s tr ik 
ing  instances of th is action. S im ilar considera
tions apply to  irons which a re  to  be subjected to  
high tem pera tu res and to  the  action of oxidising 
gases. I t  has been shown by C arpenter and 
others th a t  ‘ grow th ’ only occurs in g raphitic
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irons and is particu la rly  m arked in irons con ta in 
ing a high proportion  of silicon.”

A. Campion {22-1-1925) in a P aper upon the  
factors influencing the  s tren g th  of cast iron said 
‘1 The ideal casting -tem pera tu re  would he such 
th a t  the  mould could be completely filled, w hilst 
all constituen ts of th e  iron are  completely in 
solution, and  th a t  they should begin to  sep ara te  
im m ediately th e re a f te r .”  H e describes su itab le  
cooling conditions as resu lting  in “ norm al 
crystallisation  p rio r to  th e  sa tu ra tio n  po in t of the

F i g . 7 .— P e r l i t  B u s h . C a s t i n g
T H IC K N E SS , 1 J  IN . G R A P H IT E  X 
2 5  D IAS.

carbide being reached. O bjectionable g rap h ite  
grow th is thuc prevented , and a .m echanically 
sound s tru c tu re  is o b ta in ed .”

Prof. T. T u rner (29-1-1925) com m enting upon 
the  L anz process said “ He was in terested  to  hear 
th e  figure of 4 per cen t, as th e  to ta l of silicon and 
carbon. H e was rem inded of som ething th a t  
happened forty  years ago when he m ^de experi
m ents on silicon in  cast iron, and -when th e  bar
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which gay© the  best resu lt in a series contained 
about 2.2 per cent, carbon and 1.8 per cent, 
silicon.”  F u rth e r, he sta ted  ‘‘ The im portance
was dem onstrated  of fine-grained g r a p h i t e .............
in o ther words, i t  was desirable to produce i t  in 
a small flake and alm ost g ranu la r condition .” 
“ H e was pleased,” he said, “ to  feel th a t  they 
could, by th e  application  of knowledge now w ithin 
th e ir  reach, ensure m ateria l of a high quality  and 
of a un ifo rm  character, m ateria l which could be 
depended upon to  resist shock, to give good wear,

F i g . 8 . — P e r l i t  B u s h . C a s t i n g

TH IC K N E SS l j  IN . X 400 D IAS.

to  give smooth ru n n in g  surfaces, and which would 
no t creep or grow unduly  when i t  was exposed to 
high tem p e ra tu re .”

A. Logan (19-2-1925) said “ Slight changes of 
u ltim a te  composition will produce d ras tic  changes 
in s tru c tu ra l composition. The re ten tion  of a 
li tt le  over 0.2 per cent, more carbon in the  com
bined s ta te , for instance, would be sufficient to  
ta k e  up  th e  whole of th e  free fe rrite , and the 
m a trix  would th en  be completely p earlitic .”  He 
calculated th a t  0.50 per cent, of combined carbon 
forms 59.52 per cent, of pearlite  by w eight or



128

54.60 p er cent, by volume, an d  con tinued  “ I t  
follows th a t  th e  strongest irons a re  those which 
contain  a m inim um  am ount of g rap h ite  in  the  
moat finely divided form  and  p referab ly  

g rouped,’ and  hav ing  in add ition , a completely 
p earlitic  m a trix  w ith only a sm all am oun t of 
phosphide eu tec tic  presen t. ”

H av ing  given th e  above references, th e  au th o r 
th in k s i t  unnecessary fu r th e r  to  labour th e  po in t 
involved there in .

F i g . 9 .— P e r l i t  I r o n . P h o s p h i d e  
N e t w o r k  x  2 5  b i a s .

Perl it  iron possesses some unique properties, one 
of which is  proved by  th e  sim plest p rac tica l te s t, 
nam ely, th a t  one of try in g  to  break  i t  w ith  a 
ham m er. Recently the  au th o r cast a small b racket 
of P e rlit iron, its dim ensions being about 9 in. 
long, 6 in. wide and vary ing  in  section from  three- 
q u a rte rs  to an inch and  a  q u a rte r . The casting  
was a poor one and  a labourer p redicted  th a t  he 
could break i t  w ith  a ta p  of his ham m er. U lti
m ately, two men s tru ck  i t  fo rty  tim es w ith  20-lb. 
sledges and th e  casting  rem ains unbroken. The 
s tru c tu re  of th e  m etal in  th e  j- in . section and  in 
th e  1^-in. section is shown in Figs. 5 and  6
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respectively. The m agnification in each case is 
400 diam eters and clearly indicates th e  fineness 
of th e  lamallse, th e  all-pearlitic  m atrix  and the 
fine g rap h ite  spaces w ith some nodular ones.

All properly-m ade P e r lit  iron exhibits th is 
rem arkable resistance to  im pact, and th e  foundry 
workers are  astonished by i t .  A practica l te s t of 
th is  n a tu re  is more convincing, perhaps, to  the  
engineer and th e  foundrym an th a n  abstruse 
resu lts depending frequently  upon p a rticu la r con
ditions. I t  would appear to  he irre fu tab le  proof 
th a t  a new and  b e tte r  cast iron has been dis
covered. W hen one a ttem p ts  to  visualise th e  
reasons underly ing  the  behaviour of the  iron when 
subjected  to  th is  p a rticu la r te s t, i t  becomes 
ev ident th a t  th e  m etal will he superior in  o ther 
directions also. F or instance, th e  size, shape and 
d is trib u tio n  of th e  voids, p a rtly  filled with 
g rap h ite , will he superior to  those in  o rd inary  cast 
i r o n ; th e  m a trix  will be a t  its best in all sections, 
and  th e  grain-size will be more uniform  and 
favourable. T ha t these predictions are tru e  in 
fac t appears to  be ev iden t from  th e  m icrostruc
tu re  of th e  P e r lit  m etal. F igs. 1 and 2 show the  
g rap h ite  in a b ar cas t in. d ia ., w hilst th e  
pea rlite  in th e  sam e b ar is so fine th a t  much of 
i t  is unresolved by a m agnification of 400 
diam eters, as seen in  F ig . 3, w hilst a t  th e  high 
power of 1,500 diam eters th e  lamellae exhibit a 
beau tifu lly  fine te x tu re , as seen in F ig . 4. S im ilar 
resu lts are  to  be observed in F igs. 7 and 8, which 
rep resen t a bush, 24 in. long, 14J in. outside 
d iam eter, and 1 | in . th ick . In  all cases th e  Brinell 
hardness has been low, between 175 and 185 being 
th e  ru le. The netw ork is good, as shown in F ig . 9.

Of course, th e  photographs given in th is  note 
[represent th e  in itia l resu lts of th e  work in its  very 
early  stages, and i t  is to  be expected, therefore , 
th a t  much b e tte r  results will be obtainable as 
contro l and experience are  a tta in ed . O utstanding 
is th e  fa c t th a t ,  by th is  process, can be produced 
castings, of th e  th in n es t sections if necessary, of 
low-silicon iron, which will be pearlitic  th roughout 
and have g raph ite  voids and pearlitic  m a trix  of 
superio r types to  those  found in  ord inary  cast 
iron, namely, th e  h igher silicon m etal su itable for 
cold-mould practice.
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By reason of th e ir  being li tt le  or no chilling  
effect upon th e  m etal when i t  meets th e  ho t mould 
surfaces, there  will he no chilled shell form ed, and, 
moreover, i t  is no t unreasonable to  suggest th a t  
th e re  is a “ h esita tion  ”  du rin g  which every th ing  
has a chance to  “ level u p .”  This conception 
enables one to  apprecia te  th a t  much m ay happen 
to  explain  th e  absence of core and the  presence 
of an  a ll-pearlitic  s tru c tu re  th ro u g h o u t an 
in tr ic a te  casting  m ade in th is  m anner. E ith e r 
hot or cold sand  is a very poor conductor of h ea t, 
and, even though  th e  above-m entioned “  h esita 
tio n  ”  m ay ex is t a t  or about th e  freezing po in t, 
it  does no t follow th a t  th e  m etal will pass th rough  
its  p earlitic  range so slowly as i t  would do in  a 
cold mould (using a h igher silicon metal)'.

Also i t  has to  be rem em bered th a t  th e  voids, 
p a rtly  filled by g rap h ite , m ay he gaseous. 
Indeed, th e ir  shape and size m ay he determ ined  
by gas influence in  th e  first place. T herefore, th e  
superior voids found in  P e r lit  iron , as com pared 
w ith those in  grey iron cast in  cold moulds, may 
be due to  th e  ho t mould n o t causing th e  p recip i
ta t io n  of these gases a t  th e  sam e period or to  the  
same degree.

The au th o r m akes no presum ption  of u n d e r
stan d in g  th e  m echanism  of th e  P e r lit  process. H e 
feels th a t  i t  is likely to  th row  lig h t upon m any 
po in ts which have been puzzling foundry  m eta l
lu rg ists in  conneotion w ith  grey iron  m eta llu rg y ; 
in any case i t  opens ou t a new field of research  and 
of m anu fac tu re  about which, a t  th e  m om ent, th e re  
is li tt le  d a ta  to  work upon ; all th a t  is known is 
th a t  th e  iron  is d ifferen t from  and b e tte r  th a n  
o rd inary  cast iron  of h igher silicon co n ten t, and 
th a t  i t  conforms w ith  th e  opinions of scientific 
observers as to  w hat good cast iron  should be were 
i t  possible, as i t  now is in  th is  process, to  m ake 
i t  more uniform ly alike th ro u g h o u t any one 
casting.

The au th o r wishes to express his sincere th an k s 
to  M r. Summ ers H u n te r  and to  th e  N o rth -E aste rn  
M arine  E ng ineering  Com pany for allowing th is  
note, describing his im pressions and experiences 
in  connection w ith  th e  s ta rtin g -u p  of th e  P e r lit  
process in th e ir foundries to  he presen ted  to  th is  
m eeting.
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DISCUSSION.
T h e  P r e s i d e n t  said  they  had listened to  a most 

im p o rtan t P ap e r from  th e ir  friend , M r. Young, 
and  i t  m igh t happen th a t  in  fu tu re  years th is 
m eeting  in  Glasgow m ight he regarded in  th e  ligh t 
of a mem orable occasion indeed. Time was now 
lim ited , b u t he th o u g h t they  could s till spare 
opportun ities for those of th e ir  num ber who were 
anxious to  crea te  some li tt le  in te re st in  the  
engrossing sub ject M r. Young had raised.

M r . J .  S h a w  (Sheffield) said th a t  sometimes a 
few of th e  members d id  n o t always tak e  M r. 
Y oung’s con tribu tions a t  th e ir  fu ll face-value, hu t 
on th is  occasion he fe lt th ey  m ust all appreciate 
th e  im portance of th e  P ap e r and the  valuable 
in fo rm ation  th e  au tho r had  placed before them . 
A t th e  p resen t tim e M r. Young was doing a really 
good service to  the  In s titu te , and  they  m ust fully 
apprecia te  it . W hile he (M r. Shaw) was in  Ger
m any in  th e  course of la s t Septem ber, he gleaned 
some valuable d a ta  no t only on the  subject 
tr e a te d  upon by M r. Young b u t on th e  test-bar 
question as well. M r. Shaw proceeded to  describe 
two castings of p e rlit construction  he had seen in 
G erm any. H e explained th a t  he had  sen t a por
tion  of th e  m ate ria l to  the  C ast Iron  Research 
A ssociation and  he had  photographs which could 
be shown to  anyone in terested . H is own feeling 
was they  ought to  recognise th is  process, even 
although i t  was G erm an, and to  im prove upon i t  
if i t  was considered to  be a  feasible proposition 
for th e  industry .

M r . R h y d d e r c h  asked the au tho r w hat he 
allowed for th e  perm issible varia tio n  of the 
analysis. Also i t  would be in te re stin g  to  know 
in  re la tion  to  th e  tem p era tu re  of th e  mould w hat 
v a ria tio n  th e  au th o r allowed there . I t  s truck  him 
th a t  some castings could be made w ith th is pro
cess, b u t he ra th e r  feared  th e  conditions would be 
impossible, or a t  least they  would be found to  be 
so, for m any foundries. The po in t was, were 
th ey  going to  be impossible for every foundry?

M i. D. S h a r p e  ind ica ted  th a t  he had ju s t re 
tu rn ed  from  some in te resting  investigations in to  
th is  m a tte r  in  America. A g re a t deal of work in the  
d irection  ou tlined  in  the P ap er was now being 
done in America. The a tt itu d e  now being adopted

F  2
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by th e  A m ericans was th a t  all iron was u nder a 
perlitic  condition and  all they  w anted  to  do was 
to  fix i t  so th a t  i t  could he realised and  m ain 
ta in ed  in  th a t  condition . Personally , he had  had 
evidence of foundries producing  castings th a t  
reached 24 to  27 tons tensile. In  these foundries 
they  had  been doing th a t  so rt of th in g  for some 
years. T hey w ere pouring  th e ir  castings in  
cold moulds and producing m a te ria l a t  o r about 
th e  sam e cost as o rd in ary  grey iron . The A m eri
can, by keeping a very  care fu l contro l over 
chemical analysis, was converting  his foundry  in to  
a laboratory  m ore th a n  we in  th is  co u n try  could 
ever hope to  do. In  A m erica they  were approach
ing th is  question from  th e  fla t ra te  of production , 
and  th ey  w ere looking to  th e  tre a tm e n t of th e  
m eta l to  ensure th a t ,  in  th e  m ain , i t  was dealt 
w ith  in  accordance w ith  o rd in ary  foundry  p rac
tice  and  conditions. H e was n o t p u tt in g  forw ard  
these argum ents by way of ru sh ing  people in  th is  
coun try  in to  a rea lisa tion  of th e  possibilities o r 
otherw ise of p ea rlitic  iron , b u t sim ply to  te s tify  
to  th e  fa c t as th e  outcome of personal investiga
tion  th a t  p ea rlitic  iron in  a com m ercial way was 
being produced in- A m erica a t  th e  p resen t tim e.

M b . J .  S. G l e n  P r i m r o s e  sa id  he would like to  
know w hat M r. Y oung m ean t by d iscard ing  his 
own language and  m aking  use of th e  te rm  
“  p e rlit iro n .”  W as i t  n o t qu ite  sufficient to  
re fe r to  th is  as pearlitic  iron?  P e rh ap s M r. 
Y oung did feel a li tt le  on th is  po in t, b u t, even so, 
he ough t to  te ll th em  why he discarded th e  E nglish  
word “  p ea rlitic .”  Then th e re  was one sentence 
in th e  P a p e r which to  his m ind was n o t very 
comprehensible. I t  ra n  th u s  : “  Also is i t  recog
nised broadly th a t  grey iron  co n ta in in g  th e  
m axim um  am ount possible of combined carbon, 
w ithou t free cem entite, is th e  best form  in  which 
any one p a rtic u la r  cast iron  can be—th is  form  
being described as a ll-pearlitic .”  I t  seemed to  
him  th a t  M r. Young had  ye t to  explain  to  them  
w hat he m ean t by th e  use of th e  word “  m ax i
mum ”  there . E arly  in  th e  P a p e r  th e  au th o r  
sa id : “ In  o ther words, these voids should also 
be sho rt, th in , curly  or n o du la r and  confined 
w ith in  th e  netw ork .”  H e would really  like to  
know w hat “  netw ork ” was re fe rred  to  in  th a t



sentence. Again, la te r, th e  au thor observed: 
“  The m a trix  will be a t  its  best in  all 
sections, and th e  grain-size will be more uniform  
and  favourab le .”  The question he would p u t here 
was, “ more un iform  and favourable ”  for w hat?  
Towards th e  close of th e  P ap er M r. Young was 
responsible fo r th is  s ta tem en t: “ Therefore, the  
superior voids found in  p e rlit iron, as compared 
w ith  those in  grey iron cast in  cold moulds, may 
be due to  the  ho t mould no t causing  th e  p rec ip ita 
tio n  of these gases a t  th e  same period o r to  the  
sam e degree.”  Personally , he (M r. Prim rose) had 
never seen a p rec ip ita tion  of these gases. H e 
supposed th e  au th o r was ra th e r  asking them  to  
believe i t  was a liberation  and no t a p rec ip ita
tio n  of the  gases.

The Author’s Reply.
M r. H . J .  Y o u n g , in replying to  th e  discussion, 

rem arked th a t  he did no t th ink  i t  was necessary 
for him  to  answ er th e  points raised by M r. 
M arks. O ther people had  already done so, and 
particu la rly  those who claimed to  have m ade perlit 
iron as d is tin c t from  pearlitic  iron. H e still 
repeated , however, th a t  i t  had  never been sub
s ta n tia te d  th a t  anyone had m ade P e rlit iron 
seriously and w ith th e  sam e m easure of control 
as was set o u t in th e  specification fo r th e  pro- 
oess. In  rep ly  to  M r. Shaw, he had to 
acknowledge th a t  he had seen one of th e  castings 
m ade by th e  G erm an firm referred  to in  the  
course of his rem arks. There was no doubt these 
people had  been se t a  very h a rd  task , and one to 
which th ey  were en tire ly  unaccustom ed. H e (the 
au thor) personally appreciated  th e  real difficulty 
th a t  was involved in  tu rn in g  o u t th a t  iron. The 
tran sfe rence  from  cold moulds to  ho t moulds was 
an  opera tion  th a t  requ ired  a g rea t deal of research 
work. U ndoubtedly, so fa r  as th e  experim ents had 
gone, i t  dem onstra ted  th a t  the  process applied 
equally successfully to  heavy castings as to  light. 
I t  was all a m a tte r  of applying th e  operation 
properly . The casting  on th e  whole was 
undoubtedly  b e tte r, and they  got th e  P e rlit 
s tru c tu re  as d is tin c t from th e  pearlitic  struc
tu r e  in th is  country. A question had been 
asked w hether th e  mould m ust be warm in 
o rder to  ge t P e rlit iron. H is reply to  th a t  was
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candidly in  th e  affirm ative. Of course, everybody 
in  th is  country  knew  all abou t p earlitic  iron. As 
a m a tte r  of fac t, he had  been engaged in  th e  
m an u fac tu re  of th a t  since ever he s ta r te d  work. 
On th e  o ther hand , he had  been m aking  p e rlit iron 
d u ring  th e  p a s t few weeks, and  he was hound to  
say, speaking from  prac tica l knowledge and  ac tua l 
experience, th a t  th e  m an u fac tu re  of p earlitic  iron  
had  no th ing  w hatever to  do w ith  th e  form er p ro
cess. The question had  also been asked w hether 
i t  was necessary to  have some contro l over th e  
analysis of th e  iron  and  of th e  h ea t of the  casting . 
Personally , he fe lt th a t  was a n  unnecessary query 
in th e  year 1925. The firm th a t  was n o t following 
th e  p rincip le of m etal control a t  th e  p resen t stage 
was no t moving ab reast of th e  tim es. F o r high- 
class work—such as D iesel engines—they  m ust have 
th a t  p rincip le in  operation , and th e  firm who was 
n o t doing i t ,  o r was unw illing  to  do it , m ust no t 
condemn th e  practice . H e was in te res ted  in  w hat 
M r. S harpe  had  said  about h is A m erican experi
ence, b u t i t  w as common knowledge th a t  they  had  
heard  much abou t th e  th in g s th a t  A m erica could 
produce and m anufac tu re . In  his own P a p e r he 
had d ea lt w ith  ac tu a l p rac tica l experience, and 
from  w hat he  had seen he was bound to  say  th a t  if 
ind ifferen t iron  was used th e  process would m ake 
th a t  iron  b e tte r. N o t only so, b u t if th e  iron  was 
good th a t  iron  would 'be rendered  b e tte r  by th e  
process. This was th e  production  of th e  m oulds 
hea ted  to  a pre-determ ined  tem p e ra tu re  to  
su it th e  m etal w ith  which they  w ere to  be 
filled, while, on th e  o th e r hand , th e  m etal 
was controlled to  a pre-determ ined  composition to  
su it  th e  average thickness and th e  mass of th e  
cu ttin g  i t  had  to  occupy. H e d id  n o t know th a t  
th e  word “  p e rlit ”  was an alien w ord, o r even 
th a t  i t  was a G erm an word. As a m a tte r  of fac t, 
he believed he had  been largely  responsible him self 
for calling  th is  “ p e r l i t ”  iron  in  G rea t B rita in . 
H is reason fo r in troduc ing  th e  word was to  get 
away from  th e  idea th a t  th is  had  an y th in g  to  do 
w ith  p earlitic  iron . H is own idea had  been th a t  
i t  would be useful to  call th is  “  p e rl it ”  iron  as 
d is tin c t from  pearlitic . A ccordingly, no m a tte r  
w hat M r. P rim rose m igh t say to  th e  con tra ry , he 
dissociated him self from  any desire to  in troduce  a



foreign word. I t  did  no t seem to  him  th a t  the  
o ther points raised  by M r. Prim rose as to  the  
“  netw ork ”  and  th e  use of th e  te rm  “ p rec ip ita
tio n  ” were of much im portance to  the  pa rticu la r 
issue th a t  was being discussed.

Written Contribution.
M r. J .  E . H u rs t w ro te :—As my own P aper has 

been largely  quoted by Mr. Young I  feel called 
upon to  con tribu te  to  th e  discussion on th is  sub
je c t of P earlitic  Cast Iron . I  have already pub
licly s ta ted  in  so m any words th a t  I  have no doubt 
w hatever th a t  if the pearlitic  process and m ateria l 
does comply w ith the  definition and claims made 
fo r it , th en  i t  can  be tru ly  described as an 
im p o rtan t invention  and a d is tin c t step  forward 
in foundry  practice.

The fundam en ta l fea tu res underly ing  th e  pro
cess and  th e  im provem ents arising  therefrom  have 
been very clearly s ta ted  by myself from  a study 
of published inform ation  and by M r. Young from  
actua l experience of th e  process.

Confining ou r a tten tio n  to  the  two most ou t
s tand ing  points as follows :— (1) The fundam ental 
fe a tu re  th a t  th e  cast iron  m ust be w hite when cast 
norm ally in to  o rd inary  sand  m oulds; and (2) th e  
fa c t th a t  when cast “  P erlitica lly ,” th is iron is 
grey and  has a  un iform  g ra in  size across th e  sec
tio n  of th e  casting  regardless of its  thickness.

These two fea tu res have been th e  aim  and object 
of a ll th ink ing  ironfoundry  m etallu rg ists for many 
years, and I am sure th a t ,  like myself, they  will 
be unable  to  accept th e  s ta tem en t unaccom panied 
by evidence th a t  th is  is accomplished by th e  p ea r
litic  process.

I  had  expected to  find th is  evidence in Mr. 
Young’s P aper, as I  have no doubt th a t  he m ust 
have satisfied him self on these points. The fac t 
th a t  th is  evidence has not yet been given prom pts 
me to  suggest in de ta il th e  evidence I  would like, 
and I  am sure all foundrym en would like, to  enable 
them  to  evalua te  th e  pearlitic  process (1) The 
chemical analyses of two bars which m ight be 
designated  A and B, together w ith  photographs 
of th e  frac tu res of the  bars. These bars should 
preferab ly  be cylindrical and no t less th a n  11 in. 
d ia. They should be cast from th e  same ladle A
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to  be cast by th e  “ P earlitic  M ethod ,”  and B to  
be cast in e ith e r an o rd in ary  green or d ry  sand 
mould, and (2) m icro-photographs taken  a t several 
points from  th e  outside edge to  th e  cen tre  of the  
pearlitic  b ar A would a t  once dem onstra te  th e  
un ifo rm ity  of th e  s tru c tu re  which is s ta ted  to  be 
secured. Two series of photographs a t  these 
points, th e  one showing th e  g rap h ite  size an d  the  
o ther th e  netw ork size would dem onstrate  th is  very 
clearly. The p o in t could be still m ore strik ing ly  
dem onstrated  on a th icker bar, say, 6 in. dia.

This evidence would clearly  dem onstra te  th a t  
pearlitic  cast iron  is ac tua lly  w hite  when cast in 
the o rd in ary  way and has a  uniform  g ra in  size 
when cast in  th e  pearlitic  way. These a re  th e  two 
fundam ental fea tu res claim ed for th e  process, and 
seem to  me to  be w orthy of fu ll an d  am ple demon
stra tio n .

F inally , I  am  sure th a t  such full and am ple 
dem onstration  canno t fail to  be of value both to  
th e  inventors, licensees, and  to  the  process itself.

ADDENDUM.
In  fu r th e r  reply M r. Y oung w rote th a t  they  had, 

in  th e  foundries of th e  N o rth -E as te rn  M arine  
E ng ineering  Company, a lready m ade heavy castings 
in P e rlit . F ig . 10 shows a  Diesel compressor 
cy linder-liner which weighed nearly  tw o tons. 
F ig. 11 is a Diesel cylinder-head w eighing five 
tons. T he la t te r  is one of th e  m ost com plicated 
castings which those foundries have to  m ake, and 
con tains som ething like tw en ty  cores. F ig . 12 
illu s tra tes  seven locomotive su p e rh ea t h e a d e rs ; a 
sm aller type  of com plicated casting  w eighing 
6 cw ts .; and F ig . 13, D iesel fuel valves, w eighing 
2 | cwts. The process appears to  be applicable to  
any  castings of any size o r type , and  can be 
worked in any o rd in a ry  m odern foundry . The 
o ther day some v isitors cam e to  th e  works and 
were shown a large  num ber of P e r lit  moulds being 
poured, which, considering th e  fa c t th a t  tw o of 
those v isitors were skilled foundrym en, and  th a t  
we have been w orking th e  process for only a 
couple of m onths, proves th e  ex trem e e rro r of 
those who say i t  can n o t be done.

As experience is gained i t  will be possible to  
have sm aller heads on th e  castings th a n  those used



m  t h e  o r d i n a r y  w a y ,  a n d  t h e  a u t h o r  h a s  s e e n  
c a s e s  w h e r e  h e a d s  h a v e  b e e n  d i s p e n s e d  w i t h  a l t o 
g e t h e r .  R e g a r d i n g  r e d u c t i o n  o f  s c a n t l i n g s ,  t h i s  
n a t u r a l l y  d e p e n d s  u p o n  t h e  d e s i g n  a n d  t y p e  o f

F i g . 1 0 .— D i e s e l  C o m p r e s s o r  C y l i n d e r -
L IN E R  M A D E I N  P E R L I T  IR O N . W E I G H " ' 
n e a r l y  2  t o n s . C a s t i n g  T h i c k n e s s

V A R IE S  F R O M  I f  I N .  TO 2 J  IN .

work being referred  to  in any p a rticu la r case. 
From  10 to 20 per cent, reduction  will he possible 
in m any in s tan ces ; g rea te r un ifo rm ity  and 
superior resistance to  fa tig u e  and im pact giving 
th e  m etal a  large advantage over non-Perlitised 
cast iron.
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I t  was asked w hether th e  mould should be ho t 
in  o rder to  produce P e r l i t  iron. In  th e  a u th o r’s 
opinion th e  process depends upon properly  heated  
moulds associated w ith  m etal of the  proper com
position to  su it th e  tem p era tu re  of th e  mould. 
Do away w ith e ither of these th ings and “  P er- 
litisa tion  ”  is impossible. I t  is advisable to  have 
the moulds as hot as convenient, in  o rder to  pro-

F i g . 1 1 .— D i e s e l  C y l i n d e r  H e a d  m a d e  
i n  P e r l i t  I r o n . W e i g h t  5  t o n s . 

C a s t i n g  T h i c k n e s s  v a r i e s  f r o m  1 J  i n . 
t o  4  IN .

duce th a t  “  hesita tion  ”  effect to  th e  g rea te s t pos
sible ex ten t, and to  ex ten d  th e  pea rlite  ran g e  so 
as to  produce a ll-pearlitic  s tru c tu re  in  an iron  of 
low-silicon con ten t.

Anyone claim ing to  m ake P e r l it  iron by th e  
o rd inary  cold-mould process cannot be conversan t 
w ith  th e  n a tu re  of P e rlit . The very properties



of th e  m aterials produced by th is process depend 
upon the  effects of the  peculiar cooling conditions 
upon iron of I>a r t>cular compositions. In  th is 
connection the au tho r is m aking some experim ents 
upon the cooling-down of m etal in a hot mould as 
compared w ith  w hat happened in a cold one, also 
fu r th e r  experim ents regard ing  the  passage of hea t 
th rough  a sand-m ould. These will be published in 
fu r th e r  papers.

A question was asked w hat varia tions were per
missible in th e  composition of th e  m etal. These 
a re  sufficiently wide to  perm it of easy control in 
any foundry w ith a  laboratory. M ost of such 
foundries to-day have as much control as will be 
necessary. Of course, in dealing w ith extrem ely 
heavy castings th e  lim its are not so wide, b u t th a t 
is in  accordance w ith cold mould experience. As 
a m a tte r  of fac t th e  process is applicable to  all 
classes of foundry  work and to  all modern foun
dries.

W ith  fu r th e r  reference to  th e  high tensile 
A m erican iron m entioned by M r. Sharpe. I f  th is 
iron comes under th a t  class of m etals which con
ta in s  free g rap h ite  and  combined carbon, then  it 
would be im proved by being perlitised . The 
au th o r knows of no foundry work where the pro
cess would be of g rea te r value th an  in the  place 
where they  are  try in g  to m ake castings of very 
low carbon iron m elted, say, in  an open-hearth  or 
electric furnace. There is a very definite field 
of operations in th is sphere, and such foundries 
could go on to  an even lower carbon o r silicon 
conten t, o r a h igher chrom ium  m etal, and be able 
to  get good castings and  m achinable iron.

The question of the  descrip tion  “  P e rlit ”  was 
raised  by M r. P rim rose. The well-known word 
“  p e a rlite ,” used alm ost exclusively by m etallu r
gists, describes a p a rticu la r s tru c tu re  found more 
or less in all commercial grey iron. I t  has never 
been established as a tra d e  description of grey 
iron castings, nor, to  th e  a u th o r’s mind, would it  
be a description of any significance. The word 
“ P e r lit  ”  was coined to describe castings made 
u nder th e  conditions of th is  new process; in the  
works we ta lk  about “ P e rlit ”  or “ P e rlit ”  iron ; 
about “  P e rlitis ing  ”  iron ; about th e  “ P e r l i t ” 
process and so o n ; all of which convey, in a word, 
th e  m eaning we desire to  express.
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M r. J .  E . H u rs t’s w ritten  contribution  adds 
value to  th e  discussion, and, although th e  au thor 
canno t accept M r. H u rs t’s ideas as to  w hat are 
th e  two fundam ental fea tu res  underlying th is pro
cess, he welcomes his rem arks. W hen iron is grey 
as cast, a t  a certa in  thickness, in a cold sand- 
mould, and is w hite when cast against a chill, we 
do not, because i t  is a fam iliar phenomenon, th ink  
i t  is particu la rly  ex trao rd inary . However, Mr. 
H u rs t appears to  find difficulty in realising  th a t  
iron which is w hite o r m ottled, when cast in a 
cold sand-m ould, will become grey when cast into 
a heated  mould of sim ilar dimensions. Our p re
sen t knowledge proves th a t  such m ust be the case. 
C ast iron, of any one composition, is more or less 
fe r r itic , o r pearlitic  o r cem entitic, according to  
the  ra te  a t which i t  is cooled through  its critical 
points. In  th e  case of the  “  P e rlit ” process we 
s ta r t  w ith an iron which would be w hite or 
m ottled o r cem entitic when cast in to  a cold sand- 
mould, and we h ea t th a t  mould u n til an all- 
p earlitic  s tru c tu re  is obtained. The g rea te r the 
control th e  more nearly  will the ideal be obtained.

T h a t th e  condition of the g raph ite  is modified 
is ano ther fe a tu re  which is to  be expected from  
ou r presen t knowledge. T hat the  in itia l “ hesi
ta tio n  ”  gives a chance for a  levelling-up of the 
tem p era tu re  of th e  inner mould and cores and of 
the  m etal SO' th a t , to  a g re a t ex ten t, all sections 
pass th rough  th e  p earlite  range a t much th e  same 
speed and, therefo re , finish up w ith much th e  same 
stru c tu re , is also reasonable. The au tho r th inks 
th a t  th is  is w hat actually  happens, b u t as our 
knowledge extends so may ou r views a lter. How
ever, he has p repared  specimens, and will send 
p a rts  to  M r. H u rs t and p a rts  to  th e  B ritish  Cast 
I ro n  R esearch Association. Also, a t  a  la te r  date, 
he will deal w ith th is aspect of th e  process in a 
separa te  paper.

R eally speaking, th e  two fundam ental fea tu res 
of the  process are  th a t  a lower-silicon iron than  
could be used in  a cold mould is poured in to  a 
mould heated  to th a t  tem p era tu re  which, th e  in 
ventors have found, will produce an iron of pear
litic  s tru c tu re  ; th e  second fea tu re  being th a t  th is 
s tru c tu re  prevails th roughou t a complicated cast
ing  and is associated w ith a g rap h ite  s tru c tu re  
b e tte r  th a n  usual. There a re  m any o ther fea tu res
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of g re a t in te rest, some of which apply to  the  e lim i
na tion  of foundry  defects, o thers to  th e  chemical 
composition and m icro structu re  and others to  the  
physical te s ts  and behaviour of th e  m etal in  ser
vice. In  view of th e  p a r t  M r. H u rs t has played 
in  form ing ou r p a s t knowledge of cast iron, th e  
au th o r tru s ts  th a t  fu r th e r  knowledge and progress 
in ou r foundry  in d u stry  will resu lt from  his 
in te res t in th is  new m ethod.

W hen read ing  th is  P ap e r th e  au th o r prom ised

F i g . 1 3 .— D i e s e l  F u e l  V a l v e s , e a c h  w e i g h i n g  
2 J  c w t s . C a s t i n g  T h i c k n e s s  v a b i e s  e r o m  1 J  i n . 
t o  5 J  i n . M a d e  i n  P e r l i t .

th e  mem bers th a t  he would publish no resu lts o ther 
th a n  those m ade and verified here in ac tua l p rac
tice. In  ta k in g  th is  a t t i tu d e  he was depriv ing  
him self of th e  use of much valuable work and d a ta  
already  published, and lim itin g  his rem arks to  th e  
m eagre inform ation  ob ta inab le  in a  few weeks p re 
vious to  th e  publication  of th e  m eeting.
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I t  is possible now, however, to  give some fu r th e r 
d a ta . I t  has been th e  n a tu ra l procedure to com
p are  ou r “  P e r lit  ”  castings w ith  o u r o rd inary  
ones. In  order to  do th is  we m ade “  P e rlit ”  cast
ings from  a  s tan d a rd  p a tte rn , sp lit them  open, 
and com pared them  w ith sim ilar castings, made 
in  th e  o rd inary  m anner. The results were in te rest
ing  by reason of th e  fa c t th a t  th e  ord inary  ones 
were more or less im perfect when subm itted  to  th is 
d ras tic  te s t of being sp lit open. F or instance, 
“  P e r lit  ”  globe valves are  p ractically  free from 
flaws and of sim ilar g ra in  th roughou t all sections, 
w hereas o rd inary  ones vary  in g ra in  and have 
porous o r “  open ”  m etal a t  v ita l p a r ts ;  also they 
usually have in te rn a l flaws and defects. So i t  has 
proved to  be th roughou t all types of c astin g s; 
those cast u nder “  P e r lit  ’’ conditions are  superior, 
as castings, to  o rd inary  ones. This g e ttin g  of 
superio r castings is a most im p o rtan t point, and 
means th e  reduction  of “ w as te rs”  and a saving 
in costs. W hen abroad, th e  au thor was shown cer
ta in  in tr ic a te  castings—mass production—in which 
th e  percen tage of “ w asters ”  had been reduced 
from  about 20 p er cent, to  alm ost n il, and th is for 
no o ther reason th an  th e  adoption of th e  “ P e rlit ” 
process. From  w hat th e  au tho r has seen now, he 
can qu ite  believe th e  t r u th  of th is. In  mass pro
duction  th e  sheer perfection of th e  castings and 
th e  consequent cu ttin g  down of losses, in the  
foundry and th e  m achine shops, more th an  justifies 
th e  new procedure.

Questions have been asked regard ing  streng th . 
H ere again  th e  au th o r’s decision to  give no o ther 
figures th a n  his own has curtailed  his rem arks. 
F igures obtained in the  course of every-day prac
tice  in th e  foundry from cupolam ielted m etal are 
to  hand . In  no respect a re  they  experim ental or 
“  laboratory  ”  results.

Some te s t bars, cast 42-in. long and 5J-in. dia
m eter, were cast in o rd inary  cylinder iron and also 
in  “ P e r l i t .” W ishing to  dem onstrate th e  rem ark
able resistance to  im pact of “  P e rlit ” iron as com
pared  w ith o rd inary  m etal, we tr ied  to  break these 
bars by h it tin g  them  w ith a  “ johnny ”  two- 
handled ham m er w eighing 140 lbs. Two blows 
sufficed to  break th e  o rd inary  iro n ; the  “  P e r l i t ” 
successfully resisted tw enty-tw o blows, a f te r  which
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we broke i t  by dropping a 3-cwt. ball from  a  heigh t 
of about 20 f t .  I t  broke a t  the  th ird  blow. Among
others w itnessing th is te s t was a 'chief su p e rin ten 
den t of Lloyd’s.

The frac tu res  of these 5 j-in . bars are  shown in 
Figs. 14 and  15, and  dem onstrate  th e  difference 
between o rd inary  iron and “  P e r l i t .”

The tab le  shows how our tensile  and transverse  
a re  going.

F rom  th e  above te s ts  i t  will be apprecia ted  
th a t  alm ost any qua lity  of iron  can be b rought to  
conform w ith  th e  requirem ents of th e  “ P e r l it  ” 
process. F o r those foundries specialising in  cast 
irons of low carbon-content, no m a tte r  w hether 
they  be m ade by m eans of an e lec tric  o r open- 
h ea rth  fu rn ace  or by blowing a ir  or gases th ro u g h  
th e  cupola bed or receiver, or by add ing  low-carbon 
steel o r iron to  th e  ladle, th e  conditions of th is  pro
cess will lead to  b e tte r  castings and  to  higher-class 
m etal. The sam e rem arks apply to  irons of th e  
“  alloy ” class, for in stance , those con ta in ing  
abnorm al am ounts of w hat a re  called im purities, 
namely, silicon o r m anganese, o r those co n ta in ing  
ra re r  elem ents, such as chrom ium  o r nickel.

I t  is recognised th a t  im m ediately one leaves com
mon cast iron and  a ttem p ts  to  m ake castings of a 
b e tte r  quality  m etal one walks in to  m any foundry  
troubles. P robably th is  t r u th  is th e  re a l exp lana
tion  why so m any found ries are  unable, o r u n 
willing, to  produce a really  superio r iron. The 
“  P e r lit  ”  process is, to  th e  a u th o r’s m ind, th e  only 
p rac tica l solution of these difficulties w hich has 
been discovered. Special cast irons ex is t r ig h t and 
left, bu t a genuine and simple process of p roducing 
good and homogeneous castings from  any  quality  
of iron has n o t been available u n til now.

The ru n n in g  costs do no t appear to  be consider
able, and th e  au th o r hopes to  p resen t a P a p e r in 
th e  n e a r fu tu re  dealing  w ith his experiences on th is  
view of th e  m a tte r . Almost any  forced-draught 
core stove is capable of g iv ing  th e  required  tem 
pera tu res , w hilst very  economical fu rnaces a re  
ob tainab le  for h ea tin g  floor-moulds.

In  view of th e  fac t th a t  “  P e r l i t  ”  irons will 
com pete fo r very m any  purposes w ith  steel and w ith 
m alleable iron, and  also th e  im proved foundry  
resu lts as regards w aster castings, th e re  is li tt le  
difficulty in seeing th a t  foundries will adop t th is



new method w ith a view to  actua l reduction of 
costs and in order to  increase the ir business.

In  th e  foundries of th e  N orth -E astern  M arine 
E ngineering  Company, where th e  au tho r is work-
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F i g . 1 4  ( l e f t ) . — F r a c t u r e  o f  O r d i n a r y  C a s t  
I r o n .  F i g .  1 5  ( r i g h t ) . — F r a c t u r e  o f  P e r l i t  
I r o n .  B o t h  w e r e  C a s t  5\ i n .  T h i c k ,  ( x  | . )

i n g ,  w e  a r e  i m p r e s s e d  s o  g r e a t l y  h y  t h e  r e s u l t s  
o b t a i n e d  i n  t h e  f o u n d r y  a s  w e l l  a s  i n  t h e  m a c h i n e  
a n d  t e s t i n g  s h o p s  a s  t o  b e  l o o k i n g  f o r w a r d  t o  t h e  
t i m e  w h e n  a l l  o u r  m o r e  d i f f i c u l t  c a s t i n g s  w i l l  b e  
m a d e  i n  “  P e r l i t . ”
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In  th is  class of m arine work hard ly  tw o casting* 
a re  of th e  same dimensions, h u t in foundries deal
ing  w ith  repetition  pieces th e  procedure could be 
organised so as to elim inafe practically  all w asters 
save those caused by actual bad moulding.

The au th o r was to ld  by a  member a t  th e  Glasgow 
m eeting th a t  he did no t like th e  process because 
th e  foundry  would need to  learn  new ways. From  
th e  au th o r’s experience th e  m ain trouble w ith the  
iron founding  in d u stry  is th a t  i t  is o u t of d a te  and 
fa ilin g  by reason of having had  no “  new ways ” to  
learn . T here is no reason why th e  fu tu re  of cast 
iron should n o t be as g re a t as has been its  past, and 
every th ing  po in ts to  th e  “  P e r lit  ” process being 
th e  first step in th e  r ig h t direction.
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MALLEABLE IRON.

By F. H. Hurren, A.I.C, Member.
The malleable iron  industry  is one of the  largest 

and  m ost im p o rtan t branches of th e  foundry  
trad e , b u t our knowledge has not progressed to  
any th ing  like the  ex ten t one m igh t have expected. 
The production  of malleable iron castings as an 
in d u stry  commenced tow ards the  la t te r  end of 
the  e igh teen th  cen tury , ye t presen t-tim e founders 
are  still s trugg ling  w ith m any of the  same diffi
culties against which m any of th e ir  fo refathers 
had  to  contend. W h a t is th e  reason? In  p a r t  
i t  m ay be due to  th e  laborious n a tu re  of research 
and  th e  very  m any variab le  factors which have 
to  be considered. M alleable iron is fu ll of 
o rig inal sin  and  troubles which, overcome in  one 
direction , crop up in  ano ther. The malleable 
trad e  has suffered from  an  excess of secrecy and 
suspicion. M uch of the  research  has been carried  
out by p riv a te  firms a t  th e ir  own expense, and 
the knowledge so gained has no t been published.

The o u tp u t of m alleable castings in  G rea t 
B rita in  is qu ite  considerable, th e  bulk of i t  being 
the  w hite-heart varie ty , b u t i t  has th e  dis
advan tage  of being divided am ongst a large 
num ber of foundries, the  ind iv idual o u tp u t of 
each being relatively  low. The sm all foundries 
canno t afford th e  expense of p riv a te  research, are  
no t sufficiently well organised to  co-operate, and 
th ere  is a d ea rth  of easily .available li te ra tu re  on 
the  subject.

R esearch on m alleable iron  takes tim e. In v es ti
gations in to  casting  and  annealing  canno t be 
made in  a few days nor in  a  few weeks. The 
B ritish  C ast Iro n  R esearch Association will render 
invaluable service to  th e  foundry  tra d e  by a 
thorough investigation  of th e  difficulties and 
in tricac ies inseparable from  th e  production  of 
malleable iron castings. The scope of th e  neces
sary  research is enormous, and  will tak e  years to  
b rin g  to  fru itio n , b u t th e  definite knowledge 
gained will be well w orth  th e  labour involved.



The present use of m alleable iron is b u t a frac
tion  of th e  po ten tia l uses. M alleable occupies a 
position in term ed ia te  between grey iron and steel 
stam pings. I t  is used where grey iron is no t of 
sufficient s tren g th  and ductility , b u t owing to  its 
vagaries is being sdperseded by m ild-steel castings 
and stam pings. Unless the  inheren t difficulties 
in the  p roduction  of malleable castings are  tackled 
in earnest, fu tu re  p ractice will ten d  more and 
more to  its replacem ent by stam pings and  steel 
castings. I f  our knowledge w ere such th a t  we 
could produce, w ithou t fa il, a w hite-heart m al
leable iron which was • soft and d u c tile ,,  easily 
m achinable, free from  hard  patches, w ith a tensile 
s tre n g th  of over 20 tons per sq. in. and an elonga
tion  approaching 10 per cen t., an enormous 
dem and would he set up, and malleable iron would 
assume a position second to  none. Such a s ta te  
of affairs is no t impossible. Tests have been 
m ade on w hite-heart m alleable giving results of 
23 tons per sq. in. u ltim ate  stress, w ith 9 per 
cent, elongation, b u t u n fo rtuna te ly  these results 
cannot be repeated  w ith  certa in ty .

Basic Differences Between Malleable and Other Castings.
C onsider the  differences between malleable iron 

and o ther casting  m ateria ls. Malleable iron has 
a fa r  g rea te r con traction , m aking i t  liable to  
con traction  cracks or s e a rs ; i t  has a g rea ter 
shrinkage in  passing from  the  liquid to  the  solid 
s ta te , necessita ting  special methods of g a ting  and 
feeding. I t  is p ractically  unm achinable in  the 
s ta te  as cast, and impossible to  te s t in any m anner 
o ther th a n  a te s t to  destruction . I t  has to  
undergo a long h ea t-trea tm en t, which alters its 
dim ensions and changes its  chemical composition 
and m icrostructu re . Inciden tally , th is h ea t- tre a t
m ent in troduces a risk  of d isto rtion  and cracking. 
A fte r h ea t- trea tm en t, its u ti li ty  can only 
be gauged by chemical analysis and its 
m achinability . In  th e  p resen t s ta te  of knowledge, 
chemical analysis gives no exact criterion  of prac
tica l value, as th e  composition varies according 
to  th e  thickness of th e  p a r t  from  which the 
sam ple is taken , and to th e  dep th  of drilling. I t  
is n o t known w hat should be th e  proportions of 
combined and free carbon in  different thicknesses 
of correctly-annealed m ateria l. Opinions differ as
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to the silicon con ten t, also respecting  su lphur and 
m anganese. I t  is known w ith  some degree of cer
ta in ty  th a t  phosphorus has a deleterious effect, 
and should be k ep t as low as possible, preferab ly  
below 0.1 per cent. Analyses of d ifferent makes 
of malleable castings will reveal silicon con ten ts 
vary ing  between 0.35 and  1.1 per cent. ; su lphur 
between 0.15 and 0.45 per cen t., and  m anganese 
from  0.10 to  0.60 per cent. I t  is absurd  to  dog
m atise, and  a very long and  careful research  is 
needed to find some definite d a ta  on chemical 
composition. E ven then  foundrym en would have 
to compromise. Composition would n a tu ra lly  vary  
according to thickness of section, and  in  the same 
casting  i t  is qu ite  common to  find sections 
vary ing  from  1 in. down to  |  in. th ick.

Present Position.
W hat is th e  ex ten t of our knowledge of the  

science of producing malleable iron castings, and 
how can th is  knowledge be applied to  control p ro
duction  in  th e  foundry?  W e know th a t  a high 
silicon con ten t induces b r i tt le  castings, w ith  a 
dark  grey frac tu re  sim ilar to  common iron. I t  
is known also th a t  a low silicon-content increases 
th e  difficulty of annealing  ; in  fac t, w ith  a low 
silicon and  high su lphur con ten t annealing  is 
alm ost impossible. The au th o r has subjected 
samples of m alleable iron co n ta in ing  0.42 per 
cent, silicon and 0.45 per cen t, su lp h u r to anneal
ing tem p era tu re  for 21 days, and a t  the  end of 
th a t  tim e only about one-sixteenth of an inch in 
depth was soft, th e  rem ainder of the  section being 
p ractically  unchanged.

Silicon Requirements.
The actua l silicon con ten t m ost desirable is, in 

the  a u th o r’s opinion, still a m a tte r  of conjecture. 
I t  is s ta ted  by various au tho rities  th a t  th e  silicon 
should be lower for heavy sections th an  for ligh t 
sections. Com plications arise  when th e re  are  
both heavjsi and ligh t sections in the  same casting , 
and in  m odern eng ineering  prac tice  th is  is th e  
ru le  ra th e r  th an  th e  exception. All th e re  is to  
work on is the  fac t th a t  silicon below 0.4 per cent, 
appears to  re ta rd  annealing , and above 0.9 per 
cent, th ere  is in troduced  a risk  of low s tren g th , 
loss of ductility , and a s ta te  very li tt le  b e tte r  th a n



grey iron. The only possible course is to  find the  
silicon range which best su its th e  general ru n  of 
work and endeavour to  keep w ith in  th a t  range. 
In  th e  R over Foundry  a silicon con ten t rang ing  
from  0.55 to 0.75 per cent, is called for.

Carbon Control.
C ontrol of silicon is of g rea t u tili ty , b u t in  the 

a u th o r’s opinion w hat is of even more im portance 
is control of carbon content. In  the  un-annealed 
casting  th e  carbon should be wholly or m ainly in 
th e  combined sta te . The la te s t theory propounded 
is th a t  when a ce rta in  tem pera tu re  is reached 
d u ring  th e  process of annealing , th e  combined 
carbon or cem entite  breaks down, and g raph ite  or 
free carbon is p rec ip ita ted . W ith  increase of tem 
p e ra tu re  th is p rec ip ita tion  of g raph ite  continues 
u n til th e  p roportion  of combined carbon, falls to  
abou t 1.8 per cent. From  th is point, w ith con
tinued  heating , décarburisation  takes place. Now 
i t  is obvious th a t  th e  h igher the  to ta l carbon con
te n t in  th e  h a rd  casting  the  longer m ust be the 
period of h ea tin g  before th e  p rec ip ita tion  of 
g rap h ite  ends and décarburisation  commences. In  
o ther words, to  ob tain  good malleable, an increase 
in th e  to ta l carbon conten t in  the h a rd  casting 
necessita tes a longer period of annealing. The 
a u th o r’s view, borne o u t by his personal experi
ence, is th a t  th e  most ductile, s trong  and easily 
m achinable castings a re  associated w ith a low 
to tal-carbon  con ten t a f te r  annealing , th is  carbon 
being d is trib u ted  as p a r t  g raph ite  or tem per 
carbon and  p a r t  combined as pearlite .

F rom  experim ents which have been carried  out 
over a num ber of years th e  conclusion has been 
reached th a t  th e  best resu lts a re  obtained when 
th e  to ta l carbon con ten t in  the hard  casting lies 
betw een 2.9 and 3.2 per cent., and i t  is though t 
th is  opinion will be confirmed by others.

Analysis of th e  usual b rands of p ig-iron supplied 
fo r malleable work invariably  shows a preponder
ance of supplies w ith a to ta l carbon conten t above 
the  upper lim it of 3.2 per cent. In  m any instances 
th e  au th o r has found pig-irons w ith  a to ta l carbon 
con ten t of 3.6 per cent., and even higher. The 
m akers of m alleable p ig  would confer a real boon 
on the  founders if they  would pay more a tten tio n
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to  the  composition of th e  m ate ria l, and supply an 
iron w ith  a m axim um  to ta l carbon co n ten t of 3.1 
per cent.

Influence of Total Carbon.
In  connection w ith  th is  sub ject num erous results 

of experim ents could be given, illu s tra tin g  the  
effect of to ta l carbon, and th e  two following have 
been tak en  as typ ica l examples. Two sam ples of 
hard  castings were annealed  under p ractically  
iden tical conditions of tim e and tem p era tu re . One 
contained 3.06 p er cent, to ta l carbon in  th e  h a rd  
sta te , and th e  o ther 3.38 per cent, to ta l carbon. 
R epresen ta tive  samples were taken  for analysis 
a f te r  annealing . The results are  given in  Table I.

T a b l e  I.—Result of Annealing Two Samples— One with 
High Total Carbon.

No. 1. No. 2.

Before annealing. Per cent. Per cent.
Total carbon 3.06 3.38

After annealing. 
Total carbon 0.58 2.62
Comb. 0.14 1.04
Free „ 0.44 1.58
Silicon 0.56 0.61

I t  will be noticed th a t  No. 1 only contained 0.58 
per cent, to ta l carbon, w hereas No. 2 contained 
2.62 per cent. No. 1 had lost 2.48 per cent, carbon 
du ring  annealing , aga in s t a loss of only 0.76 per 
cent, carbon in  No. 2. No. 1 was soft, easily 
m achinable, and ben t th rough  an angle of 90 deg. 
before showing signs of cracking. No. 2 was soft 
and easily m achinable, b u t frac tu red  a f te r  bending 
th rough  an angle of about 15 deg. I t  has been 
found repeatedly  th a t  malleable castings which are  
soft b u t non-ductile  have a h igh to tal-carbon  con
te n t, and under ce rta in  conditions only very sligh t 
decarburisation  takes place even w ith an unduly  
prolonged anneal.

Graphite Precipitation.
Some tim e  ago th e  Rover w orks was very much 

troubled  by a certa in  casting  showing a dull su r
face w ith black spots in small a reas a f te r  
m achining. This occurred on about 25 per cent.



of th e  castings supplied, th e  castings giving no 
difficulty in  m achining, b u t being very b rittle . 
A nalysis revealed a high co n ten t of free  carbon, 
and  micro-sections showed g rap h ite  in  a  fine s ta te  
of division. R epeated  re-annealings a t  d ifferent 
tem pera tu res  for lengthy periods had h u t little  
effect on th e  carbon content. The au th o r’s 
o rig ina l opinion was th a t  th e  trouble  was caused 
by h igh to ta l carbon in th e  hard  casting, b u t in 
th e  lig h t of la te r  knowledge would assume th a t  a 
high tem p era tu re  of annealing  was partly  respon
sible. The best resu lts from  m alleable castings 
are  obtained when th e  free o r tem per carbon is 
in  th e  nodu lar form. I t  has been proved recently 
by N orthco tt th a t  th e  rounded o r nodular form 
of tem per carbon is produced below 1,000 deg. C., 
and  above th is  tem p era tu re  th e  g rap h ite  assumes 
the  flaky s tru c tu re  fam iliar in  grey iron. I t  is 
reasonable to conjecture th a t  in th e  castings ju s t 
re fe rred  to , no t only was th e  to ta l carbon con
te n t  high, b u t th a t  some of th e  castings had been 
subjected to  an annealing  tem pera tu re  exceeding
1,000 deg. O., and g rap h ite  had separated  in  a 
finely divided sta te .

Manufacturing Desiderata.
The m anufacture  of malleable iron castings 

Comprises two d is tinc t operations, th e  production 
of th e  h a rd  castings, and  th e  annealing process. 
The difficulties m et w ith in th e  casting  stage can 
be overcome by care  and commonsense. Any 
fau lts  due to- th e  ac tua l m anufacture  of the  cast
ing  a re  usually discovered during  m achining, and 
before the  a rtic le  is p u t in to  service. U nfor
tu n a te ly , i t  is d u ring  th e  annealing process th a t 
troub le  is m ost likely to  develop, and castings 
which appear- perfectly  satisfactory  fail in  service, 
owing to  s tru c tu ra l weaknesses induced by incor
re c t composition. I t  has been p a r t  of the  
au th o r’s du ty  for m any years to  investigate 
causes of fa ilu re  in  service, and he can say, w ith
ou t hesita tion , th a t  th e  m ajo rity  of failu res have 
been due to irreg u la ritie s  of annealing, and  in 
most instances due to  lack of ductility  caused by 
excessive carbon conten t. The text-book theory 
of annealing, an d  th e  one which is generally 
accepted, is th a t  th e  changes occur in two
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sep a ra te  phases :— (1) The e lim ination  of carhon 
from  th e  o u te r portions of th e  castin g ; and  (2) 
a softening of th e  iron  by p rec ip ita tio n  of anneal
ing  carbon.

Chemistry of Annealing Process.
The universal p rac tice  in th is  coun try  is to  pack 

th e  castings w ith  a  m ix tu re  of red  and black 
h em atite  ores. I t  is assumed th a t  a t  h igh  tem 
p era tu res  oxygen is libera ted  from th e  ore and 
reacts w ith  carb ide  from  th e  o u te r su rface  of th e  
casting  form ing carbon monoxide and  free fe rrite . 
The carbon monoxide combines w ith fu r th e r  oxy
gen, to  form  carbon  dioxide, which in  tu rn  reac ts  
w ith carbon from  th e  casting , form ing carbon 
monoxide and lib era tin g  fe rrite . These reactions 
are  continuous, and  a t  a la te r  stage, free  o r 
tem per carbon is p rec ip ita ted . T his is some
w hat a t  variance  w ith  a  la te r  theo ry  th a t ,  a t  a 
ce rta in  tem p era tu re , th e re  is a p a r t ia l conversion 
of cem entite  in to  austen ite . On fu r th e r  hea tin g  
th e  cem entite  breaks down, an d  g rap h ite  is p re 
c ip ita ted . C ontinued h ea tin g  resu lts  in  décar
burisa tion  a t  the  expense of th e  a u s te n ite  and 
g rap h ite .

F rom  a num ber of experim ents m ade, and  th e  
experience gained in  th e  production  of thousands 
of tons of m alleable castings d u rin g  th e  p a s t 
fifteen years, th e  au th o r doubts if th e  ea rlie r 
and generally  accepted theory  fully  explains the  
chemical physics of annealing . F rom  tes ts  m ade, 
no t under labo ra to ry  conditions, b u t in  actua l 
works practice, several ap p a re n t con trad ictions 
arise. These m ay be w orth  enum eration .

(1) C astings o f th e  sam e p a tte rn , of sim ilar 
o rig inal composition, annealed in  th e  same oven 
u nder p rac tica lly  iden tica l conditions, have 
u ltim a te  compositions vary ing  widely in  carbon 
conten t.

(2) Loss of carbon takes place n o t only when 
th e  packing m edium  is oxidising, b u t also w ith 
reducing or n eu tra l media.

(3) Loss of carbon does no t appear to> be 
d irectly  proportional to  mass.

(4) W hilst generally  speaking, loss of carbon 
increases w ith increased tim e  of annealing , notable 
exceptions occur.



(5) In te rm itte n t rises and falls in tem pera tu re  
o ften  resu lt in a  lower carbon con ten t th a n  a 
continuously m ain ta ined  annealing  tem pera tu re .

(6) O ther elem ents, nam ely silicon, sulphur, 
and m anganese, have a pronounced effect on th e  
final resu lt.

(7) B e tte r  resu lts -are obtainable by a lengthy 
anneal a t  a  com paratively low tem pera tu re , than  
a shorter anneal a t high tem pera tu re .

Detailed Consideration.
I t  has been found on frequen t occasions in 

te s tin g  sam ples from the  annealing  ovens, th a t  
tw o castings of th e  sam e p a t te rn  taken  from  
ad jacen t stacks, show considerable varia tions in 
carbon conten t. D rillings have been taken 
thoroughly  to  rep resen t th e  samples, and to  be 
com parable. Instances m ight be m entioned of 
to ta l carbon contents of 2.06 and 1.48 per cent, 
respectively, when i t  m ight be reasonably expected 
th a t  th e  resu lts would be sim ilar. W hat is the 
exp lana tion? Is  th e  u ltim ate  composition 
influenced by th e  casting  tem pera tu re?

I f  th e  process of annealing  involves a  supply 
of oxygen from th e  mixed ores used as a packing 
medium, why is i t  th a t  loss of carbon occurs when 
n e u tra l or reducing  m edia a re  used? Yet such 
is th e  case, according to  experim ents personally 
conducted. A typ ical instance may be cited. 
Samples cast from  the same shank of m etal were 
packed respectively in  th e  s tan d ard  m ix tu re  of 
hem atite  ores, in  coarse coke, and in  well b u rn t 
sand. The lids and jo in ts  of th e  te s t cans were 
lu ted  w ith a m ix tu re  of sand and clay, to  exclude 
a ir  as much as possible. The to ta l carbon in  the 
h a rd  s ta te  was 3.3 p er cent. A tem p era tu re  of 
950 deg. C. was m ain tained , in  a gas-fired fu r
nace, for 120 hours, followed by a slow cooling. 
Thoroughly rep resen ta tive  samples were analysed 
w ith  resu lts  shown in  Table I I .  These show th a t 
w ith  th e  m ixed ores th ere  was a loss of 1.5 per 
cent, carbon; w ith  coke -a loss of 1.0 per cent., 
and  w ith  sand packing, 0.90 per cent, carbon. 
I f  annealing  is dependent on th e  oxygen derived 
from  th e  ore, how has th e  elim ination  of carbon 
been arrived  a t  when an oxidising atm osphere was 
n o t ex is ten t?  R epetition  of th is  experim ent by
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tre a tm e n t in one of th e  works annealing  ovens 
was a ttended  w ith sim ilar resu lts .

T ha t loss of carbon is n o t p roportional to  th e  
mass of the casting  has been evidenced on num er
ous occasions in o rd inary  works practice, and  also 
in a series of experim ents carried  o u t some few 
years ago. A num ber of samples w ere cast from 
one shank  of m etal, th e  sam ples v ary ing  in  th ick 
ness from f  to  1 in. B atches consisting of one 
sam ple of each thickness were subjected to  various 
sho rt anneals, th e  re su lts  being very indefin ite 
(Table II I ) . T hree exam ples m ay be cited, each

T a b l e  II.-—•Results obtained' from Annealing Similar 
Samples in Various Media.

Packing medium.
Mixed
ores. Coke. Sand.

Per cent. Per cent. Per cent.
Total carbon 1.83 2.30 2.40
Comb. ,, 0.83 1.00 1.22
Free ,, 1.00 1.30 1.18
Silicon 0.64 0.61 0.58

batch being  annealed under d ifferent conditions 
of tim e  and tem pera tu re . The to ta l carbon con
te n t  in  th e  orig inal hard  castings was 3.18 per 
oent., and  th e  to ta l carbon a f te r  annealing  
is shown in  Table I I I .  These figures need no 
comm ent. I t  would be im agined th a t  according 
to  th e  general theo ry  of annealing , e lim ination  
of carbon would be p roportional to  th e  mass.
T a b l e  III.-—Total Carbon Content in Annealed Samples 

Cast from Metal having the same Silicon content.
Thickness ¿in . ¿in . f in . 1 in.

Batch 1 2.77 2.08 2.84 2.18
Batch 2 2.44 2.62 2.66 2.38
Batch 3 2.46 1.99 2.58 2.72

As m ight be expected, loss of carbon bears a 
close re la tionsh ip  to  tim e  a t annealing  tem p era
tu re , b u t notable exceptions have been encoun
tered . Several exam ples m igh t be given, b u t one 
will suffice. A certa in  casting  a f te r  annealing  
was soft b u t no t ductile. Analysis showed a to ta l 
carbon con ten t of 3.16 per cen t, of which 2.04 per 
cent, was free  carbon. A fu rth e r annealing  for
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a to ta l of 300 hours a t  tem pera tu res between 900 
and  950 deg. C ., yielded a  to ta l carbon conten t of 
3.01 per cen t., of which 2.28 p e r cent, was free 
oarbon. The only exp lana tion  suggested is  th a t  
d u rin g  th e  heating-up  period of th e  anneal, th e  
g rea te r portion  of th e  carbon was p rec ip ita ted  as 
finely divided g raph ite , and th is  s ta te  does n o t 
favou r carbon elim ination . I t  appears th a t  suc
cess in  annealing  is only possible when th e  pre
c ip ita tio n  of carbon can  be re ta rd ed  u n til a  con
siderable portion  of th e  carbon has been elim in
ated . The carbon then  p rec ip ita ted  takes th e  
form  of tem per carbon, in stead  of as partic les of 
g rap h ite .

In  some works, i t  is th e  practice, once th e  an 
nealing  furnace is u p  to  heat, to  m ain ta in  one 
continuous tem p era tu re  for th e  full period of 
tim e. O ther p ractice  is to  have periods when 
no firing  is done, and th e  tem p era tu re  in  th e  
oven gradually  falls. I t  is then  fired up  again, 
ra ised  to  th e  required  tem pera tu re , an d  again 
allowed to  cool off gradually , these operations 
being repeated  several tim es. The non-firing 
period is usually  re fe rred  to  as “ so ak in g ,” and 
too o ften  these soaking periods are  m ade to  coin
cide w ith  th e  o pera to r’s meal tim es and evenings 
off. I n  th e  Rover foundry, each annealing  oven 
is fitted  w ith  pyrom eters, th e  sm aller ovens w ith  
one therm o-couple, and th e  larger ovens each w ith 
four therm o-couples, all of which are  connected to 
recorders. This system  has th e  advantage of 
showing a  com plete day  and  n ig h t record of th e  
anneal. E xperience has shown th a t  periods of 
“ so a k in g ”  from  960 deg. C. down to  880 o r 890 
deg. C., a re  decidedly advantageous. In  continuous 
firing  and  m a in ta in in g  one steady tem pera
tu re , free carbon is evenly d is tribu ted  in a finely 
d ivided s ta te  th roughou t th e  mass of th e  casting, 
w hereas in te rm itte n t firing and cooling appears 
to  favour th e  p rec ip ita tion  of tem per carbon in 
th e  nodular form. I t  is th is  la t te r  which p ro 
vides s tre n g th  and ductility .

I f  malleable iron was a simple com bination of 
iron  and  carbon, the  theory  of oxidation of carbon 
and  final p rec ip ita tion  of annealing  carbon would 
be capable of definite proof. The process of 
annealing  is com plicated by th e  presence of o ther
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elem ents, nam ely, silicon, su lphur, phosphorus, 
and m anganese. I t  has been clearly dem onstrated  
in grey iron th a t  silicon reduces th e  so lubility  of 
carbon, and favours th e  fo rm ation  of g raph ite . 
This fu nc tion  has been extended to  malleable, and 
i t  is generally  considered th a t  w ith increased sili
con con ten t th e  loss of carbon decreases. This 
favours th e  theory  th a t  th e  p rim ary  a tta ck  d u rin g  
th e  annealing  process is a t  th e  expense of th e  car
bide. W ith  a high-silicon con ten t, carbon is 
th row n o u t of solution a t  a  lower tem pera tu re , 
and the re su lta n t m ateria l is h igher in tr e e  carbon 
th a n  would be th e  case if th e  silicon co n ten t was 
low. T his is borne o u t in  p rac tice  up to- a  po in t, 
b u t exceptions occur from  tim e  to  tim e, and i t  is 
these exceptions which th e  general th eo ry  of 
annealing  fa ils  to  sa tisfy . Two exam ples a re  
given, h u t these a re  n o t isolated cases. Sam ple 
castings from  th e  sam e p a tte rn , b u t d iffering  
slightly  in silicon con ten t, were annealed in  th e  
sam e oven under p rac tica lly  sim ilar conditions. 
A fte r annealing , rep resen ta tive  sam ples were 
taken  fo r analysis, th e  re su lts  being shown in  
Table IV . The to ta l oarbon in  th e  h a rd  castings
T a b l e  IV .— Giving Results of Carbon Content varying 

with Silicon.
A. B.

Per cent. Per cent.
Total carbon 1.10 2.50
Comb. ,, .......................... 0.42 0.79
Free ,, 0.68 1.7
Silicon 0.82 0.65
Sulphur 0.26 0.24

was 3.10 and 3.13 per cen t, respectively. Observe 
th a t  in sam ple A, although th e  silicon was h igher 
th a n  in sam ple B, y e t th e re  had  been considerable 
e lim ination  of carbon, w hilst in  B th e re  had  been 
only s lig h t reduotiou. Two o th e r samples cast 
from  th e  sam e p a tte rn  were annealed u nder iden
tica l conditions. The to ta l carbon in  th e  hard  
castings was 3.05 and 3.21 p e r  cent, respectively, 
and analysis a f te r  annealing  is given in  Table V. 
Both instances con trad ic t th e  theory  th a t  increase 
of silicon favours th e  p rec ip ita tio n  of free  carbon. 
W hat is th e  exp lana tion  ?
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Personal experience has shown th a t  m anganese 
increases th e  difficulties of annealing. M any 
brands of m alleable p ig  con tain  less th a n  0.2 per 
cen t., and th is  sm all am ount m ay be ignored. 
W hen th e  m anganese exceeds 0.45 p er cent, th ere  
is a tendency tow ards increased hardness in the  
finished castings. I t  would appear th a t  m an
ganese re ta rd s th e  annealing  process, and in tro 
duces com plications which m ay have a m arked 
effect.

T a b l e  V .— Tends to show that Decrease in Silicon favours 
Carbon Precipitation.

C. D.

Per cent. Per cent.
Total carbon 1.80 3.05
Comb. ,, 0.83 1.52
Free carbon 0.97 1.53
Silicon ..  .. 0.56 0.52
Sulphur 0.24 0.25

I f  th e  process is one of oxidation  from  th e  su r
face and  diffusion of carbon outw ards from the  
cen tre  of th e  mass, one would im agine th a t 
increase of tem p era tu re  would resu lt in  increased 
in tensity  of reaction . In  o ther words, th e  higher

T a b l e  VI.-—Effect of Time and Temperature on Final 
Composition.

No. 1. No. 2. No. 3.

Per cent. Per cent. Per cent.
Total carbon 3.34 2.06 1.28
Comb. ,, .. 1.33 0.38 0.88
Free ,, .. 2.01 1.68 0.40
Silicon 0.61 0.59 0.61
Sulphur 0.25 0.25 0.23

th e  tem p e ra tu re  a tta in ed , w ith in  reason, the  
g rea te r should be th e  loss of carbon. Y et i t  is a 
well-proved fa c t th a t  b e tte r  results a re  obtainable 
by a long a.nneal a t  com paratively low tem pera
tu res  th a n  by a  shorter anneal a t  h igher tem pera
tu res . The only explanation  which seems feasible 
is th a t  a t  th e  h igher tem p era tu re  th e  cem entite 
breaks down w ith p rec ip ita tion  of free  carbon, 
fu r th e r  oxidation ceases, and the m ateria l becomes
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passive. As a typ ical exam ple of effect of tim e 
and tem pera tu re , th e  resu lts given in Table V I 
a re  illum inating . All th e  sam ples w ere cast from  
th e  sam e m ateria l and p a tte rn , and were annealed 
in a small gas-fired fu rnace  where th e  tem p era tu re  
oould be closely controlled. No. 1 was annealed 
for 78 hours a t  960 deg. C., No. 2 for 86 hours a t 
940 deg. O., and No. 3 for 103 hours a t  920 deg. C. 
O ne curious fea tu re  of these  re su lts  is th e  effect of 
ra te  of cooling on th e  p roportions of combined 
and free carbon. No. 1 was cooled very  slowly 
to  600 deg. C., No. 2 to  700 deg. C ., and No. 3 to  
800 deg. C. Below these tem p era tu res  cooling was 
allowed to  proceed rap id ly . I t  will be observed 
th a t  in No. 1 ju s t over 39 per cent, of th e  to ta l 
carbon rem ained  in  th e  combined form , ag a in s t 
18 p er cent, in  No. 2, and  68 per cent, in  No. 3. 
F rom  th is i t  would appear th a t  no harm  is likely 
to  resu lt in  cooling quickly below 700 deg. C.

Methods of Melting.
T here a re  th ree  methods of m elting  in  m alleable 

foundries, th e  crucible, th e  cupola, an d  th e  a ir  
fu rnace . In  all p robability  th e  m a jo rity  largely  
favour the  cupola. Changes ta k e  place in  com
position during  m elting  in  th e  cupola, th e re  being, 
as a  rule, a loss in  silicon and a ga in  in  su lphur 
con ten t. N um erous te s ts  have been carried  ou t 
in an endeavour to  ge t an ex ac t idea  as to  th e  
ex ten t of the  changes. The au th o r has proved to 
h is own sa tisfac tion  th a t  th e re  is no appreciab le  
difference between th e  calculated and th e  actual 
to ta l carbon con ten t. H e  has n o t been able to  
ob tain  any definite d a ta  as to  th e  loss of silicon 
d u ring  m elting. D ifferent te s ts  show differen t 
results , and the  problem  is com plicated by th e  
w eight of th e  charges, th e  p roportions of p ig  and 
scrap fob i eh m ake up  th e  charge, and th e  volume 
and pressure o f ,b la s t. One a u th o rity  places th e  
loss of silicon as high as 0.23 per cen t., b u t p er
sonal experience has been to  show, under norm al 
conditions, an average loss of 0.17 p e r  cent.

The su lphu r con ten t certa in ly  inoreases du ring  
cupola m elting , b u t th e  am ount of increase is 
largely  dependent on th e  quality  of coke used, on 
th e  coke-iron ra tio , and  on th e  fluxing prac tice . 
D uring  annealing  i t  has been found on some occa
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sions th e re  is a s till fu r th e r  increase of sulphur, 
w hilst a t  tim es th e re  is a  sligh t dim inution.

Phosphorus and m anganese show li tt le  o r no 
v aria tion  d u ring  m elting, and are  usually present 
in suoh sm all q u an tity  as to  have no pronounced 
effect.

I t  is th e  p rac tice  in m any foundries to  use a 
p roportion  of annealed scrap on each charge, and 
th is  p rac tice  has on occasion been strongly con
dem ned. Personal experience has shown th a t  
small q u an tities  have no ill effect, b u t the  am ount 
so used should n o t exceed 5 per cent, of th e  to ta l 
charge. In  g rea te r quan tities i t  appears to 
reduce th e  cooling range  of th e  liquid m eta l; the  
iron, although appearing  hot and fluid when 
tapped , rap id ly  becoming dull and viscous. The 
s ta tem en t is sometimes m ade th a t  the  use of soft 
scrap in troduces th e  danger oif free carbon in the 
castings m ade from  such a m ix ture , b u t i t  is diffi
cu lt to  see th a t  free  carbon will persist on melt
ing. I t  is th o u g h t th a t  In  m olten iron  all the 
carbon m ust be presen t in  th e  combined form. I t  
is generally  agreed th a t  the  presence of free  car
bon or g rap h ite  in  th e  hard  casting  is deleterious, 
as th is g rap h ite  is likely to rem ain a fte r anneal
ing and cause weakness. G raph ite  in th e  hard  
casting  can only be due to  a  high to ta l carbon con
te n t, coupled w ith  a prolonged cooling through 
th e  critica l range.

Distortion.
One of the  most troublesom e items connected 

w ith  th e  production  of malleable castings is dis
to r tio n  d u ring  annealing. Speaking generally, dis
to rtio n  in p lain  castings is due to bad packing in 
th e  ovens, to  excessive heat, or to  sagging of the 
annealing  pans. D isto rtion  in  in tric a te  castings 
m ay be th e  resu lt of inequalities of expansion and 
con traction  d u ring  h ea ting  and cooling owing to 
varia tions of thickness in the  casting; W hatever 
m ay be the  cause, d is to rtion  introduces the  trouble 
and expense of “  se ttin g .”  This may be a fairly  
simple operation , or a very difficult one, necessi
ta t in g  th e  p rep ara tio n  of special dies and  tools. 
C astings can sometimes he “ se t ” in  th e  cold, bu t 
heating-up  is advisable. Opinions differ as to  the 
wisdom of cold or ho t se tting , b u t i t  m ust be

a
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borne in  m ind th a t  to ob tain  a perm anen t se t the  
m ate ria l m ust be stressed beyond its elastic lim it. 
I f  the  se ttin g  is perform ed in th e  cold there  is a 
g re a t danger of crack ing  ; even if a crack  does 
not develop, th e  casting  has been unduly  stressed, 
and considerably weakened in  consequence. In  hot 
se ttin g  th ere  is a possibility th a t  du ring  th e  subse
quen t cooling th e  m ateria l will p a rtia lly  rev e rt to 
its pre-annealed  sta te . I t  is em inently  desirable 
for some definite in fo rm ation  to  be obtained as to  
th e  m axim um  tem p era tu re  to  which i t  is possible 
to  reh ea t m alleable castings w ithou t risk  of 
destroying the  effect of annealing , and also the 
influence of tim e  and  conditions d u rin g  cooling 
down again.

Cost of Annealing.
From  a purely  comm ercial p o in t of view there  

are  one or two item s which dem and investigation  
to enable m alleable castings to  be produced a t  a 
reasonable price and  show a fa ir  m arg in  of profit. 
The two m ost expensive item s are  fuel and  anneal
ing  pans. The old type rec tangu la r furnaces, w ith 
fireplaces on e ith e r side of th e  bed, a re  reasonably 
cheap to  erect, and  th e  cost of upkeep is fa irly  
low. A t th e  same tim e, they  are  very ex trav ag an t 
on fuel. They will b u rn  only a good long-flame 
type of coal, and  will no t b u rn  slack or sm all coal. 
F rom  carefu l tes ts  m ade from  tim e to  tim e i t  is 
com puted th a t  th is  ty p e  of fu rnace consumes from  
36 to  42 cwts. of coal per to n  of castings annealed. 
M ore m odern furnaces have a m uch lower 
coal consum ption, b u t suffer from  several dis
advantages. The firing and m an ipu la tion  of 
dam pers is usually  more com plicated, and  needs 
more highly skilled operatives. F ir in g  is more 
continuous, and  en ta ils a n igh t-sh ift. F ir s t  cost 
i3 generally  much higher, and  cost of upkeep 
g rea te r. All th ings considered, i t  may be found 
th a t  th e  economy in  fuel is more th a n  coun te r
balanced by the  increased trouble  and expense in 
o ther d irections. The developm ent of pulverised 
fuel offers g rea t possibilities in the m alleable trad e , 
and th ere  is a wide field for th e  inven to r in 
im proving th e  efficiency of annealing  furnaces.

Cost of Special Boxes.
A nnealing pans add considerably to  th e  cost of 

production . The effective life of an  annealing  pan



varies from  th ree  to eigh t heats, and it  will he 
found th a t  the consum ption is about 12 cwts. of 
annealing  pans per ton  of castings annealed. 
M any different types of annealing  pans have been 
p u t on th e  m arket, b u t personal experience has 
been th a t  w ith most of these pa ten ted  types the 
w eight of the  pan  is increased w ithout a corre
sponding im provem ent of its  effective life. The 
use of a high-chrom ium  iron in  pan  m anufacture 
reduces enormously the loss by scaling, b u t the  cost 
is prohibitive. The price of th is m ateria l is in 
the  region of 3s. 9d. per lb., and as in  the  Rover 
F oundry  th e  average stock of pans in use exceeds 
90 tons w eight, one can readily  see th a t  th is item  
alone would en ta il an  outlay of over £30,000.

Lines for Future Research Indicated.
From  th e  foregoing i t  will be ap p aren t th a t  the 

m anu fac tu re  of malleable iron  castings is not a 
simple m atte r , to  be lightly  undertaken . In  con
clusion, i t  would seem desirable to  ind icate  w hat 
appears to  be th e  lines on which research is most 
necessary, and which would, to  the  grea test degree, 
assist the  m alleable founder in the  problems with 
which he is so often confronted.

(1) The most u rg en t investigation  is one on the 
production  of pig-iron specially for the malleable 
trad e . I t  has always appeared th a t the 
m anu factu rers of pig-iron look on the  malleable 
founder as an  ou tle t for iron which is unsuitable 
for steel m aking, and do no t make a pig specially 
suited  to th e  needs of the  trad e . In  consequence, 
no*two deliveries of iron even approxim ate to the 
same composition. I t  should be reasonable to 
expect from  the  blast fu rnace a pig-iron of 
g uaran teed  composition, w ith a medium-low to ta l 
carbon, silicon w ith in  a specified range, and speci
fied m axim um  sulphur, phosphorus, and manganese 
contents. This is possible in  o rd inary  grey iron 
practice, and the  R over Company have purchased 
hundreds of tons of grey iron under such condi
tions. W hy should i t  no t be possible for the  hema
t i te  p ig-iron suppliers to  supply to analysis? In  
the  au th o r’s opinion i t  is a commercial proposi
tion . I f  the  foundry  could be supplied w ith iron 
which only varied  w ith in  known lim its, m any of 
the  troubles associated w ith malleable iron would 
be elim inated , and the foundry  would have definite
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d a ta  on which to  base th e ir  annealing  practice. 
This is a m a tte r  of v ita l im portance to  the  m al
leable trad e , and u n fo rtu n a te ly  the  p ig-iron sup
pliers will go on in  the  old haphazard  way u n til 
the  trad e  as a whole in sist on b e tte r  tre a tm en t, 
and pressure can be b rough t to  bear by un ited  
action.

(2) An exhaustive research in to  the  effect of 
vary ing  percentages of to ta l carbon and  silicon 
and  th e ir  influence on annealing . W hat is the  
m axim um  and  m inim um  carbon con ten t desirable 
in  th e  h a rd  casting?

(3) A de te rm ina tion  of the  exact tem p era tu re  
range du rin g  which annealing  takes place, and  the 
effect of tim e on th e  u ltim a te  results.

(4) D eterm ination  of the  maximum to ta l carbon 
con ten t desirable in the  annealed casting , and the 
p roportions in  which th is  should be sp lit up 
between the  free  and combined sta tes. P ersona’ 
experience has shown th a t  in  sections up to , say, 
f  in. th ick , to  ob tain  the  g rea test toughness and 
ductility , the  to ta l carbon con ten t should n o t be 
more th a n  1.8 per cen t., and  divided approxim ately  
equally as free and  combined.

(5) F u ll investigation  as to  the  respective m erits 
of continuous and in te rm itte n t f ir in g ; and  in  the  
la t te r  case, w hat is effected by periods of reduc
tion  of tem pera tu re , for w hat leng th  of tim e 
should these periods extend , and th rough  w hat 
range of tem p era tu re  should they  occur?

(6) A full research in to  th e  physical chem istry  of 
annealing . D efinite in form ation  is required  a ^  to 
the  changes which occur, a t  w hat tem pera tu res 
they occur, how long the  changes continue, and  in 
w hat m anner ra te  of cooling modifies th e  resu lt. 
In  connection w ith  th is  sub ject i t  is desirable to 
know th e  reason why in  some instances carbon is 
e lim inated  w hilst in others i t  is m erely transfo rm ed  
in sta te .

(7) Is e lim ination  of carbon caused by oxidation , 
and in w hat form  m ust the  carbon be re ta in ed  to  
effect th e  m axim um  elim ination?

(8) The conditions a ris ing  which cause carbon to 
be deposited as finely divided g rap h ite , and  how 
these conditions m ay be avoided.

(91 The effect of com position of packing medium 
on the  annealing  process.

i(J4
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(10) The influence of mass on th e  changes which 
occur d u ring  annealing.

(11) W hether casting  tem p era tu re  has any 
influence on the  changes which take  place during  
annealing , due to  differences in g ra in  size? I t  is 
reasonable to  assume th a t  both casting  tem pera
tu re  and  ra te  of cooling of the  hard  casting  will 
cause m odifications in g ra in  size, and may, or 
may not, affect th e  u ltim ate  result.

(12) The influence of subsequent work on 
annealed castings, such as brazing, or reheating  
for “ s e t t i n g ” ; and in w hat m anner any dele
terious effect can be avoided.

These do no t embrace the whole of the researches 
u rgen tly  needed, b u t the  solution of these problems 
would go fa r  to  help th e  malleable founder pro
duce a reliable artic le , and rehab ilita te  malleable 
iron in  th e  eyes of engineers and designers. Who 
will und ertak e  th is research? W ill i t  he le ft to 
p riva te  en terp rise , or have the  B ritish  C ast Iron 
R esearch Association the  power, ab ility  and finan
cial resources, together w ith  the  moral courage 
necessary for such a stupendous task?

I f  malleable founders would only realise th a t 
u n ity  is s treng th , and pool th e ir  resources for the ir 
common weal, the  au th o r is convinced the  results 
achieved would ju s tify  any means.

DISCUSSION.
Mb . W. H . P o o l e  said he was well aw are th a t  

m any years ago th e  au tho r was engaged in  a 
research of m alleable iron, and so i t  had  afforded 
him much pleasure to  h ear th is P ap e r read. There 
were, however, a  few p ractica l po in ts connected 
w ith th e  con tribu tion  which i t  m ight not be a t  all 
d isadvantageous to  raise . H e had been p a rticu 
larly  in terested  in th e  tables g iving th e  resu lts of 
carbon con ten t vary ing  w ith silicon. H e did not 
suppose th e  au th o r would exclude the  influence of 
gas—th e  oxidising of the  . gas atm osphere—b u t he 
should like  to  ask M r. H u rren  if in the  samples 
experim ented w ith, th e  o th e r elem ents were iden
tica l. The notes on th e  question of carbon con
te n t were m ost valuable, b u t th e  difficulty a t the 
p resen t tim e, and i t  s truck  most of them  very 
forcibly, was to  get a pig-iron capable of supply
ing a su itab le  carbon content. Then another po in t 
he was desirous th e  au th o r should enlarge upon was
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d ealt w ith in  one o r two parag raphs th roughou t 
th e  P ap er where reference wae m ade to  p rim ary  
g rap h ite . In  some of th e  h igher silicon irons, 
in  sp ite  of any obvious reason, p rim ary  g rap h ite  
exercised a big effect on th e  annealing  resu lt. H e 
was qu ite  in  agreem ent w ith  th e  m ethod suggested 
in th e  P ap e r of “  soaking,”  b u t in th e  course of 
investigation  he had been som ewhat surprised  to  
find firms who m ain ta ined  th e  continuous tem pera
tu re  fo r th e  full tim e, ac tua lly  ta k in g  th e ir  “  soak
ing ” periods du rin g  th e  process of annealing . As a 
resu lt of th e  work Mr. H u rren  had  ca rried  on, 
he would be glad to  have in fo rm ation  from  him 
as to  th e  possible effects of vary ing  leng ths of tim e  
in  purely h ea tin g  up. T hen in  regard  to  th e  
condition of ore, h is  suggestion would be th a t  
th e re  ought to  be a periodical te s t  of th e  ac tua l 
black ore used in  th e  process. On th a t  p o in t he 
wondered if Mr. H u rre n  could advise any m ethod 
by which black ore could be m ain ta ined  in  the  
best condition. I t  would be in te re s tin g  to  
p rac tica l men if  th e re  could be a n  elucidation  of 
one o ther po in t, nam ely, as to  w hether th e re  was 
any increase in  sulphur. Som etim es in  te s tin g  
black ore he had  found much su lphu r, and  in one 
instance th e re  was 7 per cent, of it. D id Mr. 
H u rren  consider th a t  would be harm fu l in the 
u ltim ate  annealing  P

Mr . H a r l k y  rem arked th a t  m any years ago he 
cam e to  th e  conclusion th a t  th e  use of malleable 
iron in  th e  autom obile industry  was dying out, and 
th e  tre n d  of events since had  proved his conten tion  
r ig h t up to  th e  h ilt. H e  was speaking  now fo r a 
large firm of m otor-car m anu fac tu re rs—th e  largest 
producers of m otor cycles in  th e  country , by the  
way. T heir o u tp u t aggregated  som ething like
40,000 a  year—and in th e ir  productions they  had 
cu t o u t malleable iron altogether, simply because 
i t  was n o t a  reliab le  m ate ria l. On th a t  p a rticu la r 
aspect of th e  question he did feel th a t  its  u n re li
ab ility  was very clearly ind icated  in  th e  P ap er 
now being discussed by th e  In s titu te . Of course, 
in th e  first in stance  i t  m ust be understood they 
were discussing E nglish  w hite-heart malleable, 
because he was ready  to  adm it th a t  th e  observa
tions he was about to  m ake m ight no t equally  
apply to  b lack-heart malleable. M r. H u rren , in



th e  P ap er, had  clearly shown th e  difficulty of 
o b ta in ing  p ig-iron of the  .right composition for th is 
work. H e did no t need to  po in t o u t th e  difficulty 
of ensu ring  th e  exact composition in ordinary  
cupola m elting. I t  was sufficiently bad w ith grey 
iron, b u t i t  was infinitely  more difficult w ith 
m alleable. Then w ith  regard  to  th e  vary ing  sec
tions of p a tte rn s , he gave i t  as his opinion th a t  
i t  was a sheer im possibility to  anneal correctly. If  
th e re  was a vary ing  section from  one inch to  a 
q u a rte r  of an inch, experience had shown w ith 
m alleable iron th a t  if th e  annealing  was correct 
for the  J-inch section i t  was useless for th e  inch 
section. H e  would go fu r th e r and say th a t , as 
th e  outcom e of his own p rac tica l knowledge, i t  
was n o t possible w ith  malleable iron to  anneal pro
perly  a casting  of one inch section. A t th e  pre
sen t tim e  i t  seemed to  him  they  were no t pro
ducing m alleable b u t simply a k ind of superior 
cast iron. H e proved these contentions many 
years ago in a P ap e r he subm itted  to  th e  B irm ing
ham  branch  of th e  In s titu te . Some twelve or four
teen  years ago he ob tained  samples from  all the  
leading m akers and from  th e  facts he b rought ou t 
th e n  he showed p re tty  conclusively th a t  malleable 
iron  as com pared w ith cast steel could make no 
rea l com petition. The steel process in th e  au to
mobile in d u stry  was, in  his opinion, a  very simple 
one com pared w ith  th a t  of annealing  malleable iron. 
I t  was n o t to  be understood th a t  he was principally  
critic ising  th is , b u t he was speaking w ith a view to 
g e ttin g  th e  members of th e  In s titu te  to  consider 
th is  question fo r themselves. I t  was possible to  
prove from  exhaustive research work on m ateria l 
th a t  in  regard  to  th e  im p o rtan t autom obile indus
try , a t  any ra te , th e  only people who were using 
m alleable were those who could not g e t hold of cast 
steel. H e regarded  i t  as inevitable th a t  malleable 
iron  as m ade in  th is  country  by th e  w hite-heart 
process would become obsolete. F o r obvious 
reasons, and chiefly because he did no t consider it  
was w orth  while, he had n o t gone in to  the  various 
points raised  by th e  au tho r in  his Paper.

Mb. E . L o n g d e n  (B irm ingham ) said he was 
desirous of ask ing  Mr. H u rren  w hether he had 
been successful in producing black-beart malleable 
iron in  th e  cupola. Personally he had been nearly 
successful, b u t no t quite. A poin t had been raised
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w ith reg ard  to- th e  condition of th e  ore, bu t he 
saw no difficulty on th a t  score.

Mr . J .  G. P e a r c e  (B irm ingham ) said  he for one 
refused to  be scared in to  believing th a t  th e  death- 
knell of th e  m alleable iron  in d u stry  had  been 
sounded by th e  speaker of a few m inutes ago (M r. 
H arley). The P ap e r itse lf was a very good answ er to  
some of th e  criticism s Mr. H arley  had  p u t fo r
w ard. Towards th e  close of his con tribu tion , M r. 
H u rren  inquired  w hether th e  B ritish  C ast Iro n  
R esearch Association had th e  power, ab ility  or 
financial resources, toge ther w ith  th e  necessary 
m oral courage, to  face a  b ig  research. To 
answer th a t  query, he would re fe r them  to  th ree  
im p o rtan t po in ts in connection w ith  th e  m alleable 
iron trad e . F irs tly , th e  num ber of producers was 
la rg e ; secondly, th e  average p la n t was sm all; and, 
th ird ly , m any of them  lacked technical contro l, i t  
was th e  second of these  conditions which produced 
th e  resu lts  of which Mr. H u rren  com plained, b u t 
those of them  who were connected w ith  th e  B ritish  
C ast Iro n  R esearch A ssociation did n o t in ten d  to  
le t the  position go by defau lt. They w ere in  close 
touch w ith  th e  laboratories in  various p a rte  of th e  
country , and they  could a rran g e  for experim ental 
work on a com m ercial scale. T he Association was 
fo rtu n a te  in  hav ing  a  num ber of mem bers who 
were in terested  in  m alleable production , an d  th ey  
were supplying some details of excellent resu lts  in 
p ractice. B u t th e  Association was even m ore fo r
tu n a te  still in  its M alleable C om m ittee, and  an 
investigation  had been commenced in to  th e  to ta l 
carbon of w hite-heart m alleable iron . Of course, 
th e  ex ten t to  which th a t  could be ca rried  ou t 
depended largely  on th e  suppo rt th a t  would be 
forthcom ing from  th e  m alleable iron  in d u s try . 
H e hoped th a t  suppo rt would be read ily  forthcom 
ing, because i t  was a ta sk  of some physical diffi
cu lty  to  get round  so m any d ifferent producers 
even in  a com paratively  sm all a rea. The p a rtic u la r  
m ate ria l th ey  were discussing a t  th e  m om ent was 
th rea ten ed  w ith com petition, n o t only from  steel 
and casting  steel, b u t from  those o ther types of 
cast iron th a t  were now beginn ing  to  receive so 
much a tten tio n . I t  would be a g re a t p ity  to  those 
employed and to th e  cap ita l involved in th e  indus
try  if  i t  should be elim inated . They of th e  C ast 
Iron  R esearch Association believed " th e re  was a
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field for such a i-esearch as he had  indicated, and 
they  considered fu r th e r  th a t  i t  ough t to  he 
extended to  its fu llest possible lim its. They did 
no t see why th is  trad e  should be weak, especially 
when o ther branches of industry  were able to  m ain
ta in  an o rgan isation  such as th e  Oast Ii'on Research 
Association. The la t te r  had th e  technical facili
ties, and  i t  was w illing to  und ertak e  necessary 
research woi-k if only m anufactu rers would support 
i t  by m aking them selves responsible fo r th e  com
para tive ly  small expend itu re  involved.

M e .  F. J .  C o o k  said he also took exception 
to  M r. H arley ’s p rediction  regard ing  th e  u ltim ate  
position of th e  m alleable iron industry  in th is 
country . M r. H ai'ley practically  said th a t  the  
m alleable iron industry  was dead, b u t he m ight 
po in t o u t to  him  th a t  he knew of a large firm, 
specialising in  m otor cars, who a t  th e  present tim e 
used tons of malleable iron. I t  was fa r  from going 
by th e  board, and  personally, he oould n o t see 
why a research could no t be undertaken  which 
would go a long way tow ards th e  re-building of 
a poor and  dow ntrodden trad e . H e certa in ly  
agreed w ith  M r. H u rren  as to  th e  points he had 
raised re la tive  to  th e  effect of to ta l’ carbon and 
th e  condition of p rim ary  graph ite . These were 
two very im p o rtan t points. In  any research which 
was to  be un d ertak en  they  ought to  consider the 
possible elim ination  of su lphur from th e  cupola 
process. H e did no t look upon th a t  as an impos
sible proposition. I f  th a t  and a  few o ther po in ts 
suggested by Mr. H u rren  in  h is P aper could be 
dealt w ith  they  would go a long way tow ards ra is
ing  th e  m alleable iron industry  to  a  h igher condi
tion  th a n  M r. H arley  though t i t  was a t  th e  present 
tim e.

M r .  F . H . H u r r e n ,  in  replying, said he should 
like to  th a n k  M r. Poole for opening th e  discussion. 
H e did so particu la rly  for th e  reason th a t  he did 
n o t wish to  rem em ber how m any years ago i t  was 
now since M r. Poole came to  him  as a very jun io r 
assistan t. In  th e  in te rva l they  had  both got con
siderably older and, he hoped, wiser. W ith  regard 
to  th e  po in t raised  as to  th e  influence of the 
atm osphere in  th e  furnace, he did consider th a t  
the  annealing  pans were im perm eable to  furnace 
gases, b u t no doubt th e  atm osphere in th e  furnace 
was a very im p o rtan t factor in the  annealing. In
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Table I  “ th e  o ther elem ents ” which were no t 
enum erated  were prac tica lly  iden tica l in  both 
cases. H e had been ra th e r  in te rested  to  h ear th a t  
a firm s ta r tin g  w ith a to ta l carbon of 2-g p er cent, 
got such very good resu lts . R eg ard in g  th e  ques
tion  of th e  various lengths of tim e  in  heating-up , 
he had  th is  to  say th a t  th e  hea ting -up  period was 
a very im p o rtan t one. R ap id  hea ting -up  in  hie 
opinion invariab ly  induced com plications, and  he 
believed th a t  p o in t had  been p re tty  well b rough t 
out by one of th e  In s t i tu te ’s mem bers a t  a recen t 
m eeting  of th e  Iro n  and  S teel In s titu te . W ith  
rap id  heating-up  th e re  was a g rea te r danger of 
peeling, and his own experience had  been th a t  a 
period of n o t less th a n  from  32 to  36 hours should 
be ta k e n  betw een th e  com m encem ent of th e  opera
tion  and th e  m a in ta in in g  of an annealing  tem p era
tu re  of 900-950 deg. O. F rom  p a s t experience of 
M r. H arley—and he had  considerable argum ents 
w ith  him —he knew th a t  gentlem an was no t 
en thusiastic  for m alleable iron. H e  would, how
ever, p o in t o u t th a t  a lthough  ca s t steel m ig h t be 
superior so fa r  as th e  physical p ropertie s were 
concerned, i t  was n o t an  easy m ate ria l to  m an ipu 
late. F u rtherm ore , th e  expense in  th e  upkeep of 
p lan t was considerably h igher th a n  th a t  of the  
malleable iron foundry . One gentlem an had  p er
tin en tly  asked in  th e  course of th e  discussion why 
su lphur, if i t  re ta rd ed  annealing , should be used 
in  th e  annealing  pans a t  all. T h a t was a  sug
gestion th a t  was w orth  considering. S peak ing  for 
him self, he (M r. H urren ) had  n o t been ab le  to  
ob tain  good black-heart m ateria l from  th e  cupola, 
but he considered th is  was a research  th a t  was 
highly necessary. H e believed th is  was an 
industry  of very  considerable im portance in  th e  
M idlands. I t  employed a  la rge  num ber of men, 
b u t u n fo rtu n a te ly  haphazard  o r ru le-of-thum b 
m ethods w ere adopted. I t  d id seem to  him  th a t  a 
research which ough t to  be a fa irly  sim ple th in g  
would be of inestim able benefit to the  malleable 
trade.
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APPLICATION OF METALLOGRAPHY IN BRONZE 
FOUNDING. 

By Francis W. Rowe, B.Sc. (Research Dept., David Brown 
and Sons (Huddersfield), Ltd.).

Though th e  w eight of castings in  non-ferrous 
alloys produced yearly  is only a small percentage 
of th e  to ta l m etal castings m ade, ye t if the  
respective value of th e  castings in  the  different 
m ateria ls—non-ferrous alloys, cast iron and steel 
—is taken , i t  will be seen th a t  a very large sum 
of money is involved and th a t  a much g rea te r 
cap ita l ou tlay  and a  g rea te r value per ton  obtains 
when m aking non-ferrous castings.

I f  for th is  reason alone, i t  is necessary for the 
non-ferrous foundry  to  operate  on even more 
economical lines th a n  th e  iron and steel founder. 
F u rtherm ore , owing to  th e  p resen t s ta te  of the  
eng ineering and allied industries as few p a rts  as 
possible are  m ade in  brasses and bronzes, owing 
to  th e ir  relatively  h igh cost; and the  w eight of 
these a re  c u t to  th e  m inim um. Thus i t  is essen
tia l th a t  th e  castings should be as sound and 
s trong  as possible as th e  la titu d e  in stren g th  and 
th e  facto rs of safety  a re  sm aller th a n  formerly. 
Consequently, all th e  resu lts of m etallurgical 
research  and all th e  help th a t  m etallurgical 
in strum en ts can give should be employed by the 
bronze founder to  ensure th a t  his castings shall 
be as sound and  reliable as possible.

In  th is  respect th e  research work th a t  has been 
done in  un iversities and industria l laboratories 
th roughou t th e  world has proved of immense value 
to  th e  bronze founding industry  in helping to  pro
duce no t only sounder castings, b u t castings of 
regular composition and stren g th  and more fitted 
for p a rticu la r duties in  service.

M etallography embraoes th e  study of the in ternal 
s tru c tu re  and constitu tion  of m etals and alloys. 
Since much of th e  in te rn a l s tru c tu re  of m etals and 
alloys canno t be studied  w ith th e  naked eye, the 
microscope m ust be largely used in exam ining th e ir  
form ation and constitu tion .

I t  is no t th e  au th o r’s in ten tion  in th is  P aper to 
discuss th e  theory  of th e  compound microscope, nor
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describe in deta il th e  mode of p repara tion  of m etal- 
lographic specimens, as such inform ation is avail
able in most text-books. I t  should be m entioned, 
however, th a t  as much useful inform ation can be 
gained f.rom a m etallurgical microscopic ou tfit cost
ing  £20 o r £30 as from  th e  more expensive 
research outfits such as th a t  in F ig. 1, which rep re
sents probably th e  la te st and best achievem ent in

F i g . 2.— U n e t c h e d  S p e c i m e n — 6 p e r  c e n t . L e a d e d  
B r o n z e  x  200 d i a s .

microscopes for m etallurgy. I t  is only when the 
desire or necessity arises for preserving records, 
in  th e  shape of photographs of th e  various s truc
tu res , th a t  such an equipm ent is essential.

M etallurgical specimens for th e  microscope are 
polished on successive grades of fine emery paper 
and finally buffed on a revolving wet pad using a 
superfine abrasive such as alum inium  or mag
nesium  oxide. This removes the  scratches le ft by 
th e  finest emery paper. Such a specimen is then  
exam ined under th e  microscope (before w hat is 
known as etohing) to  obtain  an idea of the sound
ness or otherw ise of th e  specimen. Porosity  ie 
thus easily discernible in  specimens which to the
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naked eye in th e  polished s ta te  or in  th e  frac tu red  
s ta te  appear perfec t and is shown up m ore clearly 
th an  a fte r  th e  specimen is etched, as th e  coloura
tion  of the  specimen may mask th e  holes. In  
brasses and bronzes most non-m etallic inclusions 
such as sand, slag, e tc ., a re  easily  seen in  the  
unetohed sta te , and th e  presence of lead in  such 
alloys is indicated . Lead is p rac tica lly  insoluble

F i g . 3 .— U n e t c h e d  S p e c i m e n — L e a d  F r e e  B r o n z e  
s h o w i n g  P o r o s i t y  i n  I n t e r s t i c e s  o f  

D e n d r i t e s  x  2 0 0  d i a s .

in th e  ord inary  alloys, and th u s  appears in  th e  
solid m etal as patches (sm aller or la rg e r according 
to  circum stances) of th e  pu re  m etal. T his being 
so ft is usually picked o u t d u rin g  th e  final polishing, 
and th u s  th e  m eta l appears to  have sm all black 
p its over th e  specimen.

As porosity  shows in  a som ewhat sim ilar m anner, 
it m ight be th o u g h t th a t  confusion would occur as 
to  which of th e  holps w ere due to  lead and which 
to  porosity , b u t actually  th is seldom occurs, as th e  
lead appears in  fa irly  regu larly  shaped patches, 
w hilst porosity  shows as jagged, uneven holes.

Figs. 2 and 3 illu s tra te  th is  d ifferen tia tion .
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Revealing the Constituents.
A fter such exam ination  the  specimen is etched 

by im m ersing i t  in  a chemical solution. The two 
most used etching reagents for brasses and bronzes 
a re  an acid solution of ferric  chloride and 
am m onium  persu lphate  solution.

The effect of the  etching reagen t is to  corrode or 
colour th e  different crystals or constituents

F i g . 5 . — S o l i d  S o l u t i o n  x  1 0 0  d i a s .  G r a i n  
B o u n d a r i e s  a n d  D i f f e r e n t l y  O r i e n t a t e d  

C r y s t a l s .

differently  or unevenly. Thus a fte r etching one 
is able to  see th e  different constituen ts clearly. 
The d ifferent classes of constituents m et w ith in 
non-ferrous alloys will be generalised separately.

(a) Solid solutions cofisist of crystals which are 
composed of variab le  proportions of one m etal dis
solved in  ano ther. Solid-solution crystals are no t 
necessarily of definite composition, b u t may vary 
between the lim its of solubility of th e  component 
alloys. Such crystals being tru e  solutions, i t  is 
impossible to d istinguish  the  two components 
u nder th e  microscope.

An alloy composed of two or more m etals in 
such proportions th a t  they  dissolve completely in
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each o ther presents under the  microscope in  its 
norm al s ta te  a sim ilar appearance to  th a t  of a 
pu re  m etal. T ha t is, a num ber of crystals of the  
sam e s tru c tu re  th roughou t, only th e  g ra in  or 
crystal boundaries showing.

F ig . 1 4 a shows a photom icrograph a t  2 0 0  
diam eters of a solid solution in  which these ch ar
acteristics a re  visible, w hilst F ig . 5 shows one

F i g .  6 .— S o l i d  S o l u t i o n  x  5 0  d i a s .  C o r i n g  
E f f e c t  a n d  D e n d r i t e s .

exactly  sim ilar except th a t  th e  com position of the  
alloy is such th a t  the  d ifferen t crystals ap p ear of 
d ifferen t colour due  to  th e  lig h t being reflected 
from  th e  crystals in a d ifferent m anner. M any 
alloys in  th e  cast condition, however, though solid 
solutions, show a d ifferent appearance from  those 
in  F igs. 1 4 a  and 5 .

Fig . 6 shows a photom icrograph of an alloy of 
8 0  per cent, copper and  2 0  per cen t, nickel. The 
separa te  large gra ins a re  visible, b u t th ere  is also 
an  in te rn a l s tru c tu re  w ith in  th e  grains. This fir- 
tree  or dend rite  s tru c tu re  of w hat a re  know n as 
“  cored ”  crystals is common to  m any solid solu
tions in the  cast condition, and  is due to  the 
m ethod of solidification of th e  alloy. Solid soln-



tions do no t freeze a t  any definite tem pera tu re  
but over a range which may vary  from  10 to 100 
? eS ; I 11 th is  instance th e  first solid portions 
to  freeze ou t of th e  m etal have been richer in 
nickel and the  su rround ing  layers which have been 
built round the  nuclei are  progressively lower in 
nickel, and thus th e  difference in  the  ra te  of a ttack  
by th e  etching reagent. F rom  th e  photomicro-

F ig . 7 .— P h o s p h o r  C o p p e r  (9  p e r  c e n t . P) x  5 0
D IA S .

g raph  can be seen how the  solidification has pro
gressed in each g ra in . Thus an alloy is obtained 
consisting en tire ly  of crystals of the  same average 
composition b u t vary ing  slightly in  themselves. 
Such coring effects may be removed by annealing 
th e  alloy, although i t  m ust he pointed out th a t  
w ith  some classes th is  in te rn a l coring is extremely 
difficult to  remove—notably in the  alloys of which 
the  photom icrograph is tak en —the copper-nickel 
group.

Eutectics and Eutectoids.
(6) E u tec tic  signifies alloy w ith the  lowest m elt

ing  point. The eutectic of any alloy of two or 
more m etals is th a f  definite composition which
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solidifies a t  the  lowest tem p era tu re . The solidi
fications of a ©utectic takes place a t  one definite 
tem pera tu re , and  not as w ith  solid solutions over 
a  range of tem pera tu re .

E utectics, consisting as th ey  do, of tw o con
s titu en ts  in tim ate ly  mixed together, always p re
sen t a duplex s tru c tu re , though  in  m any instances 
the  h igher powers of th e  microscope a re  necessary 
to show th is fea tu re . The “  p a tte rn  ”  of the

F r o .  8.— T i n  B r o n z e  Q u e n c h e d  650 d e g . C. x  400
D IA S .

duplex s tru c tu re  of a eutec tic  varies w ith  d ifferent 
alloys and d ifferen t methods of cooling, b u t they  
can usually be easily identified as they  possess 
sim ilar general characteristics.

F ig . 7 shows a photom icrograph of an  alloy 
contain ing  9.0 phosphorus and 91.0 p er cent, 
copper. The m ajo r po rtion  consists of the  eutectic 
of copper and  copper phosphide w ith  one d end ritic  
crystal of copper phosphide. The alloy contains 
slightly  more phosphorus th a n  is requ ired  for th e  
form ation  of all eutec tic  (8.2 per cen t.) , and  thus 
some copper phosphide rem ains free. I t  w ill be 
noticed th a t  the  eutec tic  is coarser in  some p a rts  
th an  in others, th a t  is a t  th e  edges of th e  g ra in ,



though th e  g ra in  boundaries are  no t usually dis
tingu ishable  except by th is  fea tu re .

E utecto ids, as th e ir  nam e implies, a re  sim ilar 
to  eutectics. The essential difference is th a t  
w hilst eutectics are  formed by th e  sim ultaneous 
freezing from the liquid s ta te  of two constituents 
of an alloy in  definite proportions, eutecto ids are 
form ed by the  decomposition in  th e  solid a t  a 
definite tem p era tu re  of a solid solution.
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The fo rm ation  of a eutectoid may be perhaps 
best illu s tra ted  by a specific example. An alloy of 
80 per cent, copper, 20 per cent, t in  commences 
to solidify about 880 deg. C. A t 790 deg. C. the 
alloy is qu ite  solid and consists of a m ix ture  of 
two solid solutions known as th e  alpha and the 
b eta . This s tru c tu re  continues u n til the  tem pera
tu re  reaches 525 deg. C. F ig . 8 shows the  struc
tu re  of such an alloy in  th is range being obtained 
by quenching a sam ple a t 700 deg. C. and thus 
re ta in in g  th e  s tru c tu re  a t  th a t  tem pera tu re .

A t 525 deg. C. the  beta  solid-solution breaks up 
in to  a eutecto id  composed of alpha solid-solution 
and delta  solid-solution as its constituents. The
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appearance of th e  alloy in  th is  condition is shown 
in  F ig . 9. F ig . 10 shows th e  eu tec to id  a t  a 
h igher m agnification when the  two constituen ts 
a re  seen more clearly.

Intermetallic Compounds.
(c) In term eta llic  compounds a re  compounds of 

two or more m etals of definite  chemical composi
tion . They combine w ith th e  o ther portions of an 
alloy sim ilarly  to  a  pu re  m etal or a solid solution, 
and may form  solid solutions or eu tectics w ith 
o ther solid solutions or th e  pure m etals. C ertain  
classes of m etallic compounds a re  easily identified

F i g . 10.—A l p h a - D e l t a  E u t e c t o i d  i n  T i n  B r o n z e  
x 2,000 D IAS.

by th e  fac t th a t  they  solidify a t  one definite tem 
p e ra tu re  and no t over a range, and  also th e  fac t 
th a t  they  show no coring effect in  th e  cast con
d ition  like m any solid solutions.

P erhaps one of th e  commonest in term eta llic  
compounds of th is  definite class th a t  is m et w ith 
in  o rd inary  bronze founding  prac tice  is th e  com
pound copper phosphide Cu3P .

The photom icrograph F ig . 7 shows th is  compound 
-—a d end rite  or crystal of th e  compound and  the 
m ix tu re  of th e  compound w ith  prac tica lly  fine 
copper as a eu tectic. F ig . 11 shows an  alloy con
ta in in g  4.5 per cent, t i n ;  1.5 per cent, phosphorus,



and  94 per cent, copper. The s tru c tu re  consists 
of a ground mass of solid solution (alpha) of tin  
in  copper, w hilst th e  nodules are phosphide of 
copper Cu3P .
General Characteristics of the Different Constituents.

I t  is difficult to  generalise on the  physical pro
perties of various types of constituents, as 
exceptions are  fa irly  frequent. Generally speak
ing, however, solid solutions are  comparatively 
soft and ductile  and capable of being worked cold. 
They are  sim ilar in  th is  respect to  th e  m ajority  
of pu re  m etals. E utectics are  hard—generally
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L o w - t i n  P h o s p h o r  B r o n z e  x  1 0 0  d i a s .

m uch h a rd e r th a n  th e ir  constituen t m etals—and 
a re  usually  very b r ittle  and  find very little  com
m ercial application  as castings, though here again 
exceptions m ust be m ade as one of th e  most 
prom ising of th e  alum inium  casting  alloys—.Alpax 
—is the  eutec tic  alloy of alum inium  and silicon.

E utecto ids are  generally  much h ard er th an  solid 
solutions b u t no t so hard  nor so b rittle  as eutectics 
and m any commercial alloys—notably the  bronzes 
and gunm etals—contain an appreciable and im por
ta n t  proportion  of a eutecto id .

In te rm e ta llic  compounds in th e ir pure s ta te  are 
h a rd e r and even more b rittle  th an  eutectics,



182

particu la rly  those which show the  characteristics 
of an in term eta llic  compound in  a m arked 
m anner.

Examination of Raw Materials.
I t  m ust he confessed th a t ,  chiefly owing to the 

perfection  of m an u fac tu rin g  conditions, the  scope 
of the  microscope in  th e  exam ination  of v irg in  
m etals is lim ited. M etals such as electrolytic

copper, t in , lead and  spelter and  nickel usually  
come in to  the  m arke t in such a h igh s ta te  of p u rity  
th a t  th e ir  perform ance for casting  purposes m ay be 
relied upon and  very li tt le  save analy tica l control 
is needed, and  th a t  only occasionally if s tan d a rd  
brands are  purchased. P erhaps th e  one exception 
is ingo t copper.

“  B est Selected ”  ingot copper always contains 
an appreciable and  im p o rtan t am ount of oxygen. 
Copper which is free from  oxygen will n o t cast 
soundly in to  ingots, and  therefore , in  th e  refining 
processes for copper, some oxygen is le ft in  to 
ensure clean-looking ingots which will break  w ith 
a nice fibrous frac tu re .

F i g . 1 4 .-  A d m i r a l t y  G u n m e t a l , a s  C a s t  
x  2 0 0  d i a s ,



As there  is no type of non-ferrous alloy which 
is b e tte r  fo r con ta in ing  oxygen, i t  is of im port
ance to  keep a careful w atch on th e  possibility of 
in troducing  th is  constituen t.

A good quality  of B .S. copper should no t con
ta in  more th a n  0.1 per cent, oxygen, and  excess 
of th is  am ount will resu lt in poor castings being 
obtained w ith m any alloys. The estim ation 
chemically of oxygen in  copper is a lengthy and 
in tric a te  process, b u t th e  detection and rough 
approxim ation  under the  microscope is simple. 
Oxygen in  copper appears as cuprous oxide as a 
eutectic w ith copper, and very small am ounts are 
easily discernible.

Needless to  say, electrolytic copper does not 
suffer from  th is  im purity  and is w orth the  ex tra  
cost for ce rta in  classes of alloys.

Alloys of the Bronze Class.
The basis of all alloys of the  bronze class is the 

system  copper-tin . The alloys which find use in 
engineering  practice  contain" up to  16 per cent, 
t in  and  vary ing  am ounts of zinc, lead or 
phosphorus.

P u re  copper-tin  alloys—th a t  is, those made w ith
ou t any deoxidant or add ition  of o ther m etal— 
are seldom used nowadays. C opper-tin alloys are 
am ong those which are  very susceptible to  the 
presence of oxide. Oxide in  these alloys renders 
them  extrem ely sluggish when m olten and liable 
1» casting  defects and  serious weakness in 
s tren g th  due to  lack of cohesion in  th e  crystals. 
The oxide in  these alloys is t in  oxide—one which 
it  is extrem ely hard  to  remove from th e  metal 
when once formed.

C onsequently, the  general p ractice is to  prevent 
th e  fo rm ation  of oxide by adding e ither zinc or 
phosphorus to th e  m etal a t the  r ig h t tim e—i.e., 
before alloying th e  tin .

C opper-tin  alloys form  an extrem ely in teresting  
and im p o rtan t study from  a m etallographic point 
of view. Theoretically copper is able to  dissolve 
12 to  13 per cent, of tin . T hat is, alloys of copper 
w ith 12 to  13 per cent, tin  should form a homo
geneous solid solution. In  actual practice th is 
does no t occur, as the  com paratively rap id  ra te  
of cooling prevents the  alloy from a tta in in g  what 
is known as its stable sta te , and very prolonged



annealing  is required  before the  alloys a tta in  th is  
final s ta te . A ctually, in  o rd inary  bronze-founding 
practice, th e  lim it of so lubility  is between 6 and 
7 per cen t., depending on th e  casting  and cooling 
conditions. T h a t is, an alloy of 95 copper and 
5 per cent, t in  will consist when solid of homo
geneous solid solution (save for a sligh t coring 
effect) known as alpha, and will show no th ing  bu t
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g ra in  boundaries under th e  microscope. Such an 
alloy, w ith  care, can he rolled and draw n.

Above 7 p e r cen t, t in  i t  will be seen th a t  a 
new constituen t has made its  appearance. This 
is the  a lpha-delta  eutecto id  whose constitu tion  
and form ation was discussed in the  p a rag rap h  on 
eutectoids. I t  is to  th is alpha-delta  eutectoid 
th a t  th e  bronzes owe th e ir  w earing p roperties. I t  
is considerably h ard er th a n  th e  beta solid solu
tion  from  which i t  is form ed, and g re a t care  m ust 
be tak en  to  see th a t  i t  is form ed where th e  best 
qualities of th e  bronze are  required . The au th o r 
has known m any failu res and  shortcom ings in 
bronzes due to  insufficient apprecia tion  of the  
functions of th is im p o rtan t constituen t.



As has been pointed out previously, if a bronze 
is quenched in  w ater from  a tem pera tu re  of 550 
deg. C. or above, th e  beta solid solution is reta ined  
and no eutectoid is present. Bronzes in  th is con
d ition  are stronger, very much tougher, and more 
ductile th a n  in  th e ir  norifial condition, h u t they 
a re  no t su itab le  for w ithstand ing  wear. Any alloy 
to  w ith s tand  w ear and a t  th e  same tim e give a 
low co-efficient of fric tion  m ust consist of hard 
partic les embodied in  a soft m atrix , and there  
m ust be a considerable difference in hardness 
between the  two constituents. In  a bronze alloy 
th ere  is very li tt le  difference in  hardness as 
m easured by th e  B rinell m ethod between a normal 
and a quenched sample, b u t th e re  is a great 
difference in th e ir  capacity  to  resist wear, because 
in  the  quenched alloy the  difference in hardness 
between the  two constituen ts has been levelled up, 
th e  soft m a trix  has been hardened, and the  hard  
eutecto id  particles have been transform ed into the 
softer beta.

The practice of quenching bronze or gunm etal 
castings to  secure tougher and stronger m etal is 
one which should not be indulged in w ithout the 
fu llest knowledge of th e  duties imposed on the 
casting  in service. S im ilar harm ful effects may 
resu lt for th e  sam e reasons from  the  practice of 
baring  , the  heavy portions of bronze castings 
im m ediately they  are  set and throw ing w ater over 
them  to  p revent liquation  or bleeding, and in 
add ition  the  liab ility  to  set up severe stra ins 
which m ay resu lt in early fa ilu re  in service.

Somewhat sim ilar conditions ap p erta in  w ith the 
question of annealing—heating  the  castings up to 
600 or 700 deg. C. and allowing them  to  cool 
slowly. W here th e  castings have to  w ithstand 
wear th is  again  is very harm ful. N atu re  has 
prov iden tia lly  a rranged  th a t  the ra te  of cooling 
which o rd in arily  obtains in  sand castings is the  
one which gives in bronzes and gunm etals a good 
s tru c tu re  to  resist wear.

The alpha solid solution, contain ing  as i t  does 
only 6 or 7 per cent, t in , is com paratively soft 
and forms a good m atrix . The rem ainder of the 
t in  is p resen t as the  valuable eutectoid. I f  the 
alloy is annealed, i t  causes i t  to  assume more 
nearly  its  stable stru c tu re . T hat is, the  alpha
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absorbs more tin , becomes ha rd e r, and the  
eutecto id  is lost. F igs. 1 4  and 1 4 a  il lu s tra te  th is 
point.

W hy anyone should w an t to  anneal A dm iralty  
gunm etals and bronzes is som ething of a m ystery. 
I f  th e  s tren g th  of such alloys in  th e ir  norm al 
condition is n o t adequate  and  th e  presence of the 
eutectoid is n o t im p o rtan t, why n o t use an  alloy 
w ith  5 or 6 per cent, t in  and  5 or 6 per cent, 
zinc.

F i g .  1 5 .— H i g h  P h o s p h o r u s  P h o s p h o r  B r o n z e  x  
2,000 D IA S .

Phosphor Bronzes.
The p rim ary  object of add ing  phosphorus to  a 

bronze is to  ensure freedom  from  oxide. I t  should 
no t be assumed, however, th a t  because a bronze 
contains phosphorus th a t  no oxide can be p resen t, 
as is generally  asserted, because such is definitely 
n o t th e  case. I t  is extrem ely doubtfu l w hether 
phosphorus is capable of reducing  t in  oxide. If , 
however, in alloying a bronze th e  phosphor tin  or 
phosphor copper is added to  th e  m olten copper 
before th e  tin , the  phosphorus combines w ith 
cuprous oxide and  frees th e  m etal from  oxygen. 
Thus when th e  t in  is added, th ere  is no t in  oxide 
form ed. C uprous oxide is p resen t to  some ex ten t 
in p ractically  all m elted copper. Even electrolytic
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copper, unless m elted under very exacting  con
ditions, absorbs some oxygen.

A very sm all am ount of phosphorus is sufficient 
to  accomplish th e  deoxidation of copper, and if 
th is  is th e  sole desideratum  0.03 per cent, phos
phorus will suffice. Phosphorus in  excess of this 
am ount appears in th e  alloy as copper phosphide 
C u ,P —a com paratively h a rd  and very b rittle  sub
stance. I f  the  alloy contains sufficient t in  to  have 
an  appreciable am ount of eutectoid present, th is

F i g . 16.—H i g h  P h o s p h o r u s  P h o s p h o r  B r o n z e  x  
2 ,0 0 0  DIAS.

copper phosphide is no t easily visible a t  low 
m agnifications. I t  is associated w ith the  eutectoid 
and  w ith  i t  forms a low m elting po in t compound, 
m elting  a t  620 cleg. C.

One resu lt of th e  add ition  of phosphorus is th a t 
the  period of solidification of the bronze is greatly  
increased by th e  form ation of th is compound, and 
thus any  liab ility  to  defects such as liquation  is 
g rea tly  enhanced. F ig . 15 shows the microscopical 
appearance of a phosphor bronze contain ing  1 per 
cent, phosphorus and 11 per cent, t in  a t  low 
m agnification.

F ig . 16 shows a po rtion  of the eutectoid under 
a m agnification of 2,000 diam eters w ith the two 
constituen ts copper phosphide and the alpha delta



eutectoid. By exam ining a bronze under high 
m agnification as litt le  as 0.04 per cent, phosphorus 
can be th u s  detected. Though i t  is general for 
the  phosphide to  be th u s associated w ith  the  
eutectoid, small patches are  m et w ith frequently  
stru c tu ra lly  free. An exam ple of th is  is shown in 
F ig . 17.
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Cun Metals.
The nam e gun m etal is now tak en  to  re fe r to 

alloys of copper and t in  which con tain  zinc vary 
ing from  1 to  9 or 10 per cent. P erhaps th e  best 
known is A dm iralty  gun m etal, which is com
monly in te rp re ted  to  consist of 88 copper, 10 t in , 
and  2 per cent, of zinc. The add ition  of zinc to 
a tin-bronze grea tly  fac ilita tes casting  operations, 
sound castings being obtained w ith less trouble , 
zinc being also a good deoxidant.

The zinc p resen t is no t detectable u nder th e  
microscope as it  is p resen t in  solution in the  alpha 
constituen t. The presence of zinc renders the  
alpha much h arder, and for th is reason gun m etal 
is not so valuable as a p la in  or phosphor bronze



for p a rts  to  resist abrasive w ear as the  difference 
in  hardness between th e  two constituen ts is 
sm aller.

The gun m etals w ith less tin  and more zinc find 
extensive application  in  industry , particu la rly  in 
the m anu factu re  of hydraulic and steam  fittings 
Such alloys, consisting of homogenous solid solu-

F i g .  1 8 .— 7 0 : 3 0  B r a s s , a s  C a s t  x  2 0 0  d i a s .

tions, a re  easier to  cast th an  the  better-know n 
A dm iralty  m etal, as no eutectoid is present and 
consequently liquation  and segregation troubles are 
non-existent. W hilst no t su itab le  for w ithstand
ing  w ear, th e ir  m echanical properties are 
excellent.

Leaded Bronzes.
In  add ition  to  o rd inary  t in  bronzes and phosphor 

bronzes for w earing duties, bronzes contain ing  
appreciable am ounts of lead (up to  12 per cent.) 
find extensive application  for bearings. The lead 
appears as s tru c tu ra lly  free, m etallic lead not 
en te ring  in to  solution or com bination w ith the 
o ther constituen ts. The effect of the  lead is fu r th e r 
to  soften th e  m a trix  o r a lpha solid solution 
portion  of th e  bronze and thus improve the  a n ti
fric tion  properties.
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N atu ra lly , i t  is essential to  have the  lead as 
finely divided and  uniform ly d is trib u ted  as pos
sible, and  to  th is  end th e  conditions of casting  
and cooling should be well studied , especially if 
th e  lead  co n ten t is above 8 or 9 per cent.

The Brasses.
M etallographically , the  in d u s tria l ranges of th e  

brasses, th a t  is from  10 to  50 per cen t., a re  com
para tive ly  simple. Up to  35 or 37 per cent, zinc 
they  consist wholly of a solid solution of zinc in 
copper known as th e  alpha solid solution. They 
show th e  custom ary dend ritic  cored s tru c tu re  
unless very slowly cooled, and  are  all com para
tively  soft and very ductile and can be worked 
e ither ho t or cold. A fte r about 35 per cent, zinc 
is passed a new con stitu en t appears which is known 
as th e  beta  phase. The exact n a tu re  of the  beta 
phase is no t thoroughly clear, and a lthough  i t  is 
generally  and conveniently  regarded  as a solid 
solution, th is  descrip tion  may no t be s tric tly  
accurate .

The be ta  co n stitu en t is much h a rd e r and  more 
b rittle  th a n  th e  alpha, and  consequently the  
physical p roperties of brasses in- th e  cast s ta te  
a lte r  qhickly when the  lim it of so lubility  of zinc 
in copper has been passed. A fte r 35 or 37 per 
cent, zinc is passed th e  alloy becomes progres
sively richer in  be ta  u n ti l a t  48 or 49 per cent, 
th e  whole of th e  alloy consists of th e  constituen t. 
A fte r 49 per cent, zinc a new c o n stitu en t makes 
its appearance which is know n as gam m a, the  
s ligh test traces of which render alloys unsu itab le  
for ind u stria l work, m aking  them  extrem ely 
frag ile  and b rittle .

The effect of zinc on th e  m icro struc tu re  of 
brasses is illu s tra ted  by the  photom icrographs in 
Figs. 18, 19 and  20, which show respectively a 30, 
40 and 43 p e r cent, zinc brasses. The alpha- 
be ta  brasses and  th e  be ta  brasses form  an 
extrem ely useful series of in d u s tria l alloys and one 
in which large tonnages a re  cast every week.

Special Brasses.
M ost of th e  alpha-beta  and  be ta  brasses which 

are  used for castings are  those known as special 
or high-tensile brasses or, more incorrectly , m an
ganese bronzes. These consist of o rd inary  brasses



to which small am ounts of special elem ents such 
as alum inium , m anganese, nickel, iron or tin  are 
added to  im prove th e  physical properties. These 
elem ents are  soluble to an appreciable ex ten t in 
brass, and  have th e  effect of replacing zinc in  the  
m ix tu re . T ha t is, a brass contain ing 65 copper,

F i g . 19.— 5 9 : 4 0  B r a s s , a s  C a s t  x  200 d i a s .

34 zinc, and 1 per cent, alum inium  would have 
sim ilar m etallographic s tru c tu re  to  an alloy con
ta in in g  40 zinc, 1 per cent, of alum inium  being 
equal to  6 per cent, of zinc.

In  add ition  to th is zinc-replacing fea tu re , the 
brasses con tain ing  these special elements are con
siderably  tougher and stronger th a n  the  corre
sponding p lain  brasses, due to  the refinem ent of 
g ra in  and  closer cohesion. M etallography plays 
an im p o rtan t p a r t  in  th e  commercial production 
of th is type of alloy, as the am ounts of the  alpha 
and th e  be ta  constituen ts m ust be carefully 
regu la ted  for the  duties for which th e  bronze is 
in tended .

The microscope is now also extensively used for 
controlling the  composition during  m elting. For
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heavy castings such as propeller blades, the  
m etal is m elted in reverbera to ry  furnaces, 
and, due to  ox idation , it  is difficult to  keep 
th e  zinc contents w ith in  th e  necessary narrow  
lim its w ithou t control. W hen the  bath  is nearly  
ready for tap p in g  a spoon sam ple is tak en  and  cast 
in a chill mould and  a specimen rap id ly  cu t off, 
polished and  etched and  exam ined to  determ ine

F i g .  2 0 .— 5 6 : 4 3  B r a s s , a s  C a s t  x  2,000 d i a s .

th e  re la tive  am ounts of a lpha and  beta . W ith  a 
litt le  p rac tice  th e  am ount of each can be gauged 
to  1 or 2 per cent, equal to  gauging  th e  zinc 
con ten t to 0.5 per cent. F rom  th is  de term ination  
th e  am ount of zinc requ ired  to  b ring  th e  b a th  to 
the  required  composition is calculated. The 
method is more accurate  and  reliable th a n  th e  old 
procedure of judg ing  th e  zinc conten ts from  the  
f rac tu re  of chill-cast spoon sam ples, and  cannot 
be objected to  on th e  score of tim e, as th e  whole 
operation  takes only two or th ree  m inutes.

Grain Size.
One of th e  most profitable branches of m etallo

g raphy  for th e  bronze founder is th e  study  of g ra in  
size under d ifferent casting  conditions. M uch has



been w ritten  regard ing  th e  best casting  tem pera
tu re s  for d ifferent classes of alloys, bu t such in for
m ation, w hilst extrem ely valuable when applied 
under sim ilar conditions to  which i t  was obtained,
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F i g . 2 1 .— R u n n e r  E n d  ( A )  a n d  R i s e r  E n d  (B) o f  
B r o n z e  T e s t  B a r  x  2 .

is of very li t t le  use fo r th e  o ther work and other 
m ethods of m oulding and runn ing  castings.

The underly ing  idea a t th e  back of all pyro- 
m etric  control is th a t  th e  castings shall have a 
definite g ra in  size known to  be associated w ith the

B



best physical p roperties for th a t  m ethod of 
casting.

Such g ra in  size depends upon th e  period of tim e 
over which solidification takes place and to  some
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F ig . 22.— R u n n e r  E n d  (A) a n d  B a r  E n d  (B) of 
B r o n z e  T e s t  B a r  x  2.

ex te n t th e  period of cooling a f te r  solidification. 
Given equal cooling and casting  conditions, th e  
h igher th e  casting  tem p era tu re , th e  la rg e r will be 
th e  g ra in  size, and  vice versa. Slow cooling a f te r  
casting  will also give a  la rger g ra in  size th a n  m ore
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ra p id  cooling, and i t  is of im portance to  appreciate 
these two factors in  connection w ith gra in  size.

G rain  size is very often  visible in th e  machined 
surfaces of castings when th e  m achining operation

F i g .  23.— M a c r o s e c t i o n  f r o m  N e a r  R u n n e r  (A) 
a n b  F u r t h e s t  P o i n t  f r o m  R u n n e r  (B) 

o n  B r o n z e  R i n g  x  2.
has been such as to  produce ridges, i.e ., p laning, 
shaping o r rough tu rn in g . G rain size is best 
studied , however, a t  low m agnifications or visually 
on o rd inary  m etallographic specimens, which need 
not be polished w ith  th e  same extrem e care needed

h 2



for o rd inary  microscopic work. Such m acro
sections give one a good ind ica tion  of the  way th e  
p a rticu la r casting  has solidified and  w hether the  
physical p roperties a re  likely to  be of the  best.
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F i g .  24.—S i m i l a r ,  S e c t i o n s  a s  23A a n d  B, b u t  
H i g h e r  C a s t i n g  T e m p e r a t u r e  x  2 .

Take, for exam ple, th e  m acrographs in  F igs. 2 1  
and 22. Two te s t bars were m oulded 12 in . x 1 in. 
d ia ., and  both had  th e  sam e size ru n n e r , b u t one 
had a rise r and  the  o ther none. The ru n n e r was 
I in. d ia. all th e  way. B oth were east a t  the



same tem p era tu re— 1,180 deg. C.—w ith bronze 
con ta in ing  approxim ately  1 0  per cen t. t in . A 
sm all section was cu t from  th e  irunner and riser 
end of each, and th e  m acro appearance of these 
a re  shown in  Figs. 21 and 22. I t  is qu ite  easy to  
see th a t  the  physical properties of th e  m etal a t 
th e  fa r  end of bars will be quite  different from 
th e  ru n n er ends of the  bar, pa rticu la rly  in  th e  bar 
cast w ithou t rise r. B rinell hardness tes ts  taken  
on th e  fou r sections showed :•—

To tak e  ano ther exam ple draw n from actual 
works p ractice. A large bronze ring  approxim ately 
2 f t .  d ia. x 4 in, x 2 in . This was cast w ith  a 
down ru n n e r on one side a t  a p redeterm ined tem 
p era tu re . T he m acrographs of portions tak en  near 
th e  ru n n e r ( 2 3 a ) and diam etrically  opposite the 
ru n n er ( 2 3 b ) a re  shown.

On m achining up, blowholes appeared on the 
opposite side of th e  rin g  to  th e  runner. These 
blowholes were qu ite  righ tly  a ttr ib u ted  to  cold 

‘ m etal. The obvious (but incorrect) cure was to 
ra ise  th e  casting  tem pera tu re . As an experim ent 
th is  was done. The resu lting  m acrographs (taken 
from  sim ilar portions) a re  shown in Figs. 2 4 a  and 
2 4 b . This tim e, w hilst th e  place which formerly 
was blown was qu ite  sound, the  m etal was open 
and  porous near the ru n n er, due to  the  m etal being 
too h o t a t  th is  section.

The correct rem edy was to  enlarge the  ru n n er so 
th a t  th e  mould was filled w ith  m etal all a t the 
sam e tem p era tu re  or as near th is  ideal as possible. 
This is helped, in  addition  to  enlarg ing th e  runner, 
by p lacing a  small rise r on th e  ring  diam etrically 
opposite th e  ru n n er , n o t to  ac t as a feeder, b u t so 
th a t  th e  coldest m etal shall be expelled from the 
mould. The resu lting  m acrographs are  shown in 
Figs. 2 5 a  and  2 5 b , where th e  grain  size both a t 
ru n n e r side and opposite side of th e  casting  are as 
uniform  as is possible to  obtain . These two 
exam ples will serve to  ind ica te  th e  necessity of 
w atching o ther po in ts beside the  tem pera tu re  of

Load  5 0 0  kilos. 1 0  m m. ball
2 1 a

2 1 b

2 2 a

2 2 b

. . .  6 3  

. . .  6 9  

. . .  6 5  

. . .  7 8
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th e  m etal in th e  ladle. F req u en t defects of a 
sim ilar cha rac te r a re  o ften  noticed in  a num ber of 
castings on a p a tte rn  p la te . A foundry  forem an 
com plained to  th e  au th o r some m onths ago of th e

F i g .  2 5 .— S i m i l a r  S e c t i o n s  a s  2 3  a n d  2 4 ,  b u t  
L a r g e  R u n n e r  a n d  S m a l l  R i s e r .

extrem ely narrow  lim its of successful casting  tem 
p e ra tu re  for a c e rta in  type  of gunm etal. H is 
opinion was based on th e  following facts. H e was 
casting  a num ber of sm all valve bodies e ith e r 1 8  
or 20 on p la te  in  a box approxim ately  30 in . x
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15 in. These were moulded 9 or 10 aside w ith  a 
common m ain ru n n e r down th e  m iddle of th e  bos 
g a tin g  th e  castings on e ith e r side. H e  found th a t  
a t  a ce rta in  casting  tem p era tu re  approxim ately 
90 pea- cent, of th e  castings m achined up and 
passed hydraulic  te s t  successfully.

I f  th e  boxes were cast a t  a tem pera tu re  10 deg. 
C. h igher, nearly  50 per cent, of th e  castings were 
porous, and if  cast 10 deg. C. lower, sim ilar high 
percentages of scrap were experienced.

TEST SAR • I B U R n I CASTfNG
■ ■ I I

F i g . 2 6 .— M a c r o g r a p h  ( F u l l  S i z e ) R u n n e r  t o  
T e s t  B a r  o f  L a r g e  B r o n z e  C a s t i n g .

The au tho r knew th a t  th e  p a rticu la r alloy should 
no t be so susceptible in th e  question of casting  
tem p e ra tu re  and th a t  th e  easting  tem pera tu re  
being used was well on th e  high side. An investi
ga tion  of g ra in  size revealed th e  cause of the 
narrow  lim its for casting  tem p era tu re  for th is 
p a r tic u la r  job.

The ga tin g  was such th a t  th e  castings near the 
ru n n e r  had  a much larger g ra in  size th a n  those a t 
th e  fa r  end of th e  p late . W hat was happening 
was th a t  by th e  tim e  th e  castings a t  the  fa r  end 
of th e  p la te  were cast up, th e  m etal had fallen so 
much in  tem p era tu re  th a t ,  unless th e  m etal was 
poured a t  a very h igh tem p era tu re  (r ig h t on th e  
top  lim it fo r safety), th e  castings a t  the  fa r end 
of th e  p la te  were defective. I f  th is  already very 
h igh casting  tem p era tu re  was increased by even so 
small an  am ount as 10 deg. C., the  castings near 
th e  ru n n e r were defective. By a ltering  th e  posi
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tion  and size of th e  ru n n e r so th a t  th e  castings 
were run  all a t  approxim ately  the  sam e tem pera
tu re , a much g rea te r la titu d e  was obtained  in 
casting  tem p era tu re . A nother m inor application  
of m acrographic specimens is illu s tra ted  in  F ig . 26. 
The au th o r had  occasion to  exam ine a la rge  bronze 
casting  supplied under specification w ith  te s t  bars 
cast on th e  casting.

The casting  was received w ith th e  te s t bars cast 
on. These, when pulled, gave exceptionally  good 
results. A sligh t discrepancy in th e  analyses of 
tu rn in g s  from  th e  casting  and tu rn in g  from  th e  
te s t bars of th e  o rder of 0.2 per cen t, in  th e  lead 
con ten t caused an  investigation  to  be m ade. The 
ru n n e r connecting th e  te s t b ar to  the  casting  was 
sectioned and  polished and  th e  m acrograph 
obtained. The cause of th e  discrepancy in  th e  
analyses and th e  exceptionally  good resu lts  from 
th e  te s t bars  was revealed. The hole on th e  left- 
hand  side of th e  piece was one where drillings were 
taken  p rio r to  suspicions being aroused. The 
evidence of the  m acrograph is obviously uncontro
vertible.

W hilst, perhaps, much of th is  P a p e r is p la t i tu 
dinous, th e  au th o r tru s ts  th e  im portance of the  
points upon which he has touched are  sufficient 
excuse fo r th e ir  re ite ra tio n , and  th a t  th e  p rac tica l 
men of th e  bronze founding  in d u stry  (to whom 
th is P a p e r  is addressed) will find some po in ts of 
in te res t to  them selves and th a t  i t  will prove some 
sligh t incentive to  study  fu r th e r  th e  fasc in a tin g  
sub ject of m etallography and  confirm or otherw ise 
th e  personal opinions of th e  au thor.

In  conclusion, th e  au th o r would like to  express 
his sincere th an k s  to  th e  d irectors of Messrs. 
David Brown & Sons, L im ited , fo r perm ission to  
publish th is  P a p e r and, in  p a rtic u la r , to  th e ir  
m anaging  d irec to r, M r. P ercy  Brown, fo r his 
k indly  in te re s t and s tim u la tin g  encouragem ent in 
all m atte rs  p e rta in in g  to  th e  application  of science 
to the b e tte rm en t of in d u s tria l products.
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ALUMINIUM-ALLOY CASTINGS. 

By S. L. Archbutt, F.I.C. (National Physical Laboratory).
I t  is ch aracteristic  of solid solutions to  he 

tough and  ductile, and of in term etallic  compounds 
to  be h a rd  and b rittle . According to  th e  pro
perties desired in  castings th e  m etallu rg ist m ust 
choose, therefo re , as fair as possible th e  m etals he 
adds w ith a view to  th e ir  behaviour on solidifi
cation  of th e  alloy. As fa r  as research has pro
gressed up to  th e  present, com paratively few 
m etals which can usefully he added to  alum inium  
have been found to  possess any considerable solu
b ility  in  th e  solid m etal a t  norm al tem peratu re  
except zinc. U nder conditions of equilibrium , zinc 
dissolves to  th e  ex ten t of approxim ately 18 per 
cent. U nder sim ilar conditions alum inium  will hold 
approxim ately  3 per cent, of copper. In  castings, 
however, less th a n  3 per cent, of copper is sufficient 
to  cause th e  separa tion  of crystals of a compound 
of copper and alum inium . W ith  o ther common 
m etals, e.g., m anganese, iron, nickel, th e  solu
b ility  is still less, and still sm aller additions cause 
th e  separa tion  of hard  compounds of th e  added 
m etal from  th e  solidifying melt.

A nother fac t res tric tin g  th e  num ber of o ther 
m etals which can usefully be added to  alum inium  
is th e  readiness w ith which th is  m etal forms 
definite compounds. Oompounds are  formed, or
appear to  be form ed, w ith copper, nickel, m an
ganese, iron, m agnesium , to  m ention common 
m etals only.

The presence of these compounds in th e  free 
s ta te  in th e  solid alloy is very effective in pro
ducing harden ing , b u t a t  serious expense in duc
ti li ty . Moreover, increase in  hardness is not 
necessarily accom panied by increased tenacity .
This is illu s tra ted  by th e  b inary  copper-alum inium  
alloys, where in  both sand and chill castings 
increase of copper beyond 4 per cent, produces no 
notable increase in th e  ten ac ity  a t o rd inary  tem 
p era tu re , b u t does increase hardness, as, for 
exam ple :

C opper p er cent. ... 4.5 7 8 12
H ardness (Brinell) ... 47 57 60 82



The add ition  of o ther m etals of low solubility  in 
solid alum inium  and which form  compounds has a 
sim ilar general effect.

In  view of the above facts, i t  is n o t su rp ris ing  
to  find th a t  th e  m etals p rinc ipally  called upon to  
effect th e  toughening  of alum in ium  in alloys in 
ind u stria l use to -day  are  zinc and  copper.

Zinc'Aluminium Alloys.

Zinc is one of th e  cheapest and most sa tisfac to ry  
hardeners for alum inium . Z inc-alum inium  alloys 
are, however, exceptionally  weak a t  high tem p era 
tu re , leading to  read y  crack ing  in moulds under 
contraction  stresses. R eplacem ent of p a r t  of th e  
zinc by copper has resu lted  in th e  developm ent of 
one of th e  most serviceable casting  alloys we have 
for general eng ineering  purposes— “ L5 ” alloy— 
con ta in ing  zinc 12.5 to  14.5 and copper 2.5 to  3 per 
cen t., stab le  in  all clim ates and harden ing  ap p re
ciably w ith age. T his alloy can, m oreover, he 
drop forged. R ecen t inves tiga tions! in d ica te  th a t  
although in resistance to- atm ospheric and  sea w ater 
corrosion i t  is in fe rio r to  certa in  o th e r alloys, i t  
is no t so bad in th is  respect as i t  has been p a in ted .

Copper-Aluminium Alloys.

B inary  alloys of copper w ith  alum inium , con ta in 
ing 8 to  12 p er cent, copper have proved em inently  
suitable, p a rticu la rly  for p roduction  of castings in 
m etal moulds. They a re  superio r to  th e  zinc 
alloys in s tren g th  a t  h igh tem pera tu res , and th e  
alloys co n ta in ing  8 and 12 per cent, copper, L l l  
and  L8 respectively, have been, and  still are, ex ten 
sively employed for pistons, cylinder-heads, e tc ., of 
in ternal-com bustion engines.

A ddition of sm all q u an titie s  of t in  a n d /o r  zinc 
to th is  ty p e  of alloy w ith  a view to  im proving 
casting  qualities, e.g., flu id ity , is of doubtfu l 
wisdom, both these m etals hav ing  a de trim en ta l 
effect on stren g th  a t high tem pera tu res. On the  
o ther hand, add ition  of m anganese (1 p er cen t.) 
has been shown m ateria lly  to  im prove s tren g th  a t 
high tem pera tu res.
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t  R esista n ce  o f  V arion s A lum in ium  A llo y s  to  S alt-w ater  
C orrosion,” B asch  an d  S ayre, “ M ech anica l E n g in e e r in g ,” 
Vol. 46, 1924. b '



“ Y ’’-Alloy.
Em ploying copper-alum inium  as a base, more 

complex alloys have been developed contain ing  re 
spectively nickel and m agnesium  and iron and  mag
nesium  which possess p roperties very much superior 
to those of the  p lain  copper-alum inium  alloys, p a r
ticu la rly  a t  high tem pera tu res. An alloy of the  
first-m entioned ty p e  known as “ Y ’’-alloy, contain-

F ig . 1 .— M e c h a n i c a l  P r o p e r t i e s  o f  A l - S i  A l l o y s .

ing  copper 4, nickel 2, m agnesium  1.5 per cent., 
rem ainder alum inium , has a s tre n g th / w eight ra tio  
in  th e  u n tre a te d  cast condition a t  o rd inary  tem 
p e ra tu re  considerably superior to  th a t  of many 
o ther alloys in common use, e.g., L5, L8, L l l .

A lthough of com paratively recen t development, 
th is  alloy has been very  thoroughly tr ie d  ou t in 
p rac tice  and, coupled w ith its  stren g th  a t high 
tem pera tu res, resistance to corrosion and amena-
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rem arkable w rought alloy D uralum in , and  th e  
add ition  of which to alum inium  in  la rg er q u a n ti
ties has more recently  resu lted  in developm ent of 
a valuable series of casting  alloys. A lum inium  
And silicon form  a simple eu tec tiferous series, 
the  eu tectic con ta in ing  10.5 per cen t, silicon. 
In  the solid s ta te  alum inium  will hold in solution 
a t  o rd in a ry  tem p era tu re  approxim ately  only half 
as much silicon as copper, nam ely, 1.5 p e r cent. 
No alum inium -rich compound is, however, form ed, 
and th e  excess silicon is deposited from  th e  solidi
fy ing m elt in  th e  form  of needles and  p la tes of 
silicon. A valuable pap e r dealing  w ith  these 
alloys was presen ted  by Basch and SayreJ to  th e  
A m erican F oundrym en’s A ssociation las t year 
(1924). The v a ria tion  of ten s ile  p roperties and 
hardness of sand-cast te s t bars w ith silicon con ten t

bility  to  h ea t tre a tm en t, has established itself as 
one of the most valuable casting  alloys available.

Duralumin and Alpax.
There is one o ther elem ent, silicon, more properly 

classed w ith the  non-m etals th an  th e  m etals, the  
presence of which in small q u an tities  in  all commer
cial alum inium  led to the  early  developm ent of th a t

F i g . 2 .— S i l i c o n - A l u m i n i u m  A l l o y  
U n m o d i f i e d  x  1 5 0  d i a s .

i  “ F oundry T reatm ent and  P h y s ica l P rop erties o f  S ilicon- 
A lum inium  Sand  C a stin g s .”



is shown in F ig . 1. Up to 5 to 6 per cent, addition  
of silicon produces a com paratively rap id  increase 
in  ten ac ity  w ithout, however, so m arked a decrease 
in  duc tility  or increase in  hardness as occurs, for 
exam ple, w ith copper, so th a t  w ith 5 per cent, 
th e re  is available an alloy which, sand-cast, has a 
tensile  streng th  of th e  order of 8 tons per sq. in. 
w ith  elongation  of 5 p er cent, on 2 ins. From  5 to
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F i g . 3 . — S i l i c o n - A l u m i n i u m  A l l o y

M o d i f i e d  x  150 d i a s .
(This and  Figs. 2, 15 and 16 are from 

R osenhain and  A rchbu tt’s P aper,
L ig h t Alloys of A lum inium , to  the  
E m pire  M ining and M etallurgical 
Congress, 1924.)

8 per cent, silicon, li tt le  fu r th e r accession of 
s tren g th  is obtained in th e  sand-cast alloy. A t th is 
point, however, th e  rem arkable  modification pro
cess discovered in 1920 by A ladar Pacz, of Cleve
land, Ohio, consisting of tre a tm en t of th e  molten 
alloy w ith  certa in  fluxes, comes to  th e  rescue 
whereby th e  otherw ise coarse stru c tu re  of the high- 
silicon alloys is rendered  fine w ith g rea t benefit to  
physical p roperties. N orm al and modified s tru c 
tu res  a re  shown in  F igs. 2 an d  3 respectively.

The optim um  silicon con ten t for th e  modified 
alloy appears to  be round about 13 per cent., 
g iving in  th e  sand-cast condition tensile streng th  
of th e  order of 12 tons w ith elongation as high as 
8 per cent, on a 2-in. gauge length.



This alloy combines h igh  tensile  s tren g th  and 
d u c tility  w ith rem arkab le  casting  properties 
(fluidity, e tc .), general soundness and toughness a t 
h igh tem pera tu res, in  a m anner a t  p resen t u nap 
proached by o ther cast a lum inium  alloys. In  con
sidering  the  u ti li ty  of th e  alloy fo r highly stressed 
pa rts , however, i t  m ust be borne in  m ind th a t  
although  under shock o r rep e titio n  stresses its
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F i g .  4 . — C h i l l  C a s t  U n e t c h e d  x  1 5 0  D i a s . 
(From  J .  In s t. M et., 1921, 26, P la te  26.)

ab ility  to  resist actual f ra c tu re  is high (Basch and 
Sayre’s resu lts ind ica te  th a t  th e  safe  range of 
stress in fa tig u e  may be as much as 50 per cent, 
h igher th a n  th a t  of L8, L l l  or L5 alloys), a com
para tive ly  low elastic lim it coupled w ith  h igh duc
tili ty  leads to  d isto rtion , iwhich may read ily  
become objectionable in  am ount a t  stresses con
siderably below those requ ired  for ac tua l frac tu re .

The silicon-alum inium  alloys a re  ligh te r th a n  
alum inium  itself, and considering tensile s tren g th  
alone, th e  s tren g th  / w eight ra tio  of the  modified 
13 per cent, alloy is high, much superior to th a t  
of th e  p lain  copper-alum inium  alloys L6 and  L l l ,  
and equal, if no t superior, to  th a t  of “  Y ”  alloy 
in the  unh ea t-trea ted  condition. T ak ing  elastic  
lim it, however, as the  m easure of s tren g th , the  
alloy appears to  be no b e tte r th a n  th e  8 p er cent, 
copper alloy, and is, of course, much in fe rio r to  an  
alloy such as “  Y ”  in th e  h ea t- tre a ted  condition.



The alloys above m entioned—L/5, L8, L l l ,  S i/A l 
and  “ Y ” —have all been very thoroughly tr ied  
out, and are  satisfac to ry  and dependable if chosen 
w ith due regard  to  the  purpose for which they  are 
requ ired . F or high tem pera tu res, e.g., fo r pistons, 
cylinder heads, e tc ., L5 should n o t he employed, 
b u t copper-alum inium  (L8, L l l ) ,  or, b e tte r still,

Magnesium Silicido per Cent.

F i g . 5 .— S h o w i n g  D e c r e a s e  i n  S o l u b i l i t y  
o f  M g 2S i  i n  A l u m i n i u m  w i t h  D e c r e a s 
i n g  T e m p e r a t u r e .

(From  J .  In s t. M et., 1921, 26, p. 342.)

“  Y ’’-alloy. So fa r  as ac tua l b reak ing  stress goes, 
th e  13 per cen t, silicon alloy, although superior to 
L8 or L l l  a t  lower tem pera tu res up to  about 200 
deg. C ., appears to  be no b e tte r th an  these alloys a t 
h igher tem pera tu res, and is in ferio r to  “ Y .”

F o r highly stressed castings advantage should 
be ta k e n  of the  superio r e lastic  lim it and fa tigue  
resistance of hea t-trea ted  “ Y ” alloy wherever 
possible. L5 alloy can be and is satisfactorily  
used however, where stresses are not unduly severe 
and ’ tem pera tu res a re  norm al, e.g., for many 
engine crank  cases, gear boxes, re a r  axle casings, 
etc.
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Specifications for L5, L8, L l l  and “ Y ”  alloy 
have been issued by th e  B ritish  E ng ineering  
S tandards Association.

Heat Treatment.
Considerable a tte n tio n  has been devoted in 

recen t years to  th e  question of im provem ent of 
s tren g th  of alum inium  alloys by h ea t tre a tm e n t. 
G rea t im provem ent is possible and  has been

F i g .  6 .— I n f l u e n c e  o f  M g 2S i  o n  t h e  T e n 
s i l e  S t r e n g t h  o f  A l u m i n i u m .  

(From  J .  In s t. M et., 1921, 26, p. 344.)

dem onstrated  in  th e  case of a num ber of alloys. 
The rem arkable phenom enon of spontaneous 
harden ing  or age-hardening as i t  is now term ed, 
undergone by ce rta in  types of alum in ium  alloys 
a f te r  quenching from  su itab le  tem pera tu res, was 
discovered by W ilm  about 20 years ago, and  as a 
resu lt th e  well-known p ro p rie ta ry  alloy duralum in  
was developed.

W ilm ’s discovery was m ade on worked m ateria l 
and  for m any years i t  was believed th a t  age- 
harden ing  was no t applicable to  cast alloys. 
S ta tem en ts th a t  alloys of dura lum in-type  canno t 
be employed for castings and  th a t  in th e  cast 
unw orked s ta te  they do n o t exh ib it age-hardening 
appear in a u th o rita tiv e  text-books on alum inium  
alloys, published as recently  as 1921.
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W e now know th a t  age-hardening can he pro
duced in cast alloys as well as w rought, and the 
reason for early failu res to  produce age-hardening 
in  castings becomes clear.

Age-Hardening.
The mechanism of age-hardening in alum inium  

alloys has been very clearly and beautifu lly  
dem onstrated  by H anson and Gayler* in research

F ig . 7 .— I n f l u e n c e  o f  Mg2Si a n d  Si o n  
t h e  H a r d n e s s  o f  A l u m i n i u m .

(From  J .  In s t. M et., 1921, 26, p. 344.)
a t  th e  N atio n a l Physical L aboratory  on alloys of 
alum in ium  w ith m agnesium  and silicon, which 
show m arked age-hardening. In  th is  system the 
presence of a definite compound between mag
nesium  an d  silicon, M g2Si, was established. This 
compound has in  polished, unetched sections a 
beau tifu l iridescent blue colour. C haracteristic  
forms of i t  a re  shown in  th e  photom icrograph 
(F ig . 4). I t  is soluble in  solid alum inium , and 
th is solubility  was found to  decrease w ith tem 
p e ra tu re  in  the  m anner indicated  in  F ig . 5.

Slowly cooled alloys did no t harden, bu t 
quenched alloys did, ana  th e  ex ten t of the  harden
ing m easured by hardness and tensile tests

* 3 .  In st. M et. 1921 (2), pp. 321-355.
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increased w ith  th e  am ount of th e  com pound in 
solid solution a t  th e  quenching tem p era tu re  up to 
th e  lim it of so lubility  in  th e  solid alloy a t  th a t  
tem pera tu re . This is illu s tra ted  in  F igs. 6 and 7. 
On slow cooling M gaSi sep'arated as free crystals 
visible under th e  microscope, b u t on quenching no 
separa tion  was visible. The compound was 
re ta in ed  in  solid solution.

Such a su p ersa tu ra ted  solution a t  norm al tem 
p e ra tu re  is no t in equilibrium  and  tends to

F i g . S .— O a s t , H e a t - t r e a t e d  a n d  A g e d  
“  Y ”  A l l o t  T e m p e r e d  a t  250 d e g . C. 
X 500 D IA S.

deposit the  excess M g2Si. I t  was th u s  established 
th a t  age-hardening  was associated w ith  th e  form a
tio n  of th is  su p er-sa tu ra ted  solu tion , and  there  
appeared litt le  doubt th a t  i t  is caused by the 
tendency of such a solution to  rev e rt to  a  more 
stable s ta te  by th e  p rec ip ita tio n  of excess 
compound.

The generally  accepted theory  is th a t  a g radual 
p rec ip ita tion  of fine partic les of th e  compound 
takes place subsequent to  quenching, and  th a t  i t  is 
the  presence of these h a rd  partic les w ith in  the  
crystals of th e  m a trix  which causes th e  harden ing . 
M ateria l confirm ation of th is  is shown in  photo
g raph  F ig . 8 (500 dias.) of th e  m icro struc tu re  of 
a cast specim en of h ea t- tre a ted  and  aged “  Y ” - 
alloy which has been held a t  250 deg. C. fo r 12 
days. D nder such tre a tm e n t th e  p rec ip ita ted



partic les m ight he expected to  grow and  become 
visible u nder th e  microscope. The m icrostructure 
ind icates large num bers of sm all needles and 
rounded particles w ith in  th e  grains.

The explanation  of the age-hardening process in 
ce rta in  alum inium  alloys th u s  arrived  a t  leads to 
th e  im p o rtan t generalisation  th a t  wherever in  any 
alloy a super-sa tu ra ted  solid solution can be

Copper per Cent.

F i g . 9.— A l u m i n i u m -C o p p e r  E q u i l i b r i u m  
D i a g r a m .

(From  J .  In s t. M et., 1923, 29, p. 509.)

form ed by quenching, and can subsequently be 
allowed or caused to  rev e rt tow ards a more stable 
s ta te  bv p rec ip ita tio n  of m inu te  particles of the  
dissolved con stitu en t harden ing  and tem pering 
becomes possible.

Constituents Producing Age-Hardening.
Influence o f Composition .—A constituen t or 

constituen ts m ay produce age-hardening in  an 
alloy on quenching or rap id  cooling, if  appreciably
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soluble in the  solid alloy a t  th e  quenching tem 
p era tu re  and  becoming less soluble a t  lower tem 
p era tu res. I t  has been shown th a t  th e  compound 
M g2Si exhibits such behaviour and produces 
m arked age-hardening.

The compound CuAL, shows sim ilar behaviour in 
regard  to  solubility  as illu s tra ted  in  F ig . 9, 
w here i t  is seen th a t  th e  solubility  of copper in 
solid alum inium  falls from  5 per cent, a t  540 deg. 
C. to  abou t 3 per cent, a t  20 deg. C. Accordingly 
it  m ight be expected th a t  alloys con ta in ing  more 
th an  2 to  3 per cen t, of copper in  solid-solution 
a t, say, 450 deg. would undergo age-hardening  on

F i g . 10.—H a r d n e s s  o f  A l u m i n i u m - C o p p e r  
A l l o y s  a f t e r  H e a t  T r e a t m e n t  

(From  J .  In s t. M et., 1923, 29, p. 495.)

quenching from  th a t  tem p era tu re . This has been 
shown to  be th e  case by H anson  and  G ayler for 
both w rought and  cast alloys, and  will be re fe rred  
to  la te r. The h a rden ing  is illu s tra ted  in  F ig . 10. 
A ge-hardening has also been dem onstrated  by the  
above w orkers, in  th e  b in ary  zinc-alum inium  
system, b u t would appear to  be applicable w ith  
advan tage  only to  th e  heavier alloys con ta in ing  
over 20 per cen t. zinc.

A consideration  of v ita l im portance affecting 
age-hardening  is th a t  th e  add ition  to  a b inary  
solid solution of a  second constituen t, also, soluble 
in alum inium , will usually  affect th e  solubility of 
each solute. A ddition of an insoluble "con
s titu e n t such as iron will have li tt le  if any affect. 
Thus, in  presence of m agnesium , copper becomes 
practically  insoluble in a lum inium  a t  400 deg. C., 
whereas norm ally it  is soluble a t  th is  tem p e ra tu re



to  the  ex ten t of 3.7 per cent. The solubility of 
copper in alum inium  a t 500 deg. C. is reduced 
from  4.5 per cent, to  2 per cent, by addition  of as 
li tt le  as 0.7 per cent. M g2Si.

A gain, th e  solubility of M g2Si in alum inium  at 
580 deg. C. is reduced from  1.6 per cent, to  1.1 
per cent, by presence of an excess of less th an  
1 per cent, of m agnesium . The effect of th is

F i g . 1 1 .— I n f l u e n c e  o f  M a g n e s i u m  o n  
t h e  P r o p e r t i e s  o f  A g e - H a r d e n e d  
A l l o y s  o f  A l u m i n i u m  w i t h  M a g n e s i u m  
a n d  S i l i c o n .

(From  J .  In s t. M et., 1921, 26, p. 344.) 
reduction  of solubility  in dim inishing the harden
ing effect obtainable on quenching is illu strated  
in F ig . 11.

I t  is evident, therefore, th a t  to  obtain  the best 
possible results from  a hea t-trea tab le  alloy, careful 
control of composition is v ita l, and th a t  in  order 
to exercise th is  control in telligen tly  accurate 
knowledge of the  constitu tion  and of the solu
b ility  relationship  or th e  constituen ts in  the  solid 
s ta te  is essential.
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Accelerated A ge-hardening .—As already  referred  
to, the  process of age-harden ing  can be hastened  
by em ploying tem pera tu res  above atm ospheric 
F ig . 12 shows g raphs of age-hardening  a fte r  
quenching for an alum in ium  alloy con ta in ing  
copper 3.74; Mg 1.08; Si 0.30, and F e  0.52 
per cent.

I t  will he noticed th a t  a t  25 deg. C. m axim um  
hardness is reached in  about four days, b u t th a t  
a t  140 deg. C. an  equal degree of hardness is 
reached in  a  few hours. The fu rth e r fa c t will 
also he noticed th a t  a t  140 deg. hardness con
tinues to  increase, approaching a m axim um  value

F i g . 12.—A c c e l e r a t e d  A g e - H a r d e n i n g  o f  
A l u m i n i u m  A l l o y , c o n t a i n i n g  C o r F E R , 
M a g n e s i u m , S i l i c o n  a n d  I r o n .

in  about five days, which is approxim ately  30 per 
cent, h igher th a n  th a t  a tta in e d  a t  25 deg. C. A t 
200 deg. C. th e  ra te  of hard en in g  is s till more 
rap id  b u t is followed by a g rad u a l soften ing , the 
alloy eventually  becoming softer th a n  when aged 
a t  norm al tem pera tu res. Increase of hardness 
above th a t  norm ally reached a t  atm ospheric tem 
pe ra tu re  m ay be accom panied by decrease in 
d u c tility .

I t  is evident, therefore , th a t  accelerated  age- 
harden ing  requires carefu l contro l to  avoid on the 
one hand  a tta in m e n t of too g re a t hardness a t 
expense of d u c tility , and  on th e  o th e r hand  
soften ing .

Tem pering .—In  analogous m anner to  certa in  
quenched steels, age-hardened alum inium  alloys can 
be fu r th e r  hardened  by exposure to  tem pera tu res 
above atm ospheric; tem p era tu res  betw een 150 to



200 deg. C. are  su itab le  for alum inium  alloys. An 
example of th is  in  th e  case of b inary  copper- 
alum inium  alloys has been described by H anson 
and  Gayler, and is referred  to  la te r. R esults are 
illu s tra ted  in  F ig . 13. Age-hardened alloys con-

Qucrnched 
in Boiling ItaTcr

F i g . 13 I n f l u e n c e  o f  T e m p e r i n g  o n

A g e - H a r d e n e d  o n  C o p p e r - A l u m i n i u m  
A l l o y s

(From  J .  In s t. M et., 1923, 29, p. 498.)

ta in in g  copper-nickel-magnesium and silicon (e.g., 
“ Y ’’-alloy) can be sim ilarly fu r th e r hardened by 
euch trea tm en t.

Cast v. Wrought Alloys.
H ea t-trea tm en t of Cast A lloys.—I t  has been 

shown th a t  to  produce age-hardening in an alloy, 
i t  is necessary first to  have present a  constituen t 
or constituen ts exh ib iting  differences in  solubility



a t  high and  low tem p era tu res , and secondly to  
b ring  about m axim um  solution possible a t  the  
quenching tem p era tu re . The la rg er the  in d i
v idual crystals of these constituen ts, th e  more 
slowly will they  diffuse in to  th e  solid alloy and 
the  longer th e  exposure requ ired  a t  th e  high 
tem p e ra tu re  before quenching. I t  is th is  fact, 
coupled w ith  ignorance of th e  tru e  m echanism  of 
age-hardening, to  which previous lack of success 
in producing hard en in g  in  cast alloys is 
a ttr ib u tab le .
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H ot-w orking breaks up th e  crystals of th e  con
s titu en ts , dissem inates them , and  a t  th e  sam e tim e 
exposes them  to  tem p era tu res  favourable to  solu
tion , so th a t  if sufficient h o t work is applied, 
solution is very effectively b rough t about a t  th e  
w orking tem p era tu re , and th e  ac tua l period of 
h ea ting  a t  th e  quenching tem p era tu re  becomes 
com paratively  u n im portan t.

C ircum stances are  very d ifferen t in th e  case of 
castings, however, and  th e  period of h ea tin g  before 
quenching is of v ita l im portance. H ours in stead  
of m inutes a re  requ ired , depending upon th e



coarseness of g ram  and the  maxim um  tem peratu re  
which can safely he employed.

D uralum in .—Guillet* has recently  dem onstrated 
th a t  by su itab le  tre a tm en t duralum in  castings, 
both sand and chill cast, can be caused to  age- 
harden  to  an ex te n t com parable to  th a t  of the  
w rought alloy. Exam ples of his results a re  given 
in Table I.

The effect of g ra in  size, period of soaking before 
quenching, and tem p era tu re  are  clearly shown.

The hardness reached on ageing is comparable 
w ith th a t  of th e  age-hardened wrought-alloy.

T a b l e  I .— Hardness of D uralum in C astings*

Condition.
Not

quenched.

Hardness (Brinell).

Immediately
after

quenching.

96 hrs. after 
quenching.

As cast 
Annealed 
i  hr. a t 475° C. 
1 „ .. 
3 „
10
10 hrs. a t 525°

Sand. Chill. 
53 60 
45 54

Sand. Chill.

49 59 
57 58 
56 59 
61 69

Sand. Chill.

62 80 
74 84 
73 88 
85 95 
98 104

* R ectangular plates 1 2 5 x 1 0 0  mm., recessed, thickness varying  
from 10 mm. to  6 mm.

The shear s tren g th  of th e  chill-cast p lates was 
increased from  9.8 tons per sq. in. as cast, to 
14.2 tons per sq. in.

C opper-A lum inium . — The profound improve
m ent in th e  properties of cast b inary  copper- 
alum inium  alloys con ta in ing  4 to  5 per cent, of 
copper, which can be obtained by h ea t-trea tm en t, 
has been dem onstrated  by H anson and G ayler and 
is illu s tra ted  in  F ig . 13. In  th is instance the 
bars were chill-cast 1-in. dia. and were heated a t 
500 deg. C. for 24 hours before quenching. The 
period of ageing a t  norm al tem p era tu re  was six 
days. The fu r th e r im provem ent obtained cn 
tem pering  in  c e rta in  cases is shown. Accelerated 
ageing by quenching to  100 deg. C. in  boiling

* R evue de M étallurgie, D ec. 1924.
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w ater and holding in  th e  boiling w ater for one 
hour produced an  equally good effect.

I t  is seen th a t  in  th e  case of th e  4.5 per cent, 
copper alloy, th e  tensile s tre n g th  was raised  from  
11 tons per sq. in . as cast, to  about 17 tons, and 
elongation from  14 per cent, to  18 to  25 per 
cent, on 2-in.

A tensile s tren g th  of 17 tons per sq. in. in  a 
ligh t a lum inium  alloy casting  is rem arkable, and

F i g . 1 5 .— “  Y ’ ’- a l l o y  1 - i n . d i a . C h i l l x 1 5 0  d i a s .

has only been exceeded in  the  case of th e  alloy 
“ Y ” (copper 4, nickel 2, m agnesium  1.5 per 
cen t.).

The value of a h ea t- trea ted  copper-alum inium  
alloy such as th e  above will depend on its  res ist
ance to  deform ation under bending, fa tigue , etc., 
stresses. I t  m ay be th a t  like th e  tough  b u t duc
tile  silicon alloys, i t  will prove too p lastic .

I t  has a s tre n g th /w e ig h t ra tio  (u ltim ate  stress 
in  tons per sq. in . divided by specific g rav ity  in 
gram m es p er cc.) of 60, second only to  hea t- 
tre a te d  “  Y ,”  th e  norm al value for which under 
sim ilar conditions is 72.

Preparation and Properties of “ Y ’’-Alloy.
The p rep a ra tio n  and  p roperties of th is  alloy 

were first described in th e  11th Alloys Research 
R eport, In s titu tio n  of M echanical E ngineers, 1921.
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F u rth e r  in form ation  regard ing  p repara tion  and 
h ea t- tre a tm en t has been given in  subsequent 
papers to  th e  In s ti tu te  of M etals.

A rem arkable increase in  s tren g th  is a tta inab le  
w ith  th is alloy by age-hardening tre a tm en t. The 
tensile  s tre n g th  of 1-in. d ia . chill-cast bars is 
raised  from  about 14 tons per sq. in . as cast to  
20 tons and over, w ith  an appreciable im prove
m ent in  d u c tility , h ea t- trea ted  bars giving 4 to 
7 per cent, extension on 2-in.

F i g . 1 6 .— “ Y ’ ’ -a l l o y  1 - i n . d i a . C h i l l , 
H e a t  T r e a t e d  x  1 5 0  d i a s .

A typ ica l age-hardening g raph  for a chill-cast 
b ar quenched from  520 deg. C. is shown in 
F ig . 14. I t  will be seen th a t  the  alloy requires 
n o t less th an  e igh t days a t  atm ospheric tem pera
tu re  to  approach m axim um  hardness.

The effect of h ea t- tre a tm en t on th e  micro
s tru c tu re  is illu s tra ted  in F igs. 15 and 16 a t 
150 dias.

A ge-hardening can be accelerated as in  other 
alloys bv employing h igher tem peratures, and 
experim ents a re  in  hand  a t  the  N ational Physical 
L abora to ry  for th e  purpose of a rriv ing  a t con
d itions suitab le  for application  industria lly .

The h ea t- tre a tm en t tem pera tu re  for obtain ing  
m axim um  stren g th  should approach 520 deg. C. as 
closely as possible, b u t no t exceed it . One-in. dia.
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chill-cast bars requ ire  a period of n o t less th a n  
six hours a t  th is  tem p e ra tu re  before quenching. 
Sand-cast bars requ ire  longer, and  large castings 
m ay need 24 hours or more, depending on th e  
coarseness of g ra in , to  approach m axim um  
stren g th .

In  th e  h ea t- tre a ted  conditions th e  elastic p ro
perties and fa tig u e  resistance of th is  alloy in  the  
cast condition  a re  rem arkably  h igh, p lacing i t  
w eight fo r w eight in  a class by itself in  com parison 
w ith o ther available casting  alloys.

Typical p roperties re la tin g  to  1-in. d ia . chill- 
cast bars a re  given in  Table I I .

T a b l e  I I .— P roperties of “ Y  ’’-alloy.

As cast.
Cast, heat- 
treated.

Density, grammes per ce. 2.79 2.79
Elastic limit, tons per sq. in. 5.00 7.00
Maximum stress, tons per sq. in. 14.00 20-21
Elongation, per cent, on 2 inches 2 4-7
Safe fatigue range (12 million re

versals), tons per sq. inch —■ ±7.00
Hardness (Brinell, 10 mm. ball,

500 kg. load) .. 76 105

An adm irable descrip tion  and  com parative 
résumé of th e  p roperties of various alum inium - 
base and  m agnesium  - base alloys from  th e  
p o in t of view of th e ir  use for pistons and
connecting  rods is given by A itchison* in  a
P ap e r presen ted  to  th e  In s titu tio n  of A uto
mobile E ngineers in  1924. Sum m ing up advan
tages and disadvantages of th e  various cast alloys 
for use fo r pistons, he suggests th e  balance of 
advantages, excluding “  Y ’’-alloy, lies betw een 
an  8 per cent, copper-alloy and a magnesium -base 
alloy con ta in ing  6 per cent, a lum inium . In
regard  to  “  Y ’ ’-alloy he says : “ On paper ‘ Y ’- 
alloy is probably th e  best alloy of all those p ro
posed for pistons, p a rticu la rly  when used in  th e  
h ea t- tre a ted  and  aged condition . A t th e  presen t 
tim e, however, th e re  appear to  be difficulties in 
carry ing  ou t th e  h ea t- trea tm en t sa tisfac to rily  on

•  “ L ight Alloys tor P istons and Connecting R od s.”



a comm ercial basis, so th a t  the  alloy has to  be 
considered in  th e  as-cast (or cast and annealed) 
s ta te . Even th en  i t  is qu ite  as good as any of 
the  o ther alloys and ra th e r b e tte r  th a n  most. If , 
therefore , th e  technique of founding is improved, 
and pistons in ‘ Y ’-alloy can be tu rned  out with 
the  sam e sa tisfac tion  and reg u la rity  as in, say, the 
8 per cent, copper alloy, i t  will probably be 
adopted  qu ite  w idely.”

There is no question th a t  th e  technique of 
founding  th is  alloy has now been satisfactorily  
developed in  more th a n  one alum inium  foundry 
of no te  in th is country , and also the  hea t-trea t- 
m en t of th e  sim pler types of castings, such as 
pistons. L arger castings, such as the  crankcases 
of high-powered a irc ra f t engines, p resent greater 
difficulties, which, however, are  in th e  way of being 
overcome.

Heat Treating Al-Alloy Castings.
In  h ea t- tre a tin g  castings of any alum inium  

alloy, particu la rly  large castings, i t  m ust be borne 
in  m ind th a t' a t  high tem pera tu res they  are 
readily  d is to rted , and g rea t care m ust be taken  
to  handle them  in  a p roper m anner du ring  
rem oval from  th e  furnace. F or large castings, 
steel jigs m ust be used to  provide support where 
necessary in  th e  furnace and for handling  during 
quenching. Provision should be made for a pos
sible sligh t con traction  on quenching in the  case 
of “  Y ’’-alloy.

Preparation.
To reach th e  best results a tta in ab le  from alu

m inium  alloy castings, particu la rly  when heat- 
tre a tm e n t is to  be applied, they  m ust be sound 
and of fine g ra in , properties not readily  obtained 
in sand castings.

C ast in  sand, alum inium  alloys are  in general 
in fe rio r in  m echanical properties and general 
soundness to  corresponding castings made in  m etal 
or chill moulds.

The slower ra te  of solidification which occurs in 
a sand  mould produces a coarse g ra in  vvhich is in 
itself de trim en ta l to  m echanical properties. These 
effects are , however, usually accentuated  by



222

general unsoundness commonly of th e  type known 
as “ pinholing  ”  or “  speckling .”

The “  pin-holes ” a re  sm all cavities fa irly  u n i
formly dissem inated th rough  th e  body of th e  cast-
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ing ; they  are  revealed on m achining as shown 
in F ig . Î7.

Coarseness of g ra in  and  pinholing are  accen
tu a te d  in sand  castings by h igh pouring  tem - 
pe ra te s ; if m elting  and pouring  tem p era tu res  are 
kep t low, considerable im provem ents can be 
effected in  respect of these defects.
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In  a recen t paper to  th e  In s titu te  of M etals* an 
account was given of some experim ents carried  out 
a t  th e  N ational Physical L aboratory  for the  p u r
pose of determ in ing  th e  cause of “ pinholing ”  or 
“  speckling ”  and of im proving th e  properties of 
a lum inium  alloy castings generally, p articu la rly  
sand  castings. This work forms p a r t of 
th e  program m e of research on ligh t alloys 
in  progress a t  th e  laboratory  for the  
A eronautical R esearch Comm ittee, and is c a r
ried  ou t under th e  auspices of th e  E ngineering 
R esearch B oard of th e  D epartm en t of Scientific 
and In d u s tr ia l R esearch. Perm ission was given 
to  publish th e  results, and  i t  is hoped some account 
of them  will no t be unwelcome here.

U nder th e  most carefully  controlled conditions, 
em ploying norm al foundry  practice and trea tm en t 
of melts, i t  has no t been found possible a t  the 
labora to ry  to  effect more th a n  a certa in  degree 
of im provem ent in  soundness of sand castings.

In  experim ents w ith  “ Y ’’-alloy, using a 1-in. 
d ia. b a r as a s tan d a rd  form  of casting, dry  cold 
sand moulds, m elting  tem pera tu res not exceeding 
730 deg. C., pouring  tem p era tu re  as low as 
650 deg. C., and ample risers and runners, the 
general order of density  of cast bars, unm achined, 
is 2.735 w ith  an occasional value as high as 2.750. 
These values are  to  be com pared w ith 2.780 for 
corresponding bars cast in m etal moulds.

Average tensile  properties of these two classes 
of b a r  in  th e  cast condition are  as follows : —

Sand M etal
moulds. moulds.

D ensity  w ith skin on .......  2.735 2.798
Yield stress (tons per sq. in .) — 11.4
U ltim ate  stress ,, ,, 10.5 14.8
E longation  per cent, on 2 in. 0.5 2.5
I t  is well known a t  th e  L aboratory  and probably 

in m ost alum inium  foundries th a t  pin-holing can 
be elim inated  in  castings of norm al thickness by 
em ploying m etal moulds.

I t  is th e  case, for example, w ith 1-in. d ia. bars 
of “  Y ’’-alloy and o ther alum inium  alloys.

* A rchbutt, “  A Method of Im proving th e Properties of 
A lum inium  A lloys C astings,” In stitu te  of Metals, March M eeting, 
1925.



The fac t has also been observed a t  th e  L abora
to ry  th a t  very slow solidification such as occurs 
when a m elt is allowed to  solidify in  th e  po t in  
th e  fu rnace also inh ib its  pin-holing. In  th e  case
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of a sand-cast piston in  3L11 alloy sen t to  th e  
L aboratory  for exam ination , which exhib ited  pro
fuse p inholing on m achined surfaces, a po rtion  was 
rem elted and caused to  solidify slowly in  a sm all 
crucible. A polished section of th is  ingo t was 
practically  free from  pin-holing and gave a density 
of 2.812 compared w ith 2.769 for m ateria l from 
th e  piston.



I t  became evident, therefore, th a t  both rapid  
and  very slow solidification inhibited  pin-holing, 
and  th a t  some in term ed ia te  ra te  such as occurs in 
a sand  mould is most favourable for its form ation. 
These facts, together w ith others, led to  the  convic
tion  th a t  th e  cause of pin-holing is occluded gas, 
and particu la rly  th a t  po rtion  of gas which is 
libera ted  d u ring  th e  ac t of solidification.

I f  solidification is sufficiently rap id  as in a 
m etal mould, it  would appear th a t  the  occluded 
gases in  the  m elt are  no t liberated  b u t re ta ined  in 
solu tion  in  th e  solidified alloy. I f  solidification is 
sufficiently slow th e  gas is liberated  and enabled 
to  free itself from  th e  solidifying m elt, while a t 
in te rm ed ia te  gates i t  is liberated  from  solution bu t 
en trap p ed  in  th e  form  of m inute  bubbles, causing 
pin-holing. I t  seemed probable, therefore, th a t  if 
a m elt were slowly solidified i t  would largely rid  
itself of occluded gas, and th a t  castings poured 
from  th e  rem elt would exhibit improved soundness.

E xperim ents on these lines were im mediately 
successful. The tre a tm e n t consisted in allowing a 
m elt to  solidify slowly in the  uncovered crucible 
(M organ Salam ander) in tb e  furnace. As soon as 
i t  was solid, and w ithou t fu r th e r cooling, the 
crucible was covered, the  furnace re-lighted, and 
the  m etal re-m elted, raised  to  the  required tem 
p e ra tu re  and castings poured. From  melts of 10 
to  20 lbs. of “ Y ’’-alloy, tre a te d  in th is  way, 1-in. 
dia. bars cast in  sand  were obtained, giving w ith
out any m achining a density  of 2.78 and  higher.

An alm ost en tire  absence of pin-holing was 
observed on lig h t m achining, th e  surface appear
ance closely resem bling th a t  of a chill-cast bar. 
Very un iform  u ltim ate  stress values were obtained 
from  bare from these m elts varying from 11.3 to 
11.8 tons per sq. in . (as cast), represen ting  an 
increase in s tre n g th  of th e  order of 10 per cent, 
over th a t  of sand-cast bars from  u n trea ted  melts.

The im proved soundness obtained by the  t r e a t
m en t above described is illu stra ted  by bar sections 
2030 and 2046 in  F ig . 18.

D u ring  th e  above tre a tm e n t small explosions 
occasionally occurred a t  th e  surface of the  melt, 
suggesting  th a t  inflammable gas was being ejected 
and igniting .
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P re lim inary  in go tting  of alum inium  alloy melts 
may therefo re  be decidedly advantageous, provided 
th e  ra te  of solidification of th e  ingots is suffi
ciently  slow, b u t m arked im provem ent is no t to  
be expected from  o rd in ary  in go tting  in  m etal 
moulds.

F u rth e r  experim ents were m ade w ith  “  Y ’’-alloy 
in which tre a tm e n t of m elts on th e  lines ind icated  
above were modified as follows: (1) The slowly 
solidified and rem elted alloy was ingo tted  in  chill 
and then  rem elted. À 12-lb. m elt was tre a te d  in 
th is  way, and  four 1-in. dia. bars cast in  sand. 
Two of these were tes ted  and  gave th e  following 
excellent average re su lts : D ensity  m achined, 2.774; 
u ltim ate  stress (tons/sq . in .), 12.20; and  elonga
tio n  per cen t, on 2 in ., 1.0; (2) slow solidifica
tion  and  rem elting  was repeated  th ree  tim es on a 
m elt before pouring  castings. U nsatisfactory  
results were obtained from  a 10-lb. m elt tre a te d  in 
th is w ay; and (3) slow solidification was applied 
to  h ardener alloys only. Some excellent resu lts 
were obtained from  m elts tre a te d  in th is  m anner.

In  the  m ajo rity  of th e  experim ents described 
above, s t ir r in g  or o ther d is tu rbance  of th e  m elt 
liable to  in troduce gas was purposely avoided a fte r  
rem elting  subsequent to  slow solidification.

A nalytical resu lts on sm all ingots poured before 
and a fte r  th e  pouring  of te s t bars, ind ica ted  some 
tendency tow ards concentration  of added elem ents 
in th e  lower layers of th e  rem elted alloy. In  
an tic ip a tio n  of th is , a 10-lb. m elt was slowly 
solidified, rem elted, and  th e  rem elt s t ir re d  in  a 
norm al m anner before pouring. The density , te n 
sile s tren g th , and appearance of m achined surfaces 
of bars from  th is  m elt were up to  th e  general 
s tan d ard  reached w ith u n stirred  melts.

I t  would appear, therefo re , th a t  carefu l s t ir r in g  
a fte r  slow solidification may be employed w ithout 
de trim en ta l effects.

In  all th e  m elts referred  to  above, notched-bar 
a lum inium  of high p u rity  was employed, giving 
th e  following analy tica l resu lts : —

A lum in ium  “ T ”  per C ent.—Iro n , 0.16; silicon, 
0.16; copper, tr a c e ; and alum inium  (diff.), 99.68 
per cent.



This m etal was tough and  ductile under the 
ham m er, and th e  bars required  m any reversed 
bending blows to  fra c tu re  them  a t  th e  notches.

In  th e  course of th e  experim ents w ith th is m etal, 
a consignm ent of alum inium , also in th e  form  of 
notched bar, was received a t  th e  L aboratory . This 
m etal was labelled “ M ade in  N orw ay,”  and gave 
th e  following resu lts on analysis: —

A lum in ium  “  TJ ” per C ent.—Iron , 0.21; silicon, 
0.29; copper, tra c e ; and alum inium  (diff.), 99.50 
per cen t. A lum inium  “  U ”  is seen to  be of high 
p u rity  b u t no t equal to  alum inium  “ T ”  above 
m entioned.

This m etal behaved very differently from the 
“  T ”  m etal under the  ham m er, b reaking quite 
sho rt in a b r ittle  m anner.

Em ploym ent of alum inium  “  U ”  im mediately 
upset th e  regu la r and consistent character of 
results, as will be seen from  Table I I I :  —

T a b l e  I I I .— “ Y  ’’-alloy M elts w ith  “ U ’’ 
A lum inium .

Melt
No.

W eight,
lbs.

Conditions.
Average 
density  
of bars.

Appearance on 
machining.

YV2015 12 Slowly solidified  
and remelted.

2.741 Marked unsound
ness and pin- 
holing.

YV2018 20 do. 2.729 Serious unsound
ness and pin- 
holing.

YV2017 20 Copper hardener 
only slow ly so 
lidified.

2.718 do.

YV2024 12 Ordinarily melted 2.752 Marked pinholing.
YV2030 20 Ingot and scrap 

from YV2017 
rem elted a n d  
slowlysolidified.

2.775* Slight pinholing.

* A longitudinal section  through the axis of one of these bars 
finished w ith  a fine m illing cut, appeared perfectly sound and free 
from pinholing as illustrated  by bar section  2030 in Fig. 18.

I t  will be seen th a t  on a first application  of the 
slow solidification tre a tm en t, very in ferio r results 
were obtained  from  two m elts of 12 and 20 lbs. 
respectively ; also from  a 20-lb. melt, YV2017, in 
which the  copper hardener only had  been trea ted  
before use, a m ethod which, when using “  T ” 
a lum inium , had given good results.

On applying th e  slow solidification trea tm en t to 
a rem elt of YV2017, excellent density  and sound-

i 2
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ness were ob tained  from  bars poured a t  650 deg. 
I t  would appear from  these resu lts th a t  w ith cer
ta in  grades of m etal more th a n  one app lication  of 
the  tre a tm e n t in  question m ay be necessary.

The alum inium  in  th is  p a rtic u la r  instance was 
suspected of con ta in ing  an  unusual am ount of 
occluded gas. To ob tain  evidence in  th e  m a tte r  
some m elts of th is  m etal alone were m ade and 
1-in. d ia . bars - cast in  sand, u n d er conditions 
sim ilar to  those employed w ith th e  m elts already- 
described. The density  of th e  bars unm achined 
was determ ined, and th ey  were th en  lightly  
m achined and exam ined for appearance.

P a rtic u la rs  and resu lts of these m elts are  given 
in Table IV  : —

T a b l e  IV .— E xperim en ts ori T rea tm en t of “ ZJ "  
A lu m in iu m  (1 -in. dia. Sand-cast Bars).

D en
s ity Appearance after

Mark. Treatm ent. unm a
chined.

m achining.

Made in  Norway Section from 2.701 _

notched bar. 2.694
V2020 (1) Ordinary m elting 2.639 General unsound

(2) 2.641 ness causing poor
m achine finish.

V2021 (1) Slow solidification 2.694 Greatly im proved
(2) treatm ent. 2.695 soundness and

m achine finish.
V2022 (1) Treatm ent r e  2.673 Som ewhat in 

(2) peated on ingots 2.676 ferior to  V2021.
and runners, etc., 
from V2021.

V2023 (1) Do. on ingots and 2.671 M arkedly inferior
(2) runners f r o m 2.667 to  V2021.

V2022.

The resu lts show th a t  (1) o rd in arily  m elted  and 
cast, th is  p a rticu la r a lum inium  gives sand-cast 
bars of abnorm ally low density  ; (2) on rem elting  
and applying slow solidification tre a tm e n t, norm al 
density  is obtained accom panied by g re a t im prove
m ent in  th e  appearance of m achined surfaces ; 
(3) rep ea tin g  th e  slow solidification tre a tm e n t 
appears to  be d e trim en ta l ; and  (4) th e  density  of 
th e  notched b a r as supplied  is norm al, and illus
tra te s  th e  fa c t previously poin ted  ou t th a t  by rap id  
solidification occluded gas is re ta ined  in  solid 
solution, and has li t t le  if any effect on density .



In  discussion and  consideration  of the  above 
results, i t  was suggested to  th e  au tho r by Dr. 
R osenhain th a t  rem oval of 6mall bubbles of gas 
liberated  and en tangled  in  m olten m etal or alloy 
m ight be fac ilita ted  by passing th rough  th e  melt 
an  in e r t gas such as n itrogen . The following 
experim ent was therefo re  made.

Em ploying “  U ”  alum inium , a m elt of 12 lbs. 
of “  Y ’’-alloy was p repared  a t  about 730 deg. C. 
The crucible lid  was removed and th e  m elt allowed 
to  cool in  th e  furnace. Commencing a t  710 deg. 
C., a stream  of n itrogen  of o rd inary  commercial 
p u rity  from  a high-pressure cylinder was passed 
th ro u g h  th e  m elt by m eans of an iron tube, coated 
w ith  a wash of a lundum  ex tending to  th e  bottom 
of the  crucible. The passage of n itrogen  was suffi
cien tly  rap id  to  produce th e  effect of m oderate 
ebullition  of th e  m elt w ithout ejection of liquid 
from  th e  crucible. From  the  commencement of 
passage of th e  n itrogen , a gas which took fire and 
b u rn t w ith  a blue flame was observed to  be escaping 
from  th e  surface of th e  m elt together w ith the 
n itrogen . The m elt took approxim ately 20 
m inutes to  cool from  710 to  650 deg. C., and i t  
was du rin g  th e  first ten  m inutes or so of th is 
cooling th a t  th e  inflam mable gas was evolved in 
sufficient q u an tity  to  ta k e  fire.

The m elt was held a t  650 deg. C. for 15 m inutes 
and  th en  allowed to  solidify and cool to  500 deg. 
C . ; n itrogen  was passed continuously u n til the  
m elt appeared  solid.

The crucible was now covered, th e  contents 
rem elted, and  two 1-in. d ia. bars poured a t 
650 deg. C. in sand. These two bars, unm achined, 
gave th e  following density values : —

M elt No. D ensity
YV 2048 (1) 2.795
YV 2048 (2) 2.794

On m achining, these bars were found to  be 
rem arkably  sound and free from pinboling. A 
long itud inal section through  the  axis of te s t bar 
2048 (2) above, finished w ith a fine milling cut, 
is shown in F ig . 18 and illu stra tes th e  excellent 
soundness of these bars.

The densities recorded indicate a fu rth e r 
m arked im provem ent in soundness over and above
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th e  best previously ob tained  by slow solidification 
tre a tm e n t alone. The values a re  alm ost equal to  
th e  best so fa r  ob tained  from  bars cast in  m etal 
moulds.

The experim ents described and th e  results 
obtained from  them  ind ica te  th e  possibilities of a 
m ethod of tre a tin g  alum in ium  and  ce rta in  of its 
alloys, which elim inates, a t  all events, a consider
able p roportion  of dissolved gas and  th u s  reduces 
unsoundness and to  a  considerable ex ten t removes 
p in-holing. The process suggested consists in 
allowing the  m olten alloy or m etal to  cool slowly 
in th e  crucible in th e  fu rnace  u n ti l  i t  has ju s t 
completely solidified ; w ithou t fu r th e r  cooling i t  is 
th en  rem elted—it  m ay th e n  be carefu lly  s t ir re d —■ 
raised  to  th e  pouring  te m p e ra tu re  and cast. 
O rd inary  in go tting  of a lum inium  or its alloys is 
n o t satisfac to ry , as th e  ingots cool too quickly 
and d u rin g .rem e ltin g  are  too much exposed to  th e  
fu rnace  gases.

Passage of an  in e r t gas th rough  th e  m elt d u rin g  
slow cooling previous to  solidification has been 
found to  im prove s till fu r th e r  th e  soundness of 
resu lting  sand-cast bars. ,

S lightly  anom alous results have been obtained  
in  some cases, and  i t  is no t ye t clear how fa r  th e  
m ethod is of value in  o ther a lum inium  alloys. 
M uch fu r th e r  investiga tion  is requ ired . The 
au th o r lea rn t, and was au thorised  to  re fe r to  th e  
fa c t in  his P ap er, th a t  sim ultaneously  and  inde
pendently  Professor C. A. E dw ards and  M r. 
P ry th e rk , of Swansea, w orking on th e  effect of 
gases in  copper (for th e  B .N .F .M .R .A .), had  dis
covered a sim ilar effect obtained by solidification 
in th e  crucible, in  the  case of pu re  copper.

I t  is ev iden t, therefo re , th a t  th e  facts discovered 
and  th e  m ethod described m ay have w ider applica
tion  th a n  in  th e  sphere of cast alum in ium  alloys 
alone.

In  conclusion, i t  m ay well be poin ted  out th a t  
a lum inium  alloys to-day have received a degree of 
accurate  study  and scientific investiga tion  which 
m ay well claim  to  be unequalled in  any  o ther 
b ranch of th e  s tudy  of m ateria ls  of construction . 
They there fo re  come in to  th e  hands of the  
engineer w ith creden tia ls of a very high order.
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DISCUSSION ON MR. ROWE’S AND 
MR. ARCHBUTT’S PAPERS.

F o r the  first tim e in  th e  h istory  of the In s titu te  a 
special session was held sim ultaneously with one on 
grey-iron foundry  practice to discuss two Papers on 
non-ferrous m etals. This was presided over by Mr. 
V. C. F au lk n er (Senior V ice-President), who briefly 
referred  to  th e  innovation of holding such a session 
separately , and although th e  attendance  was small 
com pared w ith th e  iron  section, he considered th a t  
th e ir  deliberations would be highly appreciated by 
a t  least one-th ird  of th e  members of the  In s ti
tu te . H e hoped th a t  a sim ilar session would be 
held n ex t year a t th e  London Conference, and 
expected i t  would be presided over by a  non- 
ferrous m etal expert.

H e  then  called upon th e  two au thors to deliver 
th e ir  papers, so th a t  th e  discussion could be taken  
concurrently . Mr. S. L. A rchbutt first introduced 
his P ap e r on “  A lum inium  Alloy C astings.”  Mr. 
F. W. Rowe then  enum erated  the  chief points in 
his P ap e r on “  The A pplication of M etallography 
in Bronze F ound ing .”

In  in v itin g  discussion upon th e  two- Papers, the 
C h a i r m a n  referred  to. th e  system which had been 
evolved during  th e  las t two years in various irons, 
so th a t  by a lte rin g  one variable w ith re lation  to  
ano ther i t  was possible always to. get down to 
th e  sam e results. In  “  Y ” alloy he asked if i t  
was not possible to  a lte r  the  composition or con
s titu tio n  in th e  sam e or opposite direction and 
always be su re  of th e  sam e resu lt. In  th e  case 
of cas t iron  th ey  had tak en  th e  cooling ra te  with 
respect to- composition, and for “  Y ” alloy i t  
m igh t be possible to  tak e  som ething in th e  direc
tion  of rap id  ageing on th e  one hand and com
position on th e  o ther, and always effect the  same 
resu lt by a range of in terconnected  chemical th e r
mal histories and constitu tions, which would be of 
th e  h ighest advantage. He considered it  would be 
an excellent idea if  the  N ational Physical L abora
to ry  could study the  new system and find o u t if 
i t  could be applied to  “ Y ” alloy and o thers of 
th e  alum inium  series and change th e ir composi
tion o r h ea t- trea tm en t so th a t  the two could be
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oompared and so arrive  a t  a series of connected 
variables which would give th e  standard ised  
results.
Heat Treatment of Aluminium-Silicon and “ Y ” Alloy.

In  opening the  discussion, M r. J .  S. G. P r i m 
r o s e  considered M r. A rchbu tt had  very  clearly 
explained th e  w onderful resu lt of effecting the 
change in  s tru c tu re  and properties of th e  silicon- 
alum inium  alloy by th e  process known as modifi
cation by use of a su itab le  flux. H e considered 
th e  im portance could n o t be over-estim ated of 
w hat th e  au tho r had described as careful scientific 
control of th e  delicate operations of m odifying 
silicon-alum inium  and accelerating  th e  “  age-har
den ing  " of “ Y ”  alloy, and poin ted  o u t th e  
extrem es of over-hardness w ith loss of ductility , 
and, on th e  o ther hand, excessive so ften ing  which 
were possible- if th is  careful control of tem p era 
tu re  were no t exorcised. R eferrin g  to  im p o rtan t 
discovery of th e  slow solidification m ethod of re 
moving occluded cases from  alum inium  alloys fol
lowed by a quick rem eJt and then  pouring  to 
elim inate  pin-holding, th e  speaker asked M r. A rch
b u tt  if he did no t consider the use of an electric 
m elting  fu rnace  would be m ost useful in which to  
conduct th is process of cooling and th en  re h e a t
ing to  th e  proper casting  tem p era tu re , as th e  
control would be sim pler th a n  in , say, a coke- 
fired crucible fu rnace in  which th e  fire would have 
to be draw n and  then  m ade up  again.

Polishing Media for Bronzes.
Passing to  a consideration  of M r. Rowe’s P ap er, 

Mr. P rim rose nex t congra tu la ted  th a t  au th o r on 
th e  work he was doing in  broadening  th e  scope of 
the  p rac tica l app lica tion  of microscopical m ethods 
to  brass foundry  procedure. H e  considered the  
splendid R eichert o u tfit he showed in F ig . 1 was 
no t only useful for m aking photographic records 
of m icrostructures, h u t was also extrem ely useful 
in  enabling ro u tin e  work covering several h u n 
dred m icrospecim ens daily to  be u n dertaken  in 
m inim um  tim e. H e doubted the adv isab ility  of 
tru s tin g  to  wet a lum ina for th e  final polishing of 
some of th e  softer constituen ts shown by M r. Rowe 
in his photo-m icrographs, as usually 6ome of the 
finer polishing pastes were b e tte r. H e  asked Mr.



Rowe to  inform  them  as to  which of the two 
etching reagen ts nam ed had been used to develop 
th e  stru c tu res  illu s tra ted  and p articu la rly  the 
well-marked coring effects, which appeared to  him 
less m arked in th e  solid solution in Fig. 6 than  
in th e  gun m etal shown in F ig . 14, illu s tra ting  
concentric enrichm ent of the  prim ary  constituent. 
H e hoped th e  au tho r would be a little  more 
exp licit in  his revised descriptions especially in 
re fe rrin g  to  th e  several constituen ts of the  phos
phor bronzes, e.g., Figs. 16 and 17, as most people 
were no t accustomed to view the  copper phosphide 
a t  such high m agnifications as 2,000 diam eters 
which th e  au th o r had so successfully achieved with 
his R eichert outfit.

Annealing of Gunmetal.
In  dealing  w ith th e  question of annealing  Ad

m ira lty  gunm etal a t  700 deg. C. a s  recommended 
by M r. H . S. P rim rose in 1913, th e  au thor had 
s ta ted  th a t  “ W hy anyone should w ant to  anneal 
A dm iralty  gunm etals and bronzes is som ething of 
a m ystery .”  There was a very strong  financial 
reason why high pressure castings, often produced 
a t  considerable cost, should be annealed a f te r  they 
were found to  be leaking from sligh t porosity due 
to  excessive segregation of th e  eutectoid, since 
such tre a tm e n t m ade them  perfectly  w ater tig h t, 
and  considerably improved th e ir  stren g th  and duc
tili ty  a t  th e  same tim e. To reduce a  w astage of 
30 per cent, to  0.3 per cent, in th is way was no 
m ean achievem ent, and the  mechanism of the  
change was no m ystery. In  view of the difficulty 
of accurately  m easuring th e  tem p era tu re  of molten 
m etal in th e  bronze foundry, he asked the  au thor 
to explain  to  them  th e  type  of thermo-couple of 
rad ia tio n  pyrom eter which had been used to deter
m ine th e  casting  tem pera tu res named in the P aper. 
H e considered the method of using thei microscope 
rap id ly  to  determ ine the re la tive  am ounts of alpha 
and  beta  constituen ts p resen t in a bath  of brass 
a lready  for tap p in g  was a very m arked advance 
upon th e  old p ractice  of merely judging  the  frac
tu res  of a series of spoqn samples.

Micro-etching.
The use made of the  exam ination of th e  macro

struc tu res  of bronze castings to determ ine when
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they had been cast a t  th e  co rrec t tem p e ra tu re  for 
th e  work in  hand  was also an exceJlent im prove
m ent, and was one which should be increasingly 
adopted for scientific contro l. H e deemed the  
m acrograph in  F ig. 26 of th e  fake  in “ burning- 
on ”  a te s t b ar to  a large bronze casting  was of 
th e  g rea test im portance in showing th e  value of 
th is method in b ring ing  home fau lts  to  m eta llu r
gical wrongdoers.

Segregation of Lead.
M a j o r  R h y d d e r c h , in re fe rrin g  to  M r. Rowe’s 

paper, asked if th e  au th o r had  found i t  possible, 
by the  use of nickel, to  overcome th e  difficulty of 
excessive segregation  of lead in  th e  heavily  leaded 
bronzes P H e had used nickel to  t r y  and  stop th e  
very considerable segregation , b u t when they  
reached 20 p e r cent, of lead i t  became very  awk
w ard  to  obviate g e ttin g  h ighly  variab le  resu lts 
when th e  castings came to  be anatysed. H e 
presum ed th e  au th o r m ust have had  sim ilar ex
periences, although  he only m entioned lower lead 
con ten ts in his paper. H e very much reg re tted  
the  disclosures made by th e  m acrographs of the  
cast-on te s t 'bar, and considered th a t  such th ings 
should n o t be dragged up, for th e  least said  about 
them  th e  b e tte r  fo r th e  in d u stry .

H e expressed g re a t in te res t in  th e  p o in t m en
tioned  by th e  form er speaker, which was described 
in  M r. A rch b u tt’s paper as th e  cooling and th en  
re-heating  of a lum inium  alloys fo r casting  a f te r 
wards. H e was n o t qu ite  c lear as to  th e  
m echanism  of th is, and would like to  know how i t  
is b rough t about. D id the  re-heating  n o t allow 
th e  m eta l to  tak e  up gases again?  As to  th e  
h ea t- tre a tm en t of these alum inium  alloys to  b ring  
about accelerated age-hardening, especially of 
castings, i t  was well known in  th e  steel tra d e  th a t  
th e  s tru c tu re  of castings was very m uch b igger 
th a n  in forgings, and to  effect a refin ing  a t  any 
requisite tem p era tu re  th e  tim e elem ent was th e  
chief consideration . H e th o u g h t th a t  some such 
difficulty m igh t arise in connection w ith  th e  t r e a t 
m ent of th e  alum inium  alloy castings, as com
pared w ith  rolled o r forged m ateria ls . H e 
th o u g h t th a t  there  m ust be some considerable 
difference betw een the  alum inium  ingots “  T ” 
and “ U ”  as used to  m ake th e  “  Y ” alloys when



i t  behaves so differently. H e also asked the 
au tho r to  exp lain  th e  effect of iron in  some of 
th e  alum inium  alloys nam ed by Anderson in his 
■new book.

Arsenic in Copper.

M r . A. L o g a n  considered M r. Rowe’s paper 
would help on considerably the  advancem ent of 
scientific work in  th e  brass foundry , and reg re tted  
th a t  there  were only a sm all num ber of foundries 
which spen t much tim e in  going in to  work of 
th is  n a tu re . H e though t M r. Rowe did no t suffi
ciently  stress th e  question of oxides in  gun m etals, 
as i t  was one of th e  chief im purities usually to 
be found p resen t, and  was so im portan t a m a tte r 
th a t  i t  counted  for most of the  difficulties 
encountered  in  m aking castings of th is m ateria l. 
In  connection w ith th e  a u th o r’s s ta tem en t th a t  it 
was easy to  determ ine th e  am ount of oxygen 
presen t in  copper by means of the microscope, 
he would like to  ask how he would detec t or esti
m ate small am ounts of oxygen present in copper 
con ta in ing  0.1 or 0.2 per cent, of arsenic, as it  
was no t always desirable to  stick  to  B.S. brands 
of copper for o rd in ary  brass founding work. Now 
th a t  th e  A dm iralty  gun m etal was specified to 
have 16 tons per sq. in. tensile streng th , he con
sidered th a t  i t  requ ired  th e  very g rea test care in 
w orking, and, of course, th a t  made th e  question 
of oxides p resen t very im portan t. He considered 
th a t  0.1 per cen t, of oxygen was low compared 
w ith  w hat m any firms were using in  ordinary  
copper, which required  to  be very carefully  melted 
to  p reven t th e  occluded gases g e ttin g  to  be several 
tim es th a t  am ount. In  regard  to  the  sta tem en t 
in M r. Rowe’s paper th a t  th e  lim it of solubility 
of t in  in  copper being between 6 and 7 per cent, 
depending on th e  casting  and cooling conditions, 
he considered th a t  in  clean gun  m etal w ith very 
low oxygen con ten t, i t  was possible to  get up to 
9 p er cen t, of t in  in solid solution in  the  alpha 
con stitu en t w ithou t any of th e  delta eutectoid 
being form ed. This hangs on the question of 
oxide content, as the  more burn ing  the  m etal has 
had, the  bigger the  tendency to  form delta, and 
secondly the  g rea te r the  chance of ge tting  
“  b leeding,” o r w hat is called segregation, and 
therefo re  th e  poorer the  quality  of the  gun metal.
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A very p rac tica l proposition  which had  to  be 
fully  considered was how to  free th e  g un  m etal 
from  th is  excessive oxide, and th is  m ade i t  ex
trem ely im p o rtan t to consider th e  question of 
adding th e  t in  and th e  zinc to  the  copper in  th e ir  
proper order. M r. Rowe had  no t m entioned the  
effect of arsenic upon gu n  m etal, and he asked if 
th e  au th o r could give them  any in fo rm ation  as 
to  th e  effect of 0.05, 0.1 or 0.2 per cent, of th is  
elem ent when p resen t in  gun  m etal. H e was 
in terested  in  th e  method described for determ in ing  
th e  am ount of zinc p resen t in a b a th  of h igh 
tensile  brass by m eans of th e  m icro-structure , b u t 
from  his own experience in  casting  a sam ple from  
th e  furnaces in to  a chill th is  re ta rd ed  th e  form a
tion  of the  alpha co n stitu en t, and  unless a series 
of samples had  been p repared  in  th e  sam e condi
tion , he could n o t see how i t  was possible to  judge 
th e  am ount of zinc by th is  m ethod, abou t which 
he would like to  ask how i t  was done.

Copper Aluminium Alloys.
M r. L o g a n  criticised  M r. A rch b u tt’s paper for 

n o t co n ta in ing  any reference to  th e  copper- 
a lum inium  series of alloy, more especially as th e  
10 per cen t, alloy had  been found extrem ely  use
ful for m arine propeller work, for which purpose 
i t  m ight easily supersede m anganese brass, as it  
was highly incorrodible, and  in  th e  m eantim e only 
possessed th e  difficulty of o b ta in ing  i t  sound.

M a j o r  R h y d d e r c h  fu r th e r  con tribu ted  to  the  
queries regard ing  M r. A rch b u tt’s paper by asking 
how the  m olten alum inium  alloys were tre a te d . 
H e noticed th a t  the au tho r did n o t m ention  w hat 
fluxes were used for a lum inium  alloys, fo r he con
sidered they  m igh t he clarified of objectionable 
gases by using a su itab le  covering flux. R e
fe rrin g  to  th e  alloy known as A lpax, he believed 
th a t  th e re  was troub le  frequen tly  encountered  in 
effecting good m achining, and th is  "was usually  an 
im p o rtan t comm ercial proposition. Then, again , 
th e re  was th e  question of th e  fr ic tio n  se t up  by 
some of these soft alloys. As a good p a tte rn  
m etal some one had  quoted an  alloy co n ta in in g  
93 per cent, of alum inium , w ith  over 4 per cent, 
of copper, nearly  2 per cent, of lead, and about 
1^ p er cent, of silicon, which dragged very badly. 
H e asked if th e  au th o r could give any prac tica l



h in t o r suggestion as to  how th is  m etal could he 
worked since i t  was tender when hot and rup tu red  
very easily.

Industrial Application of “ Y ” Alloy.
M r . M a y b u r y  considered th a t  in  sp ite  of all 

th a t  had been done, very li tt le  had  been developed 
practically  in  regard  to  u tilisa tion  of “  Y ”  alloy 
commercially. A fter a paper to  th e  Automobile 
A ssociation on th is m etal i t  appeared th a t  the 
reception  of th e  in form ation  re la ting  to  i t  had 
no t been very en thusiastic . A lthough they  had 
heard  a good deal about “  Y ”  alloy, i t  d id not 
appear th a t very m any foundries in  th is  country 
were producing castings of i t  in  any q u an tity  
or of any g rea t size. H e declared th a t  most of 
th e  figures which were given as tes ts  of the “ Y ” 
alloy were obtained from  te s t bars of one inch 
d iam eter, which had  been cast in a chill, and th a t  
we had b u t li tt le  knowledge of th e  physical 
p roperties of th e  “  Y ”  alloy cast under o rd inary  
foundry  conditions. H e th o u g h t M r. A rchbutt 
m igh t elaborate  th a t  po in t of the physical pro
perties a li tt le  more, and also the  application of 
th e  h ea t tre a tm e n t for accelerated ageing upon 
th e  castings themselves instead of th e  te s t bars, 
as th e re  was no t much scope for handling such 
frag ile  m ateria ls  when hot.

M a j o r  A t h e y  said in regard  to  the  question of 
fluxes raised  by M ajor Rhydderoh, he had found 

. th a t  i t  had  been a very difficult proposition effec
tively  to  p ro tec t m olten alum inium  alloys from 
oxidising conditions, b u t a very useful flux was 
zinc chloride, although undoubtedly in o ther 
countries they  had  more powerful reagents since 
they  were able to  tak e  th e ir  refuse and produce 
alum inium  alloys from  them .

M r . F a u l k n e r  s ta ted  th a t  in  regard  to  the  
“  Y ”  alloy nam ed in  M r. A rchbu tt’s paper, he 
th o u g h t th e  N .P .L . had perhaps spent much tim e 
and  energy needlessly on the  question of quick 
ageing of th is  m ateria l, as they seemed to  im agine 
i t  was w anted quickly a fte r  the  castings had been 
m ade in  th e  foundry. F rom  w hat he gathered in 
th e  industry , however, they were quite  satisfied 
w ith the  quality  of the  m etal if i t  acquired its 
age-hardened properties n a tu ra lly  in about three 
m onths’ tim e, which was th e  period which
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norm ally lapsed before the  castings were to  be 
p u t in to  commission. A nother question he raised  
was in regard  to  th e  m elting  experim ents ca rried  
o u t in  a n eu tra l atm osphere, because he considered 
i t  was more im p o rtan t to  have a crucible which 
would be im perm eable by th e  fu rnace gases. Much 
production  was spoiled by m elting  in  a clay 
crucible which was definitely known to  be pene
trab le  by su lphur or o th e r gases from  th e  fu rnace, 
and  he considered th a t  a  li tt le  research  on th a t  
line would be difficult, b u t of g rea t p rac tica l 
value im m ediately to  th e  industry .
“ Y ” Alloy Compared with Aluminium-Silicon Alloy.

M b. F . W. R o w e, like M r, M aybury, expressed 
himself as very m uch in te rested  in th e  possibili
ties of th e  “ Y ”  alloy as d is tin c t from  th e  silicon- 
alum inium  alloy, which requ ired  to  be modified. 
H is own p rac tica l experience poin ted  to  th e  la t te r , 
as he found th a t  i t  could be produced s tra ig h t
away w ithou t extensive experim ents to  ensure 
th a t  th e  casting  conditions were rig h t. W ith in  
the  11 to  13 per cent, silicon range, he had  found 
th a t  i t  was easier to  g u a ran tee  resu lts th a n  
w ith  th e  “ Y ” alloy, which took much experi
m enting  to  g e t r ig h t. H e found  th a t  the  silicon 
alloy was extrem ely simple to  make, as th e  m olten 
m etal poured like w ater, th e  sh rinkage and 
porosity troubles w ere very sligh t, and  in  add i
tion  th e  m achining opera tion  of the  solidified 
castings was very easy and  regu lar. H e knew 
th a t  about 100 tons of th is  alloy were being pro
duced per week for such varied  purposes as m otor 
’bus wheels, m otor-car back axle cases, u nder
ground  railw ay carriag e  doors, e tc ., and  he had  
no t heard  of any such wide app lica tion  of the  
“  Y ”  alloy. H e concluded by asking M r. Arch
b u tt  to  give his candid  opinion as to  which he 
though t of th e  two alloys held o u t th e  g rea te r 
comm ercial proposition.

Mb. A r c h b u t t , rep ly ing  first to  th e  discussion, 
s ta te d  to  M r. F au lk n e r th a t  th e  suggestion to  
vary  th e  composition and  a d ju s t th e  h e a t t r e a t 
m ent to  su it was not feasible, as in o rder to  get 
the  best resu lts i t  was essential to  adhere very 
closely to  the  composition specified for th e  
alum inium  alloys. Of course, i t  was possible by 
m odification of th e  h ea t tre a tm e n t to  ge t widely



v ary ing  physical te s t results, In  “ Y ” alloy, 
tem pering  makes i t  very much harder, and also 
by suitab le  h igher tem pera tu res i t  could be made 
very soft. Thus a tensile s tren g th  of 20 tons per 
sq. in. w ith  only 3 per cent, of elongation could 
be a ltered  to  10 tons w ith 13 per cent, elongation. 
The question of quick ageing o f “  Y ” alloy had 
been raised  by th e  E ng ineering  S tandards Associa
tion , whose com m ittee had been dealing w ith a 
su itab le  specification for th e  m ateria l. They 
had  asked if i t  would be possible to  quicken the 
period tak en  norm ally to  harden, and thus the  
usual eigh t days had  been found, on using 100 to 
120 deg. C., to  be reduced to as many hours. The 
n eu tra l atm osphere used was th a t  of n itrogen, 
and i t  was selected because i t  was practically  . 
insoluble in  the  alum inium  alloys. The au thor 
thanked  M r. P rim rose for re fe rrin g  to  the. slight 
e r ra ta  and omission, which wcqrld be rectified. In  
regard  to  th e  type  of furnace used, i t  had been 
found possible sim ply to  w ithdraw  th e  crucible 
from  th e  furnace, allow i t  to  fall in tem pera tu re  
to  about 500 deg. C. very slowly, and then  replace 
in the  fu rnace  in  o rder to  m elt up the  contents 
quickly before much or any gas was reabsorbed. 
I t  was also a rem arkable fac t th a t  in addition to 
very slow cooling, very quick solidification also 
overcam e the  trouble  of pin-holing. H e explained 
th e  m echanism  of th is change to  M ajor R hydderch 
as being th a t  in  the  slow cooling the  gases were 
throw n o u t of solution, and were able to  escape, 
due to  the  m etal solidifying sufficiently slowly to 
perm it of th is, whereas by th e  quick cooling, as 
in chill casting , th e  gases in solution were not 
alloyed to  fa ll o u t, and thus th ere  was again  no 
pin-holing. I t  was th e  in term ed ia te  r a te  of cool
ing, such as ob tained  in m aking o rd inary  sand 
castings, which caused the trouble of pin-holing, 
which allowed th e  gases to  fall o u t of solution, 
h u t not sufficiently slowly to  allow them  to  get 
o u t of en tang lem ent in  th e  m etal. H e believed 
th e  addition  of zinc to  some of th e  American 
alum inium  alloys was in tended to  increase the 
duc tility  of the  m etal, whereas it  was usual to 
consider th a t  th e  iron increased the streng th , 
particu la rly  a t  h igh tem peratures, b u t to  exceed 
th e  lim it of 1 per cent, only increased the  found
ing difficulties very considerably. Complex alleys
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like th a t  quoted were o ften  used in  th e  U nited  
S ta tes  of A m erica, but he considered i t  very 
doubtful if they  were any im provem ent on th e  
s tra ig h t alloys of sim pler composition as used 
here.

Fluxing Aluminium.
On th e  question of fluxes he claim ed th a t  i t  was 

no t possible to  reduce m etallic a lum inium  from  
alum ina, b u t only to  flux i t  off. F o r th is  purpose 
zinc chloride was advocated, b u t i t  only 
removed th e  oxides a t  th e  surface, and  th en  th e re  
was the  danger of g e ttin g  i t  in to  th e  alloy. To 
effect a modification of th e  silicon alloy i t  was 
possible to  use m etallic sodium  to  do th is  w ithou t 
th e  use- of th e  usual flux. In  reg a rd  to- th e  
difficulty of m achining Alpax, he believed i t  was 
no t so g re a t as some people im agined, as they  
had found no difficulty in  m achining te s t  bars for 
th e ir  physical te s t  purposes. H e believed its 
duc tility  was no t so good as th e  “  Y ”  alloy when 
th e  la t te r  was p r o p e r l y  h ea t- trea ted . In  regard  
to  th e  complex p a tte rn  m etal nam ed, w ith  th e  
low copper and abou t 2 p er cent, of lead, he 
would p re fe r to  recommend th e  alloy of silicon 
w ith  alum inium  as sim pler and  less liable to  
b reak . Even w ith  th e  L5 alloy con ta in ing  h igher 
copper th a n  th e  alloy nam ed, i t  would be possible 
to  m ake a sa tisfac to ry  job.

In  reply  to  M r. M aybury, he contended th a t  
he held no b rie f for “  Y ”  alloy, b u t m erely 
advised its use in  su itab le  cases because of its 
excellent possibilities when righ tly  tre a te d , even 
if i t  was n o t qu ite  so inexpensive an  alloy as 
some others. H e  declared th a t  i t  was well known 
th a t  i t  was n o t usually  possible to  ge t from  cast
ings exactly  th e  tensile o r o ther resu lts ob tained  
from  te s t  bars, b u t th e re  was usually  a very good 
ind ica tion  of w hat to  expect from  th e  one when 
th e  value of th e  o th er was known. H e instanced 
a crank  case which gave in  “  Y ” alloy an  actua l 
tensile  s tre n g th  of 15 tons per sq. in ., w hereas 
in  L5 alloy th e  casting  only gave about 3 tons 
per sq. in. As to  th e  suggestion th a t  th e  cast
ings of com plicated shape would lose th e ir  
shape during, h ea t tre a tm e n t, i t  was a  sim ple 
m a tte r  to  p ro tec t them  from  d isto rtion  by use 
of a steel jig . Any suggestions as to  b e tte rin g  
th is would he valued.



The au tho r did no t th in k  th a t  th e re  would be 
much good accruing from  the a ttem p t to  sm elt 
alum inium  o u t of th e  alum inium  drosses, as it  
was very difficult except in an electric fu rnace to 
reduce th e  oxide to  m etal again . Of course, there  
were fluxes which are  of value in  m elting the 
skim m ings in o rder to  le t th e  finely divided 
particles of alum inium  or alloy coalesce and 
sep a ra te  ou t from  the  flux, and then  th is  can be 
m elted down in to  ingo t form . M r. Rowe had 
suggested th a t  <he p referred  th e  alum inium - 
silicon alloy, and w hilst he had  to  adm it th a t  it 
was an  excellent alloy, th e  question to be con
sidered  first was its application , th a t  is, to  w hat 
purpose was th e  casting  to  be p u t. I f  the  
alum inium -silicon alloy was judged on th e  tensile 
s tren g th  alone i t  was second only to  “  Y ”  alloy, 
h u t th e  best way was to  consider th e  s tren g th  to  
w eight ra tio , and, moreover, they  found th a t  the  
elastic lim it of th e  silicon alloy was very low, so 
much so th a t  there  is very g rea t d isto rtion  a t 
such very low loading as is very frequently  
applied, and th is  was a  serious objection, 
so th a t  he did n o t th in k  they  would re ta in  th e ir 
shape as d id  “  Y ”  alloy castings. “  Y ”  alloy 
was n o t deemed to  be a p articu la rly  expensive 
alloy, being only about one penny per pound 
d earer th a n  th e  usual ru n  of alum inium  alloys, 
and  th e  possibilities i t  possessed in its physical 
properties, more particu la rly  when the necessary 
care was tak en  to  m elt i t  and fu r th e r cool it  in 
such a way th a t  th e  gases were removed before 
casting . As to  M r. Rowe’s objection in  regard  
to  sand  castings, he considered th a t  the  higher 
tem p era tu re  of pouring  required  for “  Y ”  alloy 
undoubtedly gave rise to  g rea te r shrinkage, b u t 
th a t  was a m a tte r  which could be overcome 
w ithou t much difficulty.

Admiralty Gunmetal.
M r . R o w e , in  reply to  th e  discussion of his 

P ap er, expressed his indebtedness for th e  kind 
rem arks which had  been passed upon i t .  He 
usually p referred  the  m agnesium  oxide to  th a t  
of alum inium  to  effect his final polishing, as he 
had  found d im an tine  to  be very coarse and 
irreg u la r in  recen t deliveries. As to  the  question 
of etch ing  raised  by M r. Prim rose, th e  m ajority



242

of the figures reproduced had been go t by etch
ing the  specimen w ith ac idu lated  solution of 
ferric  chloride, although the  am m onium  persu l
phate  was useful in  b ring ing  o u t the  coring effect, 
o ften  very well m arked in th e  phosphor bronzes. 
H e qu ite  apprecia ted  th e  reasons advanced for 
annealing  A dm iralty  gun m etal, b u t he b rought 
up th e  question because th is  alloy was n o t fu n d a
m entally  a good one w ith  which to  make hydrau lic  
castings, as i t  possessed no advantage on th e  ques
tion  of s tren g th  over alloys which were basically 
a solid solution. I t  was best for th is  purpose 
to  keep th e  t in  con ten t low and have also present 
sufficient lead to  be able to  fill up any in terstices 
which m igh t allow of w ate r leakages. The only 
real reason for annealing  A dm iralty  gun m etal 
he supposed was to  ensure b e tte r  hydrau lic  tests, 
and from  previous P apers he th o u g h t w rite rs had  
been m aking too much of annealing  to  ra ise  th e  
tensile s tren g th  and ductility . F o r tem p era tu re  
control he m ade use of therm o-couples of two 
types. The base m etal ones for d irect im m ersion 
in  th e  m olten m etal, and  also th e  p la tin u m  
aga in s t p latinum -rhodium  couple for h igher tem 
pera tu res, and, of course, these were provided 
w ith a p ro tective sheath.

M ajor R hydderch had  raised  th e  question  of 
segregation of th e  leaded bronzes, b u t he had  
never had  any troub le  w ith  th e  usual ru n  of 8 
to 9 per cent. I f  i t  were necessary to  have more 
th an  th a t  very careful control was needed to  effect 
a n 'e q u a l  d is trib u tio n  of th e  lead. H e th o u g h t 
9 per cent, was a m axim um  used in cases where 
good an ti-fr ic tio n  properties were desired, and 
even then  some care had to  be tak en  in regard  to  
the pouring  tem p era tu re  in  order to  get good, 
sound castings. I f  th e  tem p e ra tu re  fell below 
1,020 deg. C. i t  was often  possible to  get harm fu l 
blow-holes, especially in  green  sand castings. 
Above 9 p er cen t, of lead he knew th a t  nickel 
was often  advocated to  ensure un iform  d is tr ib u 
tion  of th e  separa ted  partic les, b u t he had  no t 
found so much success w ith th a t  as w ith  e ither 
lead o r molybdenum sulphide which had  enabled 
him  to  ge t to  18 o r 20 per cent, of en tang led  
lead, in to  bronzes. The reason he a ttr ib u te d  to  
his. w ant of . success w ith nickel was th a t  in order
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to  get the  nickel in to  the  bronze i t  m ight he 
stewed in th e  process, as i t  was difficult to  get 
the  nickel completely in to  solution.

H e was pleased to  have M r. L ogan’s criticism  
regard ing  th e  question of oxides, and fully agreed 
w ith  him  th a t  quite  90 per cen t, of th e  troubles 
connected w ith  cast gun m etals and bronzes were 
directly  traceab le  to  th is cause. Zinc and phos
phorus added a fte r th is  im purity  had been formed 
did no t remove i t  completely. Even re-m elting 
did no t remove the  oxygen, and in fac t very few 
castings were completely free from  some traces 
of oxide, and  i t  was a very easy m a tte r  to  detec t 
them  microscopically in  w hat were considered 
qu ite  good te s t bars. H e agreed th a t  i t  was not 
easy to  detec t oxygen in copper which also con
ta in ed  sm all am ounts of arsenic. H e had no 
experience of th e  effect of th is  im purity  upon the 
properties of gun m etal. Especially in m elting 
gun m etal in reverberatory  furnaces i t  was 
im p o rtan t to  add the  zinc before the  tin  to  ensure 
th a t  th e  least possible am ount of oxygen was left 
in  th e  m elt. I t  was an easy m a tte r  to  allow for 
th e  rap id  cooling in  estim ating  the  am ount of 
zinc in  brasses which had to  be exam ined micro
scopically for th e ir  zinc con ten t before tapp ing , 
as th e  effect of re ta rd in g  th e  form ation  of one 
co n stitu en t was qu ite  a regu la r function .

Solubility of Tin in Copper.

The o ther po in t in  regard  to  the  solubility of 
t in  in  copper was one in  which he differed from 
M r. Logan, as he had  always found even when 
w orking w ith pu re  t in  and copper in  th e  absence 
of oxygen, th a t  he invariably got some delta  sepa
ra tio n  whenever he passed th e  51,- per cent, com
position. H e qu ite  agreed, however, th a t  oxygen 
p resen t had  a g rea t effect in  prom oting the 
separa tion  of eutec to id  from  the  alpha solution, 
and also th e  delta  was made to  separa te  more 
completely.
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Scottish Branch.
PRESIDENTIAL ADDRESS.

Mr. Affleck, on assum ing the  chairm anship  of 
th e  B ranch, delivered his p residen tia l address as 
follows :—•

In  looking over th e  lis t of my predecessors in  th e  
honourable position of P res id en t of th e  Scottish  
B ranch of our In s titu te , I  find th e  nam es of m any 
d istinguished foundrym en, nam es which are  more 
or less household words in  th e  foundry  tra d e . You 
will, therefo re , readily  app rec ia te  th a t  I  accepted 
th e  position w ith some degree of trep id a tio n . A t 
the  sam e tim e I  th in k  I may safely say th a t  
although all my predecessors may surpass me in 
ta le n t and abilities, I  am iquite ce rta in  th a t  none 
will exceed me in  g ra titu d e  and apprecia tion  of 
th e  honour you have done me in elec ting  me to 
th is  chair, and  I  assure you th a t  my very best 
efforts will be devoted to  th e  in te re sts  and th e  
prosperity  of our In s titu tio n ,

In  an A ssociation such as ours, in which th e  
m em bership is composed of iron, brass and steel 
founders, i t  is, I  th in k  desirable th a t  th e  sub ject 
of a  p residen tia l address should be of general 
ra th e r  th a n  of purely techn ica l in te res t, and w ith 
th is  in  view I  propose to  place before you a few 
thoughts on one o r tw o sub jects which influence, 
more or less, all branches of foundry  activ ity .

Suggested Improvement.
M r. H enry  F ord , th e  celebrated A m erican m otor 

m anu fac tu re r, in  h is recen t book describing his 
life and  work, says, in  speaking  generally  of th e  
developm ent of in d u s try : “  The progress has been 
w onderful enough, b u t when we com pare w h a t we 
have done w ith w hat th e re  is to  do, th en  our p a s t 
accom plishments a re  as n o th in g .” W hile I  canno t 
help feeling th a t  M r. F o rd ’s modesty regard ing  
his own accom plishm ents is perhaps excessive, and 
certa in ly  m ost unusual in an A m erican m anufac
tu re r ; I  am  ce rta in  th a t  w hat h e  says is p ro
foundly tru e  of th e  foundry  industry  to-day. We 
all feel th a t  a 1 v ast and ever-grow ing field lies 
before us, and  th a t  g rea t advances in  foundry 
technology and in foundry  p rac tice  will be m ade, 
and, in fact, m ust be made, to m eet th e  dem ands
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of allied industries. I t  is my purpose th is a f te r
noon to  ind ica te  briefly one o r two of th e  factors 
w hich may influence progress, one or two avenues 
along which suggestions fo r im provem ent m ight be 
made.

Effect of Cheap Power in Foundry Developments.
I t  is un fo rtuna te ly  the  case th a t  th e  commercial 

conditions in  m ost branches of th e  foundry 
in d u stry  a t  th e  p resen t tim e, although im proving, 
a re  still very unsatisfactory . Costs are high, 
prices a re  low and extrem ely com petitive. In  very 
few businesses is th e  m arg in  of profit sufficiently 
g re a t to  enable the  m anagem ent even to  consider 
any serious scheme of im provem ent or re-organisa
tion . In  th is  respect I do n o t th in k  I am far 
wrong in  saying th a t  90 p e r  icent. of B ritish  
foundries have d u ring  the last few years been 
absolutely m ark ing  tim e  as regards serious 
E xpenditure on developm ent work. A t the  same 
tim e I  am qu ite  certa in  th a t  B ritish  foundrymen 
in  general, and Scottish foundrym en in particu lar, 
have n o t by any means been asleep, and  th a t  many 
of them  have, by an in tensive study  of the ir 
p resen t p la n t and processes, effected m ost strik ing  
economies in production, and more o r less pre
p a red  themselves fo r th a t  wonderful boom in 
tra d e  which has been so long foretold, b u t which, 
like Royal C harlie, is very long in  coming.

How Railway Electrification Would Help.
Looking over th e  in d u s tria l field of G reat 

B rita in  from  th e  broadest po in t of view, we find 
th e re  a re  one or two national questions in which 
th e  foundry  industry , along w ith  o ther industries, 
is specially concerned. P erhaps th e  most im por
ta n t  is th a t  of th e  supply of cheap power, particu 
larly  in  the  form  of elec tric  energy. C ertain  
schemes a re  now afoot, supported  by national 
funds, fo r th e  supply of electricity  in  bulk to  
various d is tric ts . I n  some cases th e  source of 
energy is found by th e  harnessing of w ater power, 
in others by th e  unification of existing electric 
supply schemes. Severe pressure is also being 
exerted  on th e  railw ay companies to  elec trify  the ir 
systems, and, if th is  were carried  out, as i t  may
be in the  no t too d is ta n t fu tu re , it  would, in my 
opinion, produce an  alm ost revolutionary effect on 
industry . The electrification of th e  railw ays
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would mean th a t  electric cables and an e lec tric ity  
supply would be carried  w ith  th e  railw ays in to  
every corner of th e  country . U niform  load con
d itions, th e  lack of which is now th e  bugbear of 
all e lectric supply schemes, would be secured by 
th e  continuous railw ay traffic, and  a  large surplus 
supply a t  cheap ra tes could be a rranged  for indus
tr ia l  purposes.

Brass Foundries and Electric Melting.
These schemes no doubt seem f a r  removed from  

th e  everyday in te rests  of foundrym en, b u t I th in k , 
nevertheless, th a t  they  deserve more th an  passing 
a tte n tio n  on account of th e  im p o rtan t develop
m ents they  may bring  in th e ir  tra in . I  re fe r p a r
ticu la rly  to  th e  possibility, if a- cheap supply of 
power were available, of the g rea tly  extended use 
of e lec tric ity  in  foundry  prac tice , p a rticu la rly  for 
m elting  operations. A t th e  p resen t stage of 
developm ent, if really  cheap e lec tric  power were 
available, th e  g rea te st benefits would probably be 
gained in  steel an d  brass foundries, and would be 
associated w ith  th e  use of e lec tric  furnaces. The 
g re a t advan tages resu lting  from  th e  use of elec
tr ic i ty  in steel m elting  generally, and  p a rticu la rly  
in  th e  m anufactuffe of special alloy steels, have 
been generally  recognised, b u t I  do n o t th in k  the 
corresponding advantages and possibilities of th is  
m ethod have been apprecia ted  to  th e  sam e ex te n t 
by b rass and iron  founders.

In  m any brass foundries, even very large 
foundries, th e  m elting  methods a re  still in the  
mediaeval stage, and th e  o rd in a ry  p o t fu rnace  
reigns suprem e. T here is 110 doubt th a t ,  w here 
sm all heats are  th e  ru le  and w here a num ber of 
d ifferen t m ix tu res are  in use, th is  ty p e  of fu rnace  
offers d is tin c t advantages, b u t w here com para
tively large am ounts of m etal a re  requ ired , the  
foundry conditions become very  arduous, un 
healthy , and  uneconomical. In  m ore m odern 
foundries, w here a considerable am oun t of non- 
ferrous m etal is m elted, th e  p o t fu rnace  has been 
superseded by th e  crucible t i l t in g  fu rnace  and th e  
a ir furnace, b u t to  my m ind th e  ideal is certa in ly  
th e  electric furnace. This is p a rticu la rly  th e  case 
where brasses of high zinc con ten t a re  being 
handled, and where, consequently, the  m etal losses 
by oxidation and vo latilisation  using th e  o rd inary
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W ith  a good type  of electric fu rnace  these losses 
may be k ep t very low indeed. F u rth e r  advantages 
a re  h igh-quality  m etal and  very accurate  tem pera
tu r e  control. Labour charges a re  also considerably 
less, .there is no fuel to  charge and no ashes to 
c a r t  away. L ast, b u t no t least, th e  atm osphere, 
w orking land o ther conditions affecting th e  health , 
com fort and safety  of th e  worker a re  greatly  
im proved. F rom  th e  financial po in t of view aiso, 
an  im p o rtan t aspect in these hard  tim es, the 
balance-sheet compares favourably w ith th a t  of 
o ther types of furnace, providing one condition is 
favourable, namely, th e  cost of electric energy. A 
cheap supply of e lec tric ity  would no doubt lead 
to  th e  wide adoption of electric furnaces in this 
country , as in th e  U .S.A ., where some foundries 
have as m any as 80 electric furnaces installed 
under one roof.

Cupola v. Electric Furnace.
B ut w hile the  most favourable .sphere of opera

tion  of electric fu rnaces would appear to  be m ean
tim e  in brass and  steel work, there  is also a cer
ta in  field even in  iron foundry  work, and th is field 
is g radually  extending . The g rea t god of the  iron 
found ry  m eantim e is, of course, th e  cupola, and 
th e  cupola is undoubtedly a wonderful tool, which, 
in th e  hands of experienced foundrym en, gives 
resu lts of m arvellous consistency. F or certa in  
classes of work, and particu la rly  for very heavy 
work, i t  is doubtful if th e  cupola will ever be 
superseded by any ty p e  of furniace. I t  is well, 
however, in dealing w ith th e  possibility of evolu
tio n a ry  changes in  furnace or m elting  prac tice  to 
look a t  th e  m a tte r  as fa r  as possible from  th e  
broadest po in t of view. T he. function  of the  
foundry  industry  is to supply the  dem ands of the  
eng ineering  and o ther industries as regards cast
ings, and accordingly i t  n a tu ra lly  follows th a t  the 
foundry  in d u stry  m ust reac t to  and may be v itally  
affected by technical developments of all k inds in 
o ther industries. G enerally speaking, th e  present- 
day tendency in m achinery is to  reduce w eight to  
a  minim um . This, of course, implies stronger and 
superior m ateria l to  closer specification and 
analysis. T here  is a g rea t and growing field for 
irons of very special quality . The Diesel engine
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industry , fo r exam ple, which is developing w ith 
ex trao rd in a ry  rap id ity , dem ands irons of char
ac te ris tic  p roperties and  s treng th s , and, t s  the  
w eight of D iesel engines p e r horse-power a t  th e  
p resen t tim e  is extrem ely  high, th e re  is n o t th e  
slightest dou'bt th a t  Diesel engineers, in  th e  near 
fu tu re , will be dem anding s till s tronger irons w ith 
a view to  reduction  of w eight. In  steam  engineer
ing, also, th e  tendency  is to  use h igher and  h igher 
steam  pressures, and p lan ts  a re  now' being designed 
to operate  a t  steam  pressures as high as 1,200' lbs. 
per sq. in . These pressures a re  associated w ith 
very high steam  tem p era tu res  and dem and very 
special m etals. In  fac t, in  all branches of 
m echanical industry  th e  dem and is in s is ten t for 
s tronger and m ore re liab le  m ate ria ls  carefully  
selected a n d  specially ad ap ted  for th e  p a rtic u la r  
w ork they  m ay have to  perform , and foundrym en 
m ust be p repared  to  an tic ip a te  these dem ands and 
to  a d a p t th e ir  organ isations and resources to  m eet 
them . How fa r  and for how long th e  cupola will 
be able to  m eet th e  grow ing dem ands for irons of 
very special quality  rem ains ye t to  be seen, bu t, 
m eantim e, if e lec tric  supply conditions a re  favour
able, th e  electric fu rn ace  is certa in ly  capable of 
ac tin g  as an efficient a d ju n c t and  possibly as an 
u ltim a te  successor to  th e  cupola. The easy  con
tro l, accu ra te  te m p e ra tu re  regu la tion  and  syn
th e tic  bu ild ing  up of accura te  compositions which 
a re  possible w ith  electric  m elting, n o t to  m ention 
o th e r inc iden ta l advantages, such as speed in  m elt
ing and im proved labour conditions, should m ake 
th e  proposition a ttra c tiv e  to  most foundrym en. 
H ere  again, however, i t  appears to  me th a t  th e  
controlling fa c to r  m ust u ltim ate ly  be th e  cost of 
e lec tric ity  in  bulk supply, wdiich will depend to  a 
g re a t ex te n t on the  successful developm ent of these 
n a tiona l schemes for power d is tribu tion  to  which 
I  have already  referred .

Technical Status of the Industry.
T here is ano ther m a tte r  of general in te re s t to  

uffiich I  may, I  th in k , fitting ly  refer on th is  occa
sion, and th a t  is th e  p resen t technical s ta tu s  of 
th e  foundry  industry . *• T here  is a suspicion abroad 
a t  th e  p resen t tim e  th a t ,  technically  speaking, all 
is not w'ell w ith  th e  foundry  tra d e  in  th is  country . 
C onsiderable discussion has taken  place over th e



action  of one or two prom inent firms engaged in  
la rge  Diesel work wlio have recently  ordered iron 
castings from  foreign firms w ithou t even offering 
th e  work in the  home m arket. W hile these firms 
may have th e  best of reasons, from  ce rta in  points 
of view, for th is  procedure, i t  appears to me, from 
th e  broad standpo in t, to  be ra th e r  a short-sighted 
policy. I t  is certa in ly  very discouraging to 
B ritish  foundrym en, and shows an a larm ing  lack 
of confidence in th e  ab ility  of the  home industry  
successfully to  handle  new problems and condi
tions, a lack  of confidence which I  th in k  is hardly 
justified  by th e  p a s t record of B ritish  iron- 
founding. The question th en  arises—is th is  lack 
of confidence justified by present-day conditions? 
I  c an n o t speak from  personal knowledge in th is  
case, b u t in th e  a rena  of commercial life  one some
tim es strikes against hard  and  d is tu rb ing  facts, 
and  I  m igh t m ention a  recen t personal experience 
in ano ther sphere of foundry  practice  of ra th e r 
a d isqu ie ting  charac te r. The castings required 
were of steel, and weighed in  th e  rough about 
15 cwts. The job was undoubtedly a  difficult one, 
as th e  s tru c tu re  of th e  castings was somewhat 
com plicated, and  th e  designed m etal thickness 
only |  in ., lightness being of g rea t im portance 
in  th e  p a rticu la r m achines in  view. P a tte rn s  of 
th e  h ighest class were provided, and these castings 
were offered to  various steel founders throughout 
th is  coun try , also to  ce rta in  C ontinen tal firms of 
repu te . W hile on th e  one hand  th e  foreigners all 
readily  offered for th e  job, quoted reasonable 
prices, and displayed eagerness to  g e t th e  work, 
on th e  o ther hand  th e  g rea te r num ber of the  
B ritish  firms who were approached sim ply declined 
to  und ertak e  the  w o rk ; a few quoted conditionally 
on th e  thickness of th e  casting  being doubled ; and 
one or two, who obviously d id  no t w an t the  job, 
quoted absurdly high prices. The procuring  of 
these castings became a source of worry and 
anx iety  to  all concerned, and fo r some tim e it  
appeared as if i t  would be necessary to  place the 
order abroad. I t  is incidents like th is which tend 
to  shake the  confidence of clients in th e  home 
m arket, and  raise doubts as to  th e  technical 
resources of the  home firms. M any steel foundries 
have possibly not the  equipm ent for work of th is
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n a tu re , as I am convinced th a t  electric steel is 
necessary to  make a  really  first-class job  of cast
ings of th is k ind, b u t the whole circum stances do 
n o t reflect much c red it on th e  steel-casting indus
try  generally  in  th is  coun try , and show, o r a t  least 
appear to  show, a s tr ik in g  lack of th a t  ab ility , 
courage and en te rp rise  which we usually associate 
w ith B ritish  m anufactu rers. I am happy to  say 
th a t  th e  problem was finally tackled , and  looks 
like being solved, by a  Scottish  firm no t 100 miles 
from  Glasgow.' T here is l i t t le  doubt th a t  in  the  
nex t few years we shall be called upon to  face th e  
severe com petition , in th e  w orld’s m arkets, of 
Germ any, n o t m ilita r is t G erm any, b u t “  deep- 
th ink ing , p a tien t, laborious G erm any ,” and 
possibly, before very long, th e  com petition also of 
pow erful Franco-G erm an com binations w ith  
immense resources in p la n t and  finance. Some 
people may regard  th is as a  m isfortune, b u t 
i t  seems to  me th a t  i t  may prove a 
blessing in disguise as i t  m ay aw ake us 
from  our ap a th y  and  evolve th a t  in h e ren t 
charac te ris tic  of our race, th a t  “  doiwness ”  
which -has carried  us over so m any obstacles 
in  th e  past. -Character alone-, however, w ill no t 
ca rry  us th rough  difficulties of th is  n a tu r e ; we 
m ust tak e  advantage of all th e  m eans of grace in 
foundry  technique. Signs a re  n o t w an ting  th a t  
im p o rtan t -advances in foundry  practice  which 
have only been p a rtia lly  disclosed, have tak en  
place on th e  C ontinen t, and if our commercial 
success is to  he assured, i t  is incum bent on every 
progressive foundrym an to  ta k e  stock of, and  to 
overhaul his equ ipm ent from  both  th e  m echanical 
and scientific po in ts of view.

If  foundry  prac tice  is considered from th e  s ta n d 
po in t of an a r t  o r h an d ic ra ft, I  believe th a t  
B ritish  foundrym en can defy th e  world, b u t I  have 
grave doubts as to  o u r position w ith regard  to 
mechanical equipm ent and scientific m ethods, p a r
ticu la rly  th e  la tte r . A g rea t deal has been spoken 
and w ritten  about th e  place -of science in the 
foundry , and for years th e  technical press has been 
deluged w ith a roaring  c a ta ra c t of artic les, m ainly 
on m etallurgical science. M any of these articles 
have been of g rea t in te res t and im portance, h u t 
a large num ber of them  I would v en tu re  to  say,



deal w ith  abstruse and research aspects of m etal
lurgy which have li t t le  in te rest to the average 
foundrym an, simply because he sees no way of 
m aking  any practical use of th e  inform ation  given.

The Gulf between Theory and Practice.
The skilled chem ist and m e ta llu rg is t may place 

before th e  foundrym en th e  m ost m inute  details1 
reg ard in g  th e  m icro -struc tu re  of any given metal. 
H e m ay define very concisely its  physical and 
chemical constitu tions and characteristics; he may 
s ta te  its properties under vary ing  tem pera tu res 
or o ther conditions, b u t he may he s till very fa r  
from  m aking any serious addition  to actual 
foundry  knowledge of th e  m etal, any addition  to 
th a t  in form ation  which th e  foundrym an requires 
to enable him  to make a sound casting  correspond
ing to  the  m etal described. No person in terested  
in foundry  practice can read th e  technical li te ra 
tu re  associated w ith foundry work w ithout feeling 
how singularly  ineffective some of i t  is in respect 
of th e  en ligh tenm en t or solution of some of the 
m ost serious foundry problems. To the  foundry
m an, a g rea t m any of, I  m ight say  th e  bulk of 
cu rre n t scientific articles, and I  am afra id  even 
some of our In s titu tio n  lectures, appear to  be of 
the treadm ill variety , and so fa r  as practical work 
is concerned, to  end w here they begin. From  
th e  n a tu re  of c u rre n t scientific li te ra tu re  i t  would 
appear th a t  m any of o u r m etallu rg ists appear to 
have no desire for th e  serious study and 
a tta ck  of some of th e  most obvious everyday 
problems of th e  foundry, they  evidently prefer 
to p a tro l th e . high grounds of research. From  
ce rta in  po in ts of view, of course, th e ir  a ttitu d e  
m ay be com pletely justified. From  th e  o ther 
po in t of view m any foundrym en find themselves 
separa ted  from th e  developm ents of m etallurgical 
science by a wall of m ore or less obscure 
technicalities which they  have ne ith er the tim e 
nor th e  inclination  to  surm ount. The ideal con
dition , as expressed by th e  m otto of our In s titu te , 
“ Science hand  in hand  w ith labour,’ ’ seems still 
to  be fa r  removed from  th e  rea lities of wmrk-a- 
day life. I  feel strongly th a t  th is  gulf which 
exists between theory  and practice  is a rea lity  and 
m ust be bridged in some way before our industry
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is on a proper basis. The in h eren t reason lies, of 
course, on th e  one hand, in th e  com parative 
inexperience of m any scientific w orkers of foundry  
processes, problems, and  difficulties, and on the  
o ther hand , in the  in ab ility  of m any foundry  
workers to  apprecia te  and  give practical applica
tion  to  scientific fac ts  and principles ; th e  rem edy 
seems to  be th a t  th e  scien tist m ust become more 
of a  foundrym an, and  th e  foundrym an m ore of a 
scientist. I t  is m y experience th a t  when hard  
scientific fac ts a re  available in th e  proper form, 
110 class of m an is more en thusiastic  in  applying 
them  to  p rac tica l work th a n  th e  foundrym an. As 
an illu s tra tio n  of th is, I  m ight re fe r to one of th e  
most in te resting  examples of p rac tica l technical 
in s tru c tio n  in foundry  m a tte rs , nam ely, the  
“  M cL ain ”  system  as developed in  th e  U .S.A . As 
applied to  th e  m an u fac tu re  of semi-steel in the  
cupola, th is  syetem has been studied  and success^ 
fully  operated  all over the  world, and  M cLain 
g radua tes  a re  to  be found in  all countries. I t  is 
a com bination of technical and p rac tica l inform a
tion  such as I  have already re fe rred  to, and in 
such a form  th a t  it  can be d irec tly  applied to  
industry . Investiga tion  of th e  actua l system 
seems to  show th a t ,  so fa r  as th e  theoretical p a rt 
of th e  in struction  is concerned, th e  in fo rm ation  
given is no t new ; the  facts and  principles enun 
c iated  have been well know n to  m eta llu rg ists  for 
years ; th e  success of th e  system is due to  th e  
prac tica l app lication  of these facts and principles. 
The in form ation  given is such as to  enable th e  
p rac tica l m an  successfully to  ru n  semi-steel and, 
so fa r  as the  foundrym an is concerned, th is  appears 
to  me to  be th e  v ita l m a tte r . I  m ay say  I  hold no 
b rief for th e  M cLain system  : I  have never been 
a s tu d en t of th e  system  ; I  m erely m ention i t  as 
an illu s tra tio n  of the  power and in te re s t of applied 
as d is tin c t from  purely  academ ic science.

As a fu r th e r  illu s tra tio n  of w hat I  m ean, I 
m ight m ention th e  technical position reg ard in g  
th a t  m ateria l which is now exciting  in te re s t in 
foundry  circles, namely, th e  so-called p ea rlitic  cast 
iron. This m ateria l, which is being p u t forward, 
to  replace cast steel and m alleable cast iron, is a 
low silicon, low carbon iron of g rea t s tren g th , and 
is repu ted  to  show m inim um  grow th under
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repeated  heating  and cooling. W hen cast a t  the  
correct tem p era tu re  in to  a  heated  mould, also a t 
th e  correct tem pera tu re , th e  m etal requires no 
feeding heads, due probably to  its  short freezing 
range, and th e  casting  m ay be readily  machined 
and worked. T he properties of the  m ateria l are, 
in fac t, such as to  excite th e  envy and curiosity 
of all ironfounders, particu la rly  those engaged on 
special work. I f  cas t in th e  ord inary  way, how
ever, th e  norm al im practicable w hite iron s truc
tu re  would be produced. T he constitu tion  and 
s tru c tu re  of so-called p earlitic  cast iron are well 
known to  m etallu rg ists , and can undoubtedly be 
reproduced under laboratory  conditions, b u t when 
we en te r  th e  realm  of th e  commercial production 
of castings, the  problem becomes much more acute. 
W hen th e  ironfounder sets ou t to1 m ake a  casting 
of th is  m ateria l, who can tell him  w hat should be 
th e  exact composition and tem pera tu re  of the 
mould, or p a rts  of th e  mould, to  give the required 
s tru c tu re  and properties?  This is the  v ita l 
in form ation  for the  founder, and constitu tes one 
of these problems in applied as d is tinc t from pure 
science, which, in  my opinion, can only be solved 
by th e  active co-operation of the scientist and the 
prac tica l m an.

The Value of the Research Worker.
B ut while th e  im m ediate concern of the foundry- 

m an lies in p rac tica l applications or applied 
science, we m ust not fail to  appreciate  the  g rea t 
im portance of research along the  line of w hat is 
usually  term ed p u re  science. The worker in pu re  
science, th e  m an who devotes him self to  th e  in ten 
sive study  of n a tu ra l phenom ena from  pure love of 
th e  sub ject is, in my opinion, one of “ the sa lt 
of th e  e a r th .” H e works in a realm  fa r removed 
from  th a t  of o rd inary  commercial cupidity  and 
hustle, a realm  of “ to il unsevered from tr a n 
q u illity ,”  and while his financial rew ard is often 
relatively  very meagre, his vahie to  th e  com
m unity  is sometimes im m easurably g reat. In  fact, 
some of th e  m ost im portan t industria l develop
m ents of m odern tim es have been th e  outcome of 
th e  work of men of th is  class. I t  is rarely  th a t  the 
resu lts of th e ir  labour become im m ediately 
absorbed in to  practical affairs. The records of 
th e ir  work may slum ber for years, on the  dusty
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shelves of laboratories, b u t in the course of tim e 
very often  simple researches have far-reach ing  
resu lts in ind u stria l life. W ho can  estim ate  the  
profound effect on th e  iron and steel industry  of 
the  pioneer work of men like T urner, S tead  and 
o ther research w orkers? In  ano ther sphere, th a t  
of electrical eng ineering , we find th a t  about 18 
years ago M r. W . D un woody discovered experi
m entally  th a t  a carborundum  crystal or silicon 
carbide possessed the p ro p erty  of tra n sm itt in g  
oscillatory electric cu rren ts more easily in one 
direction  th an  th e  o ther. F u r th e r  research then  
showed th is  p roperty  to  be more or less common 
to  all crystals. W ho could have pred icted  th a t  
th is  obscure research, and th e  discovery of th is  
peculiar p roperty , would to-day m ake possible by 
th e  sim plest and cheapest m eans th e  wireless 
reception  of en te r ta in m en t and  in s truc tion  by m il
lions of people, th a t  i t  would lead to  th e  founda
tion  of a g rea t new industry , th a t  i t  m ay u lt i
m ately be u tilised  to  enable th e  voice of a single 
hum an being to be heard  all over the  world.

I t  is g ra tify in g  to  note th a t  th e  g rea t im por
tance of iron foundry  research has been recog
nised in th is  country , and has led to  th e  form a
tion  of th e  B ritish  C ast Iro n  Research Association. 
This Association, which is assisted in  a m oderate 
degree by public funds, is designed to  effect, as 
fa r  as possible, th a t  co-operation between pure 
and applied science which is of such v ita l im por
tance in industry . The A ssociation now possesses 
a scientific laboratory  for experim en ta l research, 
and arrangem ents have also been m ade for ex ten 
sive experim ents on a comm ercial scale in th e  
works of certain  of its members. D u rin g  its com
p ara tive ly  sho rt life m ost im p o rtan t p rac tica l 
results have already  been obtained and  com m uni
cated  to  its  m em bers. O ther researches on o u t
s tan d in g  problems are now in  progress. In  sp ite  
of th is  som ewhat e x trao rd in a ry  record, i t  is a  
rem arkable fac t th a t  th e  g rea t possibilities and 
value of an In s titu tio n  of th is  k ind  in solving 
ind u stria l problems do n o t appear to  have been 
realised by th e  m a jo rity  of ironfounders in th is 
country , as the  percen tage who have actively 
in terested  them selves in th e  Association is re la 
tively small. I t  is difficult to  account for th is  
appalling  apa thy  in the  face of modern conditions
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is a t  th e  root of some of it, and i t  is to  be sin 
cerely hoped th a t  before long the  g rea te r num ber 
of the  ironfounders will have realised th e ir 
responsibilities and extended th e ir  support to  the 
scheme. F o r comm ercial success we dare not leave 
any stone u n tu rn ed  in  our efforts to  bridge the 
gulf ¡between science and practice, we dare not 
spare  any effort to  o b ta in  for foundry work 
wherever possible th a t  m echanical precision and 
accurate  control of process which makes for the  
highest efficiency. M embership of the  Research 
Association is one of th e  most d irec t m eans to  th is 
end, and th e  un ited  labours of scientists and 
prac tica l men provide in th e  Association a reser
voir of im p o rtan t inform ation  which is th e  busi
ness of th e  Association to  tran sm it to  its members.

The Education of the Worker.
B ut th e re  is ano ther im portan t elem ent in 

foundry work which m ust n o t ;be neglected, and 
th a t  is th e  hum an elem ent. Some of us are con
vinced by experience th a t  th is is perhaps the  most 
im portan t elem ent of all. A lthough th e  use of 
m achinery is gradually  ex tend ing  in foundry 
practice, p a rticu la rly  in repetition  work, the  
industry  as a whole is still very fa r  from th e  purely 
mechanical stage—founding is still an a r t  requ ir
ing very special qualities of knowledge, in itia tive  
and prac tica l skill, qualities which depend to  a 
very large degree on th e  experience and tra in in g  
of th e  workers of all grades in th e  industry . This 
brings us to  w hat one m ight call the  ‘ ‘ hardy 
annua l ”  of p res iden tia l addresses, the  subject of 
the  education  of foiundrymen. A g rea t deal has 
been w ritten  on th is  subject, p articu la rly  on th e  
education  of apprentices, and  m any elaborate 
schemes and syllabuses have been p u t forward. 
The scheme recently  adopted by th e  French 
Foundry  Em ployers’ Association is extrem ely 
in teresting , including as i t  does the  d irec t tu itio n  
of apprentices in both practical and technical 
work, and opening as i t  does a  d irec t p a th  for 
apprentices to  g rad u a te  from elem entary  classes in 
the  foundries and evening schools to  the  Technical 
H igh  School in  P aris , where tra in in g  m ay be 
obtained for th e  very h ighest positions in the 
industry . We have no co-ordinated scheme of th is
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k ind in action  in  th is country  whereby classes are 
ca rried  on by employers, a lthough  th e  provisions 
of the new -Scottish E ducation  A ct, when i t  comes 
in to  operation , will m ake the  a ttendance  of young 
employees compiulsory on p a r t  tim e day co n tinua
tio n  classes which m ay be of a technical n a tu re . 
So fa r  as I am aw are, however, only one or tw o 
firms in Scotland have organised works classes for 
foundry  apprentices in  co-operation w ith th e  
E ducation  A uthorities, and in an tic ipa tion  of th e  
Act -and in  th e  p resen t depressed condition of the  
industry  i t ’ is, I  suppose, unreasonable to  expect 
any general move in  th is  d irection . A num ber of 
firms, however, have appoin ted  special men for 
tr a in in g  apprentices in  p rac tica l work on th e  
foundry  floor as recom mended in  th e  F rench  
scheme. This scheme, a lthough supported  by 
Governm ent funds, does n o t ap p ear to- be com
pulsory in  any way, th e  in itia tiv e  evidently  being 
le ft in  th e  hands of local associations of 
employers. G enerally, one cannot help gain ing  
th e  unp leasan t im pression th a t ,  so fa r  as the 
o rgan isation  of technical education  for foundry 
workers is concerned, th e  Frenchm en have been 
more en terp rising , -and a re  d istinctly  in advance 
of th is  country. I t  appears to  me, however, th a t , 
while organ isation  of th is  k ind  is of im portance, 
th e  c en tra l -and everlasting  problem of foundry  
education, as of all k in d s of education , is th e  
problem of rea lly  aw akening th e  in te re s t of th e  
person concerned in th e  sub jec t of study. I have 
had some personal experience of th is  aspect of th e  
problem in  a foundry  w ith  which I was associated 
for some years, an d  in which classes in  foundry  
subjects for app ren tice  m oulders were carried  on 
during  w orking hours.

I t  was found th a t  while m any of th e  app ren 
tices were keen, others were app a ren tly  en tire ly  
indifferen t. A few were even actively hostile, and 
m ethods bordering  on “  P russian ism  ”  bad  some
tim es to  be used to- -induce them  to  a tte n d  a t  th e  
“ sea t of lea rn in g .”  In  cases such as th is , where 
in te re s t in the- sub ject of study  is lacking, i t  is 
extrem ely doubtful if th e  youth really  profits by 
t>he tim e  spen t in th e  class-room. C erta in ly  I  can 
sincerely sym pathise w ith h im  in s i tt in g  -out lec
tu res on subjects which bore him to  th e  back
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school as ano ther of th e  m any discom forts asso
ciated  w ith  foundry  work. The problem of in te rest 
is undoubtedly  a difficult one. I t  is affected by 
factors over which th e  employer, m anager, fore
m an, or teacher has li tt le  o r no control—by fac
to rs such as physique, health , home life, n a tu ra l 
ap titu d e , and  most directly , by prim ary  educa
tion . In  th is connection i t  appeal's to  me th a t  
the far-reach ing  influence of th e  p rim ary  school 
teacher is no t sufficiently recognised by those 
engaged in in dustria l work. H e i t  is who handles 
the raw  hum an m ateria l in  its  m ost p lastic con
d ition . H e has a t once th e  responsibility and  the 
o p p o rtu n ity  of im plan ting  those ideals of public 
service, of fa ir  dealing, of thoroughness, of pride 
in a  good job for its own sake, which affect so 
profoundly the m en tal a tt itu d e  of the  hoy tow ards 
his work, and which m ean so much more than  
m ere learn ing  in  th e  m aking of th e  m aster c ra f ts 
man. I f  these ideals were instilled  in  th e  early 
stages of life, if boys were ta u g h t to  respect and 
adm ire skill in  han d ic ra ft as they now learn  to  
adm ire  skill in games, if w ork were presented to 
them , no t as a penance, bu t as an in teresting  
vocation, th en  I th in k  th e  problem of th e  tech 
nical education of th e  boy for his selected trad e  
would be moving tow ards solution. The actual 
course of in s truc tion  should, I  th ink , even in  the 
early  stages, have a s tro n g  prac tica l bias. In  
teaching simple scientific principles i t  is surely no t 
difficult to  obtain  -illum inating examples from  the  
workshop itself. No a ttem p t should be made, 
however, to  m ake scientific experts  of youth who 
wish only to  be com petent moulders o r to  cram  
them  w ith  fac ts  hav ing  li tt le  o r no bearing  on 
th e ir  daily  work. Those of us who -have been 
th rough  w hat I  m igh t call th e  “  valley of the  
shadow ” of m odern education know only too well 
its  weakness in th is las t respect. G reat stress is 
laid  nowadays by teachers, education authorities, 
and others on w hat they  call cu ltu ra l education. 
I ts  value cannot be denied, and i t  undoubtedly 
adds to  th e  pleasures of life. B ut, a fte r  all, a 
knowledge of L a tin  prose composition or Greek 
poetry  does not ca rry  much w eight in  th e  iron 
foundry , and  the education and tra in in g  which
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enables a  youth  to  earn  his living and  serve the  
com m unity in an efficient m anner m ust, a f te r  all, 
tak e  first place. These m a tte rs  a re  w orthy, I 
th in k , of our serious a tten tio n , because I  feel 
certa in  th a t ,  sooner or la te r, th e  foundry  industry  
in th is  coun try  will requ ire  to  o rganise th e  educa
tion  of its workers, young and old, and th a t  we, 
as an in s titu tio n  and  as individuals, will requ ire  
to  face and solve every aspect of th e  education 
problem.

The Importance of Educating the Adult.
And the  problem of education  does n o t end w ith 

th e  youths o r adolescents, who are, a f te r  all, only 
foundrym en in embryo. I t  extends also to  the  
adu lts  in th e  industry , to those foundry  workers 
o ften  of ripe p rac tica l experience, who take , or 
ap p ear to  take , no in te res t in th e  technical side 
of th e ir  vocation. I t  seems to  me th a t  the  field 
here is of equal im portance, and  the  difficulties 
equally as g rea t, as in  th e  case of th e  youth . The 
youth in industry  m ust always be an u n certa in  
fac to r as regards his fu tu re  possibilities and  his 
career. In  the  case of th e  ad u lt we a re  on su rer 
ground , as he usually possesses in a large degree 
the vital p rac tica l experience and tra in in g  which 
may be amplified and enriched by technical know
ledge. The P rim e M in ister, M r. R am say M ac
Donald, in  a  message to  th e  A dult E ducation  Con
ference, said recen tly  : —

“ We a re  only beg inn ing  to' und ers tan d  the 
im portance of ad u lt education . Unless we 
keep our a d u lts  in  contac t w ith  those 
influences which m ake m a tu re  minds, and 
keep them  rip en in g  in to  an ever richer fu ll
ness, our people will suffer from  arrested  
developm ent, and  th e  education  th ey  get in 
th e ir  youth will be largely  w asted .”

No b e tte r  justification  for the  existence of our 
In s ti tu te  could, I  th in k , be obtained  th a n  is con
ta in ed  in  th is sta tem en t. I  th in k  we m ust recog
nise i t  to  be profoundly tru e , even in the  more 
or less res tric ted  sphere of technical education. 
Facilities for ad u lt education a re  necessary not 
only to assist the  p resen t genera tion  of foundry 
men, b u t to  ensu re  th a t  ou r efforts for th e  rising  
genera tion  will really  bear fru it . In  p roviding 
these facilities, our In s ti tu te  m ust surely play  a
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ad u lt education are, of course, of th e  same general 
n a tu re  as in the education  of apprentices, the 
m ain trouble being one of diffidence, and the  most 
serious problem being th e  aw akening of in terest. 
I f  we can arouse one-ten th  of the discussion and 
excitem ent over our In s titu tio n  P apers and m eet
ings as we find tak in g  place week by week over 
th e  Scottish Football League C om petition or in 
“ spo tting  th e  w inner,” th is room will hardly  hold 
us, and  ou r foundries will be speedily transform ed. 
The aw akening*of th is in te res t m ust depend very 
grea tly  on the keenness and enthusiasm  of the 
members of our In s titu te , each one of whom goes 
fo rth  as an am bassador to  th e  foundry, to  the 
laboratory , or to  th e  p a tte rn  shop, which form 
our rec ru itin g  ground. On ou r personal efforts 
in these fields will depend our success or failure. 
By gain ing  in th is way, as fa r  as possible, the 
personal in te rest of every craftsm an in the 
industry  in our In s titu te , we shall take  the  most 
d irect means of broadening its influence ; we shall 
avoid the  d isaster which has befallen other 
societies like our own, of becoming merely a happy 
h u n tin g  ground for th e  m anagerial and employing 

, c lasses; we shall take  th e  most effective step 
tow ards increasing its power and prestige in the 
comm unity.

The Attraction of the Foundry.
In  closing w hat I feel has been a somewhat dis

cursive address, I  do not th in k  I  am exaggerating  
when I  say th a t, although the environm ent and 
am enities of foundry work may not be com
parable w ith some o ther branches of industry, 
although on occasion foundry  work implies both 
difficulty and discomfort, i t  nevertheless offers a 
field and a  career, particu larly  for young men, 
which is excelled by no branch of engineering or 
mechanical a rt. In  th e  foundry, as in no other 
branch of th e  m etal industry , men are  confronted 
w ith  the raw  forces of n a tu re , including, a t  times, 
hum an n a tu re , in  th e ir  crudest form. The con
flict w ith these forces tends to  develop the  best 
type of character, as revealed in those qualities of 
courage, hardihood, and skill often  exhibited by 
moulders under the  most try ing  conditions as 
p a rt of th e ir  daily work. The present-day tech-
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m eal problems of th e  foundry  a re  of such a n a tu re  
also as to  te s t the most acu te  b ra in s and the most 
cunning  h an d ic ra ft. F am e and  fo rtu n e  w ait on 
the solution of some of these problems. In  fac t, I 
know of no tra d e  or profession which offers 
superior a ttra c tio n s  in th is  respect, no field in 
w hich men of ab ility  and en terp rise  have more 
scope. The fac t th a t  th e  founding of m etals con
sists so largely  of a r t  and  h an d ic ra ft is, in  my 
opinion, one of its chief a ttra c tio n s  as con trasted  
w ith th e  m ore or less m echanical processes of 
o ther branches of th e  m etal industry . D uring  
the G rea t W ar a d istinguished  au th o r was com
missioned by th e  B ritish  G overnm ent fo r p ropa
ganda work, and for th is  purpose to u red  th e  
country  inspecting  eng ineering  and m unition  
works. D uring  h is v is it to  one of th e  la rg e  engi
n eerin g  establishm ents in  th is  d is tr ic t he was con
ducted over th e  works by a personal fr ien d  of my 
own, who' noticed th a t  he showed unm istakab le  
signs of acu te  boredom, and exhib ited  only th e  
most languid  in te re s t in m achine-shop processes 
generally. In  view of th is, i t  occurred to th e  guide 
to tak e  h is v isito r in to  th e  found ry . The effect 
was instan taneous. The m an was tran sfo rm ed , 
and exhibited  th e  most in tense in te re s t in every 
process to  the  ex te n t th a t  i t  became a m a tte r  of 
some difficulty to  g e t him  o u t of the  foundry  
again . H e had  obviously never been in  a foundry  
before, and expressed h is delight and charm  a t 
the delicate  processes and m anual skill involved 
in th e  w orking of the  sand. In  spite of th e  dust, 
th e  smoke, and  th e  grim e of the  foundry , k in  
drew to k in , and  th e  t r u e  a r t is t  in  li te ra tu re  was 
instinctively  a ttra c te d  by th e  work of th e  a r t is t  
in sand, i t  is desirable, I  th in k , for us no t to 
lose sigh t of th e  a r t is t ic  aspects of th e  c ra f t, 
a lthough  these a re  very o ften  obscured by th e  vile 
conditions u nder which work is c a rried  on. S en ti
m ent and  enthusiasm  are  pow erful influences in 
life, and sometimes tran sfo rm  the  d rudge in to  
the w illing w orker. M r. R u dyard  K ip ling , in  his 
poem en titled  “  M cAndrew’s H ym n,”  depicts the 
em otions of an old Scotch sea-going chief engineer 
as he stands by h is engines on w atch a t  sea and 
listens (to th e ir  rhy thm ic beat. H is rom antic  
vision endows the  engine w ith  life, and feeling his



inab ility , as a mere p rac tica l m an, to  express his 
experiences and emotions, he exclaims in  a 
mom ent of esctasy, “ Lord, send a m an like 
Robbie B urns to  sing the  Song o ’ S team .” When 
we consider the life-long labour and en thusiastic  
devotion of some of the members of our Branch, 
past and present, in  th e  in terests  of the c ra f t, we 
cannot help feeling th a t  they  m ust have been 
inspired by sim ilar sentim ents, and, like 
McAndrew, have sighed for a poet to  express the ir 
em otions and  to  sing th e  Song of th e  Foundry.

I t  is a sad fac t, however, th a t  in  fa r  too many 
foundries a t  th e  presen t day  the  working condi
tions a re  such as to  provoke no t poetry, b u t pro
fan ity , and  th ere  is no doubt th a t  these condi
tions m ust be swept away before th e  foundry in
dustry  can a t ta in  its r ig h tfu l d ign ity  and s ta tu s  in 
the com m unity. O ur ancient c ra f t has been the 
handm aid  of hum an ity  from th e  dawn of history  to 
the p resen t d a y ; th e  m oulder has done as much 
for civilisation as all the philosophers, and 
infinitely m ore th an  all th e  politicians As an 
In s titu te  we have inherited  g re a t trad itions of 
service of which we m ay be ju stly  proud. We 
have also an h e ritag e  of responsibility to  the 
past an d  to  th e  fu tu re , which we cannot ignore, 
and which should inspire us to g rea te r and grea ter 
efforts tow ards th e  advancem ent and honour of 
the profession to  which we have the privilege to
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Sheffield Branch.
PRESIDENTIAL ADDRESS.

By Prof. Cecil H. Desch, F.R.S.

The Improvement of Cast Iron.
I t  is encouraging to  notice th a t  th e  m etallurgy 

of cast iron, a sub ject which has been strangely  
neglected, is now receiv ing a  g re a te r  meed of 
a tten tio n , a lthough its  position is still low in 
com parison w ith th a t  of o ther branches of m eta l
lurgy. Research in to  the  p roperties of cast iron 
is p a rticu la rly  active in  G erm any, and  i t  is from  
th a t  country  th a t  we h ear of th e  most in te re stin g  
innovations, a lthough A m erica shows m uch 
activ ity , on less scientific lines. I t  m ust be 
adm itted  th a t  few op p o rtu n ities  have been pro
vided for scientific in s truc tion  in  th e  princip les 
of foundry  practice , and  th a t  the  sub jec t has been 
unduly  neglected by teachers and by studen ts. 
S teps a re  now being tak en  to  rem edy th is  evil, 
and progress has been m ade, in sp ite  of certa in  
grave difficulties in h e ren t in  th e  n a tu re  of the 
foundry  industry . An inqu iry  by th e  B oard of 
E ducation , in  which the  speaker was priv ileged to  
tak e  p a rt, repealed some of th e  difficulties in  the  
way of providing technical in s truc tion  for ap p ren 
tices in  foundries, b u t also proved th a t  in some 
of the m ost im p o rtan t foundry  cen tres th e re  is a 
real desire to  afford facilities for such in s truc tion . 
A rep o rt on th e  problem  has been issued by th e  
Board, con ta in ing  suggestions as to  th e  courses to 
be established and the m easures to  be adopted in 
o rder to  provide tra in in g  for appren tices, so th a t  
foundry  workers may have th e  m eans of o b ta in ing  
in s truc tion  sim ilar to  those possessed by fitters, 
p a tte rnm akers  and others. Sheffield did n o t w ait 
for these recom m endations, b u t decided to  ac t im
m ediately, thus p resen ting  an exam ple to  o ther 
centres. A com m ittee on which foundry  employers, 
tra d e  union officials, w elfare workers, th e  local 
E ducation  Com m ittee, the  U niversity , and  the  
technical societies, including ou r own, were rep re 



sented, sa t for some tim e to  consider the  possi
b ilities of establishing system atic tra in ing  courses, 
and especally of overcoming the known reluctance 
of th e  foundry  appren tice  to  a tten d  the  usual 
evening classes in technical subjects. As the 
resu lt of th e  sittin g s of th is com m ittee a scheme 
has been adopted, leading up to  a F oundry  Trades 
Technical C ertificate, to be gained by those who 
have successfully passed th rough  a system atic 
course of instruction . The scheme, details of 
which may be had, provides for two years’ work 
in an evening con tinuation  school, beginning when 
th e  boy en ters on his apprenticeship , and intended 
to im prove his general education. This is followed 
by two years in a central evening school, where 
tra in in g  in chem istry, mechanical draw ing, and 
o ther subjects bearing  on th e  work in the foundry  
is given. The las t th ree  years are occupied by 
evening in s truc tion  in  the  principles of foundry 
work, given in the M etallurgical D epartm ent 
of the  U niversity  of Sheffield, success in which will 
be recognised by th e  aw ard of the certificate men
tioned above. I t  is hoped th a t  th is scheme, which 
has already  been p u t in operation , will resu lt in 
th e  provision, in  the  course of the nex t few years, 
of a supply of adequately tra in ed  foundry workers. 
S teps have been tak en  to  provide technical in struc
tion  for men already employed in the industry , 
b u t too old to  begin a t  the beginning of the  course 
here outlined.

Pearlitic Cast Iron.
T urn ing  to  the  problems which in te re st our 

skilled foundrym en and m anagers, we may con
sider th e  question of im proving the  quality  of cast 
iron, and so fu rther, increasing its usefulness as an 
engineering  m ateria l. Looked a t from the  point 
of view of the scientific m etallurgist, cast iron is 
essentially a v a rie ty  of steel, having its con tinu ity  
in te rru p ted  by flakes of g raphite  and by patches 
of th e  h a rd  phosphide. These constituents may 
be regarded  as foreign inclusions, weakening the 
m etal, although the  phosphide, by its hardness, 
exerts a favourable influence for some purposes. 
The g rap h ite  is p resen t because the carbon lowers 
th e  m elting po in t of iron, and makes it  possible 
to  m elt and cast a t a tem pera tu re  fa r below th a t  
requ ired  for steel, th u s fu rn ish ing  a cheaper and
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more convenient m ateria l. M oreover, th e  expan
sion which occurs, no t d u ring  solidification b u t 
im m ediately afterw ards, due to th e  libera tion  of 
g rap h ite  from  th e  decomposing carbide, enables the  
m etal to  ta k e  a sharp  im pression of th e  mould 
instead of shrink ing  away from  it . E vidently , the  
s tren g th  and toughness of the iron are  p roperties 
of th e  m a trix , th a t  is of the  steel in w h ich 'th e  
g rap h ite  is embedded. A ttem pts to  im prove cast 
iron have therefo re  to  provide fo r th e  fo rm ation  
of a m atrix  of m axim um  stren g th  and toughness, 
and for the m inim um  in te rru p tio n  of th a t  m atrix  
by g raph ite  p lates. In  o th e r words, neglecting  the  
phosphide for th e  p resen t, the  best cast iron is 
likely to  consist of a strong steel, con ta in ing  
g raph ite  crystals of such small size and so grouped 
as to  produce th e  least w eakening effect. The 
toughest steel has the  composition of pearlite , con
ta in in g  0.89 p er cent, of carbon. There has 
recently  been much ta lk  of “ p earlitic  cast iro n ,” 
a p roduct of such composition, and cast u nder such 
conditions, as to  consist when cold of a  mass of 
pearlite  broken only by groups of small crystals 
of g raph ite . How fa r  th e  process of m anu fac tu re  
is novel is a m a tte r  fo r experts. I t  is, however, 
worth m entioning th a t  w ith in  th e  speaker’s know
ledge excellent small castings were m ade in 
q u an tity  d u ring  th e  w ar by casting  a su itab le  iron 
in red-hot iron moulds, e jec ting  im m ediately  th e  
m etal was solid, and  tu rn in g  o u t in to  a mass of 
sm ouldering saw dust for slow cooling. The iron 
so produced was w onderfully soft to  m achine, and 
had excellent m echanical properties. A recen t 
paper by Emmel, of th e  A ugust-T hyssen-H utte, 
gives th e  following figures as rep resen ting  suitable 
compositions fo r p ea rlitic  cast iron , if  cast u nder 
proper conditions.

T o ta lC . G raph ite . Comb C. Si. Mn. P . S.
1 3.46 2.54 0.92 1.08 0.% 0.40 0.090
2 3.48 2.66 0.82 0.98 1.02 0.32 0.088
3 3,32 2.35 0.97 1.10 0.62 0.47 0.137
4 3.20 2.14 1.06 1.14 0.70 0.48 0.155

The combined carbon in the irons shown in the
tab le  is always n ear to  the  composition of pearlite . 
A nother series of irons is m entioned by th e  same 
au thor, con ta in ing  1.5 to  1.9 per cent, of silicon 
and only 0.03 per cen t, of su lphur, th is  proportion  
being lower than  can be ob tained  in  th e  cupola



so th a t  an oil fu rnace has to be used. The high 
silicon, which however m ust n o t exceed 1.9, makes 
it  possible to  m achine th e  iron w ithout hea t 
tre a tm en t.

If  a p roduct of th is  k ind  is to  he obtained with 
reg u la rity , so th a t its  uniform ity approaches th a t 
of steel, i t  will probably be necessary fo in troduce 
im proved methods of m elting. The cupola, useful 
though i t  is, is a com paratively crude appliance, 
and oil-fired furnaces have to  be considered. Im 
provem ents in the  cupola have also been attem pted , 
and  some of these we may h ear fu r th e r  du ring  the  
p resen t session. A nother direction in which im
provem ent is to  be looked for is in  th e  m anufacture  
of perm an en t moulds. Iron  moulds have the ir 
disadvantages when used fo r long periods a t high 
tem pera tu res, and i t  will be necessary, e ither to  
im prove th e  iron considerably, perhaps by the  
add ition  of alloying elem ents, o r to  find a satis
facto ry  su bstitu te . The g rea t progress now being 
made in our knowledge of refrac to ry  m aterials 
m ay help in th is  direction.

There a re  m any reasons why cast iron of close 
g rain , w ith m inute particles of g raphite  held in  a 
p earlitic  ground-m ass, is desirable, a p a r t from  its 
s tren g th  and  m achining qualities. Chemical 
a ttack , such as th e  destruction  of acid tan k s by 
sulphuric acid, is associated w ith an open grain . 
The acid pene tra tes  in to  th e  m etal by way of the  
large g rap h ite  p lates, and crystals of ferrous 
su lphate  being form ed in  the  cavities, th e ir  o u t
w ard th ru s t  d is in teg ra tes the  iron. The speaker 
has m et w ith strik in g  instances of th is  action. 
S im ilar considerations apply to  irons which are to  
be subjected to  high tem pera tu res and to th e  action 
of oxidising gases. I t  has been shown by C arpenter 
and  o thers th a t  “  grow th ”  only occurs in g raph itic  
irons, and  is p a rticu la rly  m arked in irons con tain
ing a high proportion  of silicon. The action 
advances along th e  surface of the large plates of 
g raph ite .

The scientific evidence goes to  show th a t  all cast 
iron is w hite, th a t  is, it  contains all its  carbon in 
th e  combined sta te , when it  first solidifies. 
G raphite  is formed a fte r  solidification, by the  de
composition of th e  carbide. The form ation  of 
large crystals of g raph ite  may therefo re  be p re
vented  by chilling rap id ly , and then  decomposing
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th e  carbide by a carefully  regu la ted  h ea t t r e a t 
m ent. This is the  m ethod for the  m anu factu re  
of m alleable castings by th e  b lackheart process, 
b u t i t  need no t be carried  so fa r  as com plete 
softening. The m ethod of cen trifu g a l casting  has 
been developed largely, especially in America. By 
th is  means, using ho t m etal, a close s tru c tu re  is 
obtained , and the  re la tive  p roportions of g rap h ite  
and combined carbon are ad ju s ted  by a subsequent 
h ea t tre a tm en t. The ra te  of cooling th rough  the  
lower critica l p o in t is of im portance in de te r
m ining th e  p roperties of th e  iron.

I f  we are  to  aim  a t  th e  production  of cast iron 
of a quality  superior to  th a t  ob ta ined  by o rd inary  
methods, i t  will be necessary to  assim ilate the 
p ractice of th e  iron  found ry  to  th a t  of the  steel 
works. Among o th e r th ings, close a tte n tio n  to  
the  tem p e ra tu re  of casting  is most im p o rtan t, and 
th is involves the  use of th e  pyrom eter in  a 
system atic way. I t  is usually s ta ted  th a t  for the  
p roduction  of pearlitic  cast iron a h igher casting  
tem p era tu re  th an  usual is requ ired , and m eans of 
m easuring th a t  tem p era tu re  m ust be a t  hand . I t  
m ay be noted, also, th a t  graphical m ethods of 
determ in ing  cupola compositions, and of rep resen t
ing  the  re la tion  betw een composition of m etal and 
ra te  of cooling when a given s tru c tu re  is required , 
are  being increasingly used in G erm any, and i t  
would be well for foundry experts  to  become 
acquain ted  w ith  such m ethods, which grea tly  
fac ilita te  accurate  and un iform  work.

Lastly , a reference may be m ade to  the  vexed 
question of the  occurrence of oxygen in cast iron. 
In  an im portan t paper read  to  the  1921 confer
ence by our la te  P res iden t, M r. Shaw, th is  m a tte r  
was reviewed, and its  im portance in  re la tion  to 
the  p roperties of th e  iron  was ind icated . A t first 
sight, th e  presence of oxide in  a m ate ria l con
ta in in g  so large a q u an tity  of deoxidisers, such as 
carbon and silicon, appears to  be u n n a tu ra l. There 
is, however, some evidence th a t  these elem ents 
may co-exist. The native  iron of O vifak, in 
G reenland, m ay be regarded  as a  n a tu ra l steel, 
produced in all p robability  by th e  reduction  of a 
basa lt rich in iron by some carbonaceous substance 
a t  a dep th  below the  surface of th e  e a rth . 
Benedicks exam ined th e  s tru c tu re  of th is iron, 
and found, in add ition  to  th e  usual constituen ts
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of a steel, a peculiar eutectic, th e  two constituents 
of which were the carbide and oxide of iron. This 
“ ox ide-pearlite ,”  so called from  its  appearance, 
had been formed in the  o rig inal mass, and was not 
a  p roduct of subsequent a ltera tion . No doubt, 
under the  conditions of reduction , a high pressure 
prevailed, so th a t  th e  usual reaction  between 
carbide and oxide, leading to  th e  production of 
gaseous oxides of carbon, would be inhib ited , and 
th e  tw o solids would be able to  co-exist. The 
pressure under which o rd inary  cast iron is formed 
is close to  th a t  of the  atm osphere, so th a t  the  same 
exp lana tion  will not hold good, b u t the Ovifak 
iron may only be an extrem e instance, and an 
equilibrium  between the  two constituents may 
occur even under low pressures. Some support 
for th is  view is fu rn ished  by th e  in teresting  work 
of C arpen te r on the carburisation  of iron a t low' 
tem pera tu res, in  which he found th a t  a complex 
product, co n ta in in g  both carbon and oxygen, 
could be produced and recognised. I t  is evident 
th a t  th is  field of research calls for fu rth e r explora
tion .

The reo rgan isa tion  of th e  C ast Iron  Research 
Association under the  directorship of M r. J .  G. 
Pearce leads us to hope th a t  system atic research 
in to  th e  p roperties of cast iron will now receive in 
creased a tten tio n  in th is  country . There is no lack 
of problems, and there  is every hope th a t  when th is 
m ate ria l has received only a small frac tion  of the  
scientific a tten tio n  which has been given to  steel 
i t  m ay be possible to  im prove its quality  to  such 
an  ex ten t as to  enlarge very considerably its 
sphere of usefulness.
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London Branch.
NOTES ON PEARLITIC CAST IRON.

By J. E. Hurst.
The term  p earlitic  cast iron  applied to  w hat 

is presum ably a  new type  of cast iron was b rough t 
to th e  notice of th e  foundrym en in  th is  country  
w ith in  th e  la s t year or so by th e  tran s la tio n  of 
an  a rtic le  by Professor B auer describing th e  work 
of D iefen thaler a t  th e  L anz Foundry , Germ any. 
This a rtic le  appeared  in  T h e  F o u n d r y  T r a d e  
J o u r n a l , Ju n e  7, 1923.

In  a  fu r th e r le t te r  to  T h e  F o u n d r y  T r a d e  
J o u r n a l , 1 Professor B auer gives a m ore concise 
definition of p earlitic  cast iron. H e  considers 
p ea rlitic  cast iron to  be th e  p roduct of a  ce rta in  
special and novel process for th e  production  of 
cast-iron castings, and  he defines i t  as follows: —

“ By th e  ‘ p earlitic  casting  process ’ i t  is possible 
to  produce a grey iron on solidification from  a 
pig-iron low in carbon, phosphorus and silicon, 
which u nder o rd inary  circum stances would solidify 
white, and th a t  a t  th e  sam e tim e, due to  th e  low 
to ta l carbon con ten t, a  m icrostructuire is produced 
which consists of a p earlitic  m a trix  w ith  enclosures 
of free g ra p h ite .”

This definiton is more or less confirmed2 by th e  
rem arks of H . T. M eyer, one of th e  d ep a rtm en ta l 
heads of th e  L anz F oundry , who sta tes th a t  the  
iron “ when cast norm ally ” should show “ a w hite 
f ra c tu re  when cold.”  This s ta te  of affairs is p re 
sum ably b rough t about by th e  use of irons w ith 
low silicon co n ten t; b u t in addition  it  is ev iden t 
from  a  fu r th e r  a rtic le3 th a t  a  low con ten t of 
both carbon, m anganese, and phosphorus is also 
desirable. F or some reason or o ther various 
w riters have laid  considerable stress on th e  fac t 
th a t  i t  is im m ateria l w hether the irons have a 
h igh su lphur co n ten t or not.

The in form ation  available on the  m ethod jn 
which castings a re  produced to comply w ith th e

1 P .  T .  J . ,  D e c e m b e r  1 3 ,1 9 2 3 .
2 P .  T .  J . ,  A u g u s t  1 4 , 19 2 4 .
3 P .  T . J., A u g u s t  3 0 , 19 2 3 .



requirem ents of th e  foregoing definition of 
pearlitie  cast iron is outlined  in th e  B ritish  P a te n t 
Specification of D iefen thaler. This is to  be found 
in ab strac t in T h e  F o u n d r y  T r a d e  J o u r n a l ,,4 
and sta tes “ th a t  the  invention can be carried  into 
effect satisfactorily  by bring ing  th e  mould prelim in
arily  to  a definite tem pera tu re . I t  has been 
found, for example, in  th e  case of an iron of 
th e  following com position :—Tot. C. 3.00, Gr. 2.15, 
C.C. 0.85, Si. 1.00, Mn. 0 .70; S. 0.10, P. 0.40, and 
Fe. 94.80 per cen t., th a t  th e  mould should be 
reheated  to  a tem p era tu re  according to th e  th ick 
ness of th e  section of th e  casting as follows:

“  Thickness of section, about 10 mm. to about 
200 deg. C. ; thickness of section, about 20 mm. 
to  about 150 deg. C . ; thickness of section, about 
30 mm. to  about 100 deg. C.

“ If  the composition is d iffe ren t; for example, if 
i t  is of th e  following com position:—Tot. C. 2.80, 
Gr. 1.95, O.C. 0.85, and Si. 0.80- per cent., th e  
p re lim inary  tem p era tu re  of th e  mould should be 
selected about 40 to 50 deg. C. higher, th a t  is 
to say : —

“ Thickness of section, about 10 mm. to  about 
240 deg. C . ; thickness of section, about 20 mm. to 
about 195 deg. C. ; thickness of section, about 
30 mm. to  about 145 deg. C.

“  I t  may be seen from these exam ples th a t  i t  is 
a com paratively simple m a tte r  to  prepare scales 
or curves for a p a rticu la r composition from which 
w ithout fu r th e r  trouble  th e  necessary tem pera tu re  
of the  mould can be read for a p a rticu la r th ick 
ness of m a te r ia l.’’

A lte rna tive  m ethods of carry ing  o u t th e  process 
to  produce th e  lam ellar pearlitie  s tru c tu re  con
sist o f : — (1) H ea tin g  th e  mould by inserting  the 
mould a fte r  casting in a heated  cham ber; (2) 
hea ting  th e  m etal to  a h igher in itia l tem perature .

This is broadly all th e  in form ation available on 
pearlitie  cast iron  and th e  process whereby i t  is 
produced, and th e  whole of th is  m ay be con
ven ien tly  sum m arised again  'in th e  following 
w ords:

P ea rlitie  cast iron is a  cast iron hav ing  essen
tia lly  a low silicon and low to ta l carbon content. 
This’ cast iron, when cast norm ally, would have
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a w hite frac tu re , b u t when cast in warm moulds 
or oooled slowly in the mould under special condi
tions has a  s tru c tu re  consisting solely of pea rlite  
and  g rap h ite . The composition and ra te  of cool
ing a re  varied  to comply w ith these conditions 
for any p a rticu la r thickness.

In  endeavouring to consider p earlitic  c a s t iron 
p rivately , le t alone discuss i t  in  a P a p e r  of th is  
n a tu re  w ith a view to form ing some opinion as 
to th e  n a tu re  and value of th is m ateria l, th ere  is 
a t  once ev ident a serious difficulty of the  lack of 
essential inform ation.

The first question arising  is, w hat is th e  
difference between p earlitic  cast iron an d  o rd inary  
castings con tain ing  an all pearlite -g raph ite  s tru c 
tu r e  of which m any hundreds of tons of castings 
m ust have been m ade in th e  o rd in ary  course of 
foundry  p ractice daily? This question is a t  once 
answered by the  definition, and i t  is im p o rtan t 
to be clear on th is  point. By th e  definition i t  is 
s ta ted  th a t  p ea rlitic  cast iron is essentially  of 
such a composition th a t  for any given thickness 
of section when cast under the  o rd inary  rules of 
sand casting  th e  finished casting  would have a 
hard , w hite  frac tu re . This fac t a t  once differen
tia te s  between an o rd inary  cast iron of a pearlite- 
g rap h ite  s tru c tu re  and th e  p roduct now known 
as p earlitic  cast iron. There has evidently  been 
some confusion on th is  po in t, and  th e  E d ito r of 
T h e  F o u n d r y  T r a d e  J o u r n a l  has suggested the  
special te rm  of L anz p ea rlitic  cast iron to  be 
used to cover the  product of the  D iefem thaler 
pa ten t. This m odification in  th e  t i t l e  is, a p a rt 
from  any th ing  else, an ac t of courtesy justifiable 
under these circum stances. The very scan ty  in fo r
m ation  available on th e  Lanz p earlitic  cast iron 
has a lready been m entioned as a  difficulty in p ro fit
ably discussing th is  subject. The w riter proposes 
to discuss such in form ation  as he has been able to  
obtain  both as regards th e  production  and p roper
ties  of , th is  m ate ria l, and to  discuss generally  
some of th e  princip les which m igh t be considered 
io  underlie  th e  idea of p earlitic  cast iron.

Before doing th is, th e  w rite r feels i t  to  be his 
duty  to  call a tten tio n  to  the  considerable am ount 
of looseness m et w ith in th e  technical w ritings 
concerning th is m ateria l. F o r example, i t  appears 
red u n d an t to  specify a con ten t of combined carbon
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in th e  description of a cast iron in th e  te x t of 
a p a te n t which is concerned with ensuring  th a t  
cast iron shall have an all pearlite-graphite  struc
tu re . Such sta tem en ts as th e  production of a 
casting  “ acoording to  th e  rules of the  iron-carbon 
crystallisation  doctrine, and conducting its  cooling 
in such a way . . . e tc .,” a re  extrem ely loose and 
w ithout m eaning. Such looseness of expression 
is a p t to  give the impression of quackery and cer
ta in ly  tends to  lower th e  subject in th e  estim ation 
of the  th in k in g  foundrym en.

Properties of Pearlitic Cast Iron.
T he p roperties claimed for pearlitic  cast iron 

produced according to the Lanz process are sum
m arised as follow s:— (1) H igh  tensile, transverse 
s tren g th  and toughness; (2) high resistance to 
im pact stresses; (3) m oderate hardness when pro
perly t r e a te d ; (4) only a slight tendency to  the 
form ation  of p ip e ; (5) g rea t resistance to  sliding 
fric tion  (abrasion) ; (6) fine dense struc tu re , the  
s tru c tu re  being unaffected by tem p era tu re  changes, 
and (7) a ce rta in  am ount of ductility , viz. : (0.8 
per cent, elongation) is claimed, and  in several 
places i t  is m entioned th a t  pearlitic  oast iron 
is replacing  malleable castings for m any parts.

The first six of th e  above item s a re  abstracted  
from  Professor B auer’s P aper already referred  to, 
w hilst th e  last item  will be found m entioned on 
several occasions in  th e  various articles re la tive 
to  pearlitic  cast iron which have appeared in T h e  
F o u n d r y  T r a d e  J o u r n a l .

Professor B auer gives a series of te s t figures 
obtained on Lanz pearlitic  cast iron. The tensile 
stren g th  and hardness determ ination  converted 
in to  English u n its  are  given below: —

Tensile S tre n g th .— “ A ,” 22.23 tons per sq. inch. 
“ B ”  24.1 tons per sq. inch.

H ardness (B rinell).— “ A ,”  152. “  B ,” 155.
These determ inations were obtained on te s t bars 

tu rn ed  from dry  sand castings approxim ately 1 \ in. 
and I f  in. dia. respectively by 2 9 | in. long. The 
composition of th e  pearlitic  cast iron was as fol
low s:—Tot.C. 3.25, Gr. 2.41. C.C, 0.85, Si 1.11, 
Mn 0.79, S 0.154, and P  0.40 per cent.

These te s t figures are undoubtedly rem arkable, 
and w hilst equally as high streng th  figures have 
been often obtained, th ere  is as yet no definite
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m ethod to be followed which will ensure regu larly  
ob ta in ing  such values from te s t bars of such 
dim ensions. A fu r th e r  strik in g  fac t is, th a t  these 
high tensile stren g th  values a re  accom panied by 
a com paratively low B rinell hardness figure.

The h ighest recorded a u th o r ita tiv e  value for the  
tensile s tren g th  of cast iron of which th e  au tho r 
is aw are is th a t  of th e  synthetically  produced 
cast iron described by K eller.* This cast iron  is 
recorded as having a  tensile s tren g th  of 50 Ivg. 
per sq/m m . o r 31.7 tons per sq. in. U nfo rtu 
nately , the  com plete composition of th is  is no t 
available, b u t ano ther recorded case is added in 
Table I . T his is a  sam ple of Swedish pig-iron 
recorded by D r. Swinden in 1909.

T a b l e  I .— Compositions of High Tensile Strengths Cast 
Iron.

Tensile strength
“ A ” 

19.2 Tons
“ B ” “ C ’

per sq. in. 31.7 Tons. 24 Tons.
Tot. C. 2.60 2.90 3.25
Gr................... 2.40 — 2.41
C.C................. 0.20 — 0.85
Si.................... 2.80 1.75 1.11
Mn.................. 0.60 0.50 0.79
S..................... 0.15 traces. 0.154
P ..................... 0.50 0.50 0.40

“ A ’’—Swinden, 1909. “ B ’’—Keller, 1919.
“ C ”—Pearlitie Cast Iron.

The com parative figures given in Table I  serve 
to show th e  rem arkable fe a tu re  of th e  high te n 
sile s tren g th  of p earlitie  cast iron. C on trary  to 
w hat we should have expected we find th a t  the 
to ta l carbon con ten ts are  qu ite  norm al, and in 
th is respect the  pearlitie  sam ple differs from the  
o th e r sam ples recorded.

In  sp ite  of the  h igh  tensile  s tren g th  of th e  
pearlitie  sam ple th ere  are one or two d isappoin t
ing fea tu res in connection w ith th is  and also 
Professor B auer’s com parison of te s t results. 
F irs tly , it  has been shown th a t  th e  composition 
of th e  p ea rlitie  sample is n o t stric tly  in accord
ance w ith e ither th e  P a te n t Specification o r the 
opinions of the  au tho rities  who have w ritten  or

* J. I. S. I., No. 2, 1919.



th is  subject. The to ta l carbon figure is higher 
th an  would have been expected in view of the  
em phatic  declaration  on th is poin t above. The 
same rem arks app ly  to  the  silicon content, and 
it  is certa in  th a t  a cast iron of th is composition 
cast in to  dry  sand moulds, in to  te s t bars 1 | in. 
dia ., would n o t of necessity have had  a  w hite frac
tu re . These considerations a t  once upset our 
ideas of pearlitic  iron gained from the  definition 
which has been m ade so em phatically by the 
au tho rities  on th is  subject.

Professor B au e r’s resu lts would have been of 
much m ore value and would have given more 
striking: evidence of the  value of th e  pearlitic  pro
cess if The had published a comparison of the  te s t 
resu lts on th e  pearlitic  iron cast according to  the  
method of th e  p earlitic  process and th e  same iron 
cast in th e  o rd inary  way.

F u rth e r , these results would have been of fa r 
more value th a n  th e  comparison he gives with 
o ther cast irons, the  composition of which have 
no th ing  in common w ith th e  pearlitic  sample, nor 
can they  p re tend  to  'be typical exam ples of the  
best p ractice  in th is class of work they are supposed 
to  represent.

In  connection w ith th is, the w riter tu rn ed  up 
th e  analyses of two different makes of gas-engine 
cylinder liners. These analyses were m ade about 
th e  end of 1915 from th ree  liners which came under 
the w rite r’s notice as hav ing  given ex trao rd inary  
satisfaction  in life and service in th e  engine. 
Samples Nos. 1 and 3 are  by the same m aker, and 
sample No. 2 by a d ifferent m aker. No. 4 is the 
composition of B auer’s sample of pearlitic  cast 
iron.

The combined carbon contents of No. 1 and 
No. 2 a re  no t so high as recommended for 
p earlitic  cast iron. ¡Sample No. 3 more closely 
approaches th e  composition of Professor B auer’s 
sam ple No. 4, and only differs seriously in the 
sulphur, m anganese, and phosphorus contents. 
N either th e  tensile streng th  or hardness value 
coincide w ith those of Professor B auer’s pearlitic  
cast iron. I t  is im portan t to  hear th is  difference 
in  m ind, and it  is proposed to discuss th is  more 
fully la te r. Inciden tally , these samples, which 
were taken  from cylinder liners in no case more 
th an  1-in. thick, serve to  confirm th e  fac t th a t
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such low silicon irons cast in  th e  o rd inary  way 
need not necessarily ¡be w hite irons.

Professor B auer gives a  complete lis t of the 
physical p roperties, including transverse and  im
p ac t tests, all of which a re  in keeping w ith  th e  
h igh tensile  s tren g th  value recorded above.

The resistance to wear of pearlitic  cast iron  is 
claimed to  be one of th e  ou ts tand ing  properties. 
In  th is  connection i t  m ust always be borne in 
m ind th a t  w ear is a  re la tiv e  p roperty , and m ust 
stric tly  be considered in conjunction w ith th e  
conditions u nder which th e  w earing p a r t  is 
o p era ting  and  w ith  th e  w earing body itself. M any 
curious cases of resistance to  w ear can be quoted 
in  irons which have any th ing  b u t a pearlitic  
m atrix . I n  sp ite  of these, however, i t  is, 
generally  speaking, well known th a t  an all- 
p earlitic  s tru c tu re  is advisable for th e  best 
general resistance to  w ear.

Ductility.
I t  h as already been m entioned th a t  i t  is claimed 

to  be possible to su b s titu te  pearlitic  cast iron for 
malleable castings. This claim  m ust be considered 
very carefully , and  unless th is  is done i t  is liable 
to be a gross m isstatem ent. T he high tensile 
s tren g th  resu lts alone would no t ju s tify  th is 
m ate ria l rep lacing  m alleable castings, and even 
0.8 p er cent, elongation is hardly  sufficient to 
allow of th e  claim  th a t  p earlitic  cast iron  is an 
efficient su b s titu te  for malleable castings. I t  is 
n o t ce rta in  how th e  0.8 p e r cent, elongation was 
m easured, nor is th ere  available th e  composition 
of th e  sam ple on which th is  resu lt was obtained. 
I t  is a h igher value th a n  generally m et w ith  in 
cast iron, which may be taken  as showing an 
elongation  of 0.0131 to  0.0215 in. on 8 in ., or 
0.163 p e r  cent, and 0.27 p er cent, respectively. 
These .values are  given by D r. Unwin.

Chemical Composition.
Two fea tu res in th e  chemical composition of 

p earlitic  cast iron are  repeatedly  stressed in the 
w ritings on th is  subject. These fea tu res  are  the 
necessity for a low to ta l carbon and low silicon 
content. In  an article* tran s la ted  from “  Die

275

* F .  T . J . ,  A u g u s t  2 , 19 2 4 , p a g e  96 .



276

Gieserei ” i t  is s ta ted  th a t  th e  to ta l carbon con
te n t “ m ust definitely be between 3.0 and 3.1 per 
cent., and th e  silicon and m anganese contents a re  
specified as being in th e  region of 1.5 per cent, 
and betw een 0.7 per cent, and 0.8 per cent, 
respectively. I t  is im p o rtan t to  no te  the  
em phatic  way in  which th e  to ta l carbon conten t 
is specified.

F u r th e r  exam ples quoted in an a rtic le  p re 
viously referred  to  give to ta l carbon con ten ts of
3.00 and 2.8 p e r cent, respectively, and  th e  con
dition  of low to ta l carbon and silicon con ten ts are  
again  po in ted  out. These la t te r  are  low values 
from  reg u la r cupola m elting  practice , and in  th is  
connection th e  au th o r has been verbally inform ed 
th a t  th e  inventors consider the use of open-hearth  
fu rnace m elting  as desirable, in  fac t, alm ost a 
necessity.

The m anganese conten t is specified in  the  
form er case, b u t from  th e  articles which have 
been available to  th e  au thor, he is no t sure th a t  
sufficient im portance has been a ttached  to  e ither 
th is con stitu en t or th e  phosphorus constituen t. 
Any a tte m p t to  secure a  co nstan t p ea rlitic  s tru c 
tu re  am ounts to  th e  sam e th in g  as a ttem p tin g  to  
obtain  a constan t combined carbon. I f  all o ther 
th ings a re  equal, any v a ria tio n  of the  m anganese 
and  phosphorus con ten ts will have an  effect on 
the  am ount of combined carbon, and consequently 
the  am ount of th e  p ea rlitic  co n stitu en t p resen t in 
th e  final iron. An increase in  bo th  these con
stitu en ts , o th e r th ings being equal, tends to  lower 
th e  am ount of combined carbon p resen t. The 
necessity for specifying th e  lim its of these con
s titu en ts  is a t  once app a ren t.

I t  is also sta ted , as an advan tage  of the  pearlitic  
process, th a t  a h igher su lphur con ten t can be used 
w ithout de trim en t. This is probably qu ite  tru e , 
b u t again  i t  is dbviously im p o rtan t th a t  some 
lim its should be specified for p a r t ic u la r  condi
tions, otherw ise i t  appears impossible to  g u a r
an tee  th e  production  of a correct a ll-pearlitic  
s tru c tu re .

W hen these ins truc tions a re  tak en  in to  con
sideration  along w ith  P rofessor B au er’s experi
m ents on th e  s tre n g th  p roperties, in which te s t 
bars were cast of I |- in .  d ia ., i t  is som ew hat d is
appo in ting  to find th a t  they hard ly  ap p ea r to



comply w ith the conditions sta ted  in ou r defini
tion . O ur definition appears to  lbe correct, as i t  
is tak en  d irect from  Professor B auer’s w ritings, 
y e t th e  compositions above specified and actually 
used by B auer would certain ly  be grey when cast 
in the  o rd inary  m anner in te s t bars lf - in . dia. 
C ast in  a th in n e r section, say about { in ., in a 
monoibloc m otor-cylinder casting, i t  is probable

P i g .  1 .— O a s t  I r o n  H e a t - t r e a t e d ,  s h o w i n g  
P l a t e s  o f  P r i m a r y  G r a p h i t e  a n d  N o d u l e s  
o f  S e c o n d a r y  G r a p h i t e .  M a g n i f i c a t i o n  
1 00  d i a s .  E t c h e d  H N O :,.

th a t  th is  composition would have a  w hite fra c 
tu re , which leads us to  one of the  serious omis
sions in the  inform ation  available of th e  Diefen- 
th a le r process—th a t  is, th a t  th e  lim its of chemi
cal composition have no t been specified for the 
different sections of castings.

To illu s tra te  th is  po in t, if  one im agines an ex
ceptionally th ick  casting, say a  roll casting, of 
some 6 in. th ick . I f  th is  were cast in the com
position m entioned in the  D iefen thaler p a ten t, 
i t  w ould  follow, if th e  ex trapo la tion  of th e  tem 
p era tu re  thickness of section d a ta  in a linear
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m anner is leg itim ate , th a t  th is  should Ibe cast in 
a mould of a tem p e ra tu re  som ewhat below zero. 
This is obviously no t in tended , and th e  correct 
procedure would be to  adop t new lim its of com
position for th e  th ick er sections of castings.

Sufficient has .been said to  illu s tra te  how 
seriously th e  lack of essential in fo rm ation  and 
th e  difficulty of corre la ting  w hat published d a ta  is 
available, affects us in form ing  a definite opinion 
on th e  n a tu re  and  advantages of th e  alleged 
p earlitic  casting  process. B efore discussing cer
ta in  general aspects a rising  o u t of th is  discussion, 
i t  is of advan tage  briefly to  sum m arise th e  posi
tion  we have a rrived  a t. F irs tly , th e  definition 
of p earlitic  cast iron, th e  p roduct of the  p ea rlitic  
cast-iron  process as designed by D iefen thaler, is 
perfectly  clear, b u t th e  exam ples quoted do not 
appear to  comply s tr ic tly  w ith  th e  term s of th is  
definition, o r w ith  perfectly  clear and ostensibly 
au th o rita tiv e  instructions given by ce rta in  w rite rs 
on th e  subject. Secondly , i t  is to  'be reg re tted  
th a t  th e  perfec tly  clear and  obvious m ethod of 
dem onstra ting  the  advan tage  o.f the  p ea rlitic  cast
ing process, by  com paring th e  physical te s t results 
on th e  sam e i;ast iron before and  a f te r  th e  
p earlitic  casting  process has no t been adopted, a t  
least in any published w ritings which have been 
available to  th e  au tho r.

T here are , however, qu ite  a num ber of po in ts 
arising  ou t of th is  discussion which a re  w orthy of 
consideration, and the  w rite r  has selected w hat 
appear to  him  to  be th e  m ost im p o rtan t to  be 
d ea lt w ith  here.

The first p o in t which is of im m ediate  im port
ance to  foundrym en in general is the  fac t th a t  
the  p ea rlitic  cast-iron sam ple of P rofessor B au er’s 
is a h igh  tensile  s tre n g th  iron , and  if reg u la rity  
can be ensured  in th e  p roduction  of such high 
tensile s tren g th s  in  cas t iron  by th is  process, th en  
th is process is w orthy of very serious a tten tio n . 
A most im p o rtan t add itional p o in t is th a t  th is 
h igh tensile  s tre n g th  is secured w ith  a com para
tively  low B rinell hardness. C ast iron is very 
commonly produced to-day by o rd in ary  foundry  
m ethods of cupola m elting  and sand easting, 
having a tensile s tren g th  in the neighbourhood of 
20 tons p er sq. in. I t  cannot be said yet, how
ever, th a t  reg u la rity  of such resu lts  can be guar-



anteed, in confirm ation of which i t  n iigh t Le said 
th a t  no foundrym an would agree to a  specifica
tion  em bodying a  tensile stren g th  of 20 tons per 
sq. in ., p a rticu la rly  when determ ined on a sand- 
cast b a r  of l |- in .  d ia . Spch resu lts when they 
are  obtained a re  th e  d irect resu lt of careful a tte n 
tion  to  a num ber of details so fa r  as they  a re  
known to influence th e  tensile streng th  result.
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F i g . 2 .— C a s t  I k o n  H e a t - t r e a t e d ,  s h o w i n g  
S e c o n d a r y  G r a p h i t e  F o r m a t i o n .  M a g n i 
f i c a t i o n  5 0 0  d i a s .  E t c h e d  H N 0 3.

F or exam ple, foundrym en generally commence to  
lower th e  silicon, to ta l carbon, and phosphorus 
contents e ith e r individually  or as a whole. Special 
care is taken  w ith the  casting  tem pera tu re  w ithin 
th e  lim its of cupola m elting  practice, and i t  
should be m entioned th a t  a  considerable am ount 
of in fo rm ation  is available on th e  influence of 
casting  tem p era tu re  bo th  w ithin and  outside the  
range of cupola m elting practice. These are  now 
fa irly  well-known general methods of a ttack ing  
the problem  of producing h igh-strength  cast irons, 
and as fa r  as is c lear to  us, the  pearlitic  cast
ing process uses these general methods, in  addi-



286

tion  to m aking  an a tte m p t to  control th e  ra te  
of cooling. W hilst, broadly  speaking, foundry 
m etallu rg ists a re  well aw are of the  influence of 
ra te  of cooling on the  constitu tion  of cast iron, 
none of us has been aw are of th e  fa c t th a t  th e  
ra te  of cooling could be modified in  th e  m anner 
proposed in the  pearlitic  cast-iron process, and  for 
such a m odification to  be accom panied by such 
g ra tify in g  results.

The inference which should be carefully  guarded  
against is th a t  th e  superior p roperties a re  en tire ly  
due to  the pearlitic  s tru c tu re  and is open to  qu ite  
a num ber of objections. In  the  first place, th e  
w riter has quoted a single case already in  Table I 
of an iron  having a p earlitic  s tru c tu re  g iving 
lower resu lts th an  th e  au th en tic  p earlitic  cast 
iron. O ther sim ilar cases can be read ily  quoted, 
and, conversely, cast irons hav ing  qu ite  a largo 
q u an tity  of free fe r r ite  or excess cem entite, giving 
equally as high results as p ea rlitic  cast iron, can 
be read ily  quoted, ibut we may conclude a t  once 
th a t  th e  p ea rlitic  s tru c tu re  is n o t solely responsible 
for th e  h igh s tre n g th  figures. The analogy draw n 
between th e  s tren g th  of cast iron and steel of 
increasing pea rlite  con ten t is no t leg itim ate , as 
th e  overwhelm ing influence of free  g rap h ite  in 
the  m echanical p roperties of cas t iron  is well 
known. The size, qu an tity , and  d is trib u tio n  of 
the  g rap h ite , and, w hat is n o t necessarily the  
same th ing , th e  g ra in  size, are  th e  im p o rtan t 
fea tu res in de term in ing  the  m echanical s tren g th  
of any given oast iron, and th e  w rite r believes 
th a t  were th e  subject of p earlitic  cast iron  possible 
of rig id  investigation , i t  would be shown th a t  
these w ere s till th e  contro lling  factors.

I t  m ust n o t be lost sigh t of in th is  connection 
th a t , if th e  definition of p ea rlitic  cast iron is 
correct, th e  least th in g  th e  inventors of th e  
pearlitic  process can do is to  ob ta in  a p ea rlitic  
s tru c tu re  as being the  only s tru c tu re  which could 
be reasonably machined.

The definition of p earlitic  cast iron is p a rtic u 
larly  in trig u in g  to  ce rta in  sections of th e  iron- 
founding industry . One of these—the  m otor-car 
cylinder founder—will surely be in te rested  in th e  
possibility of reducing his silicon con ten t to  such 
a  low figure, and still o b ta in  a m achinable casting  
w ithout any a p p a ren t increase in  his casting  diffi



culties. A t th e  o ther end of the scale the  roll 
founder and heavy casting m anufactu rer will be 
delighted  a t the  possibility of ensuring  a t least 
a  uniform  p earlitic  s tru c tu re  th roughou t the  whole 
cross section of th e  very heavy castings w ith which 
he is called upon to  deal.

In  the form er case a t  least two o ther p roperties 
in  add ition  to m aeliinability, high tensile strength

F i g . 3 .— H e a d  f r o m  L a r g e  C o l u m n  C a s t i n g s . 
M a g n i f i c a t i o n  8 4  d i a s . ,  s h o w i n g  L a r g e  
G r a p h i t e  a n d  C r y s t a l  B o u n d a r i e s . 
E t c h e d  H N 0 3.

and good casting  qualities are desired. These are 
resistance to  wear and resistance to d istortion  
u n d er h ea t influences.

The w rite r has already indicated  the  difficulty 
of discussing the  question of resistance to  wear. 
This difficulty is th a t  i t  cannot be discussed w ith 
reference to  one com ponent only of the wearing 
conditions. The w rite r ’s p resent opinion on th is 
subject is th a t , generally speaking, in  engine cylin
der p ractice where cast iron is working in contact 
w ith cast iron, the  best practice, a t least so 
fa r as sand castings is concerned, is to use cast
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iron free from free fe rr ite  and having the sm allest 
g ra in  size. T ha t is to  say th a t  an all p earlitic  
m atrix  (a p a r t from the  phosphide and sulphide 
constituen ts) is the  best p ractice .

F u r th e r , it  is the  w rite r’s experience w ith m any 
cylinder problems of recen t years th a t  the  lower 
th e  silicon con ten t a p a r t  from any consideration  
of the combined carbon or pea rlite  con ten t, the

F i g .  4 . — Low P h o s p h o r u s  C a s t  I r o n . 
E t c h e d  S t e a d ’ s  R e a g e n t ,  s h o w i n g  N e t 
w o r k  F o r m a t i o n  o f  “  t h e  L a s t  t o  
S o l i d i f y  ”  P o r t i o n s  o f  t h e  C a s t  I r o n .

b e tte r the  resistance to w ear under alm ost all con
ditions apperta in in g  in engine cylinder work, in- 
ternal-com bustion engine or otherwise. From  these 
points of view the pearlitic  cast iron s tru c tu re  and 
the underly ing  fea tu res  of the  L anz p earlitic  cast 
iron as defined, in the au th o r’s opinion, fully 
ju s tify  th e ir  claims regard ing  resistance to  w ear. 
A lthough the  w rite r is n o t ye t in  a position to 
express a really a u th o rita tiv e  opinion, i t  should 
be poin ted  o u t th a t  the low silicon and all p earlitic  
s tru c tu re  accom panied by the  low B rinell hardness, 
are a set of conditions th a t  m ight be expected to
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give b e tte r  results than  the  same conditions only 
w ith a high B rinell hardness.

The d is to rtion  of cast iron under hea t influences 
in the  engine cylinder is ano ther complex pheno
menon, and the  w rite r has a lready shown th a t  th is 
is in p a r t due to  the  g radual decomposition of the 
pearlite  constituen t yielding free g rap h ite  even 
a t  the com paratively low tem pera tu res  prevailing 
in  engine cylinders.* I t  was shown here, and has 
since been confirmed by o ther investigators 
(Donaldson) th a t  th e  lower the silicon content the 
g re a te r  th e  resistance of the  pearlite  constituen t 
to  decomposition under these .circum stances. I t  
is th e  w rite r’s opinion th a t  a low silicon and  all- 
pearlitic  s tru c tu re  such as accompanies pearlitic  
cast iron  are desirable conditions to  ob tain  the 
best resistance to  d isto rtion  arising  from the above- 
m entioned causes.

There is now finally to  discuss several points 
arising  o u t of the method adopted by D iefenthaler 
in  ob ta in ing  th e  p ea rlitic  struc tu re . The w riter 
approaches th is portion  of the subject w ith con
siderable diffidence. As already pointed out 
so much essential d a ta  is lacking, and w hat ex
perim en ta l d a ta  the w riter has found available 
leaves one in doubt as to  w hether th e  method of 
casting  in to  heated  moulds is really necessary.

Formation of Pearlite.
The pearlite  constituen t is form ed in the pure 

iron carbon alloys from  the solid solution known 
as au sten ite , by th e  resolution of the austen ite  into 
a, two com ponent constituen t—pearlite—at the 
tem p e ra tu re  of the a rre s t on the  cooling curve 
known as A r,— about 760 deg. C. The am ount of 
pea rlite  form ed depends in some m anner on the 
austen ite  solid solution, and it  is easy to see th a t 
th ere  are several im portan t differences between 
th e  form ation of p earlite  in cast iron and steel. In  
steels below 0.9 per cent, carbon the  am ount of 
pearlite  formed depends upon the  am ount of com
bined carbon presen t o r th e  concentration of the 
austen ite  solid solution. Above 0.9 per cent, car
bon th e  am ount of pearlite  formed is a constant, 
am ount, in fac t all th e  m atrix  of the  pure alloys 
will be p earlite  unless the solid solution undergoes

♦ J .  E . H u r s t ,  “  E n g in e e r in g ,”  J u ly  4, 1919.
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any changes in cooling down p rio r to  reaching 
th e  tem p e ra tu re  of th e  A r, po in t, which reduces its 
concentration  to  a  value below 0.9 per cen t. This 
is w hat actually  happens in commercial cast iron. 
Long enough before th e  tem p e ra tu re  of th e  A r, 
po in t is reached, in  fac t a t  tem p era tu res  round  
about the  final solidification tem p era tu re , g rap h ite  
is form ed. I t  does no t m a tte r  fo r p resen t p u r
poses how th is  g rap h ite  is form ed. I t  is sufficient 
to  note th a t  if  th e  carbon exists in th e  ckst iron 
as free g rap h ite  a t  these tem p era tu res  i t  canno t 
exist in th e  solid solution. T herefore  th e  solid 
solution is reduced in  concentration  according to  
the am ount of g rap h ite  form ed, and  according to  
the  reduction  in concentration  of the  solid solu
tion so the  am ount of pea rlite  is affected la te r  on 
a t  th e  tem p e ra tu re  of resolution of th e  solid solu
tion . This a t  once leads us to  the  im p o rtan t con
clusion th a t  the  am ount of pea rlite  in  cast iron is 
governed by the  conditions of th e  form ation  of the  
g rap h ite  a t  th e  ran g e  of tem p era tu res  a t  which 
the g rap h ite  is form ed, and th a t  any a tte m p t to  
contro l th e  am ount of pea rlite  p resen t is p ra c ti
cally th e  same th in g  as contro lling  the  am ount of 
g rap h ite  presen t.

In  commercial cast iron  con ta in ing  silicon a cer
ta in  p roportion  of th e  g rap h ite  p resen t is un 
doubtedly form ed during  th a t  period of th e  cooling 
betw een the  final solidification tem p era tu re  and 
the tem p era tu re  of the  resolution  of th e  solid solu
tion . T ha t is to  say, a f te r  the  p rinc ipa l p roportion  
of the  g rap h ite  has been form ed. The ex ten t of 
th is , which has been called th e  secondary g rap h ite  
form ation, is governed by th e  ra te  of cooling and 
th e  am ount of silicon p resen t. In  low silicon irons 
w ith the  o rd in ary  ra te s  of cooling in  castings the  
ex ten t of th is  secondary fo rm ation  is n o t large u n 
less th e  ra te  of cooling d u ring  th is  range is so slow 
as to  alm ost be th e  equ ivalen t of an annealing  
process. Even in  th ick  castings in  which the 
s tru c tu re  of the  c en tra l mass is usually  one of 
free fe r r ite  and g rap h ite , th e  whole of th e  g rap h ite  
is p rinc ipally  of the  p rim ary  fo rm ation , and th e  
fe r r ite  g rap h ite  s tru c tu res  a re  the  re su lt of th e  
ra te  of cooling being sufficiently slow a t  th e  tem - 
pea tu res round  about the  solidification p o in t as 
to  resu lt in p rac tica lly  th e  whole of the  g rap h ite  
being p rec ip ita ted  a t th is  tem p era tu re . The w rite r



is  of th e  opinion th a t  the  so-called secondary 
g rap h ite  is n o t so common as is frequently  
im agined, which is somewhat con trary  to  the 
general views held on th is  m a tte r . Evidence of 
th e  correctness of th e  w rite r’s view is to  be had 
from  the  m icrophotograph P igs. 1 and 2, which 
show the  general appearance of prim ary and 
secondary g raph ite . The secondary g raph ite  in
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F i g . 5 . — N e t w o r k  S t r u c t u r e  o f  P h o s p h i d e  
C o n s t i t u e n t  M a c r o s c o p i c  S t r u c t u r e .

th is  exam ple has been artificially produced by hea t 
tre a tin g  th e  sam ple. I t  has the  d is tinc t appear
ance of th e  free carbon in malleable castings, and 
is of a type very rare ly  m et w ith in slow cooled 
samples from  the  molten s ta te , an example of 
which is to  be found in F ig . 3. This is a micro
photograph of a specimen taken  from the  centre 
of a la rge  feeder head on a vertically cast 
hydrau lic  ram . This photograph has been kindly 
loaned to  th e  w rite r by M r. J .  A. G ardner, chief 
m eta llu rg ist to  Glenfield & K ennedy, L im ited, K il
m arnock. No evidence of secondary g raph ite  is 
to  be seen b u t on th e  con trary  huge p lates of p ri
m ary g rap h ite  embedded in crystals of fe rrite . I t
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will also be noticed th a t  the  composition of th e  cast 
iron in th is  p a rticu la r case is fa irly  high in silicon.

Border Line Compositions.
In an iron of a  given chemical composition i t  is 

a well known fac t th a t  the  ra te  of cooling is a 
v ita l fea tu re  in de te rm in ing  th e  ex ten t of the 
g ra p h ite  form ation . The ex te n t of the g rap h ite  
fo rm ation , however, we know from  experim en t is 
no t a linear func tion  of th e  ra te  of cooling over 
all possible ra te s  of cooling. In  any event, o th er 
th ings being equal, th e re  m ust be a ra te  of cooling 
below or above which g rap h ite  is or is n o t form ed. 
In  a like m anner, o th e r th ings being equal, and 
w ith cast irons of the  chem ical compositions m et 
w ith in o rd inary  practice , i t  is possible to  conceive 
of ce rta in  chemical compositions which would in 
variably  be w hite irons and o thers which would be 
invariab ly  grey irons u nder th e  p a rtic u la r  condi
tions. This being the  case, th ere  m ust be an in 
term ed ia te  series of chemical composition which 
w ith small varia tions in the  o ther conditions—p rin 
cipally th e  ra te  of cooling—would be e ith e r white 
o r grey according to th e  d irection  of v aria tio n  of 
these conditions. There are , of course, a large 
num ber of possible chemical compositions falling  
w ithin th is  in term ed ia te  zone according to  w hether 
these elem ents, which are  known to  ex e rt an  in 
fluence on g rap h itisa tio n , are  considered singly or 
combined. In  th is  connection som ething of the 
o rder of a critica l percentage of c e rta in  elem ents, 
o ther fe a tu re s  of the  chem ical com position being 
equal, and for a given ra te  of cooling, has long 
been suspected above o r below th a t  which g ra p h itis 
ation  is o r is no t effected.

Traces of such a po in t are  to  be found in  th e  
s tan d ard  investigations on th e  influence of silicon 
on cast iron. In  the classical experim ents of 
T urner*  on the  influence of silicon, we do no t find 
th a t  the g rap h ite  conten ts g radually  increase w ith 
increasing silicon con ten t, b u t we pass a po in t 
where a com paratively small increase in silicon con
te n t  b rings about a large increase in  the  g rap h ite  
form ed. In  a like m anner in  the  experim ents of 
H a tfie ld t — in  which m uch care was tak en  
to  ensure th a t  all th e  conditions of casting  were

* J o u r n a l  C h e m . S o c ., V o la . X L V I I  a n d  X L I X .  
t  J. I. S . I., N o . 2 , 19 0 6 .



com parahle. These experim ents were conducted on 
th in n e r bars (viz., 1 in. x § in .) th an  in T u rn e r’s 
experim ents and a sim ilar po in t was noticed. In  
a second series of sim ilar experim ents conducted 
a t  h igher casting  tem pera tu res th an  the  form er 
the  existence of a sim ilar po in t was confirmed. A 
fu r th e r  series of experim ents undertaken  by H aigh 
and T urner*  show a som ewhat sim ilar resu lt.

The figures illu s tra tin g  th is po in t are abstracted  
and tab u la ted  below from  the various experim ents, 
and show sufficient evidence of the  existence of a 
critica l composition, in these cases a percentage of 
silicon, a t which th ere  is a irapid form ation  of 
g rap h ite . This percen tage of silicon lies between
1.0 and  2.0 per cent, fo r the  p a rticu la r composi
tions, and  m ean ra te s  of cooling conditions in the 
above experim ents.

There are ce rta in  fu r th e r observations which can 
be m ade from  th e  above experim ents, which are 
w orthy of notice. The first one which was pointed 
o u t by H atfield  in the  orig inal experim ents is th a t  
w ith a h igher casting  tem pera tu re , the  critical 
silicon percen tage has a h igher value. This is 
tan tam o u n t to  saying th a t  w ith a higher casting  
tem p era tu re  th ere  is a tendency for the  p reven
tion  of g raph ite  form ation  and the  irons would 
consequently be harder. T his was fu r th e r  demon
s tra ted  by H atfield , who showed th a t  in an iron 
con ta in ing  1.10 per cent, silicon th e  b ar cast a t a 
tem p era tu re  180 deg. C. h igher th an  the o ther was 
m ottled  w hite in frac tu re , w hilst the  lower casting 
tem p era tu re  bar was found to be grey.

T he second po in t to  be noticed is th a t  the  ex
te n t of g rap h itisa tio n  is slightly influenced in 
these experim ents by the  to ta l carbon contents, for 
it  will be noticed th a t  w ith  a to ta l carbon content 
of 2.53 per cen t., silicon 1.72 per cent, is neces
sary to  bring  about approxim ately  the  same con
d ition  as 1.96 per cent, brings about in T u rn e r’s 
experim ents. I t  is perhaps hard ly  fa ir  to  compare 
these experim ents in th is fashion, and th is has 
been done here only to  show' th a t  these experim ents 
confirm the general opinion more or less.

I t  will be quite  clear from the  definition of pear- 
litic  cast iron th a t  i t  is in tended  to  belong to  the 
class of irons which have been described as border
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line compositions, and we may expect th a t  th is 
being th e  case i t  would be extrem ely sensitive to  
the effect of th e  ra te  of cooling.

Grain Size.
The im portance of g ra in  size has only been p a r

tia lly  d ea lt w ith in th e  consideration of th e  
stren g th  properties of cast iron. The im portance 
of th e  g rap h ite  size has been fully realised, b u t it  
does n o t appear to be clear th a t  th e  g ra in  size, 
a p a rt from  the  ' g raph ite , is of some importance^ 
and is n o t necessarily in accordance w ith  th e  
g rap h ite  size. I t  appears to  be generally 
im agined th a t  th e  free  g rap h ite  in cast iron exists 
round the crystal boundaries, and a li tt le  reflection 
will show a t  once th a t  th is  cannot be s tric tly  
correct. I f  i t  is assumed th a t  th e  p rim ary  
g rap h ite  is form ed over a  ran g e  of tem p e ra tu re  
round about th e  solidus line, probably partly  above 
and partly  below, we a t  once apprecia te  th a t  the 
crystalline s tru c tu re  of th e  alloy has a lready been 
established and the  g raph ite  form ation is actually  
an in te rn a l change in the  cry s ta l g ra in . I t  ma}-, 
however, tak e  place to  a sufficiently large  ex ten t 
to  b reak  up  th e  crystal g ra in  s tru c tu re , and in 
th is m anner i t  may be- said th a t  th e  g rap h ite  
exists round some crystal boundaries. I n  th is  
case th e  g rap h ite  is ex is ting  stric tly  a t  the crystal 
boundaries of its own m aking  due to  th e  ru p tu re  
of th e  varions crystals in  which i t  is form ed. 
This is clearly shown in  F ig . 3 a lready re fe rred  to 
in which is found the  crystals of fe r rite  w ith large  
g rap h ite  p lates passing th ro u g h  them .

In  th e  m ajo rity  of comm ercial samples of cast 
iron where th e  s tru c tu re  is a complex m ix tu re  
of num erous constituen ts, i t  has no t ye t been 
found possible to  show up th e  crystal boundaries 
under th e  microscope. In  th is  connection i t  is 
th e  au th o r’s opinion th a t  th e  now well-known 
netw ork s tru c tu re , the  significance of which in 
th e  stren g th  properties of cast iron was first shown 
by Cook and H ailstone, is synonymous w ith the  
g ra in  size. The ac tua l cause of th is  netw ork 
s tru c tu re  of the phosphide constituen t has never 
been satisfac to rily  explained before. Two illus
tra tio n s  of th e  netw ork s tru c tu re  are  given in 
Figs. 4 and  5. F ig . 5 is p a rticu la rly  in te res tin g  
in revealing  th e  segregation of the  la s t to  solidify
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m other liquor in a cast iron contain ing an 
extrem ely small q u an tity  of phosphorus.

The influence of crystal boundaries on the 
s tren g th  properties of m etals is well known, and 
it  will be readily  appreciated  th a t  in cast iron the  
influence of th e  crysta l boundaries will become 
more and more p redom inan t as th e  size and conse
quently  th e  influence of the  g rap h ite  is decreased.

The im portance of th e  g ra in  size as indepen
den t from the  g rap h ite  size is n o t sufficiently well 
realised, and i t  is qu ite  an easy s ta te  of affairs to 
im agine cas t irons having the  sam e g raph ite  size 
and  different g ra in  sizes and vice versa. We have 
here ano ther peg on which to  hang explanations 
for those freq u en t anomalies in stren g th  properties 
which are  th e  bone of contention of many 
foundrym en.

T he g ra in  size is determ ined a t  an earlier 
period of th e  cooling of cast iron, and w ithin lim its 
is seriously a ltered  by th e  ra te  of cooling 
conditions.

Rate of Cooling.
The object of discussing these features—th e  com

position, s tru c tu re  and the  grain  size—is to  show 
th a t  they a re  well known to  be fundam entally  con
tro lled  by the ra te  of cooling conditions.

The fe a tu re  of th e  Lanz pearlitic  cast iron pro
cess so fa r  as we know i t  is the  use of heated 
moulds. This fea tu re  has th e  d irec t resu lt of 
a lte rin g  th e  ra te  of cooling conditions from those 
u nder which cast iron cools when norm ally oast 
in to  sand moulds.

A nother difficulty which again  presents itself in 
discussing th is  aspect of the  subject is the lack of 
any specified casting  tem p era tu re  data . I t  is 
impossible to  ensure com parable ra te  of cooling 
conditions unless th is  tem p era tu re  is specified. 
This is equally as im p o rtan t as the specification 
of th e  in itia l tem p era tu re  of the  mould.

B roadly speaking, if the casting  tem peratures 
are  m ain ta ined  as in  norm al foundry practice, we 
should expect the  provision of heated  moulds 
would re ta rd  th e  m ean ra te  of cooling, and it 
would appear th a t  D iefen thaler’s object of using 
heated  moulds is to secure conditions such th a t

L
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when casting  compositions of th e  borderline type, 
i t  is p rim arily  ce rta in  th a t  they  a re  going to  be 
on th e  so ft grey and m achinable side of the 
borderline. This appears to  be the m ost im portan t 
fe a tu re  of th e  process.

Conclusions.
In  sum m ing up these notes and considerations 

i t  m ust be borne in m ind th a t  th e  w rite r’s know
ledge of th e  sub ject is secured from  th e  technical 
d a ta  which has appeared in the Press and which 
is so scanty as to  p roh ib it any definite statem ents 
as to th e  m erits o r otherwise of th e  pearlitic  
casting  process.

The m erits of the process would have been 
dem onstrated  w ith more certa in ty  if Professor 
B auer had  given us th e  com parative d a ta  on his 
samples before and a fte r  tre a tm e n t by the 
p earlitic  casting  process.

Ill its  conception the  use of irons of border
line composition and u tilising  hot moulds to ensure 
a p earlitic  s tru c tu re , or a t  least a m achinable 
stru c tu re , for a given thickness of casting  a ttra c ts  
to  th e  au tho r as a m ethod of ob tain ing  better 
m echanical p roperties, p articu la rly  in those th in  
castings in which i t  is necessary to use a  higher 
silicon con ten t to  ensure m achinahility.

The influence of th e  p earlitic  s tru c tu re  in  itself 
is .considerably overstressed, and i t  is undoubtedly 
due to  th e  size, a rrangem ent and d is tribu tion  of 
th e  g rap h ite  and th e  crystals th a t  the  streng th  
properties a re  due. The pearlitic  s tru c tu re  in 
itself is undoubtedly a d is tinc t advantage from the 
po in t of view of resistance to  wear and to certain  
d is to rtion  under h ea t influences.

F inally , th ere  is no doubt th a t  pearlitic  cast 
iron and th e  p earlitic  casting process, in so fa r 
as i t  complies w ith the  fundam ental definition, is 
a subject w orthy of th e  serious consideration of 
foundrym en. I t  is to  be hoped th a t  th e  autliori 
ties connected w ith  th is m ateria l will tak e  an 
early oppo rtun ity  of p u tt in g  before us th e  p lain, 
sim ple in fo rm ation  necessary to  convince us th a t  
th e ir  ac tua l p rac tice  is in  accordance w ith  the 
term s of th e ir  definition and to dem onstrate con
clusively th e  superior properties which they  claim 
for p earlitic  cast iron.
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DISCUSSION.
T he B r a n c h - P r e s i d e n t  (M t. V. C. F au lkner), 

in opening th e  proceedings, said i t  was usual to 
call upon the  Secretary  to  read  th e  m inutes of the 
las t m eeting, bu t, un fo rtu n a te ly , M r. H . G. 
Sommerfield (the B ranch-Secretary) was very ill 
indeed, and  was n o t a t  all likely to  be able to  
tak e  any p a r t  in  th e  proceedings of th e  In s ti tu te  
for m any m onths. H e (the  B ranch-P residen t) 
was sorry to  have to  give th e  members th is  news, 
b u t he was sure they  would allow him  to convey 
to  M r. Sommerfield th e i r  best wishes for his 
recovery.

Presentation of Diplomas.
C ontinuing, th e  B ranch-P residen t said th a t  his 

n e x t du ty  was a  very p leasan t one, because i t  fell 
to  h is lo t to  p resen t diplom as which had  been 
g ran ted  by th e  G eneral Council of th e  In s ti tu te  
to  tw o mem bers of th e  B ranch. The first was to  
th e ir  P a s t-P re s id en t an d  very good frien d , M r. 
A. R. B a rtle tt , fo r h is P a p e r on “ A Day a t  th e  
C upola.”  (A pplause.) M r. B a r tle tt  was th e  very 
best friend  th e  In s titu te  had  ever had. H e m ust 
have travelled  thousands of miles on th e ir  busi
ness, especially d u ring  th e  war, when trav e llin g  
facilities were p o o r ; also, whenever th e  B ranch 
had been sh o rt of a  lec tu re r, M r. B a r tle t t  had  
invariab ly  stepped in. In  add ition  to  h is adm inis
tra tiv e  work, his P ap ers  had been of very definite 
in te re s t; th ey  were always of a good, p rac tica l and 
technical character.

The diplom a was then  presen ted , am id applause.
M r. A. R . B a r t l e t t  expressed his th an k s  to  th e  

B ranch-P residen t for h is k ind  rem arks, and  to  
th e  mem bers fo r th e  m anner in which they  h ad  
responded to  them .

T h e  B r a n c h - P r e s i d e n t  said th e  second diplom a 
was to M r. J .  W . Gardom, who was an  ideal mem
ber. The first tim e  he had  a tten d ed  a  m eeting  
of th e  B ranch he had  m ade some very constructive 
rem arks, an d  since th en  had been one of th e  very 
best members. H e had  read  an  excellent paper, 
and a t  every m eeting  they  could look fo rw ard  to  
some rem arks from  him , which carried  th e  
subject under discussion a  li tt le  fu r th e r , which 
they all appreciated .
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The diploma was presented to Mr. Gardoin, also 
to the accompaniment of applause from the 
members.

Mb . Gabdom expressed h is thanks.
Lanz Pearlitic Cast Iron.

T h e  B b a n c h - P r e s e d k x t  then introduced the lec
tu rer, Mr. H urst. H e (the Branch-President) 
was responsible for the  subject of Mr. H urst’s 
Paper, which was one of very definite interest to 
all cast-iron foundry people. '  The least one could 
say about i t  was th a t, if i t  did nothing else, it 
would resurrect the in terest of the British foundrv 
trades as to what was the best composition for 
cast iron, and what was the best te s t one conld 
expect to get out of it. The members were to be 
told th a t  evening, he understood, exactly what the 
Lanz pearlitic cast iron was, and how i t  differed 
from the pearlitic cast iron which had been made 
in th is country for a considerable period in large 
quantities.

T h e  B r a n c h - P r e s i d e n t , in opening the  discus
sion. said i t  would be agreed th a t thev had had 
a most interesting Paper, but, unfortunately, they 
were still le ft in the a ir, inasmuch as Mr. H urst 
had been unable to say exactly whether thev must 
regard the Lanz pearlitic cast iron as a  serious 
product o r as a quack material. H e gathered, 
however, th a t, providing certain factors were 
regulated, then i t  was a  material worthy of the 
serious atten tion  of foundrymen. Although the 
moulds were heated up to a  certain tem perature, 
apparently the  patentees were not taking mass 
effect into consideration. By th a t he m eant th a t, 
if the  wall of the  mould were only 5 in. thick, it 
would not have the  same effect as if the wall of 
the mould were 2 in. thick, because the ra te  of 
cooling would vary with the thickness of the 
mould, although i t  was heated to  the same definite 
tem perature. Some of the members of the Branch 
would remember th a t, a t an exhibition at 
Olympia, they were taking test pieces of about 
1 in. diameter of electrically-melted iron made by 
Summerson, of Darlington, and those test pieces 
regularly gave about 19.9 tons per sq. in., so th a t 
the figures given for the Lanz product were 
roughly 4 tons per sq. in. better than the  best
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norm al m ateria l they could g e t from B ritish  
m anufactu rers.

C ontinuing, the  B ranch -P residen t said he had  
had a  n o te  from  M r. J .  G. Pearce  (d irector of th e  
B ritish  C ast Iro n  R esearch A ssociation), who had 
had  to  leave th e  m eeting before th e  conclusion of 
th e  lecture . M r. P earce  had  p repared  a  confi
d en tia l docum ent, which had  been issued to  th e  
members of th e  B ritish  C ast I ro n  R esearch Asso
c ia tion , and, generally  speaking, his views 
coincided fa ir ly  well w ith  those of M r. H u rs t, 
namely, th a t  more inform ation  was needed in 
regard  to th is  m ateria l. T here  seemed to  be some
th in g  in  i t  ; everybody agreed th a t  th e  pa ten tees 
were proceeding on th e  r ig h t lines, h u t th e re  were 
ce rta in  fac to rs which were s till w anted .

Insufficient Details Available.
M r. F . A. M e l m o t h  said th e  lec tu re r had  la id  

considerable stress on th e  fa c t th a t  very li tt le  
definite in fo rm ation  was available, and  he agreed 
th a t  to  all in ten ts  and  purposes our knowledge of 
the  subject w as lim ited  to  w hat had  been published 
in th e  technical Press. H e him self was very in 
terested  in  th e  constitu tion  of c a s t iron, and he 
would like to  know w hether the  lec tu re r considered 
th e re  was any th ing  in  th e  following theory  bear
ing  on th e  reasons for th e  Lanz p ea rlitic  cast iron 
possessing certa in  unusual p roperties. H e te n ta 
tively  suggested th a t  th e  p e a rlitic  condition  in 
w hat would be, when norm ally  cooled, a w hite iron 
was caused by th e  re ta rd in g  action of th e  hot 
mould slowing down th e  cooling to  such an ex te n t 
as to  cause th e  p a r tia l o r com plete decomposition 
of th e  norm ally-form ed massive cem entite . H e 
would tak e , for exam ple, a w hite  iron  of a com
position used for p roducing  A m erican black h ea rt 
malleable. I t s  com position was som ewhat sim ilar 
to  th a t  m entioned by M r. H u rs t, being, to ta l c a r
bon, about 2 .5 ; silicon, 0.7 to  0.9 (depending on 
th e  thickness of th e  sections required) ; m an
ganese, 0.3 to  0 .4 ; su lphur, 0 .05; and phosphorus, 
0.2 p e r cent- The ac tua l m icro -struc tu re  of such 

* an iron, if cooled in th e  o rd in a ry  way, would con
sist of m assive cem en tite  in  a m a tr ix  of p earlite .

* In  th is  case, looking a t  th e  cooling curve drawn 
by M r. H u rs t, i t  would pass th ro u g h  th e  solidus 
line, and below th a t  p o in t would form  massive



cem entite , th e  pearlite  feeing form ed a t  a lower 
tem pera tu re , approxim ately  760 deg. C., o r p er
haps a litt le  lower th a n  th a t. If , however, any 
re ta rd in g  influence were placed upon th e  cooling 
of th a t  iron, so th a t  i t  passed th rough  th e  middle 
range, say, betw een 1,150 and 760 deg. C., a t a 
much slower ra te , th e  possible tendency would be 
tow ards the  decomposition of th e  already-form ed 
cem entite  w ith th e  production  of secondary 
g rap h ite . T ak ing  th e  sam e alloy, and subjecting 
i t  to  sufficient tem p era tu re  w ith quite  a short 
tre a tm en t, the  resu lt obtained would be a pear
litic  s tru c tu re  con ta in ing  small scattered" amounts 
of g raph ite .

I t  appeared  possible to  him , therefore , th a t  the  
L anz process feeing based on the  re ta rd in g  of the  
cooling d u ring  th e  period betw een 1,150 and 760 
deg. O., allowed, therefore, a sufficient tim e for 
th e  form ed cem entite  to  commence to  decompose 
o r en tire ly  decompose. I t  had been asked by the  
B ranch-P residen t w hether th e  L anz process was 
to  be considered as a quack process o r a  something 
which would become really  valuable. Personally, 
he did n o t th in k  a t  th e  m om ent th a t  o rd inary  
works conditions could so co-ordinate composition 
and tem p era tu re  of mould th a t  such a m a tte r as 
th is oould become a definitely prac tica l proposi
tion . As an instance of th is, Mr. M elmoth asked 
how m any castings came th e ir  way in  which one 
definite thickness of th e  casting  could be relied 
upon r ig h t th rough . In  very m any cases they  were 
asked to  produce castings which were J in. th ick  
in one place and 2 in. th ick  in another. In  such 
a case were they  to  a lte r th e  composition for any 
one p a r t , o r th e  ra te  of cooling for any one p a rt, 
or th e  local h ea t to  which they  subjected the  
moulds? I f  i t  w ere possible to  do none of these, 
would they , w ith  th is  p a rticu la r reaction, the 
possible decomposition of cem entite—assuming i t  to  
be th a t— obtain  equal s tru c tu res  in  th e  2-in. and 
|- in .  sections? H e douibted it. Therefore, it  
seemed th a t  o rd inary  foundry practice  would only 
be adap ted  to  th e  conditions necessary to  produce 
pearlitic  cast iron w ith extrem e difficulty.

Old Cannon show Pearlitic Structure.
M r .  W e s l e y  L a m b e r t  (P as t B ranch-President) 

congra tu la ted  M r. H u rs t upon his lecture, in



which had  been b ro u g h t ou t a  g rea t deal of m a tte r  
of considerable in te rest. W hen a m an could lec
tu re  for an hour and a-half on a sub ject w ith  
regard  to  which he had  adm itted  th e re  was li tt le  
in fo rm ation  available, all would- agree th a t  he had 
done rem arkably well. The high tensile  figures 
which M r. H u rs t had given fo r c a s t iron rem inded 
him  (M r. L am bert) of a num ber of thin-w all 
cannon which w ere broken up as scrap  some th ir ty  
years ago. The members would probably have in 
m ind cast-iron  cannon w ith  r a th e r  th ick  walls, b u t 
in those days th e re  were q u ite  a  num ber of old 
cannon hav ing  com paratively th in  walls— any th ing  
froon 2 | in. a t  th e  breech to  1 in . a t  th e  muzzle. 
A t th e  tim e  these cannon were broken up under 
the  steam -ham m er, he had  secured some pieces foT 
te s t  purposes, and  i t  was n o t an uncommon occur
rence to  get round about 20 tons tensile from  th a t  
cast iron. H e had  examined- th e  m etal u nder the  
microscope, and  found th a t  i t  possessed a s tru c 
tu re  which to-day would be regarded  as of a 
p ea rlitic  character. M r. H u rs t, in  th e  course of 
his lecture , had spoken of g ra in  size, and th a t  had  
a very im p o rtan t b ea rin g  on th e  tensile s tren g th  
of the  iron, as also had th e  cha rac te r and d is trib u 
tio n  of the  g raph ite . I f  la rge  flakes of g rap h ite  
segregate out, one m ust no t expect to  get very 
high tensile figures. In  th e  p a rtic u la r  iron secured 
th ir ty  years ago which he had  exam ined, th e  
g raph ite  -certainly was in ,a very fine s ta te  of d iv i
sion M r. H u rs t had  said th a t  g rap h ite  does no t 
necessarily follow th e  boundaries of th e  -crystals. 
F rom  th a t  i t  m igh t be gathered  th a t  he wished to 
infer th a t  th e  g ra p h ite  was p re sen t as a com
ponen t p a r t  of th e  ac tua l crystals , h u t he (M r. 
L am bert) was n o t of th a t  opinion. In  every 
instance in  which he had exam ined th e  -metal th e  
g rap h ite  was m erely en tang led  am idst th e  crystals 
of p ea rlitic  iron w hich go to  m ake up a g ra in . 
One should d ifferen tia te  between a  cry s ta l and  a 
g ra in . The actual -crystals of iron of a  p ea rlitic  
charac te r contained, so f a r  as he -was able to  ascer
ta in , no g rap h ite  w hatever, b u t  am idst th e  con
glom erate of th e  crystals of -pearlitic iron form ing 
a grain , th e  g rap h ite  is found en tang led  betw een 
th e  boundaries of ad jacen t crystallites.

W ith  reference to  th e  iron  carbon  d iagram , i t  
should he d is tinc tly  understood th a t  i t  was

290
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an iron-carbon diagram , i.e., a  diagram  of 
the  tw o elem ents, iron and carbon. There 
was no doulbt th a t  i t  could be modified by  th e  other 
constituen ts p resen t in cast iron, and, although 
they  looked upon pea rlite  as requ iring  0.89 per 
cent, combined carbon, i t  was ju s t  possible, and 
no t a t  all unlikely, th a t  th e  o th e r elem ents in com
m ercial cast iron may exert an influence, and th a t 
i t  m ay ibe possible to  ge t an alm ost wholly pearlitic  
s tru c tu re , if no t a tru e  pearlitic  s tru c tu re  w ith a 
con ten t of combined carbon of less th an  0.89 per 
cent. H e regarded  th e  iron-carbon d iagram  in 
m uch th e  same way as he did th e  o rd inary  copper- 
zino d iagram . There were ce rta in  co-efficients for 
use when o th e r elem ents were in troduced in to  a 
copper-zinc m ix ing  in th e  m aking of th e  complex 
brasses, and  by a series of simple calculations the 
m odification in  th e  m icro-structure caused by the 
in troduc tion  of such elem ents can ibe an tic ipated . 
H e believed th a t  in course of tim e th e  full 
influence will become known of the other elements 
add itional to  th e  essential iron p lus carbon con
s titu en ts  of comm ercial cast iron. The iron-carbon 
d iagram  will be fu r th e r elaborated, and the  m anu
fac tu re  of commercial p ea rlitic  cast iron may 
possibly be arrived  a t  in more ways th a n  one.

Commercial Aspect of Pearlitic Cast Iron.
M e. J .  A. S m e e t o n  (a v isitor) said th a t  Mr. 

H u rs t had  spoken in a m ost enligh ten ing  m anner 
for an hour and a ha lf on a modicum of inform ation 
which he had said he had gathered  from an ancient 
p a te n t and various artic les in  technical journals. 
The D iefen thaler p a ten t, said Mr. Smeeton, was 
som ewhat old, and, since D iefen thaler had  joined 
th e  Lanz Company, th a t  Company had spen t m any 
years on experim en t and research. H e was 
inform ed’ th a t , as a resu lt, th e re  were th ree  la te r  
p a ten ts , th e  provisional applications fo r which 
were passing  th rough  th e  P a te n t Office, and would 
be published shortly. They would probably throw  
a g rea t deal of ligh t upon th e  methods by which 
th e  L anz Company claimed to  produce consistently 
p ea rlitic  s tru c tu re  castings. H e himself was only 
in terested  in  th e  p roduction  of p earlitic  castings 
from the  po in t of view of giving English foundries 
som ething which would enable them  to tu rn  o u t a 
superior p roduct, w ith more lasting  efficiencies,
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and he was of opinion th a t ,  considering th e  lack 
of available knowledge of th e  L anz process, i t  could 
only be assumed, from  the  fac t th a t  th e  L anz Com
pany  w ere selling licences to  some of th e  most 
im p o rtan t foundries in  E u rope  and  o th e r p a rts  
of th e  world, th a t  they  m ust have a rrived  a t  some
th in g  more or less definite. M r. H u rs t had  m en
tioned  th a t  th e re  was no d a ta  given in reg a rd  to  
the  pouring  tem p era tu res  of m etals, or th e  degree 
of h e a t w hich m ust be applied  to  m oulds for cast
ings w ith  walls of variab le  thickness, or any  defi
n ite  in fo rm ation  w ith  reg ard  to  th e  cooling-down 
period. H e (Mr. Smeeton) believed they  would 
find, when they  inqu ired  fu r th e r  in to  th e  Lanz 
process—which, a f te r  all, appeared  to  foe a  defined 
m ethod of producing consistently  p ea rlitic  s tru c 
tu re  castings—th a t  all these fac to rs  had  actually  
been arrived  a t, and  th a t  th e  in fo rm ation  would 
be placed a t  th e  disposal of founders who were 
seriously in q u iring  in to  th e  m ethods of m anufac
tu re  ; any founder who was sufficiently in terested  
to  become a licensee of th e  L anz process would 
have all th is  in fo rm ation  placed a t  his disposal, 
so th a t  he would be afble to  m an u fac tu re  these 
castings, which, apparen tly , had  some advantage. 
R ecently , said Mr. Sm eeton, he had  m ade a to u r 
of E ngland , and, w herever he w ent, he had  the 
claims of th is  L anz p ea rlitic  iron process th row n 
a t  him  for discussion. H e had  happened to  
become associated w ith  th e  Lanz process—know ing 
no th ing  a t  all about cast iron or found ry  work 
generally, and being a m echanical eng ineer of 
ce rta in  ability.—and he was accused of try in g  to 
force on th e  m arke t some process which was going 
to  upset everyone’s ex is ting  ideas and  p rac tice  ; 
he was th rea ten ed  w ith all sorts of d ire  pun ish 
m ent fo r endeavouring to  tre a d  on the  corns of 
investigators in th is  country',, though th e re  was no 
reason for him  to  foe accused of doing any th in g  
of th e  so rt. H is view of th e  position  was th is  : 
H ad  th e  Lanz Com pany obtained  a p a te n t which 
was of value? D id th e ir  p a te n t enable any  in d i
v idual foundrym an to  produce a casting  which 
was superio r to  a norm al casting , w hich would 
economise m achining costs, which would give a 
h igher tensile  s tren g th , some ductility , and all th e  
o ther advantages claim ed by the Lanz concern for 
castings produced by th e ir  m ethod? A pparen tly
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th e  Com pany had  been able to  convince some 18 
of th e  most im p o rtan t engine builders and o ther 
specialised m anufactu rers in  Europe. They had 
no t ye t convinced anyone in  E ngland , although 
recen tly  quite  a num ber of foundrym en had  been 
in G erm any investiga ting  th e  process, and th e ir  
rep o rts  would even tua lly  be published, if n o t to  
th e  public, a t  leas t to  th e ir  boards of directors. 
To set h is (M r. Sm eeton’s) m ind a t  rest, he had 
th o u g h t the  best th in g  to  do was to  ask th e  Branch- 
P residen t (M r. F au lkner) to  go to  the C ontinent 
personally to  investiga te  th e  question, n o t only 
in the  L anz works, b u t in th e  works of some of 
th e  most im p o rtan t licensees. Then he would p er
haps be able to  say w hether th e  L anz process was 
quack, as m entioned, o r w hether i t  was real. M r. 
Sm eeton suggested th a t , considering th e  small 
am ount of rea l p rac tica l knowledge available, they 
should leave th e  m a tte r over u n til th e  B ranch- 
P residen t was in a position to  address the  mem
bers of the B ranch  and  place before them  the 
results of his investigations, and his real opinion 
as to  w hether th e  claim s of th e  Lanz Company 
were justified , and w hether th e  process was of any 
value to  them  all, as foundrym en and engineers 
in te rested  in th e  economic production of high-class 
castings.

Heat Treatment of Moulds not New.
M r. A. R . B a r t l e t t  (P a s t B ranch-President) 

spoke of th e  difficulty of g e ttin g  a  mould to  such 
a tem p era tu re  th a t  would give an even ra te  of 
cooling over th e  whole mass of a casting, through  
th e  thickness of th e  casting  being  varied . I t  was 
qu ite  common practice , he believed—a t  any ra te , 
i t  was so fa r  as he was concerned—to 1 m ake tes t 
bars  in  a  dry-sand mould, and to  keep th a t  mould 
in th e  stove u n til th e  la s t m om ent of cooling. The 
m etal was cast as hot as th ey  could g e t it , and, 
a f te r  casting , th e  mould was tak en  back to  the  
stove and  le f t u n til i t  was p ractically  cold. U nder 
those circum stances, i t  seemed to  him  th a t  the  
L anz process was somewhat th e  sam e as th a t  fol
lowed in  order to  fake  th e  te s t bars. (L aughter.) 
I t  was no t a tru e  read ing  of w hat th e  actual cast
ing would be. As to  th e  analysis given by P ro 
fessor B auer, he (M r. B a rtle tt)  would take  th a t  to  
be q u ite  a good analysis fo r  th e  heavy ty p e  of
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cylinder casting , and  the  figures M r. H u rs t had 
given corroborated  th a t .

Cost of Process.
M r . H . O . ¡Sl a t e r  (P as t B ranch-P residen t) said 

th a t  he looked a t  th e  m a tte r  from th e  p rac tica l 
po in t of view, as had  M r. B a r tle tt , and  i t  seemed 
th a t  the  lec tu re r had dealt w ith  i t  ra th e r  from  th e  
scientific aspect. W ith  regard  to  th e  h e a tin g  of 
th e  mould to  a  p a rticu la r tem p era tu re  to  su it  a  
p a rticu la r section, th is  would be, in  his opinion, 
a  very  costly proposition .

The B r a n c h - P r e s i d e n t  said i t  increased t h e  cost 
by 15 p er cen t., according to  th e  G erm an inves ti
gators.

M r. S l a t e r  po in ted  o u t th a t  i t  would he ra th e r  
difficult to  h ea t a  fair-size loam mould to  a p a r
ticu la r tem p era tu re , and i t  would be an expensive 
operation . I t  all cam e hack to  th e  question of 
annealing. H e had  in  m ind some small boxes 
m ade for e lectrical ap p a ra tu s . W hen ca s t in  
o rd inary  iron i t  ce rta in ly  solidified much w hiter 
than  they  had an tic ipated  . They th o u g h t i t  best to 
follow common practice  and  p u t them  in  a muffle, 
cover them  w ith  sand, and  anneal them  fo r a  few 
hours on sim ilar lines as they  would m alleable iron, 
only in sand instead  of iron ore ; th a t  was success
ful. H e believed th e  G erm an process was no t 
a ltogether new, because m any old foundrym en 
knew th e  value of annealing  or holding back th e  
cooling of iron, in  order to  ge t a soft and ductile  
m achining iron. W ere p ea rlitic  cast-iron castings 
made by th is  process sand  cast, or cast in  a  perm a
nen t mould or chill?

M r. S m e e t o n  s a i d  t h e y  c o u l d  b e  c a s t  i n  a n y  
f o r m .

M r . S l a t e r , a l t h o u g h  h e  r e i t e r a t e d  h i s  p o i n t  
t h a t  t h e  h e a t i n g  o f  a  m o u l d  t o  a  p a r t i c u l a r  t e m 
p e r a t u r e  i n v o l v e d  c o n s i d e r a b l e  e x p e n s e ,  a g r e e d  
t h a t  i f  t h e  m a t e r i a l  w o u l d  d o  a l l  t h a t  t h e  
p a t e n t e e s  c l a i m e d  f o r  i t ,  i t  w o u l d  b e  v e r y  a c c e p t 
a b l e  t o  t h e  m o t o r  i n d u s t r y ; h e  h i m s e l f ,  a s  a n  
a m a t e u r  m o t o r i s t ,  w o u l d  v e r y  m u c h  a p p r e c i a t e  a  
b e t t e r  c y l i n d e r .

Low-Silicon Iron.
M r. J .  W . G a r d o m , a f te r  c o m m e n tin g  on th e  

in s tru c t iv e  n a tu r e  of th e  lec tu re , sa id  t h a t  h e  w as
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p a rticu la rly  in te rested  in low-silicon iron. W ith 
ou t considering, a t  th e  m om ent, w hether o r n o t i t  
was possible to  p roduce iron w ith  the  properties 
m entioned by M r. H u rs t by m eans of th e  Lanz 
process—though really  he ¡believed i t  was possible— 
he could n o t see th a t  i t  was going to  be a  com
m ercial proposition. In  his own p a rtic u la r  class 
of work he had  produced grey iron, o r w hat should 
have been grey, b u t which had  tu rn ed  ou t w hite 
iron, and  th a t  was ra th e r  try in g . W ith  a  norm al 
composition iron, w ith  21, p e r cent, silicon, in  a
section 1 -in. th ick , he had  obtained w hite iron.
A nother, con tain ing  1  per cent, of silicon, tu rn ed  
o u t to  be m ottled. T h a t so rt of th in g  was very 
try in g , and  m ade them  wonder w hether i t  would 
be comm ercially possible to  b rin g  all th e  varying 
factors down to  such fine lim its as to  enable them  
to  produce exactly  w hat they  w anted every time. 
H e knew, for instance, th a t  given an iron contain
ing 3 p e r cen t, to ta l carbon, 1 p er cent, silicon,
0.7 p e r cen t, m anganese, and  0.1 p e r cen t, sulphur, 
if  th ey  ra ised  th e  su lphur con ten t from  0 .1  to  0.15 
p er cent, th ey  could get a  serious varia tion  in the  
appearance of th e  castings, though they  were of 
th e  sam e size. I t  was possible, in  an o rd inary  
sand casting, w ith  a 1 -in. section, to  produce a 
m ottled effect, and, in  a 2-J- p er cent, silicon iron— 
th e  o rd inary  grey iron—by tak in g  i t  to  a  tem 
p e ra tu re  of about 920 deg. and quenching i t  in
w ater, th ey  produced, of course, a  w hite ir o n ; by 
annealing  th a t  fo r from  ha lf an hour to  an  hour 
above 700 deg. th ey  produced an alm ost entirely  
p ea rlitic  iron . They usually  found m any cracks in 
it ,  however, and, if  they  d id  produce pearlitic  
iron, they  w ere bound to  get th a t  resu lt. P earlite  
would n a tu ra lly  give a h igher tensile  streng th , 
g rea te r resistance to  wear, e tc ., b u t he considered 
th a t  th e  difficulties to  be overcome were almost 
insurm ountable.

Mb. W e s l e y  L a m b e r t , re fe rrin g  again to  th e  old 
cannon he had  m entioned previously, said th a t  pic
tu re s  showing th e  m ethod by which they  were cast 
were in  existence. Iro n  moulds, presum ably lined 
w ith  a  th in  coating  of loam, were employed, and  a 
wood fire was ligh ted  around th e  outside of th e  
mould to  m ake i t  ho t a t  th e  tim e th e  m etal was 
being poured.
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THE AUTHOR’S REPLY.
M r . H u rst  expressed g ra tifica tion  a t  th e  

lengthy discussion his P ap e r had  provoked. D eal
ing w ith th e  m a tte r  generally (as he understood it) 
he said th a t  th e  position in  reg a rd  to  pearlitio  
cast iron a t  th e  p resen t tim e  was th a t  th e  defi
n ition  given by P ro f. Bauer-=—the  definition as laid  
o u t in th e  only ex isting  p a te n t specification of th e  
Lanz process, was an  extrem ely good one, and was 
of considerable in te re s t to  foundrym en, as offering 
a  possibility  of ge ttin g , in  m any cases, a  b e tte r  
iron th a n  they  a re  able to  produce a t  p resen t. 
W hether p ea rlitic  cast iron  would be universally  
applicable to  a ll types, shapes, sizes and  conditions 
of casting  was ano ther m atte r . I f  reference were 
m ade to  P ro f. B au er’s P ap e r, and  to  some of th e  
o ther artic les published w ith  reg ard  to  pearlitio  
cast iron, i t  would be found th a t  th e re  was a te n 
dency to  adhere s tric tly  to  cylindrical castings, 
such as cylinder liners and piston r in g  drum s. If  
they  considered th e  m a tte r  from  th e  p o in t of view 
of the  m ak ing  of cylindrical castings, m any diffi
culties would be overcome, and  M r. H u rs t con
sidered i t  a m istake to  endeavour to  in te rp re t the  
definition in  th e  term s of all th e  shapes, sizes and 
conditions of casting  th a t  occurred in  m odern p rac
tice. H e did n o t th in k  L anz would like to  
claim  th a t . The only p o in t was th a t ,  so fa r  as the  
in fo rm ation  derived from  th e  published p a te n t 
specification and  published artic les w ent, th e  defi
n ition  itse lf held o u t prom ises of an extrem ely use
fu l inven tion . The u n fo rtu n a te  p a r t  was th a t  
none of th e  exam ples quoted up to  th e  p resen t 
tim e complied stric tly  w ith  th e  term s of th e  defi
n ition  itself held ou t prom ises of an extrem ely  use- 
all in . W here were they?  W hen th e  exam ples of 
P ro f. B auer— an au th o r ity  on cast iron in G er
m any—did no t comply stric tly  w ith  the definition, 
and when he avoided (w hether in ten tio n a lly  or 
otherw ise M r. H u rs t d id  n o t know) th e  d irec t issue 
of com paring his iron, cast by p ea rlitic  m ethod 
and  cast norm ally, i t  m ade i t  extrem ely  difficult 
fo r them  to consider th e  sub ject of p earlitic  cast 
iron, and to  a tta ch  any im portance to  it. None 
of them  was asking th e  inven tors to  give any in 
fo rm ation  which was ojf com m ercial va lue, and 
which they would, n a tu ra lly , expect to  be paiu
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enable them  to  gauge the value of the pearlitic  
process. T h a t in form ation  could be supplied quite 
easily, and he (Mir. H urst) suggested to M r. Srnee- 
to n —who was, he understood, a represen tative of 
the Lanz process in th is  country—th a t  he should 
urge his p rincipals to give th e  results of tes ts on 
a  I f  in. dia. te s t b ar, cast according to  the  pear
litic  m ethod and according to  ord inary  sand- 
casting  methods.

M e . S m e e t o n  pointed o u t th a t  th e  B ranch-Presi- 
den t would be able to  do th a t When in Germany.

M r . H u r s t  said th a t  would prove conclusively 
w hether or no t there  was any m erit in the  process. 
The question was quite  capable of simple proof, 
and  i t  would set th e ir  minds a t rest a t  once. If 
the  B ranch-P residen t were satisfied th a t  the  re 
sults claimed could be regularly  obtained, then 
th a t  would a t  once dem onstrate the commercial 
value of the process.

D ealing w ith M r. M elm oth’s suggestion as to 
w hat he considered were the  fea tu res underlying 
th e  pearlitic  cast iron process, Mr. H u rs t pointed 
ou t, in the  first place, th a t  M r. M elmoth men
tioned a silicon con ten t, which was lower th an  those 
m entioned in any of( the  w ritings connected w ith 
pearlitic  cast iron. Mr. Melmoth had m entioned
0.7 and  0.9 per cent, silicon contents w ith which 
th e  difficulty of g e ttin g  graph ite  in the struc tu re  
w ith any norm al ra te  of cooling, as a p a rt from 
annealing , was well known.' F rom  w hat he (Mr. 
H u rs t) could ga ther, , a f te r  reading th e  published 
m a tte r  on p earlitic  cast iron, th e  ra te  of cooling 
was n o t very much longer th a n  i t  would be in 
norm al grey iron foundry  practice. In  any case, 
th e re  was no semblance of any annealing, except 
in the  a lte rn a tiv e  methods which were suggested, 
b u t which were no t described. Secondly, if Mr. 
M elmoth would re fe r to  th e  micro-photographs in 
P ro f. B au e r’s P aper, he would see a t once th a t  
the free  carbon deposited in pearlitic  cast iron was 
no t of the  type  which would have been expected 
from  the  secondary form ation  of g raph ite  du ring  
an annealing  process. T ha t would be of th e  type 
sim ilar to  th a t  which appeared in micro-photo
graphs of malleable castings. In  P rof. B auer's 
photographs l a r g e  f l a k e s  of g r a p h i t e ,  i n d i c a t i n g
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th a t  i t  was a p rim ary  g rap h ite  form ation  were to  
be seen.

Pearlitic Structure to be where most Needed.
M r. H u rs t, rep ly ing  to  th e  B ranch-P residen t, 

said th a t  th e  mass of sand would n o t have very 
much influence on th e  process; th e  sand had  such 
an extrem ely  low therm al conductiv ity  th a t  th e  d if
ference betw een in. and  2 in. th ickness of sand, 
in th e  tim e  tak en  to  produce th e  casting , would 
have very li tt le  effect indeed, p rov id ing  i t  was all 
a t a constan t tem p era tu re , which, presum ably, 
Lanz desired. H e believed th e  B ranch -P residen t 
had in m ind a m otor car cylinder, w ith  a cylinder 
wall, say, £ in. th ick  and a holding-down flange 
abou t 1 in . th ick . I f  L anz desired a tem p e ra tu re  
of 200 deg. C. for his mould wall in  one place, th en , 
if they  adhered stric tly  to  th e  p a te n t, they  would 
expect a  mould wall tem p e ra tu re  of 100 deg. C. in  
ano ther place. The p rac tica l difficulties of g e ttin g  
those .differences of tem p e ra tu re  in one sand mould 
were enormous, and he did no t th in k  L anz seriously 
in tended  th a t  th e re  should be any a tte m p t to  do 
th a t . In  considering a m otor car cy linder he 
would probably reason th a t  the  m ost im p o rtan t 
p a r t  of th e  cylinder was th e  cylinder wall, and  th a t  
was where th e  high resistance to  wear was w anted. 
Therefore, if  th e  conditions ob ta ined  w ere suoh 
th a t  th ey  had  an  all-pearlitic  s tru c tu re  in  the  
cylinder wall, th a t  was as much as could be ex
pected practically . Thus, he would a rran g e  his 
average mould tem p e ra tu re  a t  200 deg. C. W hether 
he ob tained  an all pearlitic  s tru c tu re  in th e  flange 
d id  no t m a tte r  to him  very m uch. T ha t, a f te r  all, 
was n o t so very d ifferent from  th e  line o f reason
ing in  o rd in ary  foundry  p rac tice . They would 
say, for instance, th a t  in a £-in. section i t  would 
be necessary to  have a silicon co n ten t of 2.5 per 
cen t., and th a t  in a 1 -in. section a  silicon con ten t 
of 1.75 p er cen t. B u t they  could no t do th a t  in 
p ractice, of course, so they  adopted for th e  whole 
casting, a  silicon con ten t of 2 p e r cen t., th a t  is 
the  proper silicon con ten t to  ensure a good cylinder 
wall, regardless of w hat happened to  th e  flange.

A V o i c e : Or chill it.
' Mb. H u r s t  replied th a t  even chilling was n o t so 

generally resorted  to as all th a t .  H owever, in  all 
fairness, they  should no t a tt r ib u te  too wide a
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scope to  th e  pearlitic  process, and th a t  was why he 
had  re fra in ed  from  dealing w ith mass effect. In 
cidentally , th e re  had  been no suggestion of i t  in 
any of the w ritings, and th a t  was another po in t on 
which th e  pa ten tees  m ight easily have been more 
clear w ithout disclosing any essential inform ation.

Crystals and Grains.
Coming to  M r. L am b ert’s rem arks, M r. H u rs t 

said he disagreed strongly as to  th e  position of the 
g rap h ite  in  th e  crystal boundaries, as suggested by 
M r. L am bert. I t  was impossible for th e  g rap h ite  to 
exist a t  th e  crystal boundaries, unless they  adopted 
M r. A dam son’s theories th a t  i t  existed in  th e  free  
s ta te  in  m olten iron, which he could assure them  
it  d id  n o t. There was no free g rap h ite  in  molten 
iron. If  M r. L am bert would reflect th a t  the  crystal 
boundaries were form ed long before th e  graph ite  
was form ed, th en  how was i t  possible for the la t te r  
to  ex is t a t  th e  crysta l boundaries? H e was afra id  
M r. L am bert could n o t produce any evidence of 
crystal boundaries in cast iron unless in  a sample 
of a slowly-cooled cast iron in  which the  whole 
m a trix  was fe rr ite . In  such a sample the  boun
daries could be shown by etching. H e (Mr. H urst) 
suggested th a t  th e  reason they  could n o t show th e  
crystal boundaries was because they were all hidden 
by th e  phosphide eu tectic, and th a t  was the  con
s titu e n t which segregated o u t a t  th e  crystal boun
daries. The m anner in  which th e  las t portions of 
th e  liquid  m etal to  solidify occupy a position a t 
th e  crystal boundaries will be found described in 
any te x t book. Those las t portions were the  phos
phide eu tec tic . Therefore, he suggested, th a t  Mr. 
Cook’s netw ork s tru c tu re  was th e  same th in g  as 
th e  crystal s tru c tu re .

M r . L a m b e r t : Are you speaking of “ crystals ”  
or “  g ra in s ” ?

M r . H u r s t  : T h e y  a r e  o n e  a n d  t h e  s a m e  t h i n g .
M r . L a m b e r t  : I  a m  a f r a i d  I  c a n n o t  a g r e e .
M r. H u r s t  said th a t  M r. Cook’s netw ork struc

tu re  was all round  the  crystal boundaries, and the  
g rap h ite  was in  th e  m idst of it.

M r . L a m b e r t  said he had  a single g ra in , about 
2 f in. in d ia ., which had been exam ined by P rof. 
Desch, who had  confirmed th a t  i t  was a single 
g ra in , because the  crystals in th a t  g rain  had the  
same o rien ta tio n  th roughou t. They m ust differen



t ia te  betw een crysta llites and th e  g ra in . H e be
lieved th e  gyaphite occurred round  th e  g rains, 
and n o t in  th e  ind iv idual crysta ls  th a t  w ent to 
build up th e  g ra in .

M r . H u r s t  replied  th a t  th e  g rap h ite  did not 
occur round  th e  g ra in . I t  was a fundam en ta l p ro
perty  of crystals th a t  they  could he broken up in to  
an indefin ite  num ber of sm aller crystals, all of 
which had  th e  tru e  h a b it of th e  o rig ina l c rystal 
from  which they  w ere broken up. I f  g rap h ite  
existed inside th a t  c rystal g ra in , i t  m ust, of neces
sity , ex is t around th e  boundaries of those tin y  
cleavage planes which, when broken up, consti
tu te d  the  sm aller crystals.

M r . L a m b e r t  a g r e e d .
M r . H u r s t  continued th a t  the  g rap h ite  did no t 

exist round  th e  crystal g ra in  form ed d u rin g  the 
solidification of th e  cast iron, bu t inside the  crystal 
g ra in . H e had taken  th e  troub le  to  m ake the 
po in t clear because, so fa r  as he knew, i t  never had 
been m ade clear.

Internal Chill Castings.
R eplying to  M r. G ardom ’s question as to  why 

an iron was w hite a t one tim e and grey a t  ano ther, 
M r. H u rs t said th a t  in an a rtic le  m  T h e  F o u n d r y  
T r a d e  J o u r n a l  for F eb ru a ry  1, 1923, page 85, he 
would find a very plausible exp lana tion . The ti t le  
of the  artic le  was 1 ‘ In te rn a l Chill in C astings. ” To 
deal w ith  th e  m a tte r  p roperly  would requ ire  
ano ther P ap er. I t  all depended on a  t r u e  concep
tio n  of th e  ra te  of cooling, which was set fo rth  
in th e  artic le  re fe rred  to . W hilst i t  did  n o t deal 
w ith th e  specific p o in t raised  by M r. Gardom, the  
whole of th e  underly ing  theory  was ou tlined .

F inally , M r. H u rs t said they  would all be de
lighted  if the  B rancli-P residen t, when in G erm any, 
could persuade th e  au th o ritie s  connected w ith  pear- 
litic  cast iron  to  dem onstra te  its  value by th e  very 
simple te s t already  ind icated . The resu lts  of such 
a te s t would enable them  a t  once to  conclude 
w hether p earlitic  cast iron was a m ateria l w orth 
th e ir  consideration or w hether i t  was not.

Vote of Thanks.
M r . S h i l l i t o e , in proposing a  vote of th an k s  to  

Mr. H u rs t fo r his P ap e r, said th a t  th e  discussion 
had rem inded him  of th e  te s ts  ca rried  o u t in  1910
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by M r. N eufang, of the  Gasmotoren F ab rik  Deutz, 
Cologne, and JDiefenthaler, before a p a te n t was 
th ough t of. They were w orking w ith raw  m ateria l 
which was a  re-m elt of p ig-iron and steel made in 
a small Siemens furnace, and which had an analysis 
p ractically  the  sam e as th a t  used by P rof. B auer.

M r . J .  E l l i s  (P ast-P residen t) seconded th e  vote 
of tihanks, which was cordially accorded.



Lancashire Branch.
MODERN PATTERN MAKING.

By J. A. Stevenson.
In  th e  p rep a ra tio n  of th is  P ap e r i t  is no t the  

in ten tion  to  set up a  theore tica l idea in  respect 
to p a tte rn  construction , h u t to  give in a most 
concise m anner th e  experience gained by th e  read e r 
in general engineering . T here  is no b ranch  in 
connection w ith the  engineering  in d u stry  which 
offers such a ttra c tiv e  a tten tio n , or exercises the  
m ental power or perspective facu lty  as does the  
build ing  of a p a tte rn , th e  more difficult and  in t r i 
cate th e  be tte r.

I t  is in  the  p a tte rn  shop th a t  th e  p a r t  to  be 
constructed assumes th e  correct form , and always 
gives th e  precise outline, which in  m any instances 
is n o t easily  o r read ily  seen on th e  p r in t , and p re 
sents to  th e  designer th e  o p po rtun ity  to  rem edy 
or modify any  im perfection  in  de ta il n o t ap p a ren t 
on his draw ing.

The advance m ade in  general eng ineering  and  
m achine construction  has also m ade itself notice
able in  th e  p a tte rn  room, an d  a wide gulf exists 
between p resen t-day  p a tte rn -m ak in g  and  th a t  of, 
say, 40 years ago, bu t n o t in  respect to  m ake any 
allusion to  ability .

R ap id  production  in  th e  first p lace has b ro u g h t 
about the  sectionalising of trades, and also com
pelled th e  in troduction  of labour-saving 
m achinery. New and  more m odern p la n t has 
enabled th e  p a tte rn m ak e r to  produce m any th ings 
his fo re fa thers  never had  occasion to  th in k  about, 
and the  new order has m ade dem ands fo r p a tte rn s  
of much g rea te r in tricacy , calling  for h igher skill 
and  g re a te r  ingenu ity  on th e  p a r t  of th e  d ep a rt
m ent. I t  is recen t history to  m any readers th a t  
when serving th e ir  appren ticesh ip  th e  only tools 
to  be found in th e  p a tte rn  room  w ere a  very 
decrep it c ircu lar saw (no b an d  saw o r p laner), and  
a la th e  in  sim ilar condition, and  th e  em ployer in 
those days considered these th e  only tools neces
sary  for the  production of his p a tte rn s .



To-day no p a tte rn  shop worthy of the  name 
is complete w ithout up-to-date wood-working 
m achinery ; good p laners, saws of various types, 
p rac tica l p a tte rn -m ak ing  machines, and the  indis
pensable sand-paperer.

These have m ade all the  difference between w hat 
in th e  p a s t ob tained  and  th a t  which is in vogue 
to-day ; ithe tra d e  has Ibeen im proved beyond con
ception, and gives a  p roduction  vastly  in excess 
of th a t  which previously obtained.

P a tte rn -m ak in g  is generally considerd a some
w hat expensive tra d e , principally  on account of 
th e  cost of m ateria l, b u t probably more so from the 
fac t th a t  th e  p a tte rn  bears no share in the profits 
of th e  com pleted m achine or p a r t , o ther th an  th a t  
it  gave i t  form.

Because of th e  cost, i t  is necessary to  construct 
on the  cheapest possible lines, except when m aking 
a s tan d a rd  p a tte rn  for repe tition  work, when the  
very best in m ateria l an d  labour m ust be p u t in, 
whioh u ltim ate ly  would also prove to be the 
cheapest. F o r the  purpose of reaching a common 
und ers tan d in g  in  respect to  th e  acceptance of 
cheaper p a tte rn s , it  becomes neoessary to  have 
frequen t consultations w ith th e  foundry.

T here never was a  tim e when close touch with 
the foundry  was more necessary th an  the present, 
because of the  in tricacies, sub-dividing and coring 
a re  such to-day, which m ake i t  advisable for the  
p a tte rn m ak er to consult w ith  the  m oulding depart
m ent, so th a t  th e  best resu lts be obtained.

Personal experience has proved th a t  m any 
economies a re  effected thereby, and , in  addition, 
a  b e tte r  feeling results. The tw o sections a re  so 
in te rdependen t th a t  i t  is im perative th is feeling 
should ex is t if good resu lts a re  to  obtain . F or 
instance, suppose a job of th e  breakdown character 
comes along, and assume i t  is a p a r t  not likely to 
be repeated  in th e  n ear fu tu re , no one would con
sider it  justifiab le  to  construct any th ing  o ther 
th a n  th a t  which would economically produce th e  
casting  required . I t  is in  cases where one o r only 
a few castings are  requ ired  th a t  th e  p a tte rn m ak er 
has to  use th a t  judgm ent in th e  construction of 
his p a tte rn  which will m ake i t  a profitable one, 
and yet give sa tisfaction  to  th e  moulder.

This in a  large num ber of cases is a  most diffi
cu lt problem, because of the inborn desire and
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p ride  on th e  p a r t  of the  p a tte rn m ak e r to  produce
a  high-class job, and  who canno t see how fu tile  
i t  is, from  a productive s tandpo in t, for th e  p a tte rn  
to  cost as m uch, and, in some instances, m ore th an  
the value of th e  casting .

Of course, oases arise where th e  cheapening is 
alm ost an impossibility, h u t these a re  th e  excep
tions, and in  dealing  only w ith  th e  general aspect 
of p a tte rn -m ak ing  they  will be ignored.

Plate Patterns.
M any and  varied  m ethods of p a tte rn  construc

tion  a re  in vogue to-day, and fo r m ultip le produc
tion  of repe tition  work th e  p la te  is the  recognised 
method. Each foundry  forem an considers th e  
type  under his supervision th e  best and sim plest, 
consequen t^  th is  p o in t m ust he le f t fo r th e  
moulder.

T here a re  m any firms who do n o t possess a 
m achine and 1 still reso rt to  th e  old m ethod of p la te  
m oulding by hand, w ith  very sa tisfac to ry  resu lts . 
W here the  draw  is n o t so fine th is  could very 
easily ob ta in , b u t in  m aking  m oulds w ith  very 
s tra ig h t and num erous sides, such as spu r gears 
of very fine p itches, th e  m achine cannot be 
supplan ted .

Patterns for Oil-Sand Cores.
The au th o r has w ith in  the p as t two years had 

occasion, in  o rder to  cheapen th e  u ltim a te  cost of 
production, to  re so rt to, which for th e  w an t of a 
b e tte r  nam e, is known as th e  sectional-core mould 
m ethod. As an illu s tra tion , a bearing  b rack e t of 
the  ring-oiling varie ty , and  used un iversally  on 
m otor-driven pum ps hav ing  a  cen trifuga l action, 
can  be cited . I t  is half-cylindrical in  form , w ith 
an overhung flanged base and jo in t, w ith  various 
p rep ara tio n s on th e  c ircu lar body. To have con
struc ted  i t  in th e  usual way, th e  jo in t flanges, 
where overhung, would have had  to  be le ft loose, 
as also would the  p rep a ra tio n s  on th e  body, which 
in  all p robab ility  would have necessita ted  th e  use 
of a  m iddle p a rt . On one end only was th e re  
freedom  of draw . The nu isance of loose pieces, 
w ith  th e  possibility of g e ttin g  o u t of position, is 
well knoiwn, and in th is  case th e  cen tres w ere so 
fine and th e  bosses so sm all in  d iam eter and  well 
pro jecting , th a t  th e  risk  was increased. In s tead
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of so doing, a  m aster block was m ade, which acted 
as a p a tte rn  of th e  mould, elongated in shape, 
w ith  a  m arg in  of 2 1 in. in  excess of th e  casting 
on each of th e  fou r sides, b u t correct to  size in 
depth . Upon th is  block, top  and bottom , were 
placed all th e  necessary shapes, p rin ts  for in ternal 
cores, and facings. N ex t th e  design was sp lit up 
in to  four sections, and each placed in its special 
core box. These cores, when dried, were placed 
in  position in  th e  mould, and gave a  perfect out
line of th e  casting required. The cores, made in 
oil sand, w ere quickly produced ; in  fact, th e  whole 
of th e  cores, including th e  in te rn a l cores, were 
m ade in H  hours, and th e  whole job completed and 
ready  fo r th e  m etal in  u nder 6 hours. This job 
under o rd inary  circum stances could no t have been 
moulded under 12 hours. The cost of p a tte rn - 
m aking was slightly h igher, th e  m oulding con
siderably lower, and considering th a t  the  b racket 
is a  s tan d a rd  p a t te r n ’ and will constan tly  be in 
use for its  own size of pum p, th e  au th o r feels 
satisfied th a t  a simple y e t sound method has been 
adopted. This casting  weighs w ith the  cap 
exactly  1 cwt. This m ethod has been adopted for 
m uch la rg e r and heav ier castings, save th a t  the 
oil sand  was replaced by ord inary  core sand.

The au th o r has in troduced  w hat m any would 
consider freak  methods of m oulding since more 
generally  adopting  oil-sand cores. Q uite a num 
ber of p a tte rn s  have be.en p repared  th a t  elim inate 
th e  need for a top  or any o ther box p a rt.

Flanged Couplings.
Take, for instance, an ord inary  flanged coupling. 

H ere th e  p a tte rn  was tu rn ed  on an overhung c ir
cu lar p r in t  w ith  ta p e r  sides. A core box was built 
up and tu rn e d  to correspond exactly  w ith th e  
p rin t. All necessary facings, which o rd inarily  
would have been on the  p a tte rn , were placed in 
th e  box along w ith  th e  guide p r in t  fo r centre core 
and also th e  gates. The p a tte rn  was moulded in 
th e  floor, and, a f te r  blocking and centre coring, 
the  mould was closed by th e  covering core, and 
when w eighted, was ready  for th e  m etal. This was 
usually a boy’s job, and he could give from th is 
m ethod a  very sa tisfac to ry  ou tpu t—m any more 
per day th a n  if th e  usual box-ram m ing m ethod had 
been in operation . Again, where the  job has been
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convenient, th e  p a tte rn  has been placed in a core 
box, and covered w ith  an o th er core m ade to  fit 
and con ta in ing  th e  gate . This, when closed, is 
p u t in floor, ram m ed round , and  cast.

Ring-Oiling Pedestals.
A very n ea t and serviceable ring-oiling  pedestal 

is being made on a R onceray m achine, which is so 
well known as n o t to  .require descrip tion . The 
p a tte rn s  of body, cap and  steps a re  first made in 
wood, and  afterw ards cast in w h ite  m etal, and 
fixed w ith  th e  necessary s tr ip p in g  p lates to  su it 
the  mechanism . The core for th e  pedesta l body 
is m ost in tr ic a te , and en tire ly  self-contained. I t  
consists of tw o cradles fo r the  reception  of th e  
brass b earing , which a re  tunnelled  for the  
passage of the  oil from  one end, well to  th e  o ther, 
and ailso contains p repara tions for th e  Tee-headed 
cap-bolts.

This box is m ade in hardw ood. F ir s t,  an o u t
side shell w ith  the  bottom  a ttach ed  is p repared  
so as to  give an allowance of J-In. ta p e r  on each 
of th e  four sides. The in te rn a l p a rte  a re  p repared  
in sections, w ith abnorm al positive and negative 
tap e r for draw . These a re  then  secured to  two 
pieces ru n n in g  lengthwise of th e  box and  which 
tak e  ou t all unnecessary box-taper, a f te r  which 
th e  com pleted in te rn a l p a r ts  a re  c u t in two fo r 
drawing-off purposes.

A fte r the  core has been m ade, i t  is tu rn ed  over 
on a  specially-prepared p e rfo ra ted  p la te . T he o u t
side shell is lifted  off, th en  the  sides a re  draw n 
away, leaving a most p erfec t oii-sand core, which 
takes less th a n  five m inu tes to  m ake.

T his is one of th e  most p erfec t core boxes th e  
au th o r has y e t m ade, because of its sim plicity  and 
the saving of tim e ow ing to  elim ination  of loose 
and sep a ra te  bolt and d ra in  cores.

Pinion Housings.
The call for cheaper production  has in troduced 

to the  tra d e  m ethods' which w ould n o t have 
received a m om ent’s consideration  years ago, and 
there  no t being th a t  beau ty  of outline to  display 
as upon a finished p a tte rn , th e  u n in itia te d  
n a tu ra lly  assume th a t  li tt le  skill is requ ired . Con
siderable th o u g h t and ingenu ity  is very often  
brought to  b ear when constructing  some la rg e  
p a tte rn  for a heavy and im p o rtan t casting  w ith



ju s t a fram e, as, for instance, tlie construction of 
a p inion housing for rolling-m ill p lan t. These are 
usually b u ilt up in four p a r t s ; th e  lower or base 
p a r t  frequently  weighs more th a n  20 tons. -

This portion  is a rec tangu lar casting  having its 
two ends set a t  90 deg. and the sides tap erin g  off 
from a  4-in. deep facing  a t  top  a t an angle of 
approxim ately  30 deg. to  a 8-in. deep base, w ith 
the necessary rad iu s where the  lines 'bisect. There 
are , in add ition , four large ta p e r  bosses for hold
ing-down purposes on each side, and run  the full 
dep th , which often  reach 3 ft.

The fram e for th is  is made correct to length 
and depth , so th a t  all th e  necessary p rin ts  and 
facings can be placed in position. The w idth is 
m ade 12 -in. w ider in  order th a t  the  outside cores 
can have substan tia l suppo rt a t  the edge. All 
th a t  is now necessary to  form  th e  mould is one 
outside box, designed to  th e  correct shape, w ith 
two bosses a ttached , which m ake the  cores for 
opposite ends, and a fte r  ad ju s tm en t by th e  p a tte rn 
m aker, th e  box is ready  for th e  two rem aining 
cores. W hen dried  and inserted  along th e  sides 
of th e  mould, they  are tr ie d  up to r  size, and, afte r 
securing, th e  necessary hollowing is done p rep a ra 
tory to d ry ing  th e  mould. The in ternal coring is 
done in ju s t th e  o rd inary  way as would have 
obtained if th e  p a tte rn  had been a shaped one. 
The saving in p a tte rn -m ak ing  alone is consider
able, fo r instead  of a full-shaped p a tte rn  w ith 
e ig h t expensive bosses a ttached , th e re  were only 
prepared  a fram e and one core box w ith two 
bosses a ttached  to  m ake th e  completed mould. This 
was completed in less tim e th a n  would have 
obtained under o rd in ary  circum stances.

Moulds of base p lates, 23 ft . long, 10 ft. wide, 
and 20 in. deep, have been m ade w ith  a simple 
fram e p a tte rn . In  th is  case one is compelled to 
cam ber th e  sides owing to  th e  excessive length  and  
section. Being a box section divided into 30 com
partm en ts, i t  was cast p la te  down w ith th e  cores 
bolted to  top  p a rt . A t first, doubt existed as to  
the necessity of cam bering th e  job, .because i t  was 
though t six sides 23 ft . long and 18 in. deep would 
be sufficient to  keep the casting  s tra igh t. A fter 
due consideration, an allowance of 1J in. was 
made, which proved to be correct, for the  casting 
was com paratively stra ig h t.

313
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Pipe Patterns.
In genera l eng inee ring  shops, and indeed, 

jobbing shops also, th e  cost, of p reparing  pipe- 
p a tte rh s  is an a ll-im p o rtan t one. M ost engine 
p ipe ranges have qu ite  a  num ber of special shaped 
pipes, which requ ire  special tre a tm e n t, and  unless 
some cheap m ethod of p re p a ra tio n  is adopted , 
much lab o u r may be spen t upon th e ir  construction .

F o r all pipes not convenient to  be m ade in 
skeleton form , th e  loam  p a tte rn  is found to  he 
expeditious, sa tisfac to ry , and  cheap. T he core is 
form ed, if n o t for a  s tra ig h t pipe, on a  couple of 
p lates, and, when d ry , jo in ted  and  trim m ed off. 
A fterw ards th e  thickness rep resen ting  th e  m etal 
is p u t on, and  again  dried  off, a f te r  which i t  is 
ready to  receive e ith e r flanges, socket ends, o r 
o ther p rep a ra tio n . These, when placed in posi
tion , give a  p a tte rn  in  loam com plete in every 
deta il. Both S and  bend pipes up to  26-in. bore 
for socket end and flange have been m ade by th is 
m ethod and  found to  be satisfac to ry . T he full 
p a tte rn  co rrec t to  shape is, of course, most, desir
able, b u t these special circum stances constan tly  
arise, and  m ust receive special trea tm en t.

I f  the  pipe under tre a tm en t is of sm all bore, 
th e  jo in ted  p la te  w ith sem i-circular pieces to  m ake 
up th e  circle of th e  d iam eter placed on each side 
is very accom modating. These pieces need no t be 
placed too closely toge ther, and can e ith e r be filled 
by th e  m oulder w ith black sand  o r  le ft as they are. 
The m oulder ge ts an  excellen t ou tline , and  read ily  
cleans o u t a ll unnecessary sand.

This is a  fa r  b e tte r  method th a n  th e  p u ttin g  
on and  stopp ing  off process, which no t only en ta ils  
risk  of bad jo in ting , w ith  its w eakening effect on 
th e  casting , b u t gives very li tt le  sa tisfac tion  to  
th e  m oulder for his labour. The p ipe core is 
always made from  th e  p la te , if n o t s tra ig h t, and  
on th e  barre l if so. Unless th e  p ipe  b e  of very 
sm all bore, or in frequen t dem and, a  core box is 
unnecessary.

Grooved Rope Pulleys.
A nother and im p o rtan t po in t for consideration  

is th e  m an u fac tu re  of grooved rope pulleys. F o r 
pulleys up to, say, 48-in. dia. and  w ith  a groove 
to accom modate from  one to  six ropes of from  
1  in. to  1 1  in. d ia ., no system  has been found



90 expeditious as the  using of a belt pulley rim 
to form the inside diameter. This is placed in 
position and levelled, with top of rim represent
ing top of casting. I t  is rammed inside suffi
ciently deeply to centre the  loose S arms and out
side to  the  joint. A fter the arm s have been 
secured and jointed, i t  is rammed up with the 
lifting  plates in exactly similar manner to an 
ordinary belt pulley. A fter removing the top part 
and lifting  out the centre portion to liberate arms 
and. of course, to finish, the  outside is strickled 
down to  the necessary depth for reception of 
groove cores. These are  made correct in  depth 
and segmented in length. After finishing, they 
are inserted and securely rammed on the  hack 
side, thus completing the  mould, which is then 
ready for closing.

I f  th e  pulleys are of a larger and heavier type, 
say from 6 to 20 ft. dia., and with a groove width 
to accommodate up to  25 ropes of 14-in. dia.. a 
different method of necessity is resorted to. The 
groove cores are made in exactly the same manner 
as smaller pulleys, hu t the arms are prepared in 
core form, divided on the centre, so th a t two cores 
form the mould of one arm.

They are made in a parallel box sufficiently wide 
to take in  the weh of the centre boss. Between 
these cores, when laid  ou t in position, are put 
what are term ed inside cores, which complete the 
continuitv of the  circle of the  pulley, if cast in 
one piece, or half-circle if in two parts.

These pulleys are built up entirely in core-form 
from a struck bed. and covered either with a plate, 
loam-daubed, or a rammed top-part. I f  the  pulley 
is to be in two parts  and not larger, say, than 
10 ft. dia.. the two parts are made at one and 
the same time, by the use of an elliptical bracket 
on th e  spindle, which gives a throw on either side 
of 2 in.. enabling the  insertion of a 31-in. parting  
core. This, of course, entirely divides the  mould, 
and vet gives the necessary machining on each 
joint.

Large Fly Wheels.
Large fiv wheels have been made upon similar 

lines, though these, owing to  the ir size and weight, 
were made in separate quarters, each of which 
weighs approximately 32 tons. Belt pulleys are

315
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made under conditions very sim ilar in every shop, 
large q u an tities  of stan d ard  sizes being m anufac
tu red  011 th e  machine. S till m any shops a re  w ith
o u t such an  ap p a ra tu s , consequently reso rt to  the  
only a lte rn a tiv e  of h an d  moulding.

Weaving-Shed Pulleys.
F o r th e  m an u fac tu re  of small vveaving-shed 

pulleys of from  11- to  14-in. d ia. th e  adoption of 
an old method (the tu rn o v e r p la te ), b u t slightly  
im proved, is very sa tisfac to ry . F o r th is  a  base 
or ram m ing  tab le  is p repared , and  in  its  cen tre  
is secured a  c ircu lar piece, fittin g  easily  in th e  
rim  of pulley and deep enough to  m eet th e  cen tre  
of th e  arm s. Upon th is, again , a re  placed four 
pieces shaped and tap e red  with a gu ide  peg to 
fit inside th e  arm s, w ith sufficient allowance all 
round to  rep resen t th e  lif tin g  p la te . The box is 
placed in position on th e  table, and when ram m ed 
made th e  top jo in t, and  also inside jo in t to  cen tre  
of arm s. The liftin g  p la tes a re  actually  cas t from 
the  p a tte rn s  on th e  c en tra l block, and th u s  th e re  
is th e  sa tisfac tion  of know ing they  will drop in to  
the  im pression to  receive them  w ithou t difficulty. 
T his m ethod has proved ideal for production , and 
has much simplified th e  work in  foundry . C ircu 
la r  work is produced whenever possible w ith the  
use of th e  strick le  board. Personally , the  a u th o r  
p refers, where practicab le , th e  jo in ted  box as used 
in connection w ith m achine-m oulded wheels for the  
m aking  of a c ircu la r mould. I t  gives a b e tte r  
ou tline  th a n  if th e  top p a r t  was ram m ed from  a 
negative, and  also in  th e  case of u rgency th e  use 
of th e  tw o p a r ts  a t  th e  sam e tim e. In  th e  even t 
of castings requ iring  add itions, such as feet, 
bosses o r flanges, which a re  undercu t, th e  difficulty 
is overcome by in sertin g  a block o r blocks in  th e  
requ ired  position and p u tt in g  on the  add ition  in 
core form.

The pulley rim , as a handy  m ethod, is useful 
and economical in m any instances, and  frequently  
gives all th e  ou tlin e  necessary, in  such cases as 
block p istons for engine work and  m any o ther 
s tra igh t-faced  c ircu lar castings.

Importance of the Strickle.
M any expensive and  delicate castings are  thus 

m ade w ith the  strick le  board. The cost of p a tte rn -  
m aking is lower, probably m oulding a li tt le  h igher
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in some instances, b u t th ere  is certa in ly  a n e t gain 
on the  job.

There a re  m any who would consider the  placing 
of any add ition  on a strickled  surface ra th e r risky 
an d  in a c c u ra te ; b u t w ithin personal experience 
th e  work produced has been as accurate  and sa tis
factory  as though i t  had  been fixed upon a solid 
p a tte rn .

W hilst m any complete c ircu lar p a tte rn s  are 
m ade, which, on account of size and q u an tity  of, 
a re  found to  be m ore convenient, th e re  a re  many 
castings of a la rg e r type, even though of a stan 
dard  ch arac te r, which are, a p a r t from  th e  tem 
porary  ones, made w ith strickles.

Cores, also, in  m any cases can be m ade for 
c ircu la r work by th e  use of th e  strickle, and 
various m ethods a re  used. Some cores of ra th e r  
an  o rnam en ta l charac te r are  made w ith the  
strickle, worked from a  wood cen tral p illar 
a ttach ed  to  th e  base board, and frequently  is the  
evergreen pulley-rim  called upon to  do the  work 
in th e  case of emergency. These methods m ake a 
g re a t saving in th e  cost of core boxes, and produce 
work equally good.

Loam Moulds for Engine Cylinders.
M any firms who produce loam castings in smaller 

or la rg e r q u an tities  ad o p t d ifferent methods. 
Q uite  a  num ber still p re fe r to  build up to  a solid 
block, e ith e r in wood p a tte rn  o r black-sand form, 
and th e  a u th o r fa ils to  apprecia te  the advantage 
to be gained where th e  body is c ircu lar and could 
much m ore read ily  be struck  up. An ord inary  
engine cylinder provides an excellent example, 
w hether i t  be a  Oorliss, slide, o r drop-valve type. 
The cylindrical portion , including belts, flanges, 
w ith an d  w ithou t header, is struck  up  w ith the  
board, which is m arked off w ith strip s for all th e  
necessary d a ta  lines of th e  additions to  be cast 
on th e  cylinder, and  as th e  mould progresses these 
a re  se t to  th e  required  position. A t the  au th o r’s 
works th e re  have been m ade hundreds of these and 
sim ilar castings, and th ey  have as y e t found no 
m ethod so sim ple and  ye t so accurate. This is 
proved in  th e  casting , and th e  works claim  to  
produce loam castings w ithout superior.

In  th e  building of tu rb ines, especially those of 
high power, considerable labour is spent upon the



318

patte rn s , m ost of which is unavoidable. Some 
firms bu ild  u p  fu ll p a tte rn s  for all th e  work, 
including th e  steam  and  ex h au st casings, ye t they  
would, upon full consideration , find th e  strick le  
board extrem ely sa tisfac to ry  for th e  purpose.

Exhaust Casings.
A n exhaust casing being, th e  m ost difficult, in  

th a t  i t  is n o t completely c ircu lar in form , can  be 
usefully cited . In  tw o p a rts , i t  is jo in ted  by 
flanges very sim ilar to  a le t te r  B, and  gradually  
runs off from  th is  shape to a  sem i-circle in  th e  
to p  po rtion  to  a tap e rin g  body in  th e  bottom  
portion , te rm in a tin g  in a  com pletely c ircu lar 
branch. W hen m aking th e  top  portion  th e  bed 
is struck , and  th e  B -shaped flange is placed in 
position a t  r ig h t angles to  th e  bed, and th en  th e  
core is struck  up. This is fa c ilita ted  by th e  use 
of a c ircu la r runw ay behind th e  spindle, which 
assists to  give th e  shape from  a la rg er to  a  sm aller 
d iam eter, and strickles from  th e  flange complete 
th e  rem ainder. N ext th e  thickness is placed on, 
a f te r  which, of course, the  m oulding is proceeded 
w ith  in  th e  usual way. The lower portion  is m ade 
in a m anner som ewhat sim ilar. If  p a tte rn s  h ad  
been m ade i t  will read ily  be realised , especially by 
those conversan t w ith tu rb in e  work, th e  heavy 
cost of p a tte rn s  and  core boxes likely to  he 
incurred . These were in  every case elim inated , 
and th e  firm saved considerably in  p a tte rn -m ak in g , 
m ate ria l an d  th e  a ll-im portan t storage.

Skeleton Patterns.
The skeleton m ethod of p a tte rn -m ak in g  is fre 

quently  adopted  in  th e  m aking  of th e  p a tte rn s  for 
m arine  tu rb in e  and  engine work. The p a tte rn  is 
correct to  shape in every detail, and constructed  so 
as to  give th e  exact thicknesses of m etal requ ired . 
These p a tte rn s  en ta il a  considerable am oun t of 
labour, because by being b u ilt up  in ribbed o r  s tr ip  
form  m uch tim e  is of necessity taken . T here is 
th e  advan tage  in  th is  type  th a t  core boxes a re  
unnecessary, jo in tin g  and thicknesses a re  g u a ra n 
teed, and  though ap paren tly  very expensive, i t  is 
claim ed to  be cheaper to construc t th a n  th e  solid 
p a tte rn , w ith its  num erous core boxes. I t  makes 
up in to  a  strong , serviceable p a tte rn , and  they
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c a n  b e  u s e d  o v e r  a n d  o v e r  a g a i n  w i t h o u t  b e i n g  
m u c h  t h e  w o r s e .

T h i s  i s  a  m e t h o d  t o  b e  r e c o m m e n d e d  f o r  t h e  c o n 
s t r u c t i n g  o f  m a n y  p a t t e r n s  o f  i r r e g u l a r  s h a p e ,  
i n t e n d e d  t o  b e  u s e d  i n  c o n n e c t i o n  w i t h  l o a m  
m o u l d i n g ,  t h o u g h  t h e y  c a n  h e  u s e d  i n  g r e e n  s a n d  
a l s o ; f o r  a l l  c l a s s e s  o f  s u c t i o n  p u m p  c a s i n g s  o f  
l a r g e  v a r i e t y  a n d  m a n y  o t h e r  c a s t i n g s  t h i s  m e t h o d  
i s  u n d o u b t e d l y  s o u n d .

DISCUSSION.

Green-Sand and Oil-Sand Cores.
Me . A. S u t c l i f f e  said, in making cores for jobs 

of the kind described by Mr. Stephenson, he had 
found gum sand quite as efficient as oil 6and for 
block cores, which are nearly all p rin t, and addi
tionally, i t  was cheaper. The cost worked out a t 
about 51-d. per cwt. Using oil sand, the cost was 
about 2s. to 2s. 2^d. per cwt. He had made many 
rope pulleys weighing up to  20 tons, and he was 
not in agreement with Mr. Stephenson as to the 
method which should be adopted. To take one 
example from th e  author’s practice, a  pulley wheel 
was grooved a t  the back, facing each groove a t 
th e  front. I t  could be made off a block in green 
sand on the outside and dried, and the inside p u t 
in  with cores. He (the speaker) had made these 
in loam blocks in place of hricks, and also in block 
sand cores for round the outside, the la tte r being 
preferable.

Another job he made for Mr. Stephenson was 
an air pump in loam. A month later, having to 
make one for himself, which was similar but 
heavier, he cu t the p a tte rn  in two and made i t  in 
dry sand, and he made i t  in a th ird  of the time 
the first one took.

Mr . J . M a s t e r s  said the  use of oil sand in these 
castings was a m atte r of experience. At the pre
sent tim e he was m aking in oil sand a job in which 
there was a  9-in. section of metal.

M r .  S t e p h e n s o n  said in the cores of the cast
ings he had spoken of th e  m aterial m ight be a 
little in excess, b u t the cost of labour was con
siderably less, and the net result was a cheaper 
job. This portion of the job could not be made 
in ordinary core sand in an hour and a-half. They



320

used oil sand  fo r all sorts and  sizes of castings. 
Mr. K ay, th e  forem an, would perhaps give some 
particu lars.

Large Fly-Wheel in Oil-Sand Cores.
M r . K ay sa id  th e y  h ad  m a d e  in  o il sa n d  a  fly

wheel w e ig h in g  37 to n s , in  w hich  tire sec tio n  of 
th e  m eta l, th e  o u ts id e  r im , was 20 in . by 22 in . 
I t  w as a  so lid  r im , w ith  co res to  cover th e  to p . A 
few w eeks (before th e y  c a s t  a  sh e a r  (body, th e  
w e ig h t o f w hich  w as 14J to ns.

M r . A. L . K ey  sa id  in  loam  m o u ld in g  th e  choice 
betw een  strick liin g  an d  m a k in g  a  b lock  w as a 
m a t te r  of e x p erien ce , a n d  d e p e n d e n t u p o n  th e  
lo ca lity , th e  m an a g em e n t, a n d  o th e r  c ircu m 
stan ces. H e  d o u b ted  w h e th e r  o n e  m eth o d  a lo n e  
could  be d e f in ite ly  d ec lared  to  be  t h e  c h eap es t, to  
cover ev ery  jo b  t h a t  w as m oulded  in  loam .

M r . S t e p h e n s o n  said, in special cases, b l o c k s  
were m ade by his firm. In  tire P a p e r he had 
poin ted  o u t th a t  i t  was n o t possible to  trav e rse  
the  whole ground in p a tte rn -m ak in g , a n d  when he 
m entioned strick le  work he was re fe rrin g  to  engine 
cylinders. I t  did n o t m a tte r  w hether they  were 
of th e  'Corliss or th e  drop-valve type.

M r . M a s t e r s  said he had  a  castin g  to m ake 
which weighed 14d tons. On th e  first occasion a 
block was used, and i t  cost 19 weeks’ labour. On 
th e  isecond occasion i t  was made w ith  a  block, and 
the  tim e was 65 weeks.

W h a t were the  resu lts in  m aking  la rg e  pulleys, 
say 20 tons w eight, in oil-sand cores? Should1 th e  
cores be p u t  in segm ents, o r as oil-sand cores com
plete, and finish th e  segm ents, o r  was i t  p re fe r
able to  p u t  th e  loam core w ith th e  grooves p a rtly  
on and th en  slip them  up a fterw ards in  o rd e r to 
g e t a  m ore accura te  casting?

Pulleys in Oil-Sand Cores.
M r . S t e p h e n s o n  replied  th a t  th e  p rac tice  a t  

Messrs. M uegrave was to  m ake a. segm ental box 
con ta in ing  th e  correct num ber of grooves required  
in the  pulley. They w ere p u t round  th e  mould, 
secured, an d  cast in  th a t  way. T here was no 
s trik in g  up. A t an o th e r establishm ent, w here he 
served his tim e , th e  prac tice  was to  m ake th e  
cores in a sim ilar form , p u t  them  on, and s tr ik e  
them  on th e  m ould. By th a t  th e  am oun t of
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m achining requ ired  was reduced to  a minim um. 
B u t to  liis m ind, assum ing th e  grooves had been 
se t very accurately—.and they  m ust be set accu
ra te ly—the cores, when th ey  came from th e  box, 
w ere su ita b le . fo r m aking  th e  mould and suffi
c ien tly  good fo r th e  m achine shop. The machine 
shop generally  took a  p a r tin g  cu t across th e  top 
to give it  i ts  diam eter. Then they p u t down w hat 
was called a c u ttin g  tool. In  th e  use of the 
cu ttin g  tool i t  was im m aterial w hether the  jo in t 
was sligh tly  stepped o r not, because a  stra igh t 
line was c u t r ig h t away down to  it, and where the 
jo in ts  overlapped i t  took a  w ider c u t th an  else
where. As fa r  as th e ir  experience went, i t  was 
n o t necessary to  strick le  up th e  cores a f te r  they  
had been la id  down.

M r. M a s t e r s  said h e  held th a t  no oil-sand core 
would s tan d  th e  pressure of a  rope pulley and be 
a c c u ra te ; th e re  m ust ibe an ex tra  w ide m argin 
fo r m achining. By slipp ing  th e  cores w ith a loam, 
spindle, a f te r  th ey  had  been p u t in to  position, the  
m achining was reduced to  a m inim um ; i t  was not 
necessary to  have m ore th an  J in. m achining on 
th e  casting.

M r. S t e p h e n s o n  said they  never allowed \  in. 
m achining on the  angle of th e  groove. F o r large 
pulleys in. was all they  allowed. Of course, if 
th e  m oulder was n o t so accurate as he ought to  be, 
and m ade th e  castings a  li tt le  in excess in d ia 
m eter, th e  tu rn in g  was increased, because the 
angle w as ru nn ing  away from  th e  diam eter, and, 
in  consequence, i t  slightly thickened, the  m etal 
th a t  had  to  be ta k e n  away. B u t when using the  
tool, i t  d id n o t m a tte r  w hether th e  groove over
lapped o r  not. The tool, c u ttin g  down th e  face 
in th e  firs t instance, took a s tra ig h t c u t;  then  the  
sides w ere b rough t in to  p lay . Of course, he was 
n o t speaking  of an overlap of som ething like 
^  in ., he was speaking of an overlap of som ething 
like rV >n - o r & ln - th® m arginal allowance 
was ^  in ., th ey  had still 3% in. to  p lay  w ith.

P robably  M r. Sutcliffe found  some difficulty 
w ith th e  method1 which had been in operation a t  
Messrs. M usgraves because it was th e  first one he 
had m ade under those conditions, and when one 
took up  a new th ing , a difficulty was experienced 
in opera ting  it. B u t he oould not agree th a t  to

M
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build th e  cores up sep a ra te ly .an d  s trik e  them  up 
was more expeditious th a n  p u tt in g  them  down in 
segm ental form  in a core box. They had tr ied  i t  
a t  th e ir  works, and  i t  was very expensive. I t  
happened th a t  a fo rem an cam e along who would 
no t have th e  core ¡boxes; he p re fe rred  to  build  up. 
So he 'built th e  pulleys up groove by groove, used 
the  grids, and so on. I t  took five days to  build 
up and finish a  m ould 4-ft. d ia. w ith  12  grooves. 
I t  w as th e  firs t t h a t  had  been done in th a t  way, 
and n a tu ra lly  everybody was a  li tt le  (bit lost so 
fa r  as i t  was concerned. B u t th ey  very quickly 
reverted  (back to  th e  old m ethod. H e q u ite  agreed 
th a t  th e  .appearance 'of th e  casting  produced by 
the  old m ethod was n o t so nice, b u t  th a t  weighed 
very li t t le  w ith  him  if i t  was a m achined face. 
They had  fo u n d  no difficulty as f a r  as th e  m achin
ing was concerned.

M b . P e e b t m a n  asked fo r .some fu r th e r  inform a
tio n  reg a rd in g  the  ram m ing  of th e  rope pulleys. 
H is own p ractice  was to  ram  u p  th e  to p  p a r t  on 
th e  p la te . The cen tre  was generally  covered by 
a loose p la te . H e understood M r. S tephenson to  
say they  ram m ed th e  arm , and th en  th ey  ram m ed 
o ther cores up in  between. H e d id  n o t do th a t  
him self, b u t ram m ed th e  cores up to  the  arm s, and 
then  ram m ed th e  rim  p a r t  w ith  an y th in g  they  
could g e t betw een th e  arm s and  th e  spindle. They 
did n o t bo ther w ith  any core in  betw een.

A M e m b e b  observed th a t  th e  system he adopted  
was to ram  i t  up, to  tak e  off th e  top  p a rt , and  to 
ram  up  th e  cen tre . T here was 6 in. p a r t in g  on 
each side of th e  flange.

T h e  C h a i b m a n  rem inded  th e  mem bers th a t  th is  
was a  P a p e r on p a tte rn m ak in g , n o t on  moulding. 
I t  w ent to prove th a t  co-operation between th e  
p a tte rn m ak in g  dep a rtm en t an d  th e  foundry  was 
essential.

Skeleton Patterns for Turbines.
M e . M a s t e e s  said  h e  would like  to  express th e  

opinion th a t  for tu rb in e  work th e  com plete skele
to n  p a tte rn  was th e  best m ethod to  g e t a  tru e  
casting . Q uite recen tly  h e  had  occasion to  make 
a tu rb in e  casting, and  i t  cam e o u t sa tisfac to rily  
from  th e  foundry  p o in t of view, both as to  casting  
and  appearance. W hen th e  p a tte rn  was m ade 
orig inally  th e re  were so m any rad ii in i t  th a t  it



could no t be made from  a d raw in g ; th e  p a tte rn 
m aker b ad  to  be in  th e  foundry  constantly to  make 
b is p a tte rn s  a f te r  th e  rad ii bad  been formed. 
E ventually  i t  cam e o u t a  very good p a tte rn . They 
g o t th e  casting  a  uniform  thickness qu ite  satisfac
to rily . J u s t  by ta k in g  a  complete skeleton p a tte rn  
i t  was m ade quicker th an  any casting  of a sim ilar 
cha rac te r previously made.

A friend  who had been in Belgium inform ed him 
th a t  th e  m oulders th ere  m ade li tt le  use of p a tte rn s, 
even w ith eastings which weighed 15 to  30 tons. 
H e had  him self seen Belgian castings, b u t never
theless h e  believed th a t  th e  B ritish  m oulder could 
hold h is own w ith th e  C ontinental m oulder if he 
h ad  th e  sam e facilities.

M r . M e a d o w c r o f x  said he believel th ere  were 
more jobbing foundries in  Lancashire and  the 
W est R id ing  of Y orkshire th an  in any other p a rt 
of th e  country , and  th e  jobbing foundry suffered 
a g re a t deal from had p a tte rn s . Every foundry 
had  its  own methods, which varied  in some respect, 
i t  m ight he only slightly, from th e  practice  of 
others. W here one system had been in  vogue i t  
was no t wise to  in troduce another w ithout satisfy
ing  oneself w hat th e  m an could do. Even if i t  was 
b e tte r, th e n  men, no t being accustomed to  it, did 
no t ap p rec ia te  it.

The rem arks on the  necessity for a  good under
s tand ing  betw een th e  p a tte rn m ak er and the 
m oulder were very useful. An instance occurred 
to  h is m ind, where they  were m aking a big fram e 
casting  weighing about 6 tons, w ith ou ts tand ing  
brackets. I t  had  all sorts of loose pieces. I t  used 
to  ta k e  a  couple of days to  se t i t  up. The p a tte rn 
m aker ta lk ed  i t  over w ith  th e  foundry people, 
ab o u t £15 was sp en t on a block, and i t  was set 
up  in  4 hours. P ractically  half the  cost was saved 
on th e  first casting .

M r . N o b l e  said some years ago h is firm, being 
overwhelmed w ith orders, obtained castings from 
Belgium, and  p a tte rn s  were sen t out. W hen they  
were re tu rn ed  some of them  were in a  very  bad 
condition, and, additionally , a  la rge  portion  of the 
castings had  to  be m ade over again. The Belgian 
moulders were n o t ahead o f th e  moulders in th is 
country. O ften a  foundry  forem an had to  send a 
p a tte rn  back, and a ltera tions cost a good deal of

m  2
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money. I f  th e  m anager of the firm would 
encourage «^-operation between th e  foundry  and 
th e  p a tte rn  shop th e re  would be a considerable 
saving.

Vote of Thanks.
M r. J .  P r e s c o t t , in proposing a  vote of thanks 

to  Mr. Stephenson, said th e  P ap e r b rough t forcibly 
to  th e ir  notice recen t developm ents in  th e  in d u stry  
in  respect to  m oulding and  p a tte rn m ak in g . 
R eference had  been m ade to  th e  new block system, 
which h ad  been gradually  adopted. W hen he first 
s ta r te d  in  th e  foundry dep artm en t th e  block system 
was in  use, a lthough  i t  was n o t qu ite  w hat was 
seen to-day. I t  had  been m entioned th a t  
castings bad  been m ade wholly from  cores. I t  was 
b ring ing  m oulding down to  very  sim ple term s ; 
they  were becoming assemblers of cores, an d  th a t  
system h ad  been in  opera tion  fo r a  num ber of 
years for rope pulleys and various o th e r castings.

M r. H . S t e a d , in  seconding, agreed th a t  i t  was 
essential th e  p a tte rn  shop and th e  foundry  should 
be in  close touch w ith one ano ther. I t  was false 
p ride  for e ith e r a  m oulder or a  p a tte rn m ak e r to  
im agine he knew  h is job so well th a t  th e  o ther 
could n o t teach  h im  som ething about it.

M r. H . S h e r b u r n , supporting , said  reference 
had  been m ade to  a  p o in t which was of v ita l 
im portance a n d  also som etimes difficult of solu
tion . T h a t was co-operation betw een th e  p a tte rn  
d epartm en t and  th e  foundry . The p a tte rn  d ep a rt
m en t had  its  special difficulties to  overcome. I t  
had  th e  productive aspect of th e  foundry  to  con
sider, and th e re  were all k inds of technical 
problem^ associated  w ith  design to  be con
sidered. H eavy exp en d itu re  was often  incu rred  in 
patternw ork  which m ig h t be throw n over a t  th e  
la s t m om ent by th e  m an in  charge of th e  foundry . 
T h a t le f t th e  p a tte rn m ak in g  d ep a rtm en t in a  very 
difficult position. H e  m uch appreciated  Mr. 
S tephenson’s  presence w ith  them  and th e  P a p e r  
subm itted . By ge ttin g  in  touch w ith one another 
in  these discussions they would m ake b e tte r  p ro 
gress. They ought also to  know som ething of w hat 
was happening  on th e  C on tinen t. A few weeks ago 
he h ad  th e  pleasure of going th rough  a foundry  
a t  W erkspoor, in H olland, which prom ised 
to  be on conclusion m ost adm irably  organised.

'I



The m elting  equipm ent was rem arkable, and the 
m ethods of handling  m ateria l and organising  the  
work excellent. The foundry h ad  been designed 
u nder th e  personal superin tendence of Mr. V an 
A arst, who was undoubtedly one of th e  foremost 
foundrym en of th e  p resen t day, and any  member 
who v isited  i t  could be sure  of a h ea rty  welcome. 
H e  would also be sure of g e ttin g  valuable instruc
tion , and h e  would be able to  form  a n  idea of 
th e  best C ontinen tal and A m erican designs for 
producing  p a tte rn s  and m odern equipm ent in 
cranes, hoists and cupolas. In  th is  country  one 
was a p t to become insu lar in  his ideas, and an 
o p po rtun ity  of slipping over to  th e  C ontinen t 
tends to  enlarge one’s knowledge, and should no t 
be missed.

T he vo te  of th an k s  was passed unanim ously. In  
reply, M r . S t e p h e n  s o n  said he had  always valued 
co-operation w ith th e  foundry , and  had  carried  it 
o u t in  p ractice . H e  would go fu r th e r, an d  say 
th a t  th e  co-operation of th e  draw ing office was 
also essential. W hen th e  design was sen t in to  the  
p a tte rn  shop is was n o t always perfect for obtain
ing economical production. T herefore wlmre he 
was employed th e  draw ing office frequently called 
in to  consultation  th e  pa tte rn m ak er or the  foundry 
foreman, and sometimes both of them .



Birmingham Branch.
GENERAL CUPOLA DESIGN AND PRACTICE. 

By A. Campion, F.I.C.
The foundry  cupola in  all p robability  represen ts 

th e  sim plest form  of m elting  ap p a ra tu s  in general 
use for large-scale o p e ra tio n s ; essentially  i t  is 
simply a vertical cylinder w ith  holes a t  th e  bottom  
for ad m ittin g  th e  a ir  necessary for th e  combus
tion  of th e  fuel, and o thers fo r w ithdraw ing  th e  
m etal an d  slag. T here m ay o r may n o t be a  door 
near th e  top  th rough  which coke, iron and  flux 
a re  charged.

T he cupola is rem arkab le  inasm uch as in  its 
essential form, i t  h as undergone prac tica lly  no 
a lte ra tio n , and rem ains in  very nearly  its  
orig inal form . 'C ertainly changes have  been m ade 
from tim e to  tim e, b u t i t  is curious how tem 
porary  they  have  been. T he only im p o rtan t m odi
fications which have had any degree of perm anence 
a r e : —(1) Increased  heigh t, g iving a g rea te r 
length  of stack above th e  tu y e re s ; (2 ) th e  addi
tion  of a reservoir or belt th rough  w hich th e  a ir  
is d is tr ib u ted  to  th e  tuyeres instead  of d irec t con
nection of a ir  p ipe to  tu y e re s ; (3) reduction  of th e  
in te rn a l d iam eter between th e  fu rnace  bottom  and 
th e  tu y e re  level; (4) drop bo ttom s; (5) m etal 
receivers, w hilst m any a lte ra tio n s have been m ade 
as regard s shape', size, num ber and a rrangem en t 
of th e  tuyeres placed in one, two or th ree  rows a t  
various d istances from  th e  bottom .

T he m ain  ob ject of th e  various designs and 
arran g em en t of tuyeres is th e  b e tte r  d is tribu tion  
of the a i r  w ith in  th e  com bustion zone.

In  m elting  iron fo r foundry  purposes th e  cupola 
occupies th e  p rem ier position, and its  behaviour 
and m anagem ent determ ines to  a very la rge  ex ten t 
th e  general success of th e  foundry  work. The 
objective in  successful operation  of th e  cupola is 
to  p rovide a  supply of m olten metal, a s  rap ild ly  or 
as regu larly  as possible su itab le  for th e  work in 
hand, or, in o ther words, to secure th e  m axim um  
efficiency.



Efficiency—What is It ?
One often  hears of therm al efficiency o r the  pro

portion  of th e  h ea t u n its  in the  "fuel usefully 
employed w ith in  th e  furnace itself, h u t th e  term  
cupola efficiency m eans som ething more th an  
th is. I t  involves a consideration of th e  questions 
of a rrangem en t and  construction of p la n t so th a t  
th e  com bustion of th e  fuel shall be as complete 
as possible, th a t  th e  h ea t produced from  th e  fuel 
shall be as completely as possible absorbed or 
u tilised  w ith in  th e  furnace, or, to  p u t i t  ano ther 
way, th e  coke consum ption shall be a t  a  minim um 
and th e  quan tiy  of h ea t and th e  tem pera tu re  pro
duced in  th e  m elting zone a t  a  maximum , so th a t  
th e  g re a te s t possible w eight of m etal per u n it  of 
capacity  shall be m elted and superheated  to  cast
ing  condition. We may therefo re  define cupola 
efficiency as m eaning th e  production of the  
g rea te s t q u an tity  of m olten m etal su ited  for th e  
work in hand , w ith th e  lowest consum ption of 
fuel, in  th e  sh o rtest tim e and a t  lowest cost. I t  
is qu ite  possible to  produce m etal a t  a low cost, 
b u t n o t su itab le  for th e  job ; th a t  is not efficient 
working.

Requirements for Efficient Working.
1. To a tta in  a  tem p era tu re  sufficiently high to 

m elt and  superhea t the  m eta l to  such an ex ten t 
as to  enable th e  mould to  be filled and casting  
completely ru n  w hilst m etal is completely fluid and 
w ithou t separa tion  of th e  constituen ts to  allow of 
reg u la r solidification and cooling.

2. To g en era te  sufficient h ea t to  m elt and super
h ea t to the  desired lim it w ith leas t possible con
sum ption of fuel. The minim um h e a t requ ired  
is a perfectly  definite q u an tity  for each quality  or 
m ix tu re  of m etal. I t  depends on th e  m elting 
point, specific h ea t, and la te n t h e a t of th e  m etal.

3. The com bustion of a ce rta in  am ount of fuel to  
genera te  th e  h ea t under second requirem ent. I t  
m ust be rem em bered in th is  connection th a t  a 
given fuel can  only genera te  a ce rta in  q uan tity  of 
h e a t per u n it  of w eight, and th is am ount is 
governed by th e  composition of the  fuel. W hether 
th is  q u an tity  is obtained  or no t depends upon how 
th e  fuel is b u rn t, th a t  is to say how completely, 
w hilst th e  effect or resu lt of genera ting  th is  quan
t i ty  is influenced by th e  rap id ity  of burn ing , the
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q u an tity  and m anner of app lica tion  of th e  a ir, 
th e  ex te n t of th e  space in which i t  is b u rn t, and 
th e  a rrangem ents for tra n sm ittin g  th e  h e a t to  th e  
m etal be ing  m elted.

4. Effective Utilisation of the H eat Generated.
 T his depends a  good deal on  th e  construction
and a rran g em en t of th e  fu rnace— i.e., position of 
th e  combustion zone, th e  a rran g em en t of th e  
charges, concen tration  of h ea t, etc. In  o rd inary  
circum stances h e a t is only tran sfe rred  o r com
m unicated  from  one' body to  ano ther by d irect 
co n tac t o r by rad ia tio n . Gases h ea t by con tac t 
only ; they  have very li tt le  ra d ia tin g  power. In  
cupola w orking, h ea tin g  is effected by : — (a) 
D irec t co n tac t w ith  incandescent coke; (b) ra d ia 
tion  from the  exposed su rface  of incandescent coke 
(if two pieces of incandescent coke a re  one behind 
th e  o ther, m etal is only effected by rad ia tio n  of 
surface of coke facing it) ; and (c) by h e a t from  
h o t gases by d irec t con tac t. T his accounts fo r th e  
la rg es t p a r t  of th e  h e a t of fuel actually  tran sfe rred  
to th e  m etal. The g re a te s t p roportion  of th e  h ea t 
genera ted  is first tak en  up by th e  gases a n d  by 
them  d is trib u ted  th rough  th e  fu rnace. The final 
p roduct of b u rn ing  fuel is gaseous, consequently 
it  is of suprem e im portance to  give a tten tio n  to  
all fac to rs which influence th e  m anner of dis
tr ib u tio n  o r com pleteness and  reg u la rity  of con
ta c t  of th e  gases w ith th e  solid m a te ria l in  th e  
fu rnace, as these affect th e  fu rn ace  w orking ; if 
th e  d is tribu tion  is bad o r irreg u la r, th ere  resu lts 
ir reg u la rity  of co n tac t w ith non-uniform  h ea tin g , 
th e  gases pass away a t  too h igh  a  tem p era tu re , 
and  th is  m eans w aste of h e a t and inefficiency, and  
if th e  gases a re  insufficiently cooled th e  zone of 
m axim um  tem p e ra tu re  rises in th e  fu rnace  
generally  or locally.

Cupola Design.
I n  designing th e  cupola for c e rta in  specified 

duty  i t  is necessary th a t  carefu l consideration  bp 
given to  9 num ber of v ita l fa c to rs :—The size 
necessary to  secure a  specified o u tp u t u nder con
ditions— i.e.,  th e  d iam eter a t  th e  tu y e re  level, 
th e  num ber, size, shape and a rran g em en t of th e  
tu y e res ; th e  h e ig h t from  tuyere  level to  sill of 
charg ing  door ; th e  re la tiv e  capacities of wind
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belt and air-b la st p ip e ; th e  q u an tity  of a ir  neces
sary , an d  th e  m anner in  which i t  is to  be 
delivered to  th e  furnace.

The li te ra tu re  of th e  sub ject shows th a t  g rea t 
d iversity  of opinion ex ists as to  th e  relation  and 
p roportions of th e  various p a r ts  of th e  cupola, 
conditions o f b last and  fuel consum ption, s ta te 
m en ts by d ifferent w riters vary  so greatly , and in 
some cases ap p ear so ex trao rd inary  th a t  one 
wonders w hether th e  au thors have had closer 
acquain tance  w ith  cupola p rac tice  th a n  as 
trav e lle rs  fo r p ig-iron o r electric wiremen.

I t  is m uch to  be desired  th a t  some ra tional 
system  of designing cupolas should be established 
sim ilar to  th e  m ethod of designing a n  open-hearth 
steel m elting  furnace, based upon well-defined 
d a ta . I t  is n o t uncommon for a  founder desiring 
to  e rec t a  new cupola to  decide th e  size of his 
fu rnace  according to  w hat someone has to ld  him  
ough t to  give a ce rta in  o u tpu t. The blower, pipes 
and  connections a re  of indefinite capacity  and 
size, an d  th e  tuyeres are  of more o r less fan tastic  
shape and  arrangem ent. The furnace is lighted 
and th e  blower speeded up u n til a pressure gauge 
ind icates so m any inches, ounces or pounds, 
because some o th e r foundry  uses a sim ilar pres
sure and  obtains fa ir  results, and  no account is 
tak en  of th e  conditions and  requirem ents in the  
o th e r foundry , which m ay be en tire ly  different. 
There is absolutely no a ttem p t to work upon 
known o r ascerta inab le  d a ta  or to  develop a 
system of maxim um  efficiency.

In  designing a cupola, the following fac ts and 
relationsh ips m ust be carefully considered :—

(1) The sectional a re a  a t  the  m elting zone 
determ ines th e  q u an tity  of fuel which can be 
b u rn t in  a u n it  of tim e on one plane, and  conse
quently  th e  m elting capacity  of the  furnace. I t  
is the re fo re  very im p o rtan t th a t  the  size of th e  
fu rnace  should be s ta ted  in  te rm s of th e  m elting 
zone inside th e  lining, and n o t of th e  stack  or 
ex te rn a l d iam eter as is often done.

(2) The q u an tity  of m etal i t  is desired to m elt 
determ ines th e  am ount of fuel which has to  be 
b u rn t in  o rder to  give th e  necessary q u an tity  of 
h ea t a f te r  due allowances for losses. The principal 
d irections in which h e a t is lost or u tilised  in o ther 
ways th an  m elting and superheating  th e  iron
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a r 6 ;—F orm ation  and m elting  of slag-; ra d ia tio n ; 
h eating  th e  fu rnace, and escaping as sensible and 
la te n t h ea t in  th e  gases.

(3) The w eight of coke which has to be com
busted determ ines th e  am oun t of a ir  a t  a given 
density  which has to be supplied to  th e  furnace.

(4) The q u an tity  of a ir requ ired  determ ines th e  
a rea  of th e  tuyeres necessary to convey th e  a ir  a t 
su itab le  velocity. T he to ta l tu y e re  a ir  m ust be 
ad ju s ted  according to th e  num ber and shape of th e  
openings to allow fo r  fric tiona l effect upon th e  
velocity.

(5) The tuyere  capacity  determ ines th e  size of 
th e  a i r  p ipe o r  condu it necessary for th e  convey
ance of th e  requ isite  q u an tity  of a ir  from  th e  
blower to th e  w ind b e lt and also th e  size of blower.

I f  th e  design is based upon these facts- i t  should 
he possible to  ob ta in  reliab le  d a ta  fo r th e  estab 
lishm ent of a ra tio n a l system  of cupola construc
tion  sim ilar to th a t  adopted  in  th e  steel industry .

T here m ust be a  p roper p roportion  and  re la tio n 
ship between all p a r ts  of th e  cupola, and  no t, as 
is so frequently  th e  case, only th e  re la tiv e  area 
of fu rnace  and tu y e res  considered.

In  deciding upon th e  to ta l a rea  of th e  tuyeres, 
i t  is necessary to  ta k e  in to  account th e  am ount 
of a ir  which is  to  be in troduced  a t  a  c e rta in  
velocity, th e  pen e tra tio n  factor, and th e  d is trib u 
tion  of th e  a ir  w ith in  th e  furnace. T he la t te r  
very largely influences th e  num ber and  disposition 
of th e  ind iv idua l tuyeres. The question of fr ic 
tion  comes in  as a fac to r controlling tu y e re  area, 
and th is depends upon th e  shape. The volume 
passed by tuyeres of equal a re a  b u t d ifferent shape 
varies w ith th e  fric tion  encountered.

I f  p  =  pressure, a =  area  in square feet, S =  
th e  area  of surface, V =  velocity, and  K  =  co
efficient of fric tion

p a  = K SV J.
The fric tion  varies w ith  th e  size of th e  bounding 

surface. F o r instance, tuyeres of 12 x 4 and  
8 x 6 give th e  sam e area, b u t the  a re a  of surface 
is different, and th e  am ount of a ir passed will be 
in  th e  ra tio  1.15 : 1.0. T he m ost successful shape 
of tu y e re  appears to be oblong, w ith  th e  ho ri
zon tal w idth about 1.2 to 1.25 tim es th a t  of th e  
height. Tuyeres of th is  shape offer a m inim um  
fric tio n a l resistance to  the  a ir  an d  keep clear



th roughou t even long m elts when the area  is pro
perly ad justed  to th e  size of th e  furnace, and 
pressure and velocity of blast such as to give su it
able pene tra tion  value.

The m ost economical working is obtained when 
th e  am ount of a ir  required  passes through the 
tu y e re  a t th e  ra te  of 400 cub. f t . per min. for 
each square foot of sectional a rea  of cupola bore 
a t  m elting  zone.

As th e  re la tiv e  velocity can he ascertained of 
a ir  forced th rough  an orifice a t a  given pressure, 
th e  pen e tra tio n  factor can  be calculated.

W V2
D

W here D = cupola d iam eter, V = velocity per 
sec., and W  = weight of a ir  passing per sec.

The ra tio 1 of cupola area  to to ta l tuyere  a rea  
should v a ry  w ith th e  size of the furnace a t melt- 
ing zone.

In  cupolas up to 40 or 42 in. diam eter the  ra tio  
should be 1 : 4  or 1: 4 . 5 those having diam eters 
between 40 and 63 in. th e  ra tio  should be 1 : 4.5 
to  1: 5.5, and  in large cupolas 64 to 90 in. dia
m eter the  ra tio  may be 1: 5.5 to 1: 7.0.

T he a rea  of th e  blast pipe conveying th e  a ir 
from  the blower to the  furnace m ust bear a 
definite rela tionsh ip  to th e  tuyere area. I t  m ust 
be emphasised th a t  the  blast from a  single main 
canno t w ith th e  sam e power be discharged a t  the  
sam e ra te  th rough  a  num ber of tuyeres having a 
to ta l a rea equal to  th e  a rea  of the  m ain, because 
in  dividing th e  volume between a num ber of 
openings there, is involved a  loss due to  friction . 
The to ta l tu y e re  area  m ust therefore be g rea te r 
th a n  th e  sectional area of the blast pipe.

The ra tio  of blast-pipe a rea  to to ta l tu y e re  area 
should be for cupolas up to  42-in. dia. 1 : 1.6 to 
1: 1.75; cupolas between 42 and 63 in. d ia., 1 : 1.4 
to  1 : 1.6, and for la rger ones 1: 1.4 to  1 : 1.1.

T he w ind b e lt should also hear a relationship to 
th e  b la s t pipe. The general p rac tice  is to  m ake 
th e  b e lt too1 small, and in  some cases th e  advan
tages of ample tuyere  area  a re  neutralised hv th is 
means. A large b e lt gives steadiness of _ blast 
en te r in g  th e  fu rnace  by acting  as a reservoir and 
m inim ising th e  effect of pulsations where a posi
tiv e  blower is used, and a t th e  same tim e allows
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of the b last being equally divided between th e  
tuyeres.

The ra tio  of sectional a rea  of w ind belt to  th a t  
of th e  b la s t m ain should n o t be less th a n  3 :1 , 
and m ay be 3 .5 :1  o r 4 :1  in  la rge  cupolas. The 
belt may be placed so .as to  be inside th e  shell, in 
order to perm it of w arm ing th e  blast, whereby con
siderable benefit is derived, n o t so much from  a 
saving of coke betw een charges—which is  sm all 
a t  th e  best—b u t th e  chilling effect of th e  a ir  as 
i t  en te rs  is reduced, and a b e tte r  d is tribu tion  of 
h ea t is obtained.

The heigh t of the  cupola betw een tuyere  level 
and sill of -charging door is im p o rtan t. I t  is re la 
tively  g rea te r in large th an  in sm all cupolas, -as 
the m elting  zone inclines to rise h igher, owing to  
th e  necessarily increased pressure. In  sm all 
cupolas th e  h e ig h t may be from  3 to  4^ tim es th e  
d iam eter, 2f  to  3f in medium, and 2J to  2 f  in very 
large ones. I t  may also be equal to  24«/ d iam eter 
for all sizes.

These heights a re  given on the  assum ption th a t  
th e  tuyeres will be placed 16 in. to  20 in. from  
th e  bo ttom  of th e  furnace.

Cupola Output.
This will vary  to  some ex ten t w ith  th e  

n a tu re  of th e  m eta l, th e  size of scrap , e tc ., 
b u t w ith  a  fu rn ace  of p roperly  balanced p ropor
tion  in all p a r ts  and properly  ad ju sted  a ir  
supply, travelling  th rough  th e  tuyeres a t  app rox i
m ately  30 ft . p e r  sec., th e re  should be m elted 
16 to- 17 owts. per hour pe-r sq. ft. of cupola a rea . 
This -corresponds to th e  most economical r a te  of 
coke b u rn in g  of 180 lbs. p e r  sq. f t . p e r hour, 
and requires 25,000 cub. f t .  a ir  -per hour. I t  is 
usual to  s ta te  th e  a ir requ irem en t as so much p er 
ton  of -metal m elted, b u t th is  is, in th e  opinion 
o-f th e  w riter, to  be discountenanced. The a ir 
is fo r the  purpose of b u rn in g  coke to  produce th e  
necessary heat, and  th e  a ir  supply should th e re 
fore be sta ted  m  term s of coke. The usual 30,000 
to  33,000 cub. ft. of a ir  sta ted  to  be necessary to 
melt a to n  of iron is only correct when 2 to 
2J cwts. of coke p e r ton  between charges is used. 
M any foundries work w ith less, and u n fo rtu n a te ly  
some use considerably more. The volume of a ir  
requ ired  for d ifferent coke consum ption is shown 
in Table I.
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T a b l e  I .— Volume of A ir  necessary for  Various 
Melting Ttatios.

Coke per ton of Cubic feet
Iro n  m elted. of a ir . M elting ra tio ,

lbs.
224   32,000 ...  1 - 1 0
200   28,000   1 - 1 1 .2
196   27,500   1 -1 1 .4
180   25,200   1 -1 2 .4
168   23,520   1 -1 3 .3
160   22,400   1 -1 4 .0

The w eight of coke has reference to  th a t  placed 
between charges and exclusive of the  bed.

The volum e of a ir  should be weighed or 
m easured. This has presented  some difficulty in 
the p a s t owing to  suitable in strum en ts being e ither 
too costly or too liable to  get ou t of order under 
foundry  conditions. An in s tru m en t can now be 
obtained  a t  a m oderate ou tlay  which is a t  the 
same tim e accurate, robust and fool-proof. If  
cupola m en scrapped o rd inary  pressure gauges 
and  installed volume gauges th ere  would be a 
g rea te r average cupola efficiency obtained th an  is 
now th e  case.

Charging the Cupola.

The filling of th e  cupola should commence so 
soon as th e  bed is well a ligh t and th e  brickwork 
warm ed up. The p ractice of bu rn ing  for hours 
w ith th e  doors and tuyeres open before charging 
is very w asteful, and n o t conducive to  th e  best 
m elting. T he (bed, although requ iring  to  be well 
lighted , m ust n o t be over-burned.

The best p rac tice  would appear to  be to fill 
up w ith  coke to  th e  tuyere  level, and when well 
ligh ted  the  tuyere  doors should be closed, then  
more coke added to  b ring  th e  bed th e  requisite  
distance above th e  tuyeres. C harg ing  of th e  
cupola should then  proceed. The w eight of m etal 
per charge will depend upon th e  class of iron 
m elted and also th e  size of t h e ' scrap, b u t ligh t 
charges a re  to  be p re fe rred  to  heavy ones pro
vided they  are sufficient to  give a good covering 
in each layer. The p ig  is b e tte r  placed ra th e r 
more to th e  cen tre , b u t n o t to  such an ex ten t as 
to  have a cen tral pile of m etal surrounded by coke.
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The ideal a rrangem en t fo r fa s t and efficient m elt
ing would be 'for th e  coke to  be a rranged  in  the  
form of a so r t of basin  w ith sides and bottom  of 
equal th ickness, to  coun te rac t th e  tendency for the  
a ir to  trav e l up th e  sides of th e  fu rnace  more 
read ily  th a n  th e  cen tre , and  also to ensure th a t  
th e  b la s t always im pinged on coke. T his ideal 
is n o t possible in  p rac tice , b u t i t  can  be 
approached by placing a li t t le  more coke to  the 
circum ference th a n  th e  re s t o f th e  cupola area. 
I t  is essential th a t  th e re  should be a layer of coke 
over th e  whole area  betw een each charge of m etal, 
of a  dep th  su itab le  to  th e  tu y e re  a rran g em en t; 
it  averages about 5 in ., b u t varies w ith local con
d itions. W eighing does n o t always secure the 
best dep th  owing to  varia tions in  density  of th e  
coke—.that is, a  heavy coke m ade w ith th e  usual 
weight .gives too shallow a  layer. To overcom e th is  
i t  is recom mended th a t  when once th e  best dep th  
of coke charge has been found  fo r  a  p a rtic u la r  
furnace, a sheet-iron rin g  he m ade of th a t  dep th  
and  w ith  a d iam eter equal to  th a t  of th e  cupola 
a t th e  tu y e re  level. This should he filled w ith  
coke and the w eigh t determ ined  ; in  th is  way a 
constan t dep th  can be m ain ta ined  w ith different 
cokes.

The practice of p u tt in g  on the  b last fo r a sho rt 
tim e a f te r  a  few charges have been filled in  is no t 
to  he com m ended; when th e  coke is called upon 
to  give up its heat, i t  should do so quickly, and 
the  h ea t should be concentrated  in  the  m elting  
zone for th e  purpose of tran sfe rence  to  and m elt
ing  of th e  m etal.

Heat Development and Melting.
This depends principally  upon th e  completeness 

of th e  com bustion of th e  fuel. C arbon burns in 
two stages—to carbon monoxide and  carbon 
dioxide, th e  la t te r  reaction  producing  th e  m axi
mum heat. To secure th is  it  is essential th a t  a 
sufficiency of oxygen he b ro u g h t in  con tac t w ith 
th e  carbon. Increased tem p e ra tu re  resu lts from  
concentration  of heat, and th is  in tu rn  increases 
efficiency. A certa in  q u a n tity  of fuel is neces
sa ry  to genera te  enough h e a t to raise  th e  iron 
to th e  lowest tem p era tu re  a t  which i t  can become 
liquid, and a fu r th e r  am ount to  increase th e  tem 
p e ra tu re  of m etal and slag to  give th e  desired
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fluidity. The g rea te r th e  concentration  of heat 
from  b u rn ing  the  fuel, th e  h o tte r  and m ore fluid 
the m e ta l; th e  density  of th e  coke affects th is  to 
some ex ten t, b u t is m ainly influenced by th e  
q u an tity  of a ir  and th e  m anner of its  admission ; 
th a t  is to say, th e  pressure and velocity of th e  a ir  
supply and  th e  surface of th e  fuel exposed io  the  
blast.

Theoretically , if  all th e  hea t from  1 lb. canbon 
b u rn t to  carbon dioxide was applied to the m etal, 
abou t 47 lbs. could be m elted, or 1 lb. of average 
coke should m elt aJbout 40 lbs. of iron, b u t th ere  
a re  losses, and i t  has . to  be rem embered th a t  
foundry m etal m ust 'be raised  considerably above 
the  m elting-point. The bed coke introduces a dis
tu rb in g  elem ent into th e  calculations, as i t  varies 
so much in  d ifferent furnaces, some requ iring  
deep beds, o thers shallow ones. The only proper 
method of s ta tin g  coke consum ption is to  give the 
fuel ra tio  so as to  show th e  bed, and  charge coke 
separately . In  m any foundries a ra tio  of 1 :10  
is considered very good ; i t  is  not only possible 
to  do very much be tte r, b u t ra tio s of 1 :14  or 
more a re  obtained regularly  in  m any foundries.

The fuel and  m eta l being arranged  in position, 
i t  requ ires to  be supplied w ith the  appropria te  
q u an tity  of a ir  for combustion, and although the  
ac tua l volume o r  w eight can be determ ined, it 
m ay be in troduced so th a t  i t  only ju s t keeps com
bustion going, o r a t  quicker rates, up to  th e  m axi
mum a t which oxygen and caribon are  capable of 
combining. The la t te r  lim it is largely determ ined 
by th e  area  of the  fuel which can he presented  to  
the  b las t. T he ac tua l surface area  of th e  coke in 
a given space which can be b rought in con tac t is 
lim ited  iby th e  a rea  of th e  cupola and th e  surface 
a rea  of th e  pieces of coke. There is a  p a rticu la r 
ra te  a t  w hich a ir m ust be  applied in  o rder to 
ob tain  th e  m axim um  speed of com bustion.

The 'area of coke th a t  would be presented  to  the 
b la s t could be easily calculated if i t  were a solid 
mass w ith  plane surfaces, b u t a  mass of ooke 
pieces, in terspersed  with pieces of m etal, is quite 
a  d ifferent m iatter, partieulairilry so because lan 
increase of p ressure n o t only supplies more a ir 
to  th e  surfaces of first contact, h u t also causes 
pen e tra tio n  of a ir to  higher planes in  th e  coke 
mass, thus increasing the  surface of contact. The
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size of the pieces of coke and the  s tru c tu re  of the  
coke are  also variab le  factors, so th a t  th e  best 
ra te  of a ir  supply m ust be finally ad ju s ted  by 
p rac tica l tr ia l.

I t  th ere fo re  becomes necessary to  consider no t 
only th e  ac tua l am ount of th e  a ir supply, h u t th e  
m anner of its application  to, and d is tribu tion  
th rough , th e  plan© of its  in troduc tion  in to  the  
cupola.

The velocity of th e  a ir  en te r in g  th e  fu rn ace  is 
of itself ind icative of no th ing , i t  is only one fac to r 
in de term in ing  th e  q u an tity  of a ir  en te ring . W hen 
a  g iven  am ount of a ir  is passed th rough  tuyeres 
i t  comes in co n tac t w ith  a  m ass of ligh ted  ooke, 
th rough  which i t  can  only p e n e tra te  by to rtu o u s 
routes in  all directions. T he tendency is to  trav e l 
upw ards m ore readily  th a n  inw ards, owing to  th e  
absence of o u tle ts  except upw ards. The a rea  of 
effective, con ta c t  takes th e  form  of an  inverted  
cone; although th e  supply  of a ir  and  th e  most 
active combustion m ay n o t ex ten d  qu ite  as fa r  
upw ard in th e  cen tre  as a t  th e  periphery , and 
th e re  may be an appearance of a  slower velocity 
of a ir in th e  cen tre , i t  is m ore th a n  probable th a t  
the q u an tity  in  the  cen tre  is n o t very d ifferent 
from  th a t  a t  th e  periphery  (cu rren ts from  all th e  
tuyeres converge to  th e  cen tre).

I n  a  p l a n e  a  l i t t l e  a b o v e  t h e  t u y e r e s  m e l t i n g  
t a k e s  p l a c e  a l l  o v e r  i t ,  h u t  t h e  z o n e  o f  h i g h e s t  
t e m p e r a t u r e  t e n d s  t o  c o m e  n e a r e r  t h e  l i n i n g  t h e  
h i g h e r  u p ; a s  d i s t a n c e  f r o m  t h e  t u y e r e s  i s  
t r a v e r s e d ,  t h e  s p a c e  f o r  e x p a n s i o n  b e c o m e s  
l a r g e r .

Velocity or ra te  of e n try  is th e n  by  itself of 
li t t le  o r no significance in determ in ing  a ir 
qu an tity , b u t i t  is a  fa c to r in de term in ing  th e  dis
tr ib u tio n  of the  a ir  w ith in  a  lighted  cupola.

In  th e  case of an un ligh ted  cupola, a ir  would 
trave l to  th e  same e x te n t inw ards fo r any velocity 
m ultip lied 1 by tu y e re  area, g iv ing th e  sam e 
q u an tity  of a ir  p er u n it  of tim e. The course of 
th e  c u rre n t is  broken 'by th e  pieces of coke, -and 
once w ith in  the  cppola, th e  pressu re  as a fac to r 
beoomes absorbed in th e  re su lta n t o r q u an tity  and 
loses its  id e n t ity ; b u t a f te r  th e  coke is lighted , 
th e  c u tt in g  notion of h igh  velocity and small cu r
re n t would be more noticeable th a n  low velocity
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ing  effect a t  en tran ce  hy im ping ing  th e  same 
q u an tity  of cold a ir on a  sm aller a re a ; conse
quently  i t  is very im p o rtan t to  determ ine the 
lowest velocity capable of p e n e tra tin g  to  the 
centre. T here  is such a m inim um  velocity, a t 
which i t  is desirable to  in troduce the  proper 
q u an tity  of a ir  for each cupola.

I f  th e  lighted 1 coke in  a given p lane  zone 
th rough  th e  bosh is supplied w ith an increasing 
q u a n tity  of a ir , th e re  is reached ,a m axim um  
q u a n tity  which can combine in  a given tim e in 
th a t  zone, and if the  q u an tity  be fu r th e r  increased 
th e  excess passes to  a h igher zone, or, in  effect, 
increases th e  dep th  of th e  zone of combustion, 
b u t th is  cannot go on indefinitely if th e  a ir is 
introduced from th e  sam e po in t, for once the 
m axim um  ra te  of com bination of oxygen and car
bon is reached, any excess has to  pass through  
th e  zone in  which action  is going on, and only 
serves to  d issipate th e  h ea t of combustion to  a 
h igher zone.

As th e  q u an tity  introduced in one plane increas
ingly exceeds th a t  needed for th e  maxim um  pos
sible com bustion, effective m elting  is reduced and 
a  ce rta in  chilling a rea  is crea ted  th rough  which 
m eta l has to pass, and there  is also th e  possibility 
of oxidation  an d  burn ing  of the  m etal. To remedy 
such a  s ta te  of m a tte rs  i t  is the  common p ractice  
to reduce th e  a ir  supply w ithout red is tr ib u tin g  
it, which is effective if th e  supply is really exces
sive, b u t bad p rac tice  if th e  excess of a ir is only 
local, as th e  correct rem edy in th a t  case is redis
tr ib u tio n  of th e  supply.

I t  comes to  th is, then , th a t  th ere  is a maximum 
q u an tity  of a ir  which can be introduced a t  one 
level, and  th a t  is th e  q u an tity  to  give th e  m axi
mum com bustion in th a t  zone o r level. I f  i t  is 
desired to  in-crease th e  dep th  of th e  m elting  zone, 
th e  excess of a ir  should be in troduced a t  a higher 
level, i.e., ju s t above th e  h o tte s t p a r t  of the  
orig inal zone. I f  i t  be introduced too high, i t  
only serves to  increase the w aste and increases the  
p roportion  of carbon monoxide in th e  w aste gases.

A careful study of th e  above facts will probably 
assist in explain ing  some of the  conflicting opinions 
expressed by cupola men as to th e  value of one, 
two o r th ree  rows of tuyeres.
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M r. Oook has given certa in  formul® for calcu
la tin g  th e  -maximum a ir  supply and  successful 
m elting capacity  of cupolas, in  which th e  factors 
q u an tity  of a ir  and pressure of b last assume prim e 
im portance.

The r a te  a t  which oxygen is b ro u g h t in to  con
ta c t  w ith th e  coke determ ines th e  r a te  of com
bustion for any p a rtic u la r  d iam e te r of cupola.

A  s i n g l e  r o w  o f  t u y e r e s  s h o u l d  g i v e  t h e  b e s t ,  
m o s t  r e g u l a r ,  a n d  e c o n o m i c a l  w o r k i n g  i f  a l l  p a r t s  
o f  t h e  f u r n a c e  a r e  p r o p e r l y  p r o p o r t i o n e d  a n d  t h e  
q u a n t i t y ,  p r e s s u r e  a n d  v e l o c i t y  o f  b l a s t  a r e  p r o 
p e r l y  a d j u s t e d .

Som etim es a second row of tuyeres gives quicker 
m elting  by increasing  th e  dep th  of th e  m elting  
zone, b u t to  ensure th is  i t  is necessary to  know 
th e  velocity and  q u a n tity  of a ir  to  give th e  h ighest 
possible ra te  of com bustion w ith  one row of 
tuyeres, and th e  second row  m ust be -so placed 
th a t  the a ir  in jected  th rough  them  shall ac t ju s t 
below the  top  and  less aotive p o rtio n  of th e  com
bustion zone set up by th e  lower row of tuyeres.

In tro d u c in g  a  secondary supply a t  a p o in t too 
high to  effectively ex tend  th e  zone is had and w aste
ful. I f ,  however, the  com bustion set up  by th e  
first row is -below the  m axim um , th e  in troduction  
of a ir  a t  a  h igher p o in t is advantageous, as it  
offers a ce rta in  am ount of resistance to  th e  u p 
w ard passage of th e  lower -current, g iv ing i t  
longer con tac t and  more oppo rtu n ity  to  combine 
w ith cartoon in  its  own zone, and  a t  th e  sam e tim e  
se tting  u p  active oombu-stion in th e  h igher p lane 
in such a m anner th a t  i t  m erges in to  th e  lower 
one.

In  p ractice , a  th ird  row of tuyeres is n o t effec
tive, as i t  s tands too h igh  and  only resu lts in an 
increased p roduction  of carbon monoxide. The 
useful ex tension of th e  zone of com bustion is 
lim ited  by th e  q u an tity  of th e  p roducts of com
bustion. I t  has to  be rem em bered th a t  79 p er 
cent, of th e  a ir blown in  is n itrogen , and  th is, 
together w ith th e  carbon dioxide form ed, causes 
sufficient d ilu tion  to  p rev en t fu r th e r  useful com
bustion going on.

I t  has been s ta te d  toy -several w rite rs th a t  a  
second or th ird  row of tuyeres is useful as a  means 
of securing more com plete combustion, by supply
ing a ir  to  u n ite  w ith th e  oarhon m onoxide passing
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upw ards from  the  bottom  row ; th is, however, is a 
fallacy, as th e  tem p era tu re  is above th e  dissocia
tion  po in t of carbon dioxide especially in presence 
of excess oarbon. I t  is extrem ely doubtful w hether 
add itional rows of tuyeres in  any way effect the 
completion of combustion to  carbon dioxide. I t  
seems much m ore probable tha.t they  would cause 
an increase in the  carbon monoxide unless placed 
in the  exact position  necessary to  extend th e  zone 
of com bustion.

The combustion of the  escaping gases gives some 
useful inform ation as to  th e  efficiency of the 
cupola w orking, b u t care is necessary in sam pling 
to  avoid including the products of secondary 
reactions high up in th e  shaft. Much investiga
tion  is required  in regard  to  th e  changes which 
tak e  place in th e  composition of the  gases between 
the zone of combustion and the  top of th e  charge 
before definite conclusions can be draw n.

T he w rite r  has had such investigations in hand 
for some considerable tim e, and he hopes to  be 
able to  publish resu lts a t  a la te r  date.

DISCUSSION.
O pening th e  discussion, th e  C h a i r m a n  (Mr. T .  

V ickers) said th a t  Mr. Campion was one of th e  few 
m eta llu rg ists  in  th is  country  who had done ex ten 
sive research  work in  connection w ith cupola prac
tice, and  i t  was for th is reason th a t  he (the 
speaker) had suggested th a t  particu la r subject for 
consideration  th a t  evening.

M r. H . L .  R e a s o n  endorsed the  sta tem en t th a t  
M r. Cam pion had done some valuable work for the 
In s titu te  in  publishing the  resu lts of his re 
searches, and said th a t  in m any ways he had  fu r 
nished food for th ough t for th e  cupola makers. 
W hen one considers th e  an tiq u a ted  cupolas th a t 
have been and a re  in use, one marvels a t  the won
derfu l resu lts obtained, bu t th e re  is no doubt 
th a t , w ith applied science, as explained by the 
lec tu re r, the efficiency of the cupola can be con
siderably increased, b u t as i t  was generally agreed 
th a t  b last pressure and air volume were poin ts to  
be carefully w atched, owing to the  effect on the 
properties of the  m etal, he was surprised to  note 
th e  lec tu re r did n o t consider th is  aspect of cupola 
practice of fundam ental im portance, perhaps he
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inform ation  and d a ta  given in th e  P aper, he was 
qu ite  sure th is  would be used to  good advan tage  by 
th e  members. H e also paid  tr ib u te  to  th e  clear, 
concise way the  P ap e r had  been prepared , so th a t  
everyone could clearly understand  all th e  various 
aspects considered.

Carbon and Oxygen Reactions.
M r . A .  M a r k s  also considered th a t  th e  inform a

tion  given would be of g re a t value, and  he fully 
agreed th a t  M r. C am pion had  probably done 
more work in  reg ard  to  cupola practice  th a n  any
one else in th e  B ritish  Isles. H e th o u g h t th a t  con
struc tiona l engineers should have th e ir  a tten tio n  
draw n to  h is suggestions, b u t these were also ex
trem ely  useful to  th e  p rac tica l foundry  w orker. 
The foundrym an, he po in ted  ou t, was p rac tica lly  
compelled to  use cupolas of a  c e rta in  size and con
struc tion  because they  rep resen ted  th e  views of th e  
various m akers. H e m ust confess th a t  in h is ex
perience he had  frequen tly  been compelled to  neg
lect w hat he m ight term  efficiency of m elting , and 
to  consider only th e  m etal tu rn ed  o u t from  th e  
cupola, thereby se ttin g  aside m any theo re tica l in 
structions regard ing  q u an tity , porosity  of coke, 
etc. The coke burden  they  used was governed by 
th e  product. In  add ition  th e re  was th e  necessity 
to  ru n  on th ree  o r four d ifferen t classes of iron, 
which compelled a varia tio n  in  th e  am oun t of coke 
used. H e would be in terested  to  know w hat the  
lec tu re r th o u g h t on th e  question o f th e  ta p e r  in 
th e  shape of th e  cupola, and possibly he could te ll 
them  som ething as to  w hether th e  reaction  between 
carbon and oxygen to  carbon monoxide was n o t 
th e  p rinc ipa l source of m elting  heat, and th a t  cal
culations as to  fjiel efficiency should be based upon 
th is reaction  ra th e r  th a n  upon the  reaction  carbon 
plus oxygen to  carbon dioxide. The carbon m on
oxide plus oxygen reaction  probably occurred in 
th e  colder zones above th e  m elting  zone, an d  Mr. 
Cam pion’s views would be of in te re s t on th is  ques
tion , which was of v ita l im portance in view of m elt
ing efficiency.

Shape of Cupolas.
M r .  E .  L o n g  don a s k e d  w h a t  w o u ld  b e  t h e  e f f e c t  

u p o n  t h e  m e l t i n g  o f  a n  i n c r e a s e d  d i a m e t e r  i n  t h e
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cupola 15 or 16 ins. above the  tuyeres. Perhaps 
th e  lec tu re r would g ive th en  a  li tt le  guidance as 
to  th e  m easurem ent of th e  coke bed, which was 
affected by th e  question as to  w hat p a r t  of the 
cupola was the place of m easurem ent, if one agreed 
th a t  an increased d iam eter ju s t above th e  tuyeres 
was desirable. Also w hat would be the  effect of 
blowing in a je t  of steam  along w ith the  s ir  
th rough  a belt suitably pro tected  against corrosion. 
W hile he had seen m any m echanical chargers, none 
of them  seemed to  be w ithout objections, and he 
th o u g h t th e  labour expended was about equal to  
th a t  of h and  charging.

M r. F . C. E d w a r d s  inquired  w hether experi
m ents had  been carried  o u t as to  the  effects of oxy
gen ; and also as to  the tim e which ought to  elapse 
between th e  charges where they were of a different 
character.

Mu. T .  H e n r y  T u r n e r  agreed w ith th e  lecturer 
th a t  th e  cupola was th e  oldest and crudest of fu r
naces, indeed, i t  had not been a lte red  in  principle, 
b u t only in  th e  in troduction  of c e rta in  auxiliary  
p lan t. H e  suggested th a t  they were a p t to  make 
a m istake in regard ing  the  cupola from  th e  point 
of view of its  big b ro ther the  blast furnace, which 
was, of course, en tire ly  wrong. Much th a t  had 
been said about coke applied to  b last furnaces, bu t 
no t to  cupolas, which wefe in th is  country  com
para tive ly  small furnaces. One aimed a t  th e  pro
duction  of th e  g rea tes t q u an tity  of molten pig-iron 
oonsistent w ith quality  in a  b la s t furnace, whereas 
in cupola p rac tice  one m ust aim for the  highest 
quality for a quite definite quanti ty  dependent 
upon the  foundry  requirem ents. No doubt w hat 
the  lec tu rer had said about aux iliary  p la n t was cor
rec t, b u t he th ough t th a t  losses incurred  through 
blast p ipe fric tion , etc., were relatively negligible 
com pared to  th e  losses sustained  through bad m etal 
and  useless destruction  of moulds. I f  superheat 
was so im portan t, how was i t  th a t  some type of 
fo rehearth  p a rtia l bessemerising and if necessary 
recarburisa tion  was n o t p ractised? H e empha
sised the  need of considering the  cupola from  the 
po in t of view of th e  casting  ra th e r  th an  from the 
po in t of view of coke economy.

M r . W . R o x b u r g h  (B .T .H ., R ugby) ra ised  a  
p o in t  as to  th e  iro n  m ix tu re  used  w h ere  th e  
m e ltin g  w as d one  w ith  11 cw t. of coke to  th e  to n .
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T he C h a i r m a n  rem arked  th a t  a  g re a t deal of 
controversy had  arisen  over th e  question of tuyeres, 
and  confident opinions had  been expressed in 
favour of a  sm all num ber of large tuyeres, while 
others, on th e  co n tra ry , p re fe rred  a  large num ber 
of sm all tuyeres. H e  would like to  know w hether 
the lec tu rer considered sp ira l tuyeres b e tte r  th an  
s tra ig h t ones, and for w hat reasons. I t  was also 
im p o rtan t th a t  th e  tu y e re  a rea  should bear some 
ratio ' to th e  cupola a r e a ; some designers s ta te  th a t  
th is  is governed by the  k ind of m etal to be m elted. 
W h a t would happen , therefo re , in th e  ev en t of mis
cellaneous m ix tures being used? A nother con tro 
versial p o in t is if th e  a ir  p ressure is varied  d u ring  
a m elt, h as i t  any  effect upon th e  m elt?

THE AUTHOR’S REPLY.
M r. C a m p i o n , i n  r e p l y  t o  t h e  d i s c u s s i o n ,  

s a i d  t h a t  c e r t a i n l y  b l a s t  p r e s s u r e  b y  i t s e l f  w a s  o f  
l i t t l e  v a l u e ,  a n d  b o r e  no - r e l a t i o n  t o  t h e  q u a n t i t y  
o f  a i r ,  n e i t h e r  w a s  v e l o c i t y  o r  r a t e  o f  e n t r y  o f  
m u c h  s i g n i f i c a n c e ,  b e i n g  o n l y  o n e  f a c t o r  i n  d e t e r 
m i n i n g  q u a n t i t y  o f  a i r  e n t e r i n g  a n d  i t s  d i s t r i b u 
t i o n .

As regards th e  charging, h e  certa in ly  d id  no t 
m ean to im ply th a t  all th e  coke should be on th e  
sides and none in th e  cen tre ; th a t  certa in ly  should 
n o t be, and  h e  d is tinc tly  said th e  whole a rea  m ust 
be covered.

As to  founders being forced to  ta k e  w hat th e  
m akers offered, a s  suggested by M r. M arks, th a t  
was en tire ly  th e  founders’ own fau lt. I f  h e  w anted 
a  c e rta in  design he  should insist upon g e ttin g  
i t ;  b u t, of course, th e  m aker could n o t be held 
down to  a guaran teed  o u tp u t or fuel consum ption.

To work th e  cupola so as to  give m etal su itab le  
for th e  job  was correct, an d , as h e  poin ted  o u t a t  
th e  beginning of th e  P ap er, i t  was n o t efficient 
w orking to  m elt m etal th a t  would no t give the  
desired re su lt in th e  castings. I t  was co rrec t p rac
tice  to  vary  th e  coke fo r d ifferent m etals. M r. 
M arks referred  to m eta l th a t  was perfect, b u t was 
n o t h o t enough. H e  considered th a t  m etal too 
cold for th e  castin g  was fa r  from  perfect.

H e p re fe rred  th e  s tra ig h t lined cupola ; i t  soon 
burned in to  its  own shape. H e  did n o t believe 
in  sloping th e  lin in g  below th e  tu y e re s ; any splay
ing  should he above th e  tuyere  level, according to 
th e  rules he had given.



The question of equilibrium  between C 0 2 and 
CO and  th e  zones of dissociation was ra th e r too 
b ig  a question to  discuss in  the tim e available, b u t 
perhaps he m igh t have a n  o p po rtun ity  to do so 
on an o th er oooasion.

H e  d id  n o t th in k  th a t  increased efficiency would 
re su lt from blowing steam  in to  th e  cu p o la ; in fact, 
th e  reverse would be the case, as th e  action would 
be endotherm ic, and  m ust be in te rm itten t.

M echanical chargers were an advan tage  with 
very large cupolas, b u t th e re  was difficulty with 
d is trib u tio n  of th e  charges.

P u re  oxygen blown instead of a ir would resu lt 
in m ore active com bustion and h igher tem pera
tu re , b u t i t  was hard ly  a p ractical proposition a t 
present.

As regards separa tion  of charges of different 
m ix tures, he d id  n o t believe th a t  was possible. I f  
i t  was necessary to  do so two e x tra  charges of each 
m ix tu re  should be p u t in, th e  first and last of each 
lo t tap p ed  and  p u t in to  castings of secondary 
im portance. T here is always some drip  from the  
charge above. T he m ix tu re  would th u s be b e tte r  
separated . The reactions of th e  b last furnace were 
qu ite  d ifferent from  those of th e  cupola ; th e  form er 
were required  m ainly reducing, and th e  la tte r  
m elting.

M etal could certa in ly  be superheated  by besse- 
m erising, b u t i t  would n o t th en  be cast iron, i t  
would be steel.

The cupola he m entioned as m elting  w ith less 
th a n  11,- cwts. per ton  was in  regular work, and 
had  a special ty p e  of in te rn a l belt.

Some doubt was th row n on th e  possibility of 
m elting  a to n  of m etal w ith 1 J cwts. of coke, b u t 
he had known th a t  done on m any occasions. I t  
was being done in several ligh t foundries. W here 
th e  p roducts were heavier, as, fo r example, hot 
w ater pipes, they would p u t on 8 lbs. per cw t., 
which was a  li tt le  below 1J cwts. per ton. In  
ra in -w ater g u tte rs  9 lbs. per cwt. could easily be 
done. The m etal used in th a t  case was a m ix ture 
of 30 p er cent. Sootoh iron and 70 per cent, of 
Cleveland, b u t th e re  was about 25 per cent, of 
scrap in th e  charge. As to  th e  shape of th e  tuyere, 
he p re fe rred  i t  to be nearly  square, 8 X 6 or 
9 X 7 ; he did mot believe in a  continuous ring.

I f  th e  tuyere  was too narrow  i t  was liable to get



filled up w ith slag. F or a fu rn ace  over 4 f t . he 
p re fe rred  e igh t tuyeres, for a  fu rnace  3  to 4 f t . 
d iam eter six tuyeres, and below 3 ft. d iam eter 
four tuyeres would be sufficient. I f  they  were fitted  
w ith sh u tte rs  i t  was possible to  con tro l th e  d is
tr ib u tio n  of b las t ro u n d  th e  cupola. W ith  reg a rd  
to th e  means of producing blast, a fan  was b e tte r  
for a  small cupola, w hereas fo r a  big cupola he 
p re fe rred  th e  positive blower. A fte r th e  first 
tap p in g  of slag he would leave th e  hole to  tr ick le  
all th e  tim e. One of th e  best p reventives of 
su lphur was to secure a high m elting  tem pera tu re . 
The th in g  to  be avoided was a  low tem p era tu re . 
H e believed th e re  were g re a t possibilities from  th e  
in troduction  of p re-heated  blast, b u t all his 
in fo rm ation  abou t th e  'Schurm ann cupola was 
second h a n d ; he had  never seen one a t  work.
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Birmingham Branch.
ALUMINIUM CASTINGS.

By C. Dicken.
A lum inium  is considered to  be one of th e  most 

im p o rtan t m etals, and th e re  a re  m any brass 
founders anxious to  branch  ou t in  the alum inium  
tra d e  because th e ir  own business has so much 
decreased owing to stam pings replacing brass cast
ings, and because of th e  increasing popu larity  of 
alum inium , chiefly fo r th e  aero and autom obile 
trad e , b u t also fo r domestic and electrical p u r
poses. This P a p e r m ay then  assist anyone who 
may be seeking th e  m ethod to produce alum inium  
castings. P rogress w ith th is  p a rticu la r m etal has 
been rem arkab le  du rin g  th e  las t 18 o r 20 years.

A lum inium  in its  pu re  s ta te  is n o t much used, 
owing to  th e  elongation being too high and the 
tensile  s tren g th  too  low, b u t when alloyed, w ith 
o th e r m etals i t  is increased in  streng th . Each of 
these alloys have th e ir  own p a rticu la r properties 
and uses.

D u ring  th e  w ar th e  A ir B oard  laid  down several 
specifications which have since been brought into 
genera l use fo r commercial purposes, such as th e  
L5 alloy, which contains 2 to  3 per cent. Cu, 12 
to  14 per cent. Zn, and  the  rem ainder alum inium .

T his alloy is much used in  th e  autom obile trad e  
fo r producing both lig h t and heavy castings, 
such as c ran k  cases, gearboxes, re a r  axles, etc. 
I t  is a fa ir ly  s tro n g  m etal, hav ing  a  tensile 
s tren g th  of 10 tons sand  cas t and 14 tons chill 
cast, w ith an elongation of 6 per cent, when sand 
cas t and  4 per cent, when chill cast.

The L l l  alloy, con tain ing  7 to  8 per cent. Cu, 
1 to 2 p er cent." Sn, and  th e  rem ainder alum inium , 
is a  m etal th a t  will s tand  a fa irly  high tem pera
tu r e  and is, therefo re , m ost su itab le  for castings 
such as cylinders. C astings which have to w ith
s tan d  a  considerable stress combined w ith high 
tem p e ra tu re  a re  best cast w ith th is alloy.

The L8 alloy, con ta in ing  88 per cent, alum inium  
and 12 p er "cent. Cu, is universally known as
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“  piston alloy.” I t  is su itab le  for castings which 
a re  to he cast in a perm an en t mould where elon
gation  is n o t requ ired . As th e  perm anen t mould 
m ethod of m aking eastings saves m achining, it  
pays in th e  case of various castings, although of 
course th e  cost of the mould m ust be considered, 
and  so th is  m ethod of production  is only econo
mical if  th e re  a re  a la rg e  num ber -of the  same 
castings required . The tensile  s tren g th  of th is 
alloy is 10  tons per sq. in ., and abou t 1  p e r  cent, 
e longation  when chill cast.

An alloy con ta in ing  5 to  13 p e r cen t. Si and  the  
rem ainder alum inium  is used by a few firms hold
ing  p a te n ts  fo r d ifferen t m ethods of p roduction . 
T his alloy is n o t widely known a t  p resen t, b u t is 
undoubtedly  a n  alloy which will, when m ore gener
ally understood, assist g rea tly  in  overcom ing m any 
difficulties which a rise  in  casting , feeding and  
porosity..

Selection of Metal.
There a re  two im p o rta n t po in ts to rem em ber 

concerning th e  so-called alum inium  scrap  which 
is upon th e  m ark et. F irs tly , alum inium  castings 
m ade 12 or 14 years ago were very fa r  rem oved 
from  th e  castings o f to-day so fa r  as qua lity  of 
m etal is concerned, and then , too, alum inium  does 
n o t im prove w ith  keeping. Besides these  facts, 
refiners a re  buying sw arf tu rn in g s  and  sawings 
of all types of alloyed alum inium  an d  placing 
them  on th e  m ark e t in  in go t form.

In  some m achine shops w here castings m ade 
from  L5 an d  L8 alloys, phosphor bronze, gun- 
m etal, w hite m etal, iron  and steel a re  m achined, 
th e  o pera to r (who' is usually  w orking piecework) 
cannot afford th e  tim e  to be extrem ely  p a rticu la r 
abou t th e  tu rn in g s, and  so sometimes L 8 tu rn in g s  
a re  m ixed w ith  w hite m etal because they  a re  both  
w hite, an d  perhaps th ro u g h  carelessness a li t t le  
phosphor bronze, gunm etal an d  som etimes iron 
and steel too. A very small po rtion  of any of 
these m etals will spoil th e  physical p ropertie s of 
alum inium . On one occasion th e  au th o r bought 
some “ re-m elt ”  and h ad  a  te s t b a r  m ade which 
passed th e  labora to ry  fo r  both physical and chemi
cal results, and y e t he was su rp rised  a t  th e  
w eight of an  ingot. I t  weighed 64 lbs., w hereas 
an ingo t o f th e  sam e size cast from  L 5  alloy
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made from  virg in  m etal weighed only 6 lbs. This 
explains why custom ers now p refer to  buy alu
m inium  castings per u n it instead  of per lb.

Melting Details.
A lum inium  may be m elted  in gas-fired tilted  

furnaces, p o t furnaces, oil- or coke-fired furnaces, 
and  som etim es in  reverbera to ry  furnaces. For 
th e  L5 alloy th e  preferab le  way to  in troduce the  
Ou. into' th e  aluminium, (owing to th e  difference 
in  m eltin g  tem p era tu re ) is to  m ake a 50:50 
alloy. This is made by p lacing  50 libs, of 
v irg in  Cu into' a  crucible in th e  furnace (well 
covered with charcoal to  p reven t oxidation), and 
when heated  to a  tem p era tu re  of about 1,150 deg. 
C ., 50 lbs. of alum in ium  should be cu t into small 
pieces an d  added a  li t t le  a t  a  tim e, so th a t  the  
tem p e ra tu re  is ¡not too suddenly reduced. W hen 
th is  is m elted thoroughly th e  molten m etal should 
be well s t ir re d  w ith a  g rap h ite  stick, o r an  iron 
bar covered w ith g raph ite , and then  poured into 
ingot moulds. To prepare  m etal fo r casting  
82 lbs. of alum inium  should be heated  to  
abou t 750 deg. C., 5 libs, of th e  50: 50 alloy 
should be added, and when m elted 13 lbs. of zinc 
should be held in a  p a ir  of tongs and moved 
ab o u t in  th e  m olten m etal u n til melted. This 
should then  be draw n from th e  fu rnace  and the 
moulds poured according to  th e  given tem pera
tu re . In  th e  case of L8 alloy th e  m ix tu re  would, 
of course, be 76 lbs. of alum inium  and 24 lbs. 
of 50: 50 alloy.

Temperature.
I t  is n o t possible to  s ta te  a definite tem pera

tu re  for casting  alum inium , because as the  design 
and  th ickness differs w ith each type of casting  
so m ust the  tem p e ra tu re  also differ, b u t each 
im p o rtan t casting  should be cast by th e  aid of a 
pyrom eter. M etal too h o t is th e  cause of many 
w asters, fo r although  th e  analysis of b u rn t alu
m inium  differs very  slightly from  m etal melted 
correctly , ye t i t  reduces th e  tensile strength , 
deprives th e  casting  of its  elongation, and 
removes th a t  e lastic ity  which should enable i t  to 
yield when contracting . Personally th e  au thor 
considers 700 deg. 0 . to, be the  best tem pera tu re  
fo r most castings.
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Patterns.
Before commencing to  mould, i t  is very neces

sary  to exam ine th e  p a tte rn  thoroughly  and  to 
notice th e  position of th e  th ick er sections. G rea t 
im portance m ust be a ttach ed  to  th e  ra te  of cool
ing. I f  i t  is found to  be impossible to  feed th e  
th ick e r section® w hilst th e  th in n e r sections a re  
con trac ting , th en  i t  is necessary to  use chills. 
Sometim es pieces of fla t o r half-round  iron  can 
be used (as in crankcase corners). In  th e  m ore 
in tr ic a te  sections it  may be found  to  be neces
sary  to mould p las te r p a tte rn s  to  m ake special 
fitting  chills in  gunm eta l o r iron. I t  is n o t pos
sible to  enuncia te  a hard -an d -fast ru le  a s  to  
where these chills should be used. I t  usually  
depends upon th e  d istance between th e  ru n n e r  
and tb e  'th icker sections. The aim  in view should 
be to  feed th e  casting  so th a t  th e  sam e ra te  of 
cooling tak es  place in  each section. I t  is only 
hy pay ing  carefu l a tte n tio n  to  th is th a t  a  sound 
casting , free from  porosity, can be produced. 
P a tte rn s  should preferab ly  be placed upon mould
ing  m achines. 'Cores should be released from  th e  
casting  as soon as possible.

Running.
This is an o th er im p o rtan t po in t b u t one which 

m ust vary  w ith th e  p a rtic u la r  casting . I n  th e  
m ajo rity  of oases i t  is wise to  have th e  ru n n e r  
on a  th in  section. T his is n o t always th e  
quicker m ethod, b u t th e  re su lt is more likely to  
be successful. W hen th e  ru n n e r  is on th e  th ick er 
section, flat-bottom  bushes should be used to  
avoid oxidation.

Moulding.
Sand suitable for alum in ium  castings is ju s t  an 

ordiniary fa irly  tough  m ix tu re  of red  and  black 
sand. G rea t care  m ust b e  ta k e n  to  place th e  
chills close to th e  p a tte rn , and these m ust n o t be 
moved in  th e  ram m ing  of a  mould. In  cases 
w here loose p a tte rn s  a re  used th e  m oulder should 
m ake a p rac tice  of rap p in g  the  p a tte rn  a  definite 
num ber of tim es each way so th a t  if a q u an tity  
of castings a re  required  from  th e  sam e p a tte rn  
each casting  will have received th e  sam e am ount 
o f rapp ing , and the  w eight of each will conse
quently  differ very  little . The facing  o f the  
mould a f te r  th e  p a tte rn  has been d raw n is a



m a tte r  which has caused considerable discussion. 
Some foundrym en m ain ta in  th a t  th e  best method 
of ob ta in ing  good resu lts  for castings, such as 
crankcases, gearboxes, etc., is to  p a in t th e  mould 
w ith a  m ix tu re  of g rap h ite  and w ater and  dry 
w ith  a blowlamp, or gas w ith  an added pressure. 
O thers p re fe r to  mix th e  sand w ith a percentage 
of m oisture and  brush th e  mould w ith d ry  F rench 
chalk and  th en  dry , b u t experience and various 
experim ents have shown th a t  th e  best resu lts are 
ob ta ined  by using dry  sand w ith a li tt le  w ater 
(91 of sand  and 9 p er cent, of w ater), m ixed w ith 
th e  shovel an d  p u t  th rough  th e  sand m ixer, 
ram m ed in  th e  usual way, and th en  th e  mould 
faced w ith  an equal percentage of g rap h ite  and 
F rench  chalk , using  a b ru sh  for th is  process, and 
cast in  a green s ta te . M uch care should be exer
cised concerning the  chills. To ensure these 
being absolutely d ry  they  should be heated  and 
allowed to  cool.

Blow-Holes.
I t  has been found th a t  m ost of th e  machine- 

shop opera to rs  consider th is  to  be alm ost th e  only 
cause of scrap, b u t to  p reven t scrap from  th is 
p a rt ic u la r  source foundrym en m ust consider th e  
roo t of th e  evil. One class of blow-holes is caused 
when th e  gases cannot escape th rough  th e ir  proper 
channels, when th e  sand contains an excessive 
am oun t of m oisture, o r if th e  mould has been 
ram m ed too h ard , th u s  causing the  g ra in s in  the  
sand to  be so close toge ther th a t  i t  deprives the  
sand of its  necessary porosity , and when th e  m etal 
is poured th e  gases a re  unable to  escape th rough  
th e  pores of th e  sand, and of course blow-holes 
m ust resu lt. D am p chills m ay easily cause blow
holes. I f  insufficient ca re  has been tak en  con
cern ing  th e  d ry ing  of these, and th e  m etal comes 
in con tac t w ith th e  m oisture, causing steam  to 
arise, th e  re su lt is sure to  be a scrap casting, 
th e  chief objection to  moulds being faced with 
w et g rap h ite  and  skin  dried  is th a t  th e re  is a 
g re a t danger of scrap from  th is  m ethod. The 
mould may appear perfectly  dTy, b u t th ere  is a 
possibility of steam  arising  from  th e  back and  
sides of th e  chills which m ay trave l to  th e  face 
and so cause blow-holes.

Tubes a re  often  cas t in  crankcases, and i t  is 
sometimes necessary to  m ake m any experim ents
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before these can -be successfully cast w ithout 
blow-holes. C astings which reveal holes on th e  
top  faces a f te r  m achining a re  usually  caused 
th rough  th e  m etal being cast a t  a  low tem pera
tu re . So-called blow-holes which a re  exposed 
a f te r  th e  first tu rn in g  in th e  la th e  a re  sometimes 
dne to  th e  m etal h av ing  become oxidised a s  i t  
en te rs  the mould.

DISCUSSION.
M r . E. H . T y son , in  opening th e  discussion, 

said  he had always m ade c ran k  oases th e  opposite 
way from  the  au th o r, th a t  is, face downwards. 
In  such castings they  had  o ften  to  try  d ifferent 
m ethods of ru n n in g . In  a  g re a t m any cases 
he ra n  them  w ith horngates. H e rem em 
bered two very sim ilar crank  cases th a t  
were being m ade, both , of which w ere run  
w ith  horngates. One was a success, b u t the  
o ther being slightly  differently  constructed , th e re  
was trouble  w ith blow-holes on  th e  valve gujdo 
bosses. H e favoured green-sand moulds and  cores, 
b u t they  had to  control the m oulders closely be
cause they  would work th e  sand too wet. T ha t 
was often  th e  cause of (blow-lioles. W here th ere  
was a  large flat face on a casting  blowholes were 
o ften  found un d ern ea th  th e  su rface  due to  th e  
m eta l hav ing  been a t  too low a  tem p era tu re . The 
sand-cast piston always revealed speckled m etal 
when m achined. They could g e t over th e  trouble  
by chilling, b u t the  problem was to  m ake a sand 
casting  w ithou t chilling  and  endeavour to  ge t rid  
of th e  speckled m eta l which showed up on the  
machine.

M r. D. W i l k i n s o n  said th e  troubles he had 
experienced in  alum inium  were a  d is tin c t class 
and  required  ra th e r  d ifferen t m ethods to  over
come from  those which m ig h t be applied in  the 
case of ferrous m etals. W ith  a lum in ium  he had 
always found i t  b e tte r  to  try  to  cas t a t  a s  low a  
tem p era tu re  as possible. W hen ra th e r  s tr in g en t 
specifications had  to  be m et, i t  was no t 
generally  considered wise to  ru n  th e  tem p e ra tu re  
much above th e  m elting  point. To overcome 
trouble  w ith trap p ed  a ir  h e  favoured the  use of 
a  h o rn  gate , forcing th e  m etal in w ith g rea t 
ra p id ity  and p u tt in g  a  considerable rise r on th e  
h igher p a rt. One should n o t exceed th e  m elting
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po in t of such alloy by more th an  40 degrees. He 
adm itted  th a t  i t  was no t always possible to adopt 
th a t  method. The only a lte rn a tiv e  was to increase 
th e  tem p era tu re  of th e  m etal and ru n  th e  risk of 
th e  open g ra in  of th e  casting  reducing the 
s tren g th  beyond th e  desired lim its. One of the 
g re a t difficulties of th e  conscientious foundry man 
was to  overcome in the  best way he could 
th e  'awkward designs th e  designer p u t out. 
W ith  care fu l chilling, m elting and gating , some 
of th e  w eird designs th a t  were subm itted  could be 
cas t sa tisfactorily . I t  was m uch to  be deplored 
th a t  aw kw ard designs were sen t ou t, because diffi
c u lt castings could o ften  be simplified to  the 
ad v an tag e  iboth of th e  founder and  th e  engineer. 
By carefu l a tten tio n  to  th e  ru n n ers  and feeders, 
an d  above all to  th e  m elting, so th a t  th e re  were 
no ox idation  troubles andi no troub le from  the 
n itrogen  of th e  atm osphere combining with the 
alum inium , i t  was possible to  succeed in produc
ing  sa tisfac to ry  castings which a t  first glance 
seemed impossible. Speaking generally, he con
sidered  alum inium  was a  fa irly  easy m etal to 
hand le  if i t  was rem em bered th a t  th e  grea test 
ca re  m ust be exercised in  m elting  and in avoid
ing  trap p ed  a ir  in th e  castings. In  o rd inary  iron 
they  h ad  a m etal of a  specific g rav ity  of 7.2, 
and in  th e  case of an  o rd inary  'alum inium 
alloy they  were dealing w ith a m etal of abou t one- 
th ird  th a t  specific g rav ity . T here was also a 
difference in th e  viscosity of th e  two m etals. 
Two th ings in  th e  case of alum inium  m ade trapped  
a ir  much m ore troublesom e to  deal w ith th an  in 
th e  case of cast iron. One was th e  added vis
cosity and th e  o th e r was th e  low specific grav ity , 
and  th e  problem  of producing a good casting  had 
to  be approached from  a  d ifferen t standpoin t. 
I t  was a  g re a t deal less expensive to  cu t off, say, 
10  per cent, of m etal and secure a  sound casting  
th a n  i t  was to  have an add itional 4 o r 5 per cent, 
of w aste castings, while th e re  was the satisfaction  
of feeling th a t  one had  secured a good casting  
which, when machined, gave the m inim um am ount 
of scrap.

M r. A l d r i d g e  i n q u i r e d  w h a t  w a s  t h e  b e s t  f l u x  
a n d  a l s o  i f  t h e  l e c t u r e r  c o u l d  s u p p l y  h i m  w i t h  
t h e  a n a l y s i s  o f  a  s u i t a b l e  m i x t u r e  f o r  a l u m i n i u m  
p a t t e r n s  f o r  o d d  s i d e  w o r k .



Proposing  a hea rty  vote of th an k s  to  Mr. 
Dicken, M r. J .  B. J o h n s o n  said he  had given a 
thoroughly p rac tica l P aper.

M r . F . G. S tarr seconded  th e  m o tio n , which 
was e n th u s ia s tic a lly  en d o rsed  by th e  m ee tin g .

The Author’s Reply.
In  reply, M r. D i c k e n  reverted  to  th e  question 

of trap p ed 1 a ir , rem ark ing  th a t  once when he was 
on holiday th e  supervision of th e  foundry  was 
en tru s ted  to  a m an who th o u g h t he knew th e  
best tem p e ra tu re  a t  which to  cast crank  cases,
i.e.,  660 deg. T he re su lt was th a t  th e re  was no t 
a  casting  th a t  d id  no t show blow-holes on th e  top  
face. A tem p e ra tu re  of 700 deg. would he con
sidered ra th e r  high by the  m ajo rity  of alum inium  
founders, b u t owing to  casting  a t  700 to 710 deg. 
they  had obviated 1 th e  trap p ed  a ir  trouble . Alu
m inium  founders would hear h im  o u t th a t  they  
cast a te s t  b a r as a ru le  half-ehilled, and  th a t  
was accepted. B u t if they  took a  bed-p late  cast
ing  and cu t six pieces of m etal from  six d ifferent 
places, h ad  them  tu rnpd  up and p u t them  on a 
tensile  m achine, they  would n o t ge t two p a r ts  
which gave th e  sam e tensile  s tren g th . H e  dis
agreed with Mr. W ilkinson th a t  a lum in ium  was a 
fa irly  easy m etal to  cast.

Mr. D icken, con tinu ing , said i t  was n o t ¡neces
sary  to  v en t green-sand cores for alum inium . I t  
was n o t even essential to  v en t all dry-sand cores. 
H e adm itted , however, th a t  th ere  was a ce rta in  
am oun t of r isk  in  n o t ven ting  dry-sand cores. A 
g re a t deal depended on th e  ram m ing. As to 
fluxes, he said h e  used all v irg in  m eta ls for 
everything, and he never fluxed h is first m elts 
because th e  flux le f t  dusit. T here was a  danger 
of th e  dust g e ttin g  in to  th e  castings and causing 
holes. H e took th e  skim m ings from th e  first 
m elt and  p u t them  th rough  th e  fu rnace  an d  fluxed 
with chloride of zinc. W ith  reg a rd  to  th e  
analysis of a  m etal su itab le  for p a tte rn s , he 
recom m ended 8 8 : 1 2 , because i t  had th e  leas t con
trac tio n  and would be a  very su itab le  m eta l for 
small pa tte rn s. H e could supply th e  analysis of 
a  good p a tte rn  m etal, b u t a  very  expensive one. 
I t s  con trac tion  was |  m illim etre to  th e  foot. T h a t 
was 50 p er cent, t in  and 50 per cent. zinc.
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CASTINGS FOR DIESEL ENGINES.

Conference between the Scottish Branch and 
Mechanical Engineers.

The in te re s t tak en  in problems connected w ith 
th e  production  of castings for Diesel engines was 
shown by th e  large num ber of p rom inent foundry- 
men and  engineers who a ttended  a  jo in t con
ference held in Glasgow under the  auspices of the  
In s ti tu te  of B ritish  F oundrym en and the  In s ti tu 
tio n  of M echanical Engineers. As is well known, 
m any of th e  large engineering  firms in  Glasgow 
a re  a t  p resen t engaged in th e  construction of 
Diesel engines of high powers, and  demands a re  
being m ade on iron founders for castings which 
will prove reliable under h igher tem pera tu res 
and g rea te r stresses th a n  have ever been known 
h ith e rto  in e ither steam  or in te rn a l combustion 
engines. I t  was th ough t therefore  th a t  a  jo in t 
m eeting  between the  Scottish B ranches of th e  two 
In s titu tio n s  would serve to bring  th e  foundrym an 
and engineer into closer association and afford 
a m eans of discussing the  problems associated 
w ith th e  successful production  of oil engine 
castings. The various speakers dealt with 
different phases of these problems.

Temperature Stresses and Working Conditions in 
Diesel Engine Cylinders.

By P r o f e s s o r  A. L. M e l l a n b y , D.Sc.
W hen th e  proposal to  have th is  short group of 

papers was made, i t  was th o u g h t th a t  i t  would 
be of advan tage  if th e  first speaker would give 
some indication  of th e  tem p era tu re  conditions 
th a t  existed in Diesel engine cylinders. As the 
au tho r has had a fa irly  large experience in tem 
p e ra tu re  m easurem ent in Diesel engines of large 
and  small powers, he proposes to give one o r two 
illu stra tions which will show, first, how tem pera
tu re  stresses may arise in pistons and cylinders, 
and, secondly, how cast iron may be expected to 
behave a t  elevated tem pera tu res.

I t  is well known th a t  in the early period of the  
h istory  of th e  Diesel engine, cracked liners and 
pistons occurred very frequently . Experience

N
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has shown, to  a la rge  ex ten t, how to  overcome 
these troubles, but th ere  is always th e  fea r th a t , 
when cylinders a re  made la rger and th e  power 
per cylinder increased, such experiences m ay be 
repeated . If , however, th e  designer can have 
some in fo rm ation  as to  th e  conditions under 
which th e  engine has to  wTork , he will be in  a 
much stronger position to  g u a rd  aga in s t possible 
difficulties.

In  F ig . 1  will be found in fo rm ation  as to  th e  
tem p era tu re  ex is ting  in an uncooled Diesel engine 
piston. This exam ple is n o t' tak en  from  th e

F i g . 1 .— T e m p e r a t u r e  C o n d i t i o n s  i n  a 
D i e s e l  E n g i n e  P i s t o n .

w rite r’s own experim en ta l resu lts , b u t is from  
some G erm an tests , and  i t  is given because i t  
rep resen ts  th e  most severe conditions h e  has 
encountered. In  th e  la rger engines w here the 
pistons are  w ater- o r oil-cooled, th e  tem p e ra tu re  
conditions a re  much less 6evere. W ith  the  
unoooled piston most of th e  hea t has to  pass from 
th e  cen tre  to  the  circum ference and from there  
to  th e  cylinder walls, and  w ith  such a p a th  for 
th e  h e a t th e re  is a large tem p era tu re  difference 
between th e  cen tre  of the  p iston  an d  th e  o u te r 
circum ference. This n a tu ra lly  se ts  up very 
severe tem p e ra tu re  stresses which, combined w ith 
th e  loads produced by th e  h igh pressure, may 
resu lt in fa ilu re . I t  has been estim ated  by 
P rofessor H opkinson th a t , if th e  top  of th e  
p iston  were tre a te d  as a  fla t disc, th e  stresses in 
a p iston  l l £  in. d ia., when th e  tem p e ra tu re



difference between th e  cen tre  and circum ference 
was 390 deg. F ., would be about 7\  tons per 
sq. in.

I t  h as  been sta ted  th a t  F ig. I  shows th e  worst 
tem p era tu re  conditions w ith which th e  w riter is 
acquain ted . This sta tem en t requires some quali-
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F i g . 2 . - ^ -S t r e n g t h  o f  C a s t  I r o n  a t  H i g h  
T e m p e r a t u r e s  .

fication. W hile th e  maxim um  tem p era tu re  is the  
h ighest th a t  he has come across, the  tem pera tu re  
difference between cen tre  and  circum ference is 
re latively  small. W ith  a  12-in. cylinder tem pera
tu r e  differences of 400 deg. F .  between th e  centre 
and  circum ference have been observed and under 
these conditions th e  stresses set up will be very 
severe.
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W ith liners th e  tem p era tu re  never reaches so 
high a p o in t as in th e  piston, and a m axim um  
tem p era tu re  of, say, 300 deg, F ., a t  th e  in n e r su r
face of the  liner has been m easured. H ere again 
th e  tem pera tu re  difference between the  inner and 
o u te r surfaces is th e  source of danger, a po in t 
th a t  is now being .appreciated  by designers. 
Changes in liner design are  constan tly  tak in g  
place, and, where tem p era tu re  and pressure con
ditions may be severe, th e  p lacing of large 
chunks of m etal, which acted as h ea t reservoirs 
and se t up large stresses, has been abandoned.

Actual Temperatures.

W hile from th e  stress p o in t of view tem p era 
tu re  difference is of im portance, it  is equally 
im portan t th a t  the  value of the  m axim um  tem 
p e ra tu re  should be known. The cast iron has to 
stand  th e  stresses induced by the  high pressure 
and tem p e ra tu re  difference, i t  is repeatedly  
heated  and cooled, and i t  is subjected  to  wear. 
I t  is therefore  necessary to  know how cast iron 
will behave under high tem p e ra tu re  conditions.

So fa r  as tensile s tren g th  is concerned, F ig . 2 
illu stra tes how th is is reduced as th e  tem p era tu re  
rises. In  th is  d iagram  the specimens were heated  
and  stressed a t  th e  same tim e. T h a t is to  say, the  
load was applied d u rin g  th e  whole te s t, which, in 
some cases^ am ounted to m any hours. In  th is
connection i t  may be well to issue a w arn ing
aga in s t accepting te s t results in which th e  speci
men was le ft a t  the  high te m p e ra tu re  for a short 
tim e only, say, half an hour or an hour, and  the
load th en  applied till breakage occurred. Such
te s t results will always give too high a value fo r the 
tensile s tren g th  a t  the h igher tem p era tu re . The 
im p o rtan t p o in t to  notice from the  figure is the 
rap id  d im inution  of s tren g th  th a t  resu lts  from  an 
increasing  tem p e ra tu re  above 700 deg. F . (370 
deg. C .). This d iagram  represen ts th e  perform 
ance of both good and bad varie ties  of c a s t iron. 
The stren g th  a t  low tem p era tu re  may be e ither 
g rea te r or less th an  the  values shown in F ig . 2, 
bu t the  rap id  s tren g th  d im inution  alw ays appears 
to  tak e  place somewhere in the  neighbourhood of 
700 to  800 deg. F . (370 to  425 deg. C.).
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Growth.
There are, however, o ther points th a t  m ust be 

considered when the  behaviour of cast iron a t  high 
tem p era tu re  is receiving a tten tio n . Experience 
has shown th a t  cast iron which is subjected to  
a lte rn a te  heatings and  coolings is liable to undergo 
changes in volume. This phenomenon is generally 
classed under th e  heading of grow th, and i t  is well 
know n th a t  m any examples have arisen in prac tice  
when engineering  details, subjected to  a lte rn a tin g  
h igh and low tem pera tu res, have so fa r  changed 
th e ir  shape and volume th a t  they have caused con
siderable trouble . I t  becomes necessary, therefore,
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F i g . 3 . — G r o w t h  T e s t s  o n  G r e y  C a s t  I r o n .

to know w ith some accuracy to  w hat ex ten t these 
changes of dim ension can ta k e  plaoe. F ig. 3 throws 
some ligh t upon th is subject. The curves illu stra te  
th e  changes in leng th  of a num ber of specimens, 
6 in. x |  in. diam eter, which have been raised a 
num ber of tim es to  a tem pera tu re  of 977 deg. F. 
(525 deg. C .), and then  .allowed to  cool slowly. 
How fa r  the  grow th properties of different varie
ties of cast iron can differ when subjected to th is 
tre a tm e n t is well b rought ou t by the figure. 
C urve 4 represents th e  behaviour of a  sam ple which 
was supplied as an exam ple of good cast iron for 
steam -engine cylinders. Curve 3 is from a sample 
of C ontinen tal iron which was supplied w ith the 
recom m endation th a t  i t  was suitab le  for Diesel 
engine pistons. The figure shows th a t  th is claim 
can hardly be upheld. C urve 2, which is, by com
parison, qu ite  good, is supplied by an iron which 
was tak en  from  a Diesel engine liner th a t  had 
done a large am ount of satisfactory  service. 
C urve 1 is from a oast iron th a t  was also p u t for
w ard as su itab le  for Diesel engines. So fa r as
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resistance to grow th is concerned, i t  would appear 
to  sa tisfy  th e  claim .

Wear.
T here is always the  problem  of wear to  consider, 

since i t  is well known th a t  liners have had  in  some 
cases to  be renew ed a fte r  a com paratively  short 
life on account of th e  rap id  abrasion by th e  piston 
rings. W ear m easurem ents a re  ra th e r  difficult to  
make in th e  com paratively sh o rt tim e th a t  is avail
able for a  te s t, b u t com parisons th a t  have been 
made by th e  help of a qu ite  sim ple abrasion te s t 
have shown th a t  th e  w earing properties of cast 
iron m ay differ q u ite  as much as th e ir  grow th pro
perties. I t  is, however, of in te re s t to  n o te  th a t  

"resistance to  wear m ay be associated w ith  res ist
ance of grow th, and  th a t  th e  iron  of C urve 1, 
F ig . 3, cam e o u t equally  well when its  w earing 
properties were tested .

The au tho r has th u s  a ttem p ted  to  g ive some 
idea of th e  n a tu re  of th e  tem p era tu res  th a t  a re  
reached in th e  w orking p a rts  of a Diesel engine, 
and to  p o in t o u t th a t  one of th e  dangers to  be 
guarded  aga in s t is th e  se ttin g  u p  of big tem pera
tu re  differences across an y  section of m eta l. Some 
ind ication  has also been given of th e  way in  which 
th e  tensile  s tren g th  and  th e  grow th o f c a s t iron 
is governed by h igh -tem pera tu re  conditions, and it  
has also been ind icated  th a t  good w earing  p ro 
perties of commercial cas t iron ap p ea r to  be asso
ciated  w ith a good resistance to  grow th.

The sub jec t now reaches the s tage  when we can 
m ake an  appeal to  th e  m eta llu rg ist. W e can  now 
tell him  w hat are  th e  w orst conditions under which 
cas t iron has to  work, and  we can ask  him  to  te ll 
us how to  p roduce a  m eta l th a t  will re ta in  its  
stren g th  a t  th e  m axim um  tem p era tu re  we m igh t 
expect, th a t  will no t increase in size a f te r  a lim ited  
period of service, and th a t  will res ist w earing away 
u n d er th e  rubb ing  action  o f th e  p iston  rings.

Some Characteristics of Cast-Iron for Oil Engine 
Castings.

By A. C a m p i o n .

The successful developm ent of th e  in te rn a l com
bustion  engine depends in  a  la rge  m easure upon



th e  ab ility  of th e  m etallu rg ist and founder to 
produce castings su itab le  for the components, 
especially th e  cylinder, cylinder cover, liner, 
piston, and p iston  rings. The special conditions 
under which th e  m eta l is to work have been very 
fully and  clearly  s ta ted  in Professor M ellanby’s 
P aper, so th a t  i t  is unnecessary to  repeat them  
here.

The purely m etallurg ical aspect of th e  problem 
is o f im portance, because only special sorts of cast 
iron  can w ithstand th e  tem pera tu res and stress 
conditions which obtain  in oil engines. The 
p roperties and characteristics of these special 
qualities of cast iron differ in  many respects from 
those of irons o rd inarily  employed for steam  or 
general engineering  castings, an d  th e  complicated 
n a tu re  of m any of th e  castings demands from the 
foundrym an g rea t skill and in itia tive  in  devising 
th e  best methods of p reparing  th e  mould, placing 
and securing  cores, venting, etc. I t  requires very 
careful consideration  to determ ine th e  type of 
runners  to  be used and the position in which they 
are  to  he placed. An in trica te  casting  requires 
th a t  the  m etal used shall be capable of running 
in to  the  th in n es t portions and re ta in in g  its grey
ness ; a t  th e  sam e tim e, it  m ust make the  thick 
p a rts  dense and close-grained.

In  considering th e  n a tu re  of th e  m etal to  be 
used i t  is no t proposed to give detailed analyses 
of iron  for any p a rticu la r purpose, a s  these will 
n a tu ra lly  vary according to th e  size and in tricacy 
of th e  casting , hu t ra th e r  to indicate th e  general 
m etallurgical principles which have to he applied 
in determ in ing  the  type  of th e  m etal to be used. 
The first requ irem en t is th a t  th e  casting  shall he 
perfectly  sound, as even a m inu te  pin-hole in  an 
oil engine cylinder or liner will render i t  useless. 
The te rm  soundness has a  very special significance 
when applied to  these castings, owing to  th e  heavy 
d u ty  they  have to  perform  u nder severe condi
tions. S ligh t flaws or im perfections which would 
be of small m om ent in o rd inary  castings would be 
fa ta l in  a casting  for an oil engine. The chief 
p roperties required  a r e :—Soundness, the  m etal 
m ust be close-grained, w ith strong crystalline 
cohesion, and there m ust be freedom from draws or 
blow-holes. I t  m ust be of high tensile streng th
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and  o ther physical properties, and show constancy 
of form and dim ensions, w ith high resistance to  
wear, and ,110 crack ing  when subm itted  to high or 
fluc tua ting  tem pera tu res.

Principal Factors in Production of Cast Iron.
The m ain factors concerned in the  production  of 

cast-iron m ate ria ls  hav ing  these characteristics 
a r e :— (1) C om position; (2) m elting  and  casting  
conditions; (3) ra te  of cod ing  and' solidification; 
and (4) s tru c tu ra l a rrangem en t of th e  com ponents.

As reg ard s com position, the  con tro lling  elem ent 
is th e  carbon, as all physical p roperties of the  
m ateria l a re  dependent upon th e  q u an tity  and 
condition of th is  elem ent present. The effect of 
all th e  o ther constituen ts being m ainly according 
to th e  effect they  have 011 th e  carbon and  the  com
pounds i t  forms. The to ta l  q u an tity  of carbon in 
th e  iron is a m a tte r  of much g rea te r im portance 
th a n  is commonly realised. The proportion  of 
carbon which is in  com bination is always given 
much a tten tio n , and  i t  is qu ite  common to  find 
sta tem en ts  about th e  com bined carbon being th e  
determ in ing  fac to r in  reg a rd  to  th e  s tre n g th  and  
hardness of cast iron, or to  find specifications in  
which th e  percen tage of combined carbon to  be 
p resen t is given w ithou t the  sligh test reference  to  
th e  to ta l am oun t of carbon p resen t. The to ta l 
carbon is a variab le  q u an tity , and w ith  th e  sam e 
am ount of combined carbon p resen t th e re  m ust 
obviously be a g rea t difference between a m etal 
w ith ) say, 3.0 p er cent, and one w ith 3.5 per cent. 
The n a tu re , as well as the am ount, of th e  free 
carbon m ay be different.

The to ta l carbon for oil-engine castings should 
be k ep t low, although  i t  is n o t usually  possible to  
get i t  much below 2.8 per cen t., b u t i t  should not 
be p resen t in  a g rea te r am oun t th a n  3.25 per 
cent. Silicon is a co n stitu en t of ou ts tan d in g  
im portance in  determ in ing  th e  su itab ility  of cast 
iron fo r any p a rticu la r purpose. All cast iron 
contains silicon, and th e  proportion  varies between 
wide lim its. I t  exerts  a  pow erful influence upon 
the  condition  of th e  carbon, and, consequently, th e  
fluidity , hardness and o ther p roperties of the 
m etal. Mr. F , J .  Oook has devised a  form ula for 
de term in ing  th e  best proportions of silicon and 
carbon in m etal, for any p a rticu la r pu rpose: —



C

Sc =  4 .2 6 - ( . | L )

Sc =  ra tio  of silicon to  carbon.
O =  percen tage of to ta l carbon.
Si =  percentage of silicon.
F o r oil-engine pistons, liners and p a rts  requ ir

ing highest tensile s tren g th  Sc should be between 
0.76 and  0.82, and for water-cooled cylinder-heads 
or p a rts  requ iring  high transverse  stren g th  Sc 
should be 0.83. The form ula is em pirical, but
nevertheless is useful as a  guide to  th e  relative
proportions of the two elem ents. Silicon usually 
varies between 1.0 and 1.5 per cent. Phosphorus 
m ay be beneficial or reverse, according to  condi
tions, and consequently requires very careful 
ad justm en t. I t  gives increased fluidity and 
ab ility  of th e  m etal to  tak e  a clear and sharp 
impression of the  more in tric a te  p arts  of the 
mould, bu t if p resen t in  a large am ount tends to 
reduce streng th  and m ake the  iron b rittle  hard. 
In  some quarte rs  i t  is claimed th a t , for oil-engine 
work, th is elem ent m ust be kep t to the  lowest 
lim it (especially in  America, where hem atite  is 
used), b u t th e  w riter considers th a t  th is is not 
only unnecessary but undesirable. The maximum 
soundness and stren g th  is obtained when the m etal 
contains about 0.5 per cent., and i t  is advan
tageous to' keep it  round about th is, percentage, 
and to  ad ju s t th e  casting  and cooling conditions 
so as to p reven t segregation. M anganese is one, 
if n o t th e  most im p o rtan t constituen t of cast 
iron for oil-engine work, as it  increases fluidity, 
closes th e  g ra in , tends to keep carbon in  the com
bined condition, and acts as a powerful and 
efficient scavenger. I t  plays an im portan t p a r t in 
p reventing  changes in volume when th e  m etal is 
subm itted  to  h igh tem p era tu re  conditions. I t  
increases th e  stab ility  of the carbide, and high 
m anganese iron re ta in  th e ir  streng th  almost com
pletely a t oil-engine tem peratures. They also 
m achine easily and tak e  a high polish. Sulphur 
when p resen t in large am ounts is objectionable, 
inasm uch as i t  decreases fluidity and causes blow
holes, b u t m oderate percentages, i.e ., 0.05 to  0.08 
per oenf., increase resistance to  wear.
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One of th e  principal m eans of securing perm a
nency of s tren g th  and form is to  increase th e  
stab ility  of th e  carbide, and to  th a t  end tr ia ls  
have been m ade of iron  contain ing  o ther elements 
such as tungsten , chromium, nickel, molybdenum, 
boron, vanadium , etc., b u t th e  results obtained 
have no t been sufficiently good to  w arran t the 
e x tra  cost. Chromium certa in ly  reduces grow th 
and re ta rd s  dissociation of th e  carbides, and assists 
in  m ain ta in in g  s tren g th , b u t th e  experience of th e  
w rite r has been th a t  equally good resu lts are  
ob tained  m ore easily and cheaply by using m an
ganese.

Melting and Casting.
The m elting  is probably best done in a rever- 

bera to ry  fu rnace, as i t  can be b e tte r  controlled and 
th e  composition may be more easily and certain ly  
ad ju sted  and th e  desired casting tem pera tu re  
ob tained , b u t good resu lts can be obtained in  a 
cupola, provided th a t  i t  is of su itab le  design and 
under complete supervision. T he casting tem pera
tu re  and th e  ra te  of solidification and cooling 
according to  th e  thickness and contour of m etal 
m ust be taken  in to  account when deciding th e  
com position to  be employed in any given casting, 
as these a re  facto rs which e x e rt much influence in 
fixing th e  constitu tion  and s tru c tu re  of th e  m etal 
upon which largely depends its properties. The 
u ltim a te  chemical analysis, as usually sta ted , 
shows only th e  proportions of th e  elem ents present, 
b u t i t  is necessary to  know th e  form in which they 
ex is t, and  how they  a re  d is tribu ted  th rough  the  
whole mass. T he form er is shown by a p roxim ate 
analysis and  th e  la t te r  by th e  m icrostructure.

The s tru c tu re  of oil-engine m etal should exhibit 
a  m a trix  consisting m ainly of pearlite  w ith the  
free  carbon o r g rap h ite  in  small particles evenly 
dissem inated th rough  it. The phosphide should 
also be regularly  d is tribu ted  in sm all patches, or 
in  th e  form  of a  mesh. L arge p la tes of g raph ite  
o r large and  segregated  areas of phosphide, are  to 
be avoided as both a re  contribu tory  causes of 
g row th and dete rio ra tion  of streng th . C asting 
and  cooling ra te s  influence th e  arrangem ent of 
th e  constituen ts.

I t  is commonly assumed th a t  th ere  should be 
sufficient combined carbon to m ake the  m atrix  
wholly pearlitic  w ith o r w ithout free cem entite in
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order to  give a ce rta in  am ount of hardness, b u t 
i t  is open to  discussion as to  w hether th is  is the  
most desirable stru c tu re . H ardness is no criterion  
of w earing q ua lities ; in fact, th e  h ardest m ateria l 
often  has th e  lowest resistance to  abrasion, and 
has a  tendency to  crack u nder heavy o r suddenly 
applied loads. W hat is needed is a tough  m etal 
th a t  can spread to  a sufficient e x te n t to  form  a 
highly burnished surface. I f  free  cem en tite  or 
large patches of phosphide be presen t they  are  
liable to  break  off and form  a g r i t  which increases 
wear. I t  appears th a t  th e  m ost sa tisfac to ry  resu lt 
is ob tained  when th e  combined carbon is sufficient 
to  give a  m a trix  which is no t qu ite  all p earlite , a 
very small q u an tity  of free fe rrite . P ea rlite  may 
vary  in form, and th e  m ost sa tisfac to ry  is when it  
takes the  form  of very fine lam im e of cem entite  
and fe rrite .

The m ethod of m elting a m ix tu re  of steel scrap 
and pig-iron is to be recom mended for th e  pro
duction of m etal w ith th e  desired s tru c tu re  giving 
high s treng th , du rab ility , and resistance to  h ea t 
conditions. The m ateria l is known as “ semi- 
stee l,” and has a p a rticu la rly  close and  compact 
s tru c tu re , m achines well and i s . capable of ta k in g  
a high polish. I t s  p rep a ra tio n , however, dem ands 
most careful a tten tio n  to  deta il, m easurem ent, or 
weighing of coke, pig-iron, scrap and a ir , toge ther 
w ith skilled a tte n tio n  to  all m elting  operations, 
which m ust be effected in  a w ell-proportioned 
cupola. The s tru c tu ra l composition and a rran g e 
m ent of th e  components are  of th e  first im portance 
in securing th e  desired p roperties and ch a rac te r
istics in m etal to  be used in oil-engine castings, 
and can only be ob tained  by s tr ic t a tte n tio n  to  
details and exact control of every operation . The 
difficulties of m aking  in tr ic a te  castings to  m eet 
such severe conditions a re  very g rea t, and  can 
only be surm ounted  by complete and  codial co
operation  of all concerned, designer, m eta llu rg ist 
and foundrym an.

Oil Engine Design as Affected by Foundry Practice.

B y J a m e s  R i c h a k d s o n ,  B .S c.
In  the question of oil engines, particu la rly  for 

m arine purposes, constructors in th is  country  are
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faced to-day w ith more severe com petition than  
ever before in the history of th is movement, and in 
order to  m eet efficiently the  absolute necessities of 
the  fu tu re , earnest collaboration between all p a r
ties concerned, such as the  designer, the  foundry- 
m an, and others, is essential.

I t  is unquestioned th a t the oil engine makes 
g rea te r dem ands upon the  foundry th an  any o ther 
type  of prim e mover, since no t only have high 
physical loads to  be w ithstood, bu t stresses due to 
in tense tem p era tu re  may be combined w ith these 
loads. The -author has prepared several diagram s 
to illu s tra te  w hat occur to him as the principal 
points in th is  connection.

F ig . 4 shows, w ith dimensions, two designs of 
Diesel eng ine cylinders. T hat on the  left is a 
C on tinen tal design. The varia tion  in wall th ick 
ness will be noticed. This design is there  regarded 
as a satisfactory  solution of th e  problem, little  or 
no difficulty being experienced in ge ttin g  the  re 
qu isite  ha rd  m ateria l on th e  inside, of th e  inner 
barrel of the cylinder to  w ithstand the friction of 
th e  travelling  p iston  rings. B ritish  practice de
m ands more even thicknesses of m aterial, and in 
the  au th o r’s experience sufficiently hard  m etal on 
th e  inside cannot be obtained in th is country with 
th e  C ontinental design, so th a t  the  designer is 
faced w ith providing for an ex tra  w eight of 33 per 
cent, o r an e x tra  cost of not less th an  100 per cent. 
M ust the  B ritish  designer perpetually  be faced 
w ith th is d isab ility? Do considerable varia tions in 
thickness impose such difficulties on the  foundry 
th a t  such castings are  a commercial impossibilty ? 
C an scientific cooling of the casting  in th e  mould, 
to  give chilling of th e  special surfaces in order to 
ob tain  the  requisite  degree of hardness and w earing 
p roperties, no t be introduced as a commercial pro
position ?

The same poin t is fu r th e r  exemplified in the  Die
sel compressor cylinders as shown in F ig . 5, the 
e x tra  w eight due to  m a in ta in ing  relatively even 
thickness th roughou t, w ithout w hat would here be 
regarded  as th in  m etal, and the  insertion of a 
special liner, being 33 per cent, w ith 60 per cent, 
increased cost.

In  respect of cylinder liners as shown in Fig. 6, 
the question of th e  size of th e  head is im portan t.
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W hat size of head is necessary to  insure a sonnd 
casting?  I t  m ust be rem em bered th a t  the head

o f  C a s t i n g  1 t o n  1 6  c w t . ; W e i g h t  o f  L i n e r  
C a s t i n g  p l u s  H e a d  2  t o n s  5  c w t . E x t r a  
C o s t  d u e  t o  H e a d  2 6  p e r  c e n t .

represents e x tra  cost, roughly in  proportion  to  its 
w eight. There seems to  be no s ta n d a rd  in  foun
dry prac tice  in th is respect. The au th o r has found 
th a t  in order to  get a requ isite  h a rd  m ate ria l for 
the working or inner surfaces of the liner, that
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chills in troduced in  th e  core are efficacious, 
although liable, due to  th e  draw ing action so 
generated, to  set up h a ir cracks.

These few points occur to  me as the most im port
a n t w ith which B ritish  designers are  faced, and a 
definite solution and ru ling  on these questions 
would be a decided advantage.

Oil Engine Design from a Foundryman’s Point 
of View.

B y  W i l l i a m  B e l l .

From  a foundrym an’s po in t of view, a g rea t 
m any of th e  failures in iron castings for oil 
engines are due to  th e  design. M any of th e  
designs involve in te rna l stresses, which arise from 
the effects of crystallisation  and graph ite  
deposited during  solidification, causing unequal 
con traction , porous and weak castings. This is 
undesirab le  a t  any tim e, b u t more especially in 
castings th a t  have to  be subjected to  repeated 
hea ting . Now, in the  m anufactu re  of castings 
for oil engines, such as cylinders, covers and 
pistons, th e  foundrym an’s difficulties arise from 
the  m ateria l cast into th e  moulds more th an  from 
th e  ac tua l m oulding, and although the demands 
of th e  engineer, are increasing year by year for 
more com plicated casting^, th e  foundrym an of 
to-day, w ith his g rea te r store of knowledge to 
draw  from, is in  a be tte r position to supply his 
demands.

W hen we consider th e  m etal to  be cast in to  the 
moulds, we m ust rem em ber th a t  the  engineer is 
s triv in g  for a m ateria l w ith all th e  good pro
perties of cast iron, and also w ith some of the 
good properties of steel. I t  is here th a t  the 
foundrym an’s troubles begin, for, as one 
approaches the  chemical composition of steel, one 
loses the  valuable properties of cast iron, or in 
o ther words, when th e  carbon, silicon, and phos
phorus a re  reduced, th e  valuable properties, 
such as low m elting point, large range of fluidity, 
and expansion on solidification, which makes cast 
iron easily cast in to  moulds, are lost. I t  is easier 
for the foundrym an to  overcome these difficulties 
if the casting  lias fa irly  regu lar thicknesses, or 
if i t  is possible to regulate the  ra te  of cooling.
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The conditions th a t  oil-engine castings have to  
work under a re  so strenuous th a t  one is inclined 
to  ask th e  question, Can cast iron  s tan d  up to  it  
w ithout fa ilu re?  The iron m ust have a certa in  
s tren g th  a t  norm al and h igher te m p e ra tu re s ; it  
m ust w ear w ell; i t  m ust n o t crack nor grow under 
repeated  heatings, and i t  m ust no t leak under 
w ater pressure. The m eta llu rg is t answers th e  
question and proves th a t  i t  can. By careful 
experim en t he finds th a t  an iron of specified 
chemical com position, cast u nder certa in  condi
tions, i.e ., no tin g  th e  ra te  of cooling, gives the  
correct s tru c tu re  and  physical p roperties 
required  by th e  engineer, h u t if th is  im p o rtan t 
fac to r is neglected, th e  s tru c tu re  m ay be coarse 
and th e  physical p roperties destroyed.

The carefu l designer notes all th e  conditions 
specified by the  m eta llu rg is t, p a rticu la rly  th e  
r a te  of cooling, and when he takes these in to  
consideration  in  th e  m ak ing  of his design, he 
places th e  foundrym an in  a b e tte r  position  to 
produce castings to  th e  en g in ee r’s requ irem ents. 
B u t th e  average draugh tsm an  bases his calcula
tions on th e  assum ption th a t  cast iron  is a 
m ateria l th a t  has th e  same s tre n g th  th ro u g h o u t 
a casting  irrespective of th e  well-known fac t th a t  
it  is possible to  cu t two te s t pieces from  th e  same 
casting  and  g e t resu lts as h igh as 20 tons per sq. 
in ., and  as low as 4 o r 5 tons p er sq. in .—th is  
difference being due to  the. d ifferent ra te s  of cool
ing in th e  tw o p a rts  from  which th e  te s ts  were 
cu t. The foundrym an knows, of course, th a t  th is 
is one of th e  m ost im p o rtan t facto rs in  de te r
m in ing  w hether a cast iron will have th e  r ig h t 
s tru c tu re  to  give th e  required  physical p roperties 
o r not, and th ey  use every m eans a t  th e ir  dis
posal to  equalise the ra te  of cooling, such as th e  
use of densener, s tr ip p in g  th e  sand  off heavy 
p a rts , e tc ., and if foundrym en could get th e  
d raugh tsm an  to  see the  g re a t im portance of th is  
function  they  would ' get a step n ea re r th e  
rea lisa tion  of castings to  s u i t  th e  eng ineers’ 
requirem ents.

W hen th e  design of th e  castings gives fa irly  
regu la r thicknesses th e  foundry  m eta llu rg is t can 
use an iron of a definite chemical composition, a f te r  
estimating what th e  rate of cooling will be, and
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ob tain  dependable results. If , on the  o ther hand, 
th e  thicknesses vary greatly , iron of any given com
position will no t give th e  sam e s tru c tu re  in  both 
th ick  and th in  sections. The resu lt m ust be a 
compromise a t  th e  expense of one or o ther of the  
sections. The thick section may be th e  most 
im portan t, and  na tu ra lly  the  foundrym an would 
like  to  use an iron  w ith  th e  r ig h t chemical com
position to  give th a t  p a r t  th e  r ig h t s truc tu re , bu t 
th e  rap id  cooling on th e  th in  p arts  would make 
them  too h a rd  to  m achine.

DISCUSSION.
In  reply to  M r. R ichardson’s s ta tem en t as to  

th e  com parison of B ritish  and C ontinental 
foundry  practice, M r . B e l l  said th a t  he had g rea t 
fa ith  in th e  B ritish  foundrym an. W hat could be 
cast on th e  C on tinen t could be cast in B rita in . 
The difference in th e  ra te  of wages and th e  hours 
worked p e r  day m igh t give the  C ontinental 
foundrym an an advantage in th e  cost of produc
tion , b u t he believed th e  advantage ends there. 
The B ritish  engineer was respected all over the  
world for h is h igh  class workmanship, and th e  
B ritish  foundrym an had m ade i t  possible for him 
to  hold th a t  position.

F ig . 4 showed tw o designs of Diesel engine 
cylinders—th e  B ritish  one was b u ilt up of th ree  
castings, while th e  C on tinen ta l one was cast in 
one piece. W hen th e  n a tu re  of cast iron is con
sidered, toge ther w ith  th e  size of th e  casting, 
and th e  high physical load to  be w ithstood, this 
design had  no th ing  to  recom mend it, b u t if the  
cover was cast separately—and he believed from 
an engineering  p o in t of view th is  would be an 
advantage—th e  re s t of th e  casting  should present 
very li tt le  difficulty to  th e  B ritish  foundrym an.

The v aria tio n  of thickness in  th e  two walls, l j  
to  2§ in ., should no t m ake i t  impossible for the  
B ritish  foundrym an to  oast w ith a  reasonable 
am ount of hardness in the  barrel. The outside 
thickness on such a casting  as th is  would always 
co n trac t m ore th a n  th e  inside, in te rn a l stresses 
were liable to  be se t up, and a stronger casting  
would re su lt from  reducing th e  inside thickness 
and increasing th e  outside w ithout m aterially  
in te rfe rin g  w ith the  weight. The a ir  and exhaust
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po'rts were no t shown 011 th is  design, and i t  was 
generally these details th a t  caused unequal th ick 
nesses.

F ig. 5 showed tw o designs of a ir compressor 
cylinders. From  a m oulder’s po in t of view, th e  
C on tinen ta l design would he th e  easier to  mould, 
the  g rea te r space between th e  two thicknesses 
would allow a stro n g er jack e t core to  be used. 
On th e  o ther hand , if th e  B ritish  design is 
accepted, th e  space between th e  o u te r and in n e r 
walls increased, keeping th e  thicknesses th e  same, 
m any of ou r foundries could produce such a cast
ing w ith th e  inside sufficiently close gra ined  to  
e lim inate  a liner.

W ith  regard  to  F ig . 6, th e  question may he 
asked, w hat size of a head was requ ired  on a 
liner of th is  descrip tion? I f  th is  casting  were 
cast w ithou t a head, th e  top p a r t  being heaviest, 
would solidify last. The crystals s t a r t  to  grow 
a t  r ig h t angles to  th e  cooling surface, g radually  
g e ttin g  la rger as they  n ear th e  cen tre , th e  
bottom  feeds away the liquid  m etal, leaving th e  
heavy p a r t  a t  th e  top porous. H e would no t say 
th a t  a head of 14 in. was requ ired , b u t i t  was 
necessary to  p u t on a head  sufficiently high to  
ensure th a t  th e  last p a r t  to  solidify was in  th e  
head th a t  was to  be cu t off.

The foundrym an generally  k ep t on th e  safe side, 
and i t  was b e tte r  to  have an inch e x tra  th a n  an 
inch too little , and if a sounder casting  was p ro
duced by p u tt in g  on a head, th e  e x tra  cost was 
justifiable. In  conclusion, he again  rem inded 
draughtsm en or designers to  consider well th e  ra te  
of cooling when designing for cast-iron  castings.

M r . J .  E . H urst said, th a t  a f te r  listen ing  to  
D r. M ellanhy’s P ap e r, two points of g re a t im port
ance to  those in terested  in Diesel eng ine  cast
ings em erged. Both these points cen tred  round 
th e  fac t th a t  th e  resistance to  d is to rtion  under 
h ea t influences, and th e  resistance to  w ear, as 
poin ted  ou t by D r. M ellanby, were alm ost synony
mous term s, and a t  th e  sam e tim e cast iron of the  
tyPe  g iving /a low grow th figure were th e  best 
type for Diesel engine cylinder construction . The 
first po in t he, would like to  m ake was th a t ,  if th is 
was th e  case, it  was perfectly  easy and em inently  
necessary to  specify some property  which would
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diffe ren tia te  between satisfactory  and unsatis
factory  irons for Diesel engine cylinder construc
tio n . H e suggested th a t  i t  would not be difficult 
to specify a resistance to  “  grow th ”  of th e  type 
shown by D r. M ellanby in his best sample. This 
would a t once provide a m eans for d ifferentiation 
between irons for Diesel engine work, and would 
enable those who had irons to  offer for th is  p u r
pose to  have recourse to  some te s t which would 
assist them  in assuring  designers to  whom they 
presented  these irons, th a t  they  could a t least 
offer them  som ething equal, if not superior, to 
w hat they  were a t  p resent using. The absence 
of any such te s t in th e  past had  ham pered m etal
lurgical men very considerably in im proving the  
qua lity  of iron for Diesel engine purposes. The 
fac t th a t  resistance to  d isto rtion  and resistance 
to  wear were alm ost synonymous term s was also, 
in th e  second place, a fac t of in trin sic  in terest. 
I f  the  resistance to d isto rtion  was due to  the 
stab ility  of th e  p earlite  carbides, th en  th e  res ist
ance to  wear was due to  th e  presence of pearlite , 
or conversely, if th e  resistance to  wear was due 
to  th e  presence of the  p earlitic  carbide, then  the 
resistance to  d is to rtion  was also due to  the  
presence and  stab ility  of th is  constituen t. This 
was a po in t of considerable im portance to  the 
m eta llu rg ist. H e though t all m etallurgists would 
have liked to  have heard  from Dr. Mellanby some 
opinion as to  w hether or no t the  severity  of th e  
w orking conditions sustained  by high-speed 
in ternal-com bustion engines of the petrol-engine 
ty p e  were a t all com parable w ith those sustained 
in engines of the  large Diesel type. Some such 
sta tem en t, if i t  could be m ade, would help m etal
lu rg ists very considerably in fixing th e ir  ideas. 
In  one respect alone such a s ta tem en t would be 
of value, as in the  case of th e  form er it  was a 
much more simple and inexpensive business to  
tr y  out castings in th e  sm aller petro l engines 
th a n  in th e  large Diesel engines. W ith  regard  to  
Professor Cam pion’s P aper, he m ight call a tte n 
tion  to the fac t th a t  m anganese in the  presence of 
silicon did not preserve th e  carbon in th e  com
bined condition. I t  had  been frequently  shown 
th a t  under these conditions, o ther th ings being 
equal, the  exact opposite was the case. This was 
a very general error am ongst foundrym en, and it



374

was for th a t  reason th a t  he took th e  o ppo rtun ity  
of po in ting  o u t the  m istake. H e was g reatly  
in terested  in listen ing  to  th e  rem arks of M r. 
R ichardson, w hich were extrem ely sound and 
very much to  th e  po in t. W ith  M r. R ichardson, 
he was quite  su re  th a t  Diesel eng ine castings equ i
va len t to  any th in g  th a t  had  been done in  Con
tin e n ta l p rac tice  could be produced in  th is  
country . H e could n o t re f ra in , in  concluding, 
from  calling  a tte n tio n  to  th e  cen trifu g a l casting  
process for th e  production  of cylinders and piston 
rings. F undam en ta lly  th e  process offered th e  only 
solution a t  p resen t to  th e  p roduction  of cylindrical 
castings with assured freedom  from  in te rn a l 
defects and porosity . W ith  th is  process for 
Diesel engine liners, given ce rta in  conditions of 
q u an tity  production , cast iron  of exactly  th e  sam e 
composition as th a t  used in  th e  sand-casting  
m ethods could be cast cen trifugally , and , a p a r t  
from th e  assured soundness of th e  castings, c en tr i
fugal castings m ade an  enorm ous im provem ent in 
th e  tensile  s tren g th  and resistanoe-to-w ear condi
tions over th e  sam e m ateria l sand  cast.

Inefficiency of Short-period Heating Tests.
M e . D o n a l d s o n  sa id  : The fou r P ap ers  o n  cast 

iron  fo r  Diesel engines w ere of considerable 
in te re s t, and b rough t o u t m any po in ts connected 
w ith th is  im p o rtan t sub ject. They em phasised th e  
fac t th a t  difficult conditions have to  be m et— con
ditions so difficult and strenuous th a t  one some
tim es questioned, like M r. W . Bell, if c a s t iron  
could really  s tan d  up to  them . Professor M ellanby, 
dealing w ith  th e  tensile  s tre n g th  of cast iron  as 
th e  tem p e ra tu re  rises, gave an in te re s tin g  curve 
show ing th e  s tren g th  of cast iron a t  e leva ted  tem 
pera tu res and under prolonged stresses. H e  d is
credited  te s t results ob tained  w here th e  te s t  bars 
had  only been subjected to  a  p a rticu la r tem p era
tu re  for a short period before break ing . H e 
agreed w ith h im  on th is  po in t, and  had  shown it  
by su b m ittin g  te s t  bars to  a  prolonged annealing  
a t  450 deg. C. and  550 deg. C. before b reak ing  a t  
high tem pera tu res, when resu lts som ewhat sim ilar 
to  those given in  th e  P a p e r were obtained .

Chromium and Growth.
The grow th te s ts  shown in F ig . 3 in th e  P ap er 

were of in te rest, as they  showed n o t only th a t  th is
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property  differs w ith  various cast irons, h u t also 
th a t  iron could be obtained which is particu larly  
“ non-grow ing.”  In  connection w ith  grow th, he 
(M r. Donaldson) had carried  o u t a Series of experi
m ents, and found th a t  w ith 0.4 per cent, of 
chrom ium  an iron was obtained which did not 
grow, b u t, on the  o ther hand , showed a small con-

F ig . 7.

tra c tio n  on prolonged hea ting  a t  550 deg. C. 
(1,022 deg. F .) . In  connection w ith wear, P ro 
fessor M ellanby m akes th e  s ta tem en t th a t  resist
ance to  w ear m ay be associated w ith resistance to  
grow th. This is a s ta tem en t which is of g rea t im
portance  in dealing w ith  Diesel engine castings, as 
M r. H u rs t pointed  o u t in  th e  subsequent discus
sion. I n  suppo rt of th is  sta tem en t, Professor 
M ellanby added th a t  the  iron of C urve 1, F ig . 3, 
came o u t equally well when its w earing properties 
were tested , and in th is  connection he would like 
to  know if th e  o ther irons shown jn F ig . 3 were
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also tested  for wear, and if a sim ilar re lationship  
was obtained.

Low Phosphorus Content Favoured.
W ith  regard  to  M r. C am pion’s P ap er, w hilst 

agreeing in general w ith  w hat he had said reg a rd 
ing the  composition of th e  m ate ria l, he was 
inclined to  favour a ra th e r  low phosphorus con
te n t. E ven w ith  0.5 per cent, th e re  was always 
th e  tendency for segregation to  tak e  place, and

F ig . 8.

th is  tendency  could be reduced considerably by 
reducing th e  phosphorus to  0.2 per cent, w ithou t 
being de trim en ta l to  the  casting . M r. Campion 
also favoured a high m anganese-content, h u t to  
p rep a re  sound castings co n ta in ing  over 1.5 per 
cen t, of m anganese i t  was ra th e r  difficult, especi
ally if th e  m anganese was added in the  form  of 
ferro-m anganese to  the  ladle. A small percentage 
of chrom ium , 0.4 to 0.5 per cen t., produces sligh tly  
be tte r effects so fa r  as grow th and s tab ility  of the  
carbides a t high tem pera tu res  a re  concerned th a n
2.5 per cent, of m anganese. Of course, th e re  is 
the  ex tra  cost and th e  question of in troducing  the  
chrom ium , bu t the  la t te r  difficulty should be over*



come to  a g rea t ex te n t by using the  chrom ium  pig- 
irons which are  now available. M r. Campion also 
favoured the use of the reverberatory  furnace for 
m elting, and th is was certa in ly  desirable, and also 
th e  in troduction  of a certain  percentage of steel 
scrap in  order to  ob ta in  th e  desired stru c tu re , high 
s tren g th , and o ther p roperties necessary. Pyro- 
m etric  control in  casting could also be more 
generally  adopted w ith advantage.

Continental Conditions Discussed.
M r. R ichardson in  his P aper gave C ontinental 

foundry  p rac tice  a large am ount of cred it which 
did no t appear to be altogether justified. H is 
d raw ing  of an  in teg ra l casting  appears to  be satis
factory , h u t designers would be b e tte r to  ask for 
such a type  only in sm all sizes where th e re  were 
large m argins in streng th . The engineer who pro
posed such a casting  for an engine of the  size 
shown by M r. R ichardson in F ig . 4 in his P aper 
was asking for more th an  he is en titled  to  demand, 
and  if such castings were produced on the  Con
tin e n t, successful results w ith them  m ust be very 
much of a lo ttery . No one could say how the  
stress was d is tribu ted  in such a casting, and, even 
w ith  scientific cooling provided, it  was doubtful if 
th e  results obtained would ju s tify  th e  fa ith  M r. 
R ichardson p u t in th is type of casting. In  the 
P ap e r by M r. Bell, th e  m any difficulties experi
enced by th e  m oulder in dealing w ith these in tr i
cate  types of castings were fairly  considered, and 
ind icated  one p o in t where th e  p resen t series of 
Papers should help considerably, namely, th e  press
ing  need for collaboration between all those 
in terested  in th is highly im portan t subject.

Heat Stresses.
M r . V in cen t  said he was particu la rly  interested  

in the references th a t had been made to  heat 
stresses. H is a tten tio n  was draw n to  th is m atte r 
some th ree  o r four years ago, b u t he found th a t  
in th e  m ajo rity  of text-books a form ula was given 
som ething on the  following lines: — 

d (T, _  T 2) E.
H e a t stresses =   :   This is

2
obviously in e rro r, as it  takes account of stresses 
only in "one d irection . At one tim e he had cause
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to  exam ine the  problem, and, as ano ther step for
w ard, incorporated  tw o stresses a t  r ig h t angles,

1 (T1 _  T2)
when he had stresses = (1 +  i n ) -----------------E, i.e .,

2
an increased stress. N o t being satisfied w ith  th is, 
M r. V incent said, he tu rn e d  to  th e  theory  of flat 
plates and deduced a form ula, h u t here th e  resu lt 
obtained was so com plicated th a t  for practical

purposes i t  was useless. H e observed in th e  
“ Jo u rn a l of the In s ti tu te  of M echanical E n g i
neers ” recently  a tre a tm e n t of th is  sub ject so fa r  
as the liner is concerned, b u t here again  for o rd i
nary  purposes th e  resu lts a re  too e laborate . I t  
m ust be borne in m ind th a t  th e  average person 
d u ring  calculations fought shy of m athem atics. 
H e suggested to  Professor M ellanby th a t  he m ight 
apply him self to  th e  problem and deduce som ething 
fa irly  easy to  use and y e t g iving g rea te r accuracy 
th a n  th e  above. The resu lts  m entioned in  th e  
“ Jo u rn a l ”  were from an old engine hav ing  a 
high fuel-consum ption and  probably o u t of da te  
from  m odern standpo in ts. I t  was certa in ly  very



u n fo rtu n a te  th a t our professors only had the 
chance of w orking on old gear th a t  has been dis
carded for commercial u s e ; th e  resu lts obtained  are 
of use, b u t cannot be applied to  m odern conditions 
in  m ost cases w ithou t assum ption. The differences 
betw een engines of 10-30 h .p . per cylinder and 
m odern ones of 400-500 were very g rea t, and a 
g re a t step forw ard would be m ade if th e  academi
cal men could work upon up-to -date  machines.

Suggested Elimination of Cast-Iron.
T u rn in g  again  to  th e  question in hand , i t  was 

obvious th a t  th e  thickness m ust e n te r in to  th e  
p rob lem ; th e  th in n e r  th e  m etal th e  less th e  stress 
due to  heat-flow. There w ere various examples 
where a ttem p ts  have been m ade to  do th is, e.g., 
th e  D oxford and  S till engines, p a rticu la rly  th e  
la t te r , b u t here th e  fac to r was carried  to  the  ex
trem e, resu ltin g  in  a very difficult casting , a t  th e  
sam e tim e  involving sh rink ing  on bands of steel, 
etc., and th e  re su lt was still a  very heavy article. 
H e  there fo re  suggested th e  abandoning of cast 
iron—one of th e  w eakest m etals—and th e  use of a 
s tronger one, nam ely, steel, when the  thicknesses 
could be reduced by half w ithou t elaborate ribbing, 
resu ltin g  in a corresponding reduction in the  tem 
p e ra tu re  stresses. Of course, th e  full advantage 
of steel cannot be obtained, since i t  is necessary to  
have rig id  liner, add itional m etal has to  be left 
on to  secure freedom  from  d is tribu tion , b u t even 
so, g re a t advan tage  resu lts .

T he m arin e  world is very  conservative, b u t i t  
should n o t h esita te  to  adopt proved practice. W hy 
no t survey the  autom obile and aero-engine fields 
and g a th e r in  th e  experience gained? I t  is tru e  
th a t  th e re  th e  engines are  re latively  small, bu t 
none th e  less th ey  are highly stressed and have 
ru n n in g  speeds fa r  in  excess of any th ing  in  th e  
m arine field. By th is  m eans g re a t saving would 
resu lt. D id i t  no t seem absurd th a t  one engine 
develops 1 h .p . for about 2\  lbs. w eight, whilst 
ano ther requires 400 lbs., th e  m axim um  and mean 
pressures being sim ilar?  Assume 2J lbs. a t  2,000 
r.p .m ., th ere fo re  a t  200 r.p .m . w eight per h .p .=  
25 lbs. R educing th e  ra tin g  by 25 per cent., 
therefo re  w eight p er h .p . =  32 lbs. approxim ately. 
Now allowing stresses 3 /4  of a irc ra f t practice,
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th is  coupled w ith th e  reduced frequency consider
ably reduced, the  effective stresses and th e  w eight 
became 45 lbs. per h .p . F o r accessibility which 
spread th e  cylinders, e tc ., th is  figure could be 
doubled to 90 lbs. per h .p ., and an engine should

F i g . 1 0 .

be obtained perfectly  free from  breakdow n, and 
a t th e  sam e tim e  a g re a t advance on p resen t p rac
tice  for slow-speed work. This was li tt le  in excess 
of th e  w eight of such engines as those used a t  pre
sen t for subm arines, etc.

A car-engine in  the average person’s hands runs 
two or th ree years w ith no atten tion  a t all, so an
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engine as above, which was always being run  by 
tra in ed  engineers, surely should be a sound pro
position. Now, how is th is  to  be carried  o u t?  
Obviously by d iscarding cast iron. I t  is th is  
m ate ria l th a t  is responsible for most of th e  w eight 
of the  p resen t engines. N early  all aero-engines

F i g . 1 1 .

of large size are  fitted w ith steel liners, and they 
have proved very successful, g iving a good life 
w ith  p iston  speeds of 2,600 r.p .m . and  over. 
Surely, then , a steel liner was possible a t  500 to  
900 r.p .m . Steel liners of 8 in. to  141 in. have 
already been tr ied  in some cases, and have proved 
successful, th e  w eight reduction being consider
able, while th e  engine was capable of continued 
operation a t higher mean pressures than are pos
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sible w ith  cast iron  due to  th e  reduced h ea t flow. 
In  conclusion, he would like to  suggest th a t  some 
rad ical d e p a rtu re  of t h e . n a tu re  suggested should 
be considered. I f  th e  in d u s try  was to  expand 
beyond its  p resen t lim its, 300 to  400 lbs. per' h .p . 
m ust be altered , and th e  best way of doing i t  was 
to e lim ina te  cast iron . M any doors, covers, e tc ., 
a t  p resen t in th is m ate ria l oould be m ade as easily 
in alum inium .

THE MAKING OF A “ STILL” ENGINE.
M r . N . M cM anus said : A t th e  form er m eeting  

of th e  In s titu te s  of B ritish  Foundrym en and 
M echanical E ngineers on Diesel eng ine  castings, 
reference was m ade d u rin g  th e  discussion to  th e  
fac t th a t  engineers had  to  go to  th e  C o n tin en t for 
these in tric a te  castings, hav ing  regard  to  th e  
w orkm anship and quality  dem anded. The B ranch 
P res id en t of th e  In s ti tu te  of B ritish  Foundrym en, 
M r . A f f l e c k ,  in  reply to th is  rem ark , purposed 
showing w hat can be done in a  B ritish  foundry  
w ith such castings when th e  problem was p re 
sented and sym pathetic  consideration  given by th e  
engineers. U nfo rtuna te ly , he was away from  
home on business, and he had  th e re fo re  been 
asked to  reply on h is behalf. M r. Affleck’s con
tr ib u tio n  read s :-—

The casting  he proposed describing was a  com
bustion cylinder fo r th e  “ S till ”  oil engine, w ith  
which, no doubt, m any were already fam iliar.

F ig . 7 gives a  general idea of th e  ty p e  of cast
ing, which has a bore of 22-in. d ia ., te rm in a tin g  
in  a cone-shaped end, a t  th e  apex of which is a 
2f-in . d ia . hole en te r in g  th e  projection  seen a t  
th e  top  of th e  castin g ; th e  thickness of m eta l in 
th e  cylinder wall is 0.62 in. S urround ing  th e  
cylinder th e re  a re  a series of ribs, 55 in  num ber, 
which ex tend  th e  full leng th  of th e  casting  and  
surrounded w ith th ree  belts, as seen on th e  upper 
portion . F ig . 8 shows these belts much clearer. 
The heigh t of casting  is about 5 ft. and weighs 
25 cwts. H av ing  now received some idea of th e  
n a tu re  of th e  casting , i t  m ay be in te re s tin g  to  
know th a t  th e  whole scheme for m aking  th is  cast
ing  was draw n up in  th e  “ F oundry  P lann ing  
D ep artm en t,”  and  draw ings prepared , giving 
com plete details to  th e  p a tte rn m ak e r for th e



383

p a tte rn s  and core-boxes, also to  th e  foundry for
th e  procedure to  he adopted  in  prepairing the 
mould and cores, etc. A nother d epartu re  from 
general p ractice th a t  was adopted was to  make 
both th e  mould and all the  cores in  oil-bonded 
silica sand.

F ig . 8 shows th e  cylinder lying horizontal and 
gives a more complete view of th e  ribs and belts, 
th e  ribs on th e  end being only i  in . th ick . This 
view also conveys some idea of th e  work involved 
in producing such a  casting.

F ig . 9 is a view tak en  from  th e  opposite end, 
and  shows the  projections which form th e  various 
po rts  in  th is  cy linder; th e  narrow  ones a re  solid, 
th e  o thers being cored o u t by the  p rojecting  por
tions of th e  rib  cores, which is shown in F ig . 11. 
A fea tu re  of th is  casting  is th e  method adopted 
for form ing the  r ib s ; each core is a separa te  one, 
and, as previously m entioned, th e re  a re  55 in 
num ber w ith 29 different types. These a re  all 
m ade from  4 half-core-boxes, which a re  fitted w ith 
loose rem oval pieces, so arranged  th a t  w ith the  
a id  of a c h a rt th e  com plete set can be produced, 
otherw ise a  num ber of core-boxes would have been 
required . Each core is made complete, and owing 
to  its  shape, which is very irregu la r, is dried  on a 
sand  bed, th e  bed being form ed on th e  core before 
th e  box is d raw n. The core cannot be made in 
halves, as th e  thickness of sand a t  one end is only 
¿-in. th ick .

F ig . 10 shows a  se t of these cores assembled and  
fitted  together in a  fixture, previous to  placing 
in  th e  mould. The assembly of these cores m ust 
be accura te  and close fitting , and, reverting  to 
F ig . 8 , i t  will be seen th a t  they  have to follow 
th e  con tour of th e  cylinder from th e  2 ft. 1 1  in. 
dia. of th e  large  belt a t th e  righ t, down to  th e  
neck of the  projection  seen on th e  left, which is 
45-in . d ia. Each core has a back o r p r in t which 
is wedge-shaped and serves to  streng then  th e  core 
and fac ilita tes th e  building. F ig . 15 makes th is 
po in t more clear. In  assembling th is  core, th e re  
a re  w hat a re  called so m any “  m aster cores ” 
in serted  first, which have a special locating lug 
form ed on them . One is seen on Fig. 10 a t  X. 
The in terven ing  spaces between these are then 
filled in.
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Fig . 11 illu s tra tes  th e  assembled core lifted  o u t
of the  fix ture and  ready for low ering in to  th e  
mould. I t  will be noticed th a t  th e  d iam eter of 
the  core is tap e red  to su it the  mould, which is also 
tapered . This was done to  fac ilita te  closing and 
also to  reduce the  w eight of the  rib ''co res. The 
core seen a t  th e  base is for the  purpose of locating  
th e  cores to  give th e  correct position re la tiv e  to  
the cylinder barre l contour, each rib  hav ing  a 
recess which fits over a rin g  form ed on th is  core. 
In  a sim ilar m anner th e  la rg e  rin g  core also 
locates th e  upper po rtion  for d iam eter as well as

F ig . 12.

spacing. The w eight of th is  core is ca rried  by a 
steel rin g  seen below th e  large r in g  core, and to 
which hook bolts are a tta c h e d ; th e  base p la te  
core is also k ep t in  position while lif tin g  by a 
su itab le  hook bolt a ttached  to th e  lif t in g  p la te , 
th is  being removed a f te r  th e  core is set in to  the  
mould. T he steel r in g  rem ains in  th e  mould.

F ig . 12 is a view looking on th e  top  of th ^  
mould w ith  th e  assembled rib  cores in  position, 
and  ready  for th e  barre l core to  be placed in 
position, and  F ig . 13 shows th e  mould b u ilt up of 
th ree  rings m ade w ith  oil-bonded s a n d ; no boxes 
are  used, b u t a  sheet-steel band is placed over 
th e  jo in ts , being a 'case  of “ S afety  F i r s t ,” so as 
to  p reven t any possible acciden t due to  bu rsting . 
These rings are  about 5 ft. d ia ., 19 in. deep, and 
have a tapered  bore, which is approxim ately  3 ft. 
dia.



M r . R o s s , o f  th e  Argus Foundry  P lann ing  
D epartm ent, has p repared  d iagram s (Figs. 14 and 
15), one showing th e  complete arrangem ent of th e  
mould in which is shown the barrel core in position 
and the closing top  core, ne ith er of these having
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F i g . 13.

been shown in previous v iew s; and one g iving a 
section th rough  th e  assembly of cores (Fig. 15). 
I t  is hoped th a t  these brief rem arks have a t  least 
been in te resting  and th a t  they  have conveyed some 
idea of w hat can be done when some consideration 
is given to the foundry by th e  engineer, b u t it

o
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m ust be clearly understood work ¡of th is n a tu re  
requires much more a tten tio n , th e  risks a re  
g rea te r, and th e  m,etal “  special.” Therefore, when 
buyers are  considering quotations, they  should not 
be biased by th e  lowest price  quoted. The speaker 
then  asked Mr. Ross to  explain  F igs. 14 and IS.

Foundry Planning for a “ Still ” Engine.
Mb . A. R oss said F ig . 14 is a sectional view 

showing the a rran g em en t of th e  mould for th e  
casting  of a Diesel eng ine  cylinder. The e n tire  
m oulding and casting  process is carried  o u t to  a 
p lanned scheme of operations to  ensu re  definite 
control and accuracy a t  every stage  of th e  process. 
In  foundry  p lann ing  i t  is necessary to  keep in 
view the du ty  of the  casting  and th e  quality  
necessary, both as regards m ateria l and  requ ire
m ents of design.

E very core of itself has a specific purpose and 
is a rranged  and  m ade accordingly. T here a re  in 
all 63 cores, as fo llow s:—T hree ex te rn a l cores, 
form ing the  m ould; one core behind th e  flange a t  
the bottom  ,J one m aster core a t  th e  bottom  (a 
complete circu lar disc), which positions th e  lib  
cores by a reg istering  k e y ; one m aste r core a t  the  
top (com plete ring ), positioning th e  rib  cores by 
a reg istering  key ; 55 rib  cores (29 d ifferent 
designs) made in  four ad justab le  boxes; one 
barrel core; and one top  or closing core, m aking  
all the scavenge and ex h au st ports, run n ers  and 
risers.

W hen the exceptionally  th in  sections for such 
a large core of a  cylinder and the  general 
in tricacy of th e  casting  a re  considered, th e  
advantages of hav ing  every step p lanned  fo r the  
m anu fac tu re  and bu ild ing  of mould and cores are  
very obvious.

The finished th ickness of barre l of -| in . does not 
give any allowance for discrepancies in alignm ent, 
therefore i t  is absolutely necessary to  have all 
cores accurately  reg istered  and rig id ly  held in 
position. The barrel core is reg istered  by a 
bottom p r in t  and is cen tralised  a t  th e  top and 
held in position by th e  closing core. The rib  
cores are positioned by the  ¡registering keys on 
m aster cores. The bu ild ing  of th e  barre l, com
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prising  th e  55 rib cores, is of itself quite  a fo r
m idable job, b u t may be carried  out qu ite  easily 
by means of th e  appliances provided.

I f  engineers wore asked to  produce a  sim ilar 
a rtic le  in steel or iron they would demand th e  
finest and most expensive machines and tools.

To make a success of th is casting the  foundrym an 
is called on to produce a barrel b u ilt w ith staves 
of sand. Probably designers and draughtsm en do 
n o t q u ite  realise th a t  there  are lim its to  w hat can 
be made in sand, having in view the  commercial 
side of the question. As progress is , m ade in 
eng ineering, designs in  m any cases become an 
accum ulation of additions or a lte rations to the

o 2
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orig inal design. These add itions are  very often  
embodied in the  design w ithout consideration for 
th e  difficulties which they  m ay occasion in  the  
foundry.

T h e  C h a i r m a n  rem arked th a t  some people said 
th a t  if they  w anted a good a rtic le  le t them  go 
to  G erm any for it, b u t he th o u g h t th a t  th e  work 
which had  ju s t been described and illu s tra ted  
would be difficult to  im prove upon. I t  was a job 
m ade up  purely  of cores. I f  th a t  becam e a s ta n 
dard  casting  i t  would no doubt become much 
cheaper, b u t where one had  to  do all th e  experi
m en ting  and make money a t  the  sam e tim e i t  was 
very difficult.

Question of Costs and Quality.
M r. J a m e s  R i c h a r d s o n , B .S c ., said  every sh ip

builder and engineer in  th is  country  was try in g  
to induce th e  shipowner to  order new tonnage, 
b u t th e  shipowner was n a tu ra lly  only w illing to  
do so a t  an economical price, and u n fo rtu n a te ly  
the  shipbuilder and m arine  engineer w ere unable, 
in  th is  .respect, to  m eet h is wishes. W e sought 
to  reduce th e  cost of sh ipp ing  tonnage  to  such 
an economical level th a t  the  shipow ner will buy. 
There was no difficulty w hatsoever in  regard  to  
reducing, by a very considerable am ount, th e  
w eight w ith th e  s tan d a rd  design of m arine  
m achinery, w hether steam  or Diesel. I f  steel 
were used instead  of oast iron for c e rta in  p a rts , 
and alum inium  substitu ted  for o thers, th e n  th e  
w eight would be very m uch reduced, b u t th e  
cost would be g rea te r, leaving us in  a still worse 
position to  m eet com petition. The difference in  
scantlings used by various m akers of engines 
m entioned by th e  chairm an  is understandab le . 
M any owners have th e ir  own ideas in  th is  m a tte r . 
F o r exam ple, take  th e  case of comm ercial m otor 
vehicles, where d ifferen t buyers will choose 
d ifferent types. Some req u ire  slow ru n n in g  
engines, while o thers will readily  ta k e  th e  irisk of 
high m aintenance charges in order to  ob tain  a 
figure of low first-cost. In  exactly  th e  sam e way 
some shipowners a re  not w illing to  pay an ex tra  
price for a design w ith  a high fac to r of safety  
and probably low m ain tenance charges.

H e fe lt th a t  th e  engineer would ask th e  
foundrym an to  sa tisfy  his requ irem ents in legard



to  castings, w ithou t any in o rd ina te  increase in 
th e  cost per cwt. or per to n  in these castings. I t  
is inevitable th a t  th e  question of cost should come 
in to  th is  discussion. Secondly, th e  engineer m ust 
be satisfied as to  the  definite physical qualities of 
th e  castings, in order to  avoid the risk th a t  i t  
m igh t prove unreliable. The illu stra tions of 
design which he gave in  th e  P ap e r he read a t  the  
form er m eeting  m ust no t be tak en  to  rep resen t 
ac tua l p ractice. They simply rep resen t basis
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F ig . 15.

designs in order to ind icate  the n a tu re  of the  
simple problems w ith which designers were com
m ercially faced to-day. The p resen t position was 
th a t  th e re  is no difficulty in  build ing a set of 
m achinery to  fulfil th e  shipow ner’s specification, 
and th e re  should be no difference in th e  foundry- 
m an’s case of th e  way in which th e  design was 
tackled  in  th e  design stage. Nevertheless, we 
sought to  ge t down to  a  commercial basis, and in 
o rder to  secure work, the engineer had to under
take  onerous guaran tees for the  m achinery for 
which he tendered. H e m ust definitely specify, 
in  m any p articu la rs , th e  perform ance of the 
engine in question. Therefore he asked the
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foundrym an to  assist him  by g u aran tee in g  th e  
physical quality  of th e  castings supplied, thereby  
to  lessen th e  risk  which th e  eng ineer had  to  u nder
ta k e  in  regard  to  th e  whole contract.

T he question of B rinell hardness o r o ther su i t
able tes ts  should be stud ied , and figures should 
be capable of being specified by th e  foundrym an 
as well as o ther physical p ropertie s  which can 
readily  be m easured by th e  buyer. I f  th e  
foundrym an and th e  eng ineer could g e t closer 
together am icably to  discuss these questions, he 
was sure th e  resu lt would be th e  rem oval, if not 
of all, a t  least of some of th e  difficulties.

Metallurgical Considerations.
Mb. J .  A k n o t t  said  he proposed to  lim it his 

rem arks to  th e  m eta llu rg ica l side of th e  ^subject, 
w ith which M r. C am pion has d ea lt in  a general 
way. W hen one exam ined th e  figures he (M r. 
Cam pion) suggested for th e  various elem ents, he 
found no th ing  differing in any way from  w hat is 
a t  p resen t being used fo r steam  cy linder and  
sim ilar castings. H is figures w e re :—T otal carbon 
(m axim um ), 3.25; Si, 1.0 to  1 .5 ; P , abou t 0 .5 ; S, 
0.05 to  0.08 per cen t., and for M n no figures w ere 
given.

There was no th ing  d is tinc tive  abou t th a t . 
Several firms were m aking qu ite  o rd inary  castings 
(steam  cylinders) every day of m etal which exactly 
m et these lim its . In  considering th e  sub jec t of 
th e  m etal for th e  highly-stressed and hea ted  p a rts  
of Diesel engines, th e re  appeared  to  th e  speaker to 
be two definite questions to  be answ ered. F ir s t ,  
d id  we know w hat composition is best su ited  for 
the  work? Second, could we m ake castings of such 
a composition a t a  reasonable price? W ith  regard  
to  th e  first question he ven tu red  to  say  th a t  we 
did know w hat was w anted, and  were in  a position 
to  draw  up a definite specification.

The speaker, dealing w ith fea tu res  of th e  compo
sition  of Diesel engine castings, sa id : —

S ta r tin g  w ith to ta l carbon, i t  was p rac tica lly  
agreed th a t  i t  should be low in o rder to  ensure 
s treng th , soundness, and resistance to  grow th . We 
certa in ly  did n o t w an t any th in g  over 3 p er cen t., 
and preferably  not over 2.8 per cent. W ith  regard  
to  the  d is trib u tio n  of C, i t  was generally  agreed



th a t  for s tren g th  and resistance to  wear i t  was 
.desirable to  have ne ither free fe rr ite  nor free 
cem entite. T ha t im plied th a t  w hat was w anted 
was somewhere in the region of 0.8 to  0.9 per cent, 
of combined carbon. Silicon should be as low as 
possible. I t  was definitely established th a t ,  o ther 
th ings being equal, increase in silicon results in 
increased grow th. F o r th a t  reason alone silicon 
m ust be kqpt down. The actua l percentage should 
be se ttled  a f te r  consideration of th e  thickness and 
size of; th e  casting. H e placed th e  lim its a t  0.7 
to  1.2 per cent. H e  th o u g h t M r. Cam pion’s lim its 
of 1 to  1.5 per oent. were fa r  too high. A casting  
1 in. th ick  and of m oderate size could be safely cast 
w ith  1.2 per cent. Si iron w ithout fear of chilling, 
provided the  su lphur was low, and very thick, 
heavy castings were qu ite  m achinable w ith 0.6 per 
cent. Si. A dm ittedly difficulties arose in se ttling  
th e  silicon conten t of castings w ith  widely varying 
sections o r w ith th in  projections. I t  m igh t be 
necessary to hasten  th e  cooling of heavy chunks 
of m etal or re ta rd  th a t  of th in  sections, bu t in 
any case the  silicon con ten t should be kep t to  th e  
lowest figure possible. As fa r  as su lphur was con
cerned, he found it  very difficult to  make low- 
silicon castings w ith su lphur under 0.07 per cent. 
H e did not th in k  any bad effect would be experi
enced as long as th e  su lphur did not exceed 0.10 
per cent. W ith  regard  to  phosphorus, in his 
opinion th is  elem ent deserved more a tten tio n  th an  
was paid  to  it. M r. Campion had expressed the  
view th a t  low phosphorus was no t only unnecessary 
bu t undesirable , and s ta ted  th a t  maxim um  
s tren g th  and soundness were obtained when the 
phosphorus was about 0.5 per cent. W ith  th is he 
to ta lly  disagreed. I t  was qu ite  a common belief 
th a t  low-phosphorus iron was weak. I t  m ust be 
tak en  in to  consideration, however, th a t  hem atite  
and low-phosphorus irons were almost invariably 
high in  TC, ru nn ing  generally to 4 per cent, and 
over, and most probably th a t  is th e  reason for the 
weakness. Phosphorus certa in ly  added fluidity, 
b u t th is  effect had been so much commented on 
th a t  m any foundrym en im agine th a t  low-phos
phorus iron poured like treacle. H e testified th a t 
no difficulty was experienced in casting  a shopful 
of castings made in green sand, and weighing from, 
say, 2 lbs. upw ards, for weeks on end w ith iron



392

con ta in ing  0.3 P  and 3.3 per cent, to ta l carbon. 
On the  question of soundness, th e re  could be no 
doubt as to  th e  adverse influence of phosphorus. 
E xam ination  of broken-up castings of low- and 
high-phosphorus iron  le ft him  in  no doubt as to  
the  effect of phosphorus in  places w here “  draw  ” 
was to  be expected. I n  h is experience, reduction  
of phosphorus was th e  m ost successful m ethod of 
avoiding sponginess in  th ick  sections o r a t  ju n c 
tions of various walls of m etal. Sm alley had 
dem onstrated  th e  effect of phosphorus on liqu id  
shrinkage in  a way th a t  le f t  l i t t le  room fo r a rg u 
m ent. I t  was also sign ifican t th a t  th e  average 
phosphorus-content of A m erican m otor-car 
cylinders and pistons was well below 0.5 per cent. 
H e th o u g h t th a t  th is  was done to  avoid sponginess. 
Y et ano ther p o in t reg a rd in g  phosphorus was its 
effect on th e  resistance of iron  to  shock a t  high 
tem pera tu res. H e had no personal d a ta  on th e  
sub ject, b u t he understood th a t  research by some 
of th e  C on tinen ta l Diesel m an u fac tu re rs  had  estab 
lished th e  fac t th a t  phosphorus very adversely 
affected the  resistance of iron to  shock a t h igh  tem 
pera tu res. H e  th o u g h t th a t  for m any reasons 
phosphorus was n o t w anted. As for m anganese, 
unless i t  was being added to  stab ilise  th e  carbides, 
0.8 to  1.0 was a su itab le  percentage.

Commercial Aspect.
R ev ertin g  to  the  second question as to w hether 

castings could be made of such composition as o u t
lined and a t  a reasonable figure, the  m ain  diffi
culty  was to  m elt a  low-phosphorus charge in  a 
cupola w ithou t g e ttin g  a high TC. If  a m oderate  
percentage of steel was included in the  charge, the  
TC m igh t or m igh t no t be reduced. A dm ittedly , 
carefu l control of th e  cupola w ent a long way 
tow ards ob ta in ing  the  desired carbon con ten t, b u t 
he (M r. A rn o tt) had  n o t found i t  possible to  get 
th e  TC below 3 p er cent, every tim e. H ence he 
th o u g h t th a t  to  m eet such an exacting  specifica
tion  i t  was desirable to  m elt in a fu rnace  in  which 
th e  charge d id  not come in to  con tac t w ith th e  fuel. 
L eaving o u t th e  electric  fu rnace , th e re  was th e  
choice of an a ir  fu rnace or an open-hearth  fu r 
nace. H e had  no d a ta  on th e  cost of m elting  iron 
in an a ir furnace, b u t, judg ing  from  th e  fuel con
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sum ption on m elting  gun m etal, he estim ated  the 
e x tra  fuel cost over cupola m elting  should not ex
ceed 10s. per ton . There was no doubt th a t  m elt
ing  in a h ea rth  furnace fired e ith e r by coal, 
powdered coal, oil, or producer gas, much closer 
control on consum ption would he possible th a n  in 
the  cupola, and th e  effect of additions of steel and 
ferro-alloys more exactly  foretold. This seemed to  
be th e  case w ith malleable cast iron, th e  best 
quality  of which was m elted in hearth  furnaces.

F o r th e  castings which were known to be sub
jected  to  high tem pera tu re , and where grow th was 
feared , i t  was desirable to  add some elem ent which 
would preven t dissociation of the  carbides. M an
ganese was very good, b u t he believed th e  best 
ag en t th a t  has yet been investigated  is chromium. 
H e m ight refer those in terested  to  the P aper given 
by M r. Donaldson to  the  W est of Scotland Iron  and 
Steel In s titu te  last session. H e tested, amongst 
others, an iron w ith  0.4 per cent. Cr and found 
th a t  th e  0.4 per cent. Cr had a g rea te r effect in 
stab ilising  th e  carbides th a n  even 2.4 per cent. 
M n. The cost of adding 0.5 per cent. Cr is less 
th a n  5s. per ton  of iron m elted, and th e re  would 
be no difficulty in  adding i t  to  an a ir furnace. 
M any works had available stainless steel scrap, 
and th is  would be an excellent m ateria l for in tro 
ducing chromium.

In  sum m ing up his rem arks on composition, he 
advised for highly-stressed and heated  Diesel cast
ings th e  fo llow ing:—TC, 2.6 to  2.8; Si, 0.6 to  1.2 
per cent., according to  section, and ad justed  to  
give 0.9 CC in th e  castin g ; M n, 0.8 to  1.0; S, 
under 0 .1 ; P , under 0.2; and Cr (if desired), 0.5 
per cent.

H em atite  iron, low in S, was as cheap as o rd i
na ry  Scottish foundry pig. H e subm itted  th a t  
even w ith  th e  e x tra  cost of m elting  in  a h earth  
fu rnace and adding  chrom ium the  to ta l cost would 
be only about £1 per ton  more th a n  th a t  of o rd i
na ry  pig-iron m elted in a cupola. I t  would cer
ta in ly  be less th an  th a t  of eold-blast iron, or even 
of the  m any so-called refined irons on the  m arket.

Weight per Horse-Power Limits.
Mb. R o b e r t  L o v e  said M r. V incent had  referred  

to  th e  w eight per b.h.p. of th e  p resent-day Diesel
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engine and quoted figures which he th o u g h t would 
u ltim ately  be a tta in ed  w ith  th is  class of prim e 
mover. H e (M r. Love) s ta ted  th a t  engines were 
now being bu ilt, th e  w eight per b .h .p . of which 
w orked out a t  from  75 to  80 lbs. These engines 
operated  a t from  300 to  350 r.p .m ., and cast iron 
had of necessity been displaced by cast steel and 
alum inium  for m ost of th e  castings. F o r the  
cylinder liners, cylinder heads, and p iston, cast 
iron has been re ta in ed , so th a t  if steel or o ther 
su itab le  m etals of high tensile  s tren g th  w ere used 
for those p a rts , th e  w eight per b .h .p . could be 
fu r th e r  reduced. M r. R ichardson had  explained 
one reason why th e  thickness of m eta l for sim ilar 
duties varies in  th e  p a tte rn s  received from  
different firms. A nother reason was given by th e  
au th o r • of one of th e  papers, v iz., th a t  i t  was 
possible to  cu t tw o te s t pieces from  d ifferen t p a rts  
of th e  sam e casting  and  get to ta lly  d ifferent 
resu lts as to  th e  tensile  s tren g th . T t will be clear 
th a t  i t  one designer fixes his scan tlings w ith  
regard  to  th e  low tens ile -streng th  and  ano ther to 
the  h igh-tensile s tren g th , d ifferen t thicknesses 
m ust resu lt. W hen th e  foundrym an can  supply 
castings in  cast iron which can be g u a ran teed  to  
have a tensile  s tren g th  n o t below, say, 10 tons per 
sq. in. in  any p a r t  th e re  will th e n  be some hope 
of un ifo rm ity  in th e  thickness of m eta l used by 
designers.

R egard ing  th e  con trac tion  d u rin g  cooling of 
castings in steel, i t  had  been found th a t  in  in t r i 
c a te  castings for Diesel engines steel did not 
co n trac t any  more th a n  cast iron. The illu s tra 
tions showing th e  cylinder liner for th e  Still 
engine (Figs. 7 to 15) clearly showed th a t  care
fully  considered design and p lann ing  of foundry  
work w ere essential. They also showed th a t  th e  
B ritish  foundrym an is n o t behind h is C on tinen ta l 
neighbour in  ab ility . The u n fo r tu n a te  position 
was th a t  less a tte n tio n  had been given to  in tr ic a te  
casting  work in B rita in  th a n  on th e  C ontinen t.

Electric Cast Iron Gives Good Results.
H e th o u g h t th e  foundrym an was w rong in su p 

posing th a t  the average Diesel eng ineer expects to  
get an in tric a te  casting  in special cast iron a t  the  
£ame price as an o rd in a ry  casting . The 
engineer will usually be found qu ite  p repared  to



pay a slightly h igher price for special quality 
castings for p a rts  subjected to  hea t stresses. Mr. 
A rn o tt referred  to  th e  special cast iron required 
for th is  work, and he confirmed th e  view th a t  the  
cost of th is  m ate ria l need n o t be excessive. H e 
found th a t  the composition of th e  m etal proposed 
by th is speaker agreed w ith  figures which he had 
found to  give good results in p ractice. These 
were as follow : —

Gr. Cc. Mn. Si. P. S.
0/ 0/ 0/ 0/ 0/ 0//o  /o  /o  /o  /o  /o

Cyl. Head 2.35 0.35 1.0 1.49 0.167 0.08
Cyl. Liner 2.2 0.5 0.6 1.53 0.12 0.11

These were actua l results of analysis of castings 
which had given good service in Diesel work. 
There was one po in t in  connection w ith th is ques
tion , and th a t  was th e  method used in m elting the  
iron. The cast irons referred  to above were not 
m elted in an  o rd inary  cupola, b u t in  an electric 
furnace, thereby  g iving more control over the 
carbon contents. F o r Diesel engine work he con
sidered  th a t  castings for sim ilar liners should 
have a B rinell hardness num ber no t below 180, 
and he would p re fe r from  200 to 220 if possible. 
H e was aw are th a t  some au thorities did no t con
sider th e  B rinell num ber as a reliable ind icator of 
w ear-resisting  qualities, b u t i t  was th e  only method 
which can be easily applied in  th e  workshop. The 
ty p e  of cast iron requ ired  by th e  engineer for 
Diesel engine work was a m etal free from  growth 
a t  high tem pera tu res and having a high tensile 
s tren g th . I f  designers could rely on always 
ob ta in ing  cast-iron  castings of tensile s tren g th  of 
from  12 to  15 tons per sq. in. th roughou t a cast
ing, th en  they  could reduce th e  scantlings and 
there fo re  th e  w eight of the p arts  to  a consider
able ex ten t.

Fundamental Desiderata.
M r. J .  G. P e a r c e  (D irector B .C .I.R .A .) pointed 

o u t th a t  Professor M ellanby gave as th e  most 
severe service tem pera tu res in Diesel praotice, a 
full load m axim um  of about 420 deg. C. A t these 
tem pera tu res  he considered th e  danger due to  
grow th over-estim ated, and th a t  more a tten tio n  
should be paid  to  o rd inary  therm al expansion, 
therm al conductivity , specific heat, mechanical 
s tren g th , which dim inished to  a m arked degree a t
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400 to 500 deg. C., and resistance to  abrasive 
w ear. Below 600 deg. C. he considered th a t  
grow th was very sm all, being roughly 3 per cent, 
to 5 p er cent, of th e  therm al expansion, b u t it  
increased rap id ly  beyond th a t  tem p era tu re . A 
good s tandard ised  te s t for grow th was badly 
needed, arid th e  value of F ig . 3 would be g reatly  
increased if Professor M ellanby could add th e  
analysis of the irons concerned and th e  n a tu re  of 
the  heating . The C ast Iro n  R esearch A ssociation 
a t the p resen t tim e was investiga ting  th e  question 
of heat-resisting  irons, and  th e  resistance of irons 
to  abrasive w ear. M r. H u rs t had  s ta te d  th a t  
fe rrite  was no t good when iron had  to  have h igh 
abrasion resistance, and M r. Cam pion had  
em phasised th e  danger due to  free  cem entite. 
The pearlitic  condition, therefo re , appeared  to  be 
desirable for liner and piston  castings. F or 
obvious reasons i t  was no t possible to  get precisely 
s im ilar irons for both liner and p iston  ring , b u t 
th e  reciprocal charac te r of abrasive w ear su g 
gested th a t  th e  w earing  surfaces should not be too 
dissim ilar e ith e r in th e  m ate ria l, tre a tm e n t or , 
n a tu re  of surface. I t  would be dangerous to  
conclude hastily  th a t  an ideal abrasion-resisting  
iron was an ideal h ea t-resisting  iron. Any 
sim ilarity  is probably m ore due to  th e  negative  
v irtue  absence of harm fu l constituen ts th a n  to  th e  
fac t th a t  tw o service conditions so d ifferen t in 
charac te r dem and th e  sam e properties from  the  
m ateria l. The requ irem ents m igh t well be 
an tagon istic , especially , w ith  regard  to  to ta l 
Carbon. M eta llu rg is ts  m ig h t be able to  say 
w ith in  lim its from general principles th e  lines on 
which composition and  tre a tm e n t of irons for 
in ternal-com bustion engines should go. E ngineers 
m igh t carry  on th e  expensive process of ex p eri
m en ting  on th e  client, b u t th e  most ra tio n a l way 
was to  carry  ou t investigations in  such a way th a t  
th e  in fo rm ation  requ ired  would be placed a t  th e  
disposal of th e  designer w ith  th e  m inim um  of cost 
and danger.

Low Phosphorus Deemed Undesirable.
M r. A. C a m p i o n  said M r. D onaldson had 

referred  to  th e  effect of chrom ium , and s ta ted  
th a t  0.4 per cent. Cr. gave th e  sam e resu lt as



2.5 per cent, m anganese. H e was quite aw are of 
the  influence of chrom ium  and had referred  to  it  
in  th e  P ap er, but his experience- had been th a t  
every th ing  obtainable from chrom ium could be 
ob tained  more easily by m anganese and a t  lower 
cost. The loss of chrom ium  was liable to  be con
siderable , and fu r th e r manganese irons machined 
more easily th a n  chrom ium irons. He had  never 
s ta ted  2.5 per cent, as th e  desirable con ten t of 
m anganese. W ith  regard  to  phosphorus, there  
need be no segregation w ith 0.4 to  0.5 per cent, 
if th e  m etal was su itably  cast and cooled, and he 
took i t  for g ran ted  th a t  where m etal for Diesel 
castings was concerned/' a tten tio n  would be 
d irected  to  proper m anipu lation . Mr. A rno tt had 
also referred  to  th e  phosphorus, b u t as a m a tte r 
of experience over m any years, he was qu ite  cer
ta in  th a t  excessively low phosphorus content, i.e ., 
below 0.2 per cen t., was no t only unnecessary, bu t 
undesirable . The question of therm al conduc
tiv ity  of the  m etal was of the  g rea test im portance, 
and it  m ight possibly be shown eventually  th a t  it 
was a m easure of th e  su itab ility  of the iron for 
Diesel liners, etc., b u t some fu rth e r investigation  
was necessary. I t  had  been suggested th a t  the  
engineer should discard cast iron as undesirable, 
b u t he en tire ly  disagreed w ith th a t , as under 
proper control th e  m anufactu re  of castings could 
be produced of g rea t un ifo rm ity  and regu larity  
of properties. H e th o u g h t th a t  M r. V incent’s 
suggestion th a t  grow th tes ts  on iron  which had 
been cu t from  old engines were unreliable, owing 
to  grow th hav ing  finished, was correct. B rinell 
hardness and absence of porosity could be g uaran 
teed, b u t personally he was no t satisfied th a t  an 
o rd in ary  B rinell te s t was a correct m easure of 
hardness in  th e  case of cast iron. M r. A rno tt 
had  apparen tly  found a specification of composi
tion  in his P aper, bu t he had given nothing of the 
so rt, and if M r. A rno tt would read  th e  parag raph  
above th e  one which had so pertu rbed  him , he 
would see an express disclaim er of any such in ten 
tion . H e had  simply m entioned some lim its be
tw een which th e  elem ents were usually present. 
M r. A rn o tt had  also a ttr ib u te d  to  him  statem ents 
which he had never m ade, such as low phosphorus 
irons were weak, and could no t be properly
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m elted. Both s ta tem en ts were absurd, and he 
never heard  them  from  any one b u t M r. A rn o tt 
himself. I f  draw s occurred in iron con ta in ing  
the  q u an tity  of phosphorus m entioned i t  pointed 
to  fau lty  m an ipu lation . M r. A rn o tt appeared  to  
th in k  th a t  a pin-hole was of no consequence, and 
had defined i t  as m eaning a hole 1 / 16-in. d ia. If  
he th o u g h t th a t  engineers would accept im p o rtan t 
oil engine castings w ith such sized holes in them  
he was welcome to  his opinion, b u t he would pro
bably change his view when h e  had  some 
experience. M'i\ Pearce had s ta ted  th a t  he agreed 
w ith  every word which M r. A rn o tt had said, so 
th a t  th e  reply already given applied to  M r. 
Pearce’s rem arks regard ing  th e  sam e points. As 
regarded  th e  grow th of cast iron , th a t  which 
occurred a t  tem pera tu res  above 600 deg. C. was of 
very small m om ent as fa r  as Diesel work was con
cerned. M r. P earce s ta ted  th a t  grow th below 600 
deg. C. was of sm all dim ensions, and its  im port
ance had  been over-estim ated. H e could no t agree 
w ith th a t  s ta tem en t. I t  was of sufficient m agn i
tu d e  to have caused considerable troub le  to  engine 
builders in  th e  p ast and  i t  was, m  fac t, th e  first 
th in g  th a t  b rough t home to  them  th e  necessity of 
using special cast iron for in ternal-com bustion  
engines.

Small Engines as Bases for Experiments.
P r o f e s s o r  M e l l a n b y  said  M r. V incen t com

plained of th e  in tricacy  of th e  form ulæ  necessary 
to  estim a te  th e  stresses in  cylinder liners. H e 
should no t, however, blam e th e  m athem atic ian . 
H e had  adm itted  him self th a t  th e  forces a t  work 
m ust be very com plicated, and  i t  was unreason
able to  ask th a t  any form ula which took in to  
account th e  stresses th u s  produced should be a 
simple one. There w ere m any o ther cases in 
eng ineering p rac tice  w here com plicated methods 
of investigation  m ust be adopted  if resu lts  
approaching th e  t r u th  were to  be ob tained . Take, 
fo r exam ple, sh a ft oscillations. I t  was tru e , of 
course, th a t  some engineers had d isdained  to  seek 
th e  assistance of th e  m athem atic ian  and  have 
fixed dim ensions by th e  aid of w hat they  called 
th e ir  eng ineering  in s tin c t. D isaster had  often  
followed th is  p rac tice  and probably also a period



of reflection when the  cost of engaging a tech
n ically-trained designer had been balanced against 
the losses incurred  by th e  failure .

I t  has also been s ta ted  by Mr. V incent th a t  
experim ents on small engines were of little  use. 
W hile he strongly disagreed w ith him  on th is 
point he called his a tten tio n  to  th e  fac t th a t  a 
very complete investigation  of th e  tem pera tu re  
d is tribu tion  in th e  liner of a large internal-com - 
bustion engine had been given in the Proceedings 
of the  In s titu tio n  of Engineers and Shipbuilders 
in Scotland. The engine upon which these 
m easurem ents were made was the double-acting 
tw o-stroke cycle one b u ilt by th e  N orth  B ritish  
Diesel E ngine W orks, and exam ination  of , th e  
curves would reveal how low these liner tem pera
tu res  are.

Steel Liners.
The question of steel liners had also' been raised. 

I t  was well known, however, th a t  steel liners have 
been tr ied  in large engines in th is  d is tr ic t and had 
not proved p articu la rly  successful. I t  was pleas
ing to  m eet w ith such an op tim ist as M r. A rnott. 
H e only wished he had m et him  some years ago, 
when he was looking for someone to cast liners 
and  p istons to  a definite specification. Mr. 
A rn o tt had  com plained th a t  th e  lim its suggested 
by M r. Campion were 'no t sufficiently rig id , bu t in 
his own experience he had  come across very few 
foundries which were p repared  to  g uaran tee  to  
produce castings w ith in  them . H e mentioned, 
however, th a t  a liner and piston, according to  the  
specification ou tlined  by M r. Campion, were made 
for an  engine w orking in th is College and they 
had given eveiy  satisfaction  under very try in g  
conditions. T his engine had  worked for consider
able periods w ith an ind icated  M .E .P . of 170 lbs. 
per sq. in ., and since th e re  was no w ater cooling 
in th e  p iston  i t  would be recognised th a t  th e  con
ditions th e re  m ust have been very severe.

The fac t th a t  cast iron had stood such conditions 
successfully indicates th a t  i t  was no t so bad a 
m ateria l as some people would lead one to believe. 
There were o ther points th a t  have been raised , bu t 
he gathered  th a t  th ere  was a possibility of th is 
m eeting being ad journed, and th a t  these questions
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m igh t be dealt w ith a t  a la te r  date . I t  will be 
app a ren t, however, to  all th a t  progress was being 
made. Difficulties which a few years ago were 
very g re a t were now only of m inor im portance, 
and he felt su re  th a t  m eetings such as th is , where 
troubles were frank ly  ackowledged and discussed, 
would resu lt in rem oving these difficulties 
a ltogether.

M b . J o h n  B e l l , who presided du ring  th e  la t te r  
p a r t  of th e  m eeting, proposed a cordial vote of 
th an k s  to  all who had  tak en  p a r t  in  th e  discussion 
and for th e  valuable con tribu tions they  had made 
to  th e  subject. He re fe rred  especially to  the  
courteous way in  which th e  members of the  
In s titu tio n  of M echanical E ngineers had  m et them  
and discussed th e  various points which had been 
raised.

i
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Newcastle Branch.
(JUNIOR SECTION).

THE MELTING AND CASTING OF HIGH-DUTY 
IRONS.

By F. Hudson.
By h igh-duty  irons is m eant th a t  m ateria l used 

for the  m anu factu re  of castings v which have to 
w ithstand  both pressu re  and friction , as in loco- 
cylinders.

The su itab ility  of such castings in service is 
m ainly dependent upon th e ir mechanical tests, 
which a re  controlled as fa r as possible by chemical 
analysis and th e  ra te  of cooling of the casting. 
W hen i t  has been decided w hat tes ts a re  required, 
an analysis is fixed, term ed th e  final or finished 
analysis, and i t  is desirable to  work to th is to 
very near lim its. This is very difficult, due to  the 
exercising of a  certa in  am ount of unavoidable 
guesswork b rough t about by th e  passing of definitely 
analysed m ateria l th rough  a furnace, th e  changes 
in which a re  n o t known. I f  these changes were 
known, i t  would be possible to  have more control, 
if more control were possible, over m elting opera
tions, and to  work to  definite analysis, as is the 
case in th e  reverbatory  or electric furnace. I t  was 
w ith these views in mind th a t  an  a ttem p t has been 
m ade which, although n o t nearly  conclusive, may 
clear up obscure points.

The Melting in the Cupola.
The m elting  of cast iron has been very badly 

neglected in th e  past, and very litt le  real progress 
has been m ade. T he cupola fu rnace  is in universal 
use in foundries a t  th e  p resen t tim e, due to  its 
cheap cost of w orking and rapid ity  of m elting  large 
q uan tities  of m etal. As a  furnace which has to  be 
controlled to give definite results, nothing could 
be very  much worse. New developments which 
have from  tim e to  tim e been b rought o u t tend to  
p e rfec t th e  working of. the  cupola or to cheapen the  
ru n n in g  cost. They do not necessarily im prove the 
m etal, and they  decidedly give no fu rth e r scientific
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control over th e  ac tua l m elting operations. In  th is 
respect m ention may be m ade of the la te st innova
tion  in cupola design, nam ely, th e  Schiirm ann hot- 
b last cupola. In  th is furnace, of G erm an design, 
the saving of coke by the  u tilisa tio n  of a hot side- 
blast am ounts to  22 per cen t., including th e  bed

F ig . 1.— W r o u g h t - i r o n  B a r  j u s t  b e f o r e  
M e l t i n g , s h o w i n g  C a r b o n  A b s o r p 
t i o n . X 5 0  D IAS.

coke, or 51J per cent, saving of charged coke over 
the  o rd in ary  s tan d a rd  cupola. H owever, th e re  
seems to  be a heavy oxidation of th e  elem ents in  
iron m ade in  th is  new furnace. Again, th e  use of 
receivers and m echanical charg ing  has only come 
in to  use in  la t te r  years.

A nother m a tte r  w orthy of a tten tio n  is the  syphon 
tap p in g  block, suggested by Mons. B onceray, for 
ob tain ing  p u re  m etal free  from  slag. The cupola 
used by his firm is of th e  drop-bottom  type, sus
pended from  th e  charg ing  s tage  w ithou t legs,



which fac ilita tes th e  clearing up of all rubbish 
a fte r  th e  d ay ’s blow. The w orking of th is special 
tap p ing  block is as follows :—The m etal flows into 
th e  cen tre  of th e  gan is ter block and o u t of the 
^ rs >̂ k°^°' This hole is th en  closed or “ bottled 
uiP ” More m etal is melted, and i t  reaches the 
level of the  second hole, which is also closed. Still
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F i g .  2 . — W r o u c h t - i r o n  B a r  i n  M e l t i n g  
Z o n e ,  x  5 0  d i a s .

fu r th e r  m elting takes place, and i t  begins to flow 
down the  spout from th e  top  hole. No tapp ing  and 
closing of th is hole is done during  th e  cast, the  
flow of m etal being wholly controlled by the  s ta r t
ing or stopping of the a ir  pressure in the cupola.

M any o ther im provem ents may be cited, bu t not 
one has any influence on th e  actual control of the 
m elting of cast-iron m ixtures as regards working 
to a definite analysis specification.

M any theories have from tim e to tim e been p u t 
forw ard suggesting th e  changes tak in g  place inside 
the cupola furnace, b u t they  have usually been
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discarded through  unreliab le  d a ta . F or instance, 
a t  th e  present tim e m any foundrym en believe th a t  
a  tem pera tu re  to  m elt steel cannot be ob tained  in 
th e  cupola. A nother investiga to r p u t forw ard th e  
suggestion th a t  th e  flu id ity  of m olten cast iron was 
dependen t upon the  am ount of combined carbon 
in the pig-iron, b u t om itted  to give conclusive 
evidence th a t  th is  was so.

Before considering th e  changes tak in g  place 
during  m elting , i t  is essential th a t  the cupola be 
worked to  th e  best advantage. This can only be 
ob tained  by calculation  and experim ental ru n n in g  
over a period. I t  m ust be borne in  m ind th a t  
successful cupola working is very ra re ly  the  m ost 
economical, as fa r  as coke consum ption is con
cerned. In  th is  , respect rap id  and  h o t m elting  is 
essential. The appearance of th e  flam s a t  th e  
oharging-door when m elting  is an  excellent index 
if th e  fu rnace  is ru n n in g  well. T here  should no t 
be, as is so o ften  seen, a continuous, persisten t 
‘‘ flam ing u p ” th rough  each topm ost charge. 
Cupolas a re  too o ften  le f t to  be m anaged by p ra c ti
cally u n le tte red  men, who, th ro u g h  lack of scientific 
knowledge, dare  n o t deviate from  th e ir  p resen t 
practice. The essentials to  be sought in  good 
cupola p rac tice  may be s ta ted  to  be : (1) C arefu l 
w eighing of all p ig-iron, coke, e tc ., including a ir ;  
(2) carefu l analysis in  conjunction  w ith  physical 
te s ts  of all raw  m ateria ls  u sed ; (3) correct f lu x in g ; 
(4) rap id  and hot m elting ; (5) th e  brickw ork a t  th e  
charging-door should never exceed black or dull- 
red  hea t u n til th e  la s t 30 m inutes of th e  blow; 
and  (6) correct flame a t  th e  charging-door. (A 
bluish-pink flame, clinging to  every li tt le  pro jec
tion  and  ledge in  the  chim ney stack , and  now and 
again  ru n n in g  down and  bu rn ing  a t  an  opening 
in the charges. I f  th is  flame is obtained , i t  is 
n o t necessary to  look a t  th e  m etal, as i t  denotes 
good practice .)

A large am ount of very useful d a ta  on how to 
ob tain  th e  best resu lts in  cupola p rac tice  is to 
be found in  num erous text-books and in th e  
F o u n d r y  T r a d e  J o u r n a l .

Cupola Reactions.
In  th e  first instance, th e re  is still a  doubt in 

foundry  p rac tice  as to  w h a t is  th e  m axim um  tem 
pe ra tu re  th a t  can be ob tained  in th e  foundry



cupola. This will obviously vary in d ifferent foun
dries, according to  w hether th e ir p ractice is good or 
bad. In  good practice a t  leas t 1,650 deg. 0 . can he 
obtained in  th e  chief combustion zone. In  recent 
technical li te ra tu re  G erm an m etallurgists m easured 
th e  tem p era tu re  in  th is zone, which gave 1,650 
to 1,700 deg. C. A certa in  am oun t of a ir  is sup
plied th rough  th e  tuyeres a t  some particu la r ra te  
in order to ge t th e  maxim um  ra te  of combustion 
according to  th e  exposed surface area  of th e  coke. 
The size of the  coke pieces and th e  physical struc
tu re  of the  coke surface considerably affect this 
ra te  of combustion. The a ir encounters a mass of 
coke, th rough  which i t  can only pen e tra te  by to r
tuous rou tes leading in  all d irections, and  tending  
to travel upw ards more rap id ly  th an  inw ards, due 
to th e  resistance of th e  opposing tuyeres’ a ir cu r
re n t and the  lack of ou tlet o ther th an  a t  the  top. 
The zone of highest tem perature, however, will 
tend  to  come nearer the lin ing continuously the 
higher any one p lan e  is carried , as a certa in  
d istance m ust be travelled  by th e  a ir before 
m axim um  combustion takes place. T aking a plane 
a t  any po in t a little  above th e  tuyeres, m elting 
probably takes place across the whole area. The 
atm osphere of th is zone should be neu tra l, o r only 
slightly  oxidising.

C onstan t b last pressure and volume is most im
p o rta n t in cupola working, as th is is the  absolute 
index of a constant) m elting zone. In  th is respect 
another point, which is often  lost sigh t of, is 
th a t  the  m elting zone is fixed by the  tendency of 
the  a ir to trave l upw ards. Any distu rb ing  factor, 
such as a  large open slag-hole, will lower the  
m elting zone, and possibly give dull metal. The 
slag-hole in cupola working should only be opened 
when necessary, and then  closed as soon as 
possible.

O rdinary  m ild steel, w ith a m elting po in t of 
nearly  1,500 deg. C., will m elt qu ite  easily in 
th is zone a t  its  actua l m elting tem pera tu re , no 
carbon absorption tak ing  place before m elting to 
lower its m elting po in t. Some tim e ago an  eight- 
ton cupola in the  au th o r’s charge m elted ten  tons 
of o rd inary  mild steel, w ith  ferro-alloys to  give 
an iron of th e  following composition cast in sand- 
pigs Total carbon, 2.94; silicon, 1.26; manganese,
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0.76; phosphorus, 0.09; and  su lphur, 0.115 per 
cen t., and giving 15.5 tons tensile.

Obviously th e  m axim um  te m p e ra tu re  in  th e  
com bustion zone is well above 1,500 deg. C. One 
may confidently s ta te  th a t  the m elting zone in  the  
o rd inary  foundry  cupola is a t  least 1,650 deg. C. 
in good practice. The n e x t p o in t for considera
tion is th e  am ount of carbon absorbed by the

F i g . 3 .— C a r b o n  A b s o r p t i o n  f r o m  M o l t e n  
O a s t  I r o n , x  5 0  d i a s .

charges before m elting  in  th e ir descent down the  
cupola. The following experim ents w ere done 
du ring  ord inary  p rac tice  in th e  eight-ton  fu rnace 
referred  to  previously.

Carbonising of Metal During Descent in Cupola.
A f-in . w rought-iron bar of sufficient leng th  to 

extend from  the  oharging-door to  th e  m elting  zone 
was plaoed in th e  fu rnace  on top  of a  charge of 
cast iron and allowed to  descend th e  cupola, w ith
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th a t  charge, in to  the  m elting zone. A fter a 
ce rta in  tim e the b ar was w ithdraw n by m eans of 
a crane, through  the  following charges, and the 
end examined.

W rought iron was chosen because of its strong 
affinity for carbon. If any carbon is absorbed by 
th e  iron o r steel when m elted in the cupola, an 
iron or steel very low in carbon will tend  to absorb 
more th an  high-carbon m aterial, such as is usually

F i g . 4 .— S h o w i n g  D e c a r b o n i s a t i o n  D u e  
t o  O x i d i s i n g  A t m o s p h e r e , x  5 0  d i a s .

m elted fo r cast-iron m ixtures. The m ain poin t 
noted im m ediately upon ex traction  of the bar was 
th e  pronounced difference of tem p era tu re  zones, 
which seemed to consist of th ree  different tem pera
tu res  :— (1) The very ho t zone; (2) rad ia tion  zone 
of slightly  lower tem pera tu re , im m ediately above 
first zone; and (3) low -tem perature zone, repre
sen ta tive  of the  usual stack heat.

I t  was noted th a t  the  drop in  tem pera tu re  from 
zone two to  th ree  was from  b rig h t red to  nearly  
black h ea t w ithin a few inches. W hen examined
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under th e  microscope very litt le  carbon pen e tra 
tion  was found. F ig. 1 shows th e  carbon p en e tra 
tio n  before m elting, w hilst F ig . 2 shows th e  m elted 
portion  of th e  bar. I t  should be especially noted  
th a t  no oxidation  can be traced  on th e  outside, 
and th a t  it  is qu ite  possible th a t  th e  m elting  of 
o ther lower m elting-point m ateria l may possibly 
induce easier m elting of th e  iron  or steel. A tra ce  
of th is easier-m elting m ateria l will be no ted  ad h er
ing to  th e  bar. Even to-day m any hold th e  opinion 
th a t  when hard  spots a re  encountered  in m achining 
iron castings those -hard spots should be ascribed 
to steel. How th is  opinion o rig inated  is h a rd  to  
say, b u t i t  m ust be perfectly  obvious th a t  when 
steel is m elted in  th e  cupola, even as very  small 
punchings, th e  tem p e ra tu re  of m elting and  th e  
very high solvency of cast iron for steel, together 
w ith th e  subsequent d istu rbances due to  tap p in g  
in to  th e  ladle, yield re latively  homogeneous metal. 
F ig. 3 illu s tra tes th e  powerful solvency of cast iron 
for m ild steel. A §-in. m ild-steel bar was moved 
up and down in a ladle of m olten cast iron, and 
in about two m inutes was reduced to  \  in . The 
m icrophotograph, taken  a t  a maignificatioui of 
50 d ias ., shows th a t  th e  ou tside of th e  b ar has 
absorbed carbon from  th e  m olten iron, and  so 
lowered its  m elting po in t, th is  ta k in g  place in 
each successive layer of steel exposed by th e  action 
of th e  cast iron. Analyses of o ther steel sections 
passed th rough  the  cupola and  trap p ed  a t  th e  
m elting zone have shown th a t  th is  increase, to  all 
in ten ts  and purposes, does n o t affect th e  analysis 
for carbon, and cannot be detected by ord inary  
rou tine works analysis and  sam pling. For instance, 
steel charged in to  th e  cupola w ith carbons of 
0.28 per cent, and 0.33 per cent, respectively gave 
0.23 and 0.37 p er cent, on being trap p ed  ju s t 
before m elting. I f  any excess b last be used, as, 
for instance, when the fu rnace  is “  blowing dow n,”  
in stead  of th is  layer of carbon we g e t a decar
bonised layer of iron , as shown in F ig . 4. No 
carbon absorption seems to  take  place in  th e  
ord inary  ru n  of cast-won scrap and p ig-iron usually 
m elted.

However, i t  is in te res tin g  to  no te  th e  ill-effects 
of excessive b last, causing th e  oxidising atm osphere 
so de trim en ta l to good m elting  for h igh-duty  cas t
ings on a  high-carbon hem atite  iron. This specimen
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was re ta in ed  by th e  lin ing  a f te r  tb e  bottom had 
been dropped, and  exhibited a m ost in teresting  
point. The p ig  had  half-m elted w ith  th e  form a
tion of a high m elting-point skin. This skin seems 
as if i t  had  enclosed a core of m olten iron, and

F i g . g.— D e c a r b o n i s e d  o r  O x i d i s e d  S k i n  
o n  H e m a t i t e  P i g .

then  collapsed, due to  e ith e r weight or tem pera
tu re . Upon analysis th e  skin showed very heavy 
decarbonisation. F ig. 5 shows th is pig. The 
analysis of the  skin was found to  consist of 6.76 
per cent, sand and 63.24 per cent, m agnetic 
m ateria l, th is  m agnetic m ateria l being fu rth e r 
analysed as follow s:—Total carbon, 2.0; silicon,



1.30; m anganese 0.94; phosphorus, 0.06; and 
su lphur, 0.100 per cen t; in com parison with 
th e  centre of th e  pig, which analysed :—• 
Total carbon, 4 .19; silicon, 1.46; m anganese, 
1.20; phosphorus, 0.054; and su lphur, 0.04 per 
cent. T he ex ten t of ox idation  w ill be noticed.

At first i t  was th o u g h t th a t  th is  skin had  been 
form ed by th e  re frac to ry  sand usually  adhering
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F i g . 6 . — S h o w i n g  P r o p o s e d  M e t h o d  o p  L i n i n g

C u p o l a s .

to  th e  pig, b u t sim ilar resu lts have been ob tained  
with perfectly  clean-m achined samples. In  some 
of these cases i t  seemed th a t  th e  iron had first 
s ta rted  to m elt from  th e  centre. A re frac to ry  
skin on p ig  irons would be a decided ad v an tage  in 
cupola m elting so long as th is sk in  was n o t formed 
by some such elem ent as m ight prove in ju rious to 
correct m elting. The reason for th is suggestion 
will be fu r th e r  considered in a la te r  p a r t  of th is  
Paper. These experim ents give some idea of the  
changes tak in g  place before m elting, and will end 
in a position according to  th e ir respective m elting
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points in or ju s t above the m elting zone. For 
instance, steel will melt lower down the furnace 
th an  low-phosphorus iron, likewise high-phostphorus 
m ateria l will m elt above low-phosphorus metal. 
The m elting points a re  as follows : —Steel 0.2 per 
cen t., 1,480; low-phosphoric iron, 1,110; o rd inary  
cast iron, 1,088; and high-phosphoric iron, 1,086 
deg. C.

Superheating Cast Iron.
At a  first consideration i t  would seem th a t  for a 

m eans of im parting  superheat i t  is not very satis
factory, for th e  very reason th a t  the  molten iron 
is only in contac t w ith th e  maximum combustion 
zone for a  very sho rt time. I t  should be borne 
in m ind, however, th a t  when a piece of cast iron 
m elts i t  does so ju s t above th e  ho ttest zone and 
falls th rough  th e  intense combustion zone in the 
form of small drops. The tem p era tu re  of th e  hottest 
p a r t  of th e  cupola is sufficient in  good practice 
am ply to  superheat th e  small weight in a short 
tim e.

The following facts are w orth n o tin g :— (If All 
cast iron  is superheated in the  tru e  sense of the 
term  superhea t; (2) iron and steel is not super
heated  in th e  tru e  sense of the  word, but by m elt
ing  a t  a high tem p era tu re  and solidifying a t  a 
much lower tem pera tu re  obtain a superheat 
g rea te r th an  in th e  first instance. The changes 
tak ing  place during  and  a f te r  m elting a re  much 
hard er to determ ine. The only work th a t  the 
au tho r has done in th is  instance is th e  sam pling 
of the molten iron a t th e  tuyeres and com paring 
sim ilar iron tapped  out of the  furnace afte r 
con tac t w ith th e  bed coke. I t  m ust be borne in 
mind th a t  these results were obtained after m elt
ing in a n eu tra l atm osphere, and could only be 
applied to another fu rnace w ith exactly similar 
conditions of m elting. The m ain elem ent for 
control is the to ta l carbon, and these analyses 
were taken  with th a t  in mind. The results are as 
given in Table I.

Conditions for Carburisation.
Due to lack of sufficient time, fu r th e r analyses 

have no t been obtained, and, although no very 
definite conclusions m ay be draw n from them , it  
seems highly probable th a t  th e  molten iron absorbs
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the  most carbon when actually  m elting, and not, 
as usually supposed, from th e  bed coke. The four 
m ain po in ts for carbon absorption in cupola 
operations a re  tem p era tu re  in  th e  melting-zone, 
tim e in  th e  melting-zone, the  atm osphere of com
bustion, and  th e  in itia l analysis of th e  m ateria l 
melted. The h igher th e  tem pera tu re  the  more 
carbon will be absorbed by th e  iron in  a certa in  
tim e, according to  the  facility  of applying free 
carbon. In  th e  cupola th e  iron itself will receive 
a  tem p era tu re  of a t  least 1,500 deg. C. d u ring  
m elting, and  a t  th is  tem p era tu re  a large am ount 
of carbon will be absorbed in a very short tim e. 
Any fu r th e r  increase of tem pera tu re  or tim e in the 
melting-zone will allow the iron  to  absorb more 
carbon. The loss of carbon in molten cast iron 
in con tac t w ith the bed coke is possibly due to  thfe 
lower tem p e ra tu re  in  the  well. C ast iron, includ
ing m ateria l w ith a range of to ta l carbon from 
2.8 to  3.5 per cent., when m elted in th e  cupola, 
will tend  to absorb th e  m axim um  am ount of carbon 
th a t  can go in to  solution a t  th a t  tem pera tu re  
a tta in ed  in th e  melting-zone. A t any lower tem 
p era tu re  no carbon will be absorbed; in fac t, the 
molten iron will tend  to “ throw  o ff”  carbon in 
th e  well of th e  furnace. A t any ra te , if the  
maxim um  am oun t of carbon is not absorbed in the 
m elting-zone, i t  is very probable th a t  enough is 
absorbed which will not perm it of any fu rth e r 
add ition  by th e  bed coke. H igh  steel m ixtures 
may possibly prove an exception to th is ru le , due 
to  the  la rg er am ount of carbon i t  will have to 
absorb. This will conveniently explain why slow- 
m elted ho t iron is much higher in carbon th an  
quick-m elted hot iron, and also shows th a t  the 
oxidising atm osphere in  a m elting-zone gives low 
to ta l carbons, even when th e  iron has been in 
con tac t w ith th e  bed coke.

These li tt le  experim ents throw  ligh t on the 
changes tak in g  place inside the cupola. For con
venience sake, they  m ay be divided up in to  three 
zones :—

Zone 1. E xtend ing  from  the charging-door sill 
down to beginning of m elting-zone .—For practical 
purposes cast-iron and steel m ix tures in th is zone 
absorb no ex tra  carbon un til actual melting 
begins.
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Zone 2, or the A ctua l M elting  Zone.—O ast iron 
and  steel m elt ju s t  above th e  h o tte s t zone a t  th e ir  
respective m elting  tem pera tu res, and  fall th rough  
th e  h o tte s t zone in  small drops. T his h o tte s t zone 
has a  tem p era tu re  of a t  leas t 1,650 deg. C., amply 
sufficient to  , superhea t these , small drops. These 
drops absorb carbon very rap id ly , due to  th e ir

F i g .  7 .— F o r m s  o f  L a d l e  L i p s . N o . 1 
i s  a  P o o r  F o r m , w h i l s t  N o s . 2  a n d  3  
a r e  G o o d .

high tem p e ra tu re  and with being in  in tim a te  con
ta c t  w ith incandescent coke, m ore carbon is 
absorbed in  th is  zone th a n  in  any o ther p a r t  of 
th e  furnace. The atm osphere should he neu tra l.

Zone 3. E xten d in g  from  the M elting  Zone to 
the W ell.—The m olten m etal lying in th e  well 
g radually  falls in tem p era tu re , an d  in  th e  case 
of cas t iron probably loses carbon. S u lphur is 
absorbed in th is  zone, and also to a small degree 
in th e  second. I t  is essential, in o rder to  ob ta in  
th e  best resu lts  in cupola m elting, to  have th e  
co rrec t am oun t of a ir  to  combine w ith  th e  coke



to give a n eu tra l o r very slightly oxidising atm o
sphere. To give low to ta l carbons a certa in  per
centage of steel can be used. The lower th e  blast 
pressure, consisten t w ith correct volume, the 
h o tte r  th e  m etal is, due to a  lower m elting zone. 
F o r high to ta l ca rbons 'm elt h o t b u t slowly. H igh 
m elting-point irons w ith low to ta l carbons, includ
ing steel, will give h o tte r m etal th a n  iron with 
ilower m elting poin t. H eavy sections m elted w ith 
too little  coke will give cold m etal, due to th e  
m olten drops having less distance to  fall through  
the  h o tte s t zone. M any other difficulties can be 
overcome if one appreciates th e  changes tak ing  
place inside th e  cupola.

Results Summarised.
From  a prac tica l stan d p o in t these resu lts  may 

be sum m arised as follow s:— (1) No carbon is 
absorbed u n til m elting  begins. (2) The tem pera
tu re  of the h o tte s t zone in  th e  cupola furnace will 
jnelt steel very easily indeed. I t  has been found 
to  be a t least 1,650 deg. C. (3) A neu tra l atm o
sphere is required  for m elting h igh du ty  work 
in  o rder to  ob tain , as fa r  as possible, a set of 
constan t m elting conditions. (4) Total carbon can 
roughly be controlled by d ilu tion  w ith steel and 
speed' of m elting. (5) The cupola furnace will 
superhea t cast iron in th e  tru e  sense of the  word, 
th e  resu lting  tem p era tu re  being slightly affected 
by th e  m elting points of th e  m aterial. The higher 
th e  m elting po in t th e  ho tte r th e  iron. (6) The 
most carbon tends to  be absorbed by the molten 
m etal in th e  h o ttest zone of the  furnace. (7) As 
long as th e  molten m etal is in con tac t w ith the  
fuel, i t  is no t likely th a t  any d irec t control could 
be exercised w ith a definite analysis specification 
in view. However, some control can be obtained 
in the  m elting of cast iron for high du ty  work 
if th e  changes tak in g  place during  m elting are 
definitely understood, and steps taken  to obtain 
definite m elting  conditions.

Melting of Heavy Duty Irons.
These points will be of th e  sam e im portance, 

w hether steel is included in th e  m ix tu re  o r not. 
The first p o in t is th a t  th e  analysis of each grade 
of iron charged should be known, and a  m ix ture  
calculated by analysis for each im portan t casting,
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allowing a certa in  percen tage loss due to  ox ida
tion  found by experience. As fa r  as possible 
sim ilar sized pieces should be charged, n o t too 
heavy, and p referab ly  clean and free from  exces
sive d ir t  or sand . T he bed coke should be 
m easured by volume, and th e  charged coke by 
w eight. Only th e  necessary a i r  should be used to  
give complete combustion of the  charged1 coke in 
a certa in  tim e w ith th e  form ation  of a n eu tra l

r » T  C0U5

F i g . 8 , — D i f f e r e n c e s  i n  t h e  H o t  
a n d  C o l d  C a s t i n g  o f  H i g h - 
D d t y  I r o n s .

atm osphere. Every ca re  should be tak en  to  keep 
a constan t s tan d a rd  m elting  zone, which is 
influenced by th e  pressure and volume of b last 
used, the  resistance to  pen e tra tio n  of th e  b las t 
an d  any openings below th e  stack o u tle t such as 
th e  slag  hole. P ro p e r fluxing, using  a  slightly  
basic slag, together w ith h o t m elting, will keep 
th e  su lphu r low. This can be ob tained  by  th e  use 
of a small am ount of m anganese ore w ith the lime
stone. C areful a tten tio n  to the  small points. H o t 
m elting is essential for good work. P lac ing  
charges for im p o rtan t work half-w ay th rough  the  
blow gives an advan tage  in th e  use of hot ladles 
and h o tte r  m etal.



Refractories.
The tem p era tu re  requ ired  for th e  hot m elting  

of h igh  du ty  irons necessitates th e  best grade of 
silica bricks. O rdinary  fire-bricks a re  used in 
m ost foundries, b u t they a re  fa r  from  satisfactory . 
The m ost economical way to ru n  th e  foundry 
cupola is to  a rrange  th e  day’s o u tp u t so th a t  a 
ce rta in  sized cupola m ay be ru n  a t  full load. This 
n a tu ra lly  has a  very destructive effect upon th e  
lining, and  unless su itab le  bricks a re  used trouble 
may be experienced tow ards the  end of th e  
“ blow ”  th rough  th e  fu rnace  showing red  o r even 
“ coming th ro u g h .”' F ireb ricks a re  unable to  
stan d  th is  overloading, for th e  very reason th a t  
they a re  n o t m ade to  w ithstand tem pera tu res 
usually obtained in  th e  cupola. All furnaces 
should be lined in  some m anner sim ilar to  th a t  
shown in  F ig . 6. F rom  th e  bottom  of th e  well 
to above th e  m elting  zone silica bricks should be 
used, and  from th e re  to  th e  charg ing  door use 
some very h a rd  brick such as a high iron-content 
firebrick o r  m agnesite, w ith hollow cast-iron bricks 
opposite th e  charg ing  door. I f  m agnesite bricks 
are  used i t  is advisable to  insu late  them  from  the  
silica b ricks with some n eu tra l m ateria l such as 
high alum ina o r chrome bricks. The best Sheffield 
g an is te r w ith a high silica con ten t should be used 
fo r se ttin g  and  rep a irin g  th e  silicas. A refractory  
wash is a  very  g re a t advan tage  in closing the  
pores of th e  bricks, especially in  and  below the 
m elting zone. The method used by th e  au thor is 
to incorporate  silica bricks in th e  m elting zone 
and  h igh  iron-content firebricks and  hollow cask  
iron  bricks above, and  -a final w>ash of high silica 
g an is te r in  th e  m elting  zone. O rd inary  quality  
firebricks can  he used above th e  charg ing  door. 
T his method lasts roughly half as long again as 
th e  best g rad e  of firebricks.

Pig-Iron.
C ast iron for h igh du ty  irons may be divided 

in to  two classes. In  th e  first class is used a 
m ix tu re  w ithout o r w ith  very little  -steel addi
tions, and in th e  second class those w ith a  fairly  
la rge  steel addition , which is commonly called 
semi-steel. A much be tte r name to  differentia te  
between d ifferent steel additions is steel mix iron,



418

as suggested in  T he F oundry Trade J ournal,
placing th e  percen tage  of steel in  th e  m ix tu re  
before th e  term . F or instance, supposing th e re  is 
20 per cent, steel in  a  c e r ta in  m ix tu re , th a t  m ix
tu re  could very conveniently  be called 20 per cen t, 
steel m ix iron. A very la rge  am ount of trouble 
has 'been experienced in th e  past, due to  the  lack 
of knowledge in  applying th is  very useful iron. 
The usual m oulding methods in cast iron a re  n o t

F i g . 9 , F i g . 9 a .
F ig . 9, contains Gr 2 '86; Cc 0-56 ; Si 1 '4 1 ;
Mn. 0'84; P  0'27 and S 0.103 per cent, 
whilst Fig. 9A contains G r2 '8 5 ; C c0 '4 9 :
Si 1'37; Mn. 0‘78; P  0-28 and S 0'072 per cent

su itab le  for th e  use of heavy steel additions, 
except those simple an d  reg u la r sectioned castings 
w ith la rg e  heads, such a s  cylinder liners or 
hydraulic  ram s. The o rd inary  ru n  of w ork, such 
as cylinders, etc., requ ire  no m ore th an  10 per 
cent, steel add itions a t  th e  most. E very  m eta l
lu rg is t o r chem ist should so control h is m ix tu re  
w ith a  view to  o b ta in ing  sound castings. This 
necessita tes very  close co-operation w ith th e  
m oulding m ethods employed, an d  no a tte m p t 
should ever he m ade to  cas t any mould w ith any 
high shrinkage iron w ithout insisting  upon careful 
placing of risers and feeding heaas.

T he ideal cast iron fo r cylinder and  in tr ic a te  
high du ty  work is an iron w ith low liquid 
shrinkage, y e t reasonably soft. Grey cas t iron



does n o t solidify a t  once, b u t does so over a con
siderable tem p era tu re  range. The softer th is  iron 
usually is th e  la rg e r th is  range of tem pera tu re  
from  incip ien t to  final solidification. W hite  iron, 
on th e  o ther hand, solidifies w ithout th is tem pera
tu re  range. All liquid shrinkage, draws, etc., 
tak e  place i-n castings d u ring  th is  period of 
se tting , and  i t  is a very g re a t help if  advantage

'/ui FROM EDGC
F i g . 10.-— S h o w i n g  U n i f o r m i t y  o f  H a r d 

n e s s  THROUGH 2 - IN . TH ICK  SECTIO N .

be tak en  of th is  fac t to  obtain, as fa r  as possible, 
a  cylinder iron  w ith  a  low liquid  shrinkage.

E very foundry  has its  own idea as to  which pig- 
irons a re  m ost su itab le  for th e  type  of castings 
m ade. Personally, th e  w riter prefers a synthetic 
cold blast iron, con tain ing  a t  least 10 per cent, 
steel, made in  a  cupola or open-hearth  furnace. 
This is re-m elted w ith silicious hem atite  (5 per 
cent. Si) and a  slight percentage of steel and 
domestic scrap for cylinder work. F or heavy 
hydraulic work o r la rge  cylinder liners more steel 
is used, b u t never over 1 5  per cent, is employed 
d irectly  w ithout re-nnelting. Low total-carbon 
iron is n o t recommended for o rdinary  work, but 
is qu ite  sa tisfactory  fo r uniform  sections w ith
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suitable feeding heads. P e rh ap s 3.5 per cen t, is 
th e  best all-round carbon percen tage  for in tr ic a te  
and  cylinder work. W hen hem atite  is used for 
m ixing i t  is advisable to  use th e  5 per cent, 
silicon variety , as less is requ ired  to  m ake up th e  
silicon to  any desired percentage. This saves 
money an d  gives a be tte r m ix ture . All pig-irons 
should be very accurately  and carefully  sam pled

F i g s . 11 a n d  12.— S h o w i n g  D e p t h  o f  
C h i l l .

and  analysed, as th is  is essen tia l fo r co rrec t 
m ixing.

Special Pig-Irons.
Pig-irons bearing  alloys such as nickel and 

chrom ium , n a tu ra lly  form ed from  th e ir  own ores, 
will possibly soon come in to  use, and  perhaps 
revolutionise oast iron. A t p resen t th e re  is one 
on th e  m arket, called “ M ayari ”  pig-iron. T his is 
a  n a tu ra l nickel-chrom e pig-iron w ith sligh t traces 
of tita n iu m  and vanadium , found in Cuba. A nother 
sim ilar o re is found in th e  Is land  of Skyros, 
off Greece. S im ilar p ig-irons a re  being in itia te d  
by th e  syn the tic  m elting  of nickel chrom e steel 
scrap  ob ta ined  from  th e  break ing  up  of wax 
vessels.



Coke.
Good coke is one of th e  most im p o rtan t factors 

for correct cupola m elting. To ob tain  fa s t and 
ho t m elting  together, a  b rand  of coke with cer
ta in  physical p ropertie s is essential. I t  is usual 
to  buy coke to  a  ce rta in  specified analysis and w ith 
ce rta in  physical properties. F o r  instance, the  
following is a  specification fo r coke used in cupola 
w o rk :—1.0 su lp h u r; 9.0 ash ; 4.0 w a te r ; and
6.0 p e r cent, d u s t on delivery ; a ll being m axim um  
allowances. The physical p roperties looked fo r in 
good coke a r e :— (1) Well-developed cellular sur
face s tru c tu re ; (2) n o t too dense; (3) rap id ity  
of com bustion ; (4) un iform ity  of size ; (5) hardness 
to  re s is t ab ra s io n ; and (6) freedom  from  black
heads.

Of these, one of th e  m ost im p o rtan t is rap id ity  
of com bustion. E x p erts  a re  divided in to  two 
groups on th is  point. One school of though t says 
th a t  th e  com bustibility of coke depends upon its 
density , w hether porous o r close. A nother ascribes 
i t  to  volatile hydro-carbons. The au th o r is of the  
opinion th a t  n e ith e r of these ideas is correct, b u t 
th a t  rap id  com bustion is due to  a  ce rta in  cellular 
surface s tru c tu re  on certa in  cokes which exposes 
a  m axim um  am ount of carbon to  th e  oxygen in 
th e  b last. However, th is  is onlv an assum ption, 
and  s till rem ains to  be proved. M any foundrym en 
a re  s till very dogm atic ab o u t th e  streng th  of coke. 
R esistance to  abrasion is really  th e  m ain requisite, 
an d  no t s tren g th . The pressure on coke, even in  
la rge  b las t furnaces, is n o t m ore th a n  42 lbs. per 
sq. in . A n im p o rtan t saving in  cupola working 
can be m ade by so rting  th e  u n b u rn t bed coke o u t 
of th e  refuse  a t  th e  end  of the  blow. This coke is 
su itab le  fo r d ry ing o r p re-heating  ladles. In  p rac
tice, b last-fu rnace  and  cupola coke a re  differ
en tia ted , b u t th e re  is very  li tt le  difference between 
them  in  rea lity .

Methods in Casting.
I t  is usual, in  g rev  iron  foundries, for th e  melt

ing staff to  have all m aintenance of ladles, e tc ., 
b u t th e  ac tua l pouring gang  comes under th e  
m oulding departm ent. The w rite r considers th a t  
i t  is necessary th a t  th e  works m etallu rg ist o r 
melting departm ent should have control of the



pouring  operations, as well as ladle m ain tenance. 
This is usual in  steel p rac tice  and  m any m alleable 
p lants. One of th e  m ost im p o rtan t factors fo r th e  
co rrec t pouring  of moulds, especially fo r high du ty  
work, is correctly  designed ladles w ith suitably 
shaped spouts o r  lips. These spouts should be 
deep and  well above th e  level of th e  m eta l in  th e  
ladle. A com parison of good and  bad lad le  lips
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F i g  13.—M i c r o - p h o t o g r a p h  a t  50 d i a s . 
o p  M a t e r i a l  C a s t  H o t .

is shown in F ig . 7. I t  will be noticed th a t  if any 
cas t iron  solidifies on th e  en d  of th e  lip  in  th e  
badly designed ladle (No. 1) th e  m etal, when 
poured, will n o t flow down th e  sp o u t in a con
tro lled  stream , b u t will “  slop ”  over th e  sides an d  
possibly m iss th e  ru n n e r  basins a ltogether. The 
best design which th e  au th o r has ever seen used 
in any  foundry  is No. 2, commonly used in  b la s t
fu rnace  work, b u t No. 3 is a  very  good design, 
and m any ladles in  use m ay be conveniently



altered  to  give th is  shape by th e  use of th e  pneu
m atic  chisel. A nother ty p e  of ladle employed in th e  
foundry  w ith which th e  w rite r is connected is the  
bottom -poured ladle, a s  used in  steel practice. In  
th e  au th o r’s opinion, th is  is the  best type  of ladle 
to use for im p o rtan t work, as hot, clean m etal 
free from  slag may be always ensured. The main 
point, however, in pouring  operations is to  be

F i g .  1 4 .— S a m e  C o n d i t i o n s  a s  F i g .  1 3 , 
b u t  C a s t  C o l d  .

always able to  control a  constan t stream  of molten 
iron  free from  slag. In  top-poured ladles th is 
slag is a  very rea l m enace to  th e  production  of 
castings to  be machined, and careful skimming 
canno t be too strongly  emphasised. Any entrapped  
slag will cause blow-holes in th e  eastings, and  
when any im p o rtan t casting  is being poured very 
carefu l a tten tio n  should be paid  to  th is  poin t, 
and  every possible m eans tak en  to  com bat it. In  
o rd inary  hydraulic  o r sim ilar work, where no pro
jection  in th e  mould may catch th is  scum (if any
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may find its  way in to  th e  mould w ith  th e  m olten
m etal) a n  o rd in ary  deep basin  w ithou t plugs, 
using a top-poured ladle, m ay be used. In  
cylinder work, however, o r any job w ith in te rn a l 
mould) projections, a  very deep basin is required , 
together w ith plugs and bottom -poured ladle. One 
very  im p o rtan t p o in t in  th e  use of plugs is to  see 
th a t  they  a re  a  p e rfec t fit in  th e  runners. I f  
th ey  a re  n o t m etal m ay leak in to  th e  m ould, 
solidify, and , when th e  m etal does en te r the  
mould, n o t u n ite .

Pouring Temperature.

All high du ty  work should be poured hot. P o u r
ing  h o t is essential, w hether th e  casting  he large 
o r sm all, th ick  o r th in , if th e  best work is to  be 
tu rn ed  ou t.

Lack of density  in castings is due to castin g  a t  
too low a tem p era tu re . T his lack of density  is 
due to  e ith e r blow o r sh rink  holes. In  la rge  cas t
ings foundrym en have often  a  c e rta in  fear of 
casting  h o t an d  allow th e  m etal to  s tan d . T h a t 
th is  is a  fallacy was b rough t hom e very  forcibly 
in  th e  w rite r’s experience some tim e  ago. A 
Diesel engine flywheel, of abou t 12 to n s  in  w eight, 
and  hav ing  a  section abou t 36 in. th ick , h ad  been 
cast on th e  cold side, an d  was bad ly  d raw n u nder 
th e  risers. P r io r  to  th is, one had  been cas t very 
successfully a t  a  h igher tem p era tu re . T he first 
wheel h ad  ta k e n  about 6 o r 7 hours to  feed. The 
second h ad  only tak en  abou t 5 hours. Obviously 
th e  fau lty  wheel h ad  ta k e n  less m eta l and had  a 
lower density . I f  i t  h ad  been cast h o tte r  a  sound 
j'ob would have been th e  resu lt. T he following 
experim en t was ca rried  o u t to  see w hat was th e  
re su lt of casting  cold) an d  casting  ho t. Two 
iden tica l blocks were m ade in  dry  sand moulds 
and  cast w ith  h o t and  cold m etal from  th e  same 
ladle. F igs. 8 and  9 show th e  blocks sectioned 
th rough  th e  cen tre , illu s tra tin g  blow-holes and 
lack  of density. W ith  reg a rd  to  th e  top  of the  
sections, i t  will he noticed th a t  th e  cold block 
has a perfectly  s tra ig h t top , w hilst th e  h o t cast 
one has shrunk.

O ther differences betw een casting  h o t and cold 
may be found in th e  te s t  resu lts  taken  from  d if
fe ren t b a rs  c a s t from  th e  sam e ladle. I t  seems,



from  experim ents th a t  have been done, th a t  there  
is some re la tion  between casting  tem p era tu re  and 
th e  thickness of th e  casting, b u t th e  highest tests 
are  inclined to  be obtained w ith a  casting  tem 
p e ra tu re  betw een 1,350 and  1,400 deg. C. C asting  
h o t does no t seem to  increase th e  hardness nor the  
chilling effect as much as some people th ink . 
Figs. 10, 11 and 12 show the dep th  of chill 
ob tained  by casting  h o t and cold, together w ith 
the  B rinell hardness from  th e  edge to  th e  cen tre  
of a 3-in. square block cast in  d ry  sand. F igs. 13 
and  14 a re  m icrophotographs showing the  
s tru c tu re  ob tained  by casting  ho t and cold.
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East Midlands Branch.
CONTRACTION STRESS : CAUSE AND REMEDIES.

By F. C. Edwards, Member.
Of all th e  m any forces o p e ra tin g  aga in s t th e  

p roduction  of re liab le  castings, th a t  of con trac
tion  stress is th e  m ost insidious and p ers is ten t. I t  
is p a rticu la rly  insidious, in  th a t  i t  possesses th e  
facu lty  of rem ain ing  unseen and  unsuspected  u n til 
a su itab le  m om ent arrives, w hen, w ithou t w arn 
ing, i t  m ay work incalculable havoc and  endanger 
hum an life. I t  is  p e rs is ten t, sim ply because i t  is 
th e  expression of a  n a tu ra l law—it  can n o t he 
defied w ith  im pun ity . N evertheless, when clearly 
envisaged by designer and  founder, con traction  
stress may, to  a very g re a t ex ten t, be obviated , or 
its  effects nullified. L ike o rd in ary  difficulties i t  
may usually be overcome by in te llig en t an tic ip a 
tion.

H appily  th e  prim e im portance of th is  in te llig en t 
an tic ipa tion  of con traction  stress is becoming more 
and more generally  recognised. I n  th e  general 
ru n  of work, one does n o t now m eet w ith  so m any 
m onstrosities of casting  design as was form erly  the  
case. There a re  few er instances in  which very  
sudden changes of m etal section m ake i t  impossible 
for a casting  to  survive its  own cooling stresses. 
F u rth e r, th e  m oulder is n o t perhaps so often  called 
upon to  exercise h is “  p rac tica l ”  knowledge in 
saving a casting  from  th e  fa ta l effects of, say, 
purely  m athem atica l design. B u t con trac tion  
stress still levies a m ore o r less co nstan t to ll upon 
th e  o u tp u t of castin g s; and  i t  m ay safely be as
sumed th a t  very few  castings are  m ade which a re  
no t to  some ex ten t weakened bv w hat may be called 
perm anen t contraction  stresses.

Depreciation of Contraction Stress.
E veryone knows th a t  m ost m etals sh rink  or con

tr a c t  w hilst cooling. T his shrinkage varies, of 
course, fo r d ifferen t m etals. A b a r of o rd inary  
cast iron, for instance, of 1 in. square section, 
and 12 ins. long, con trac ts abou t l-10 th  in . in



427

length  ; a steel b ar shrinks double th is  am ount. 
In  th e  case of th is p lain , s tra ig h t bar, no contrac
tio n  stress would be induced in a norm al casting. 
N eglecting, of course, the  slight fric tional resist
ance offered by th e  sides of th e  mould, th e  bar 
would be perfectly  free  to  a d ju s t itself in  tak ing  
up a shorter leng th  of th e  mould as i t  passed 
th rough  th e  various stages of cooling. Inc iden t
ally, i t  could be relied upon to  support— w ithin 
fa irly  narrow  lim its—a certa in  load according to  
its chem ical composition.

B u t, to  tak e  a common example, le t us suppose 
th a t  a b a r form s one of four arm s of a pulley 
hav ing  a com paratively th in  rim  and heavy boss, 
sim ilar to  th a t  shown in  F ig . 1. The th in  rim  
would obviously cool—i.e ., freeze first, and th e  
heavy boss las t. I t  therefore follows th a t  the  rim , 
by se ttin g  first, would co n stitu te  a rig id  band of 
a c e rta in  irreducible diam eter, upon which the  
arm s would e x e rt a  pull in  th e ir  efforts to  ad ju s t 
them selves to  the  effect of th e  still shrinking boss. 
The arm s, in  fac t, would be placed in te n 
sion. T heir s tren g th  as connecting links between 
boss and rim  would, accordingly, be less th a n  th a t  
of th e  bars cast as separa te  un its . And the cast
ing, as a whole, would he thereby  weakened. The 
ac tua l ex te n t of th e  weakening effect of contrac
tio n  stress would depend, of course, upon th e  re
la tive  proportions of rim , arm s, and boss, and also 
upon th e  composition of th e  m etal. W e  m ay con- 

/ sequently  say th a t  th e  casting—and specifically 
each arm —would be under contraction  stress. This 
stress, i t  may be added, would ren d er th e  arm s 
liable to  fra c tu re  a t  th e ir  ju n c tu re  w ith  th e  Tim , 
as shown a t  A.

A li tt le  consideration of the  above, in conjunc
tion  w ith o ther examples, should enable one to 
solve m any o f th e  contraction  stress troubles m et 
w ith  in the  foundry . The designer of castings, 
from  a clear grasp of th e  principles involved, 
should be able to  u tilise  th e  full s tren g th  of the 
m etal he proposes to  employ as indicated  by the  
te s t bar.

The roo t cause of the  contraction stress set up 
in  th e  exam ple shown in  F ig . 1, is, of course, lack 
of un ifo rm ity  in  th e  respective m etal sections of 
rim , arm s and  boss. B u t th e re  a re  also present
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con tribu to ry  sources of stress, and, in seeking a
remedy, i t  is well to  keep these clearly in view. 
F or instance, the  rim  of th e  pulley has a g rea te r 
surface area  per u n it  of m etal section th a n  th e  
boss. This relatively  g re a te r  exposed surface accen
tu a te s  cooling in  th e  rim , in add ition  to  th a t  in 
duced by th e  difference in  size of th e  d ifferent 
m eta l sections of boss and rim  respectively. Con
sequently , th e re  is a w ider m argin between th e ir  
respective contractions, and, as a necessary corol
lary , an  increased stress.

Re-entrant Angles.
A nother con tribu to ry  source of stress—or w hat, 

to  be more precise, m ay be te rm ed  an  agg rav a tin g  
fac to r of stress effect— is th a t  prom oted by th e  
re -e n tra n t angles B. H ere, to  digress a  little , 
i t  m ay be observed th a t ,  from  exam ination  of 
m any re -e n tra n t angle frac tu res , th e  au tho r has 
arrived  a t  th e  conclusion th a t  th e  generally  accep
ted  theory  o f th e  source of these fra c tu re s  does n o t 
seem to  agree w ith  w hat actually  happens. A 
theory  th a t  does n o t ag ree  w ith  fac t, a lthough  i t  
m ay possess a ce rta in  academ ic in te re s t, is of li t t le  
or no p rac tica l use— even if  i t  does n o t mislead.

Briefly s ta ted , th e  usual exp lana tion  am ounts 
to  t h i s : —As m olten m eta l cools, i t  crystallises on 
solidification. These crystals a rran g e  them selves 
side by side (like a  line  of soldiers, so to  speak, 
w ith  tlie ir p rinc ipa l axes in  th e  d irection  of th e  
flow of hea t—o r of th e  h e a t wave ra d ia te d  from  
th e  body of th e  m etal—i.e ., along lines a t  r ig h t 
angles to  th e  ex te rn a l su rface  of th e  casting , as 
shown a t  C, F ig . 2. So fa r , th e  au th o r of th is  
P aper is in  com plete agreem ent. B u t i t  is fu r th e r  
held, th a t  as the lines o f crystallisation in tersect 
a t the corners, they  fo rm  diagonal planes o f separa
tion , along which fractw re is liable to occur—as 
shown a t  D , F ig . 3.

A lthough th e re  is th e  undeniable possibility  of 
a  weakened s tru c tu re  across th e  corners conse
q u en t upon th e  segregation  of a  weak eu tec to id  a t  
th e  areas la s t to  cool, i t  is a  fa c t th a t  when f ra c 
tu re  occurs i t  invariab ly  takes a line  m ore o r  less 
as shown a t  E , o r F —n o t (as th e  orthodox theory  
would lead one to  suppose) in  a diagonal d irection .

The weak—diagonal—plane theory , then , as an



explanation  of contraction  stress, cannot be sub
s tan tia ted  by fac t. Fo’undrynien m ust seek a  more 
fitting  hypothesis. L e t them  endeavour to  
visualise, from  assum ptions based upon common 
every-day experience, w hat probably takes place, 
d u ring  cooling, in, say, a fram e casting, as shown 
in F ig. 4.

F ir s t, i t  may be expected th a t  th e  casting  (in 
grey iron) will be about one inch shorter, over all, 
and h a lf an inch narrow er th a n  its mould. This 
means th a t , d u ring  cooling, a process of shorten
ing has heen going on in  each of th e  four sides. 
F u rth e r  (if th e  mould is of even consistency), it  
m ay be assumed th a t  th is  self-adjusting  
shorten ing  action—in tak in g  up less space conse
quen t upon shrinkage—will operate, in th e  sides, 
in  the  d irection  of arrows G, and in  th e  ends, as 
ind icated  by arrows H . T here would be p resen t 
w hat may be term ed a  “  contraction  pull ” tow ards 
the  cen tres of the sides and ends respectively. One 
is fu r th e r  justified, i t  is thought, in assuming th a t  
th is  “ contraction  pull ”  has its source in th e  cumu
la tive  cohesiveness of the  m etal as i t  passes from  
th e  fused to th e  solid condition. I t  would thus 
appear th a t  th e  forces G and H , acting  a t  r ig h t 
angles to  each o ther, would tend  to  produce ru p 
tu re  a t  corners I . And the  “  sharper ” th e  corners 
the g rea te r—because more concentrated—would be 
th e  effect of the  differently-directioned forces.

This concen tration  of stress may be obviated. 
I t  is an elem entary  law of physics th a t  a given 
stress is more easily carried  in  proportion as th e  
area  is increased over which th a t  stress is d is tri
bu ted . This princip le applies to  th e  particu la r 
case under consideration—and, also, of course, to 
analogous cases in  casting design generally. By 
increasing th e  “ leng th  of the  bend ” by su b s titu t
ing  a  curve fo r a corner, as a t J ,  one renders less 
concen trated  the  effect of the  forces G and H. In 
stead of the stress being confined to  w hat alm ost 
am ounts to  a p o in t a t corners I, i t  is spread over 
the longer rad iu s J .

The incidence of ru p tu re  thus no t only becomes 
wore indeterm inate , b u t th e  forces tend ing  to  pro
duce ru p tu re  a re  very largely  dissipated. The way 
in  which th is  is accomplished becomes clearer, per
haps, when i t  is rem em bered th a t  m etal solidifies
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(and thus acquires s treng th ) from  th e  outside. R e
g ard ing  bend J ,  inc ip ien t solidification would tak e  
place along th is  edge im m ediately th e  job was cast. 
The rap id ly  so lid ify ing  line of m etal round the  
bend would th en  assum e w hat may be com pared to  
a k ind of chain  fo rm ation , each “  link  ” of which 
would be loaded w ith  a  share  of th e  tension th a t ,  in 
th e  form er case, was concen tra ted  a t I. Moreover, 
as the  in te rio r of th e  m etal a t  the bend would be in 
a more o r less p lastic condition as forces G and II 
cam e in to  operation , each “ link  ” would be in  a 
position to  a d ju s t itself, and  th u s  absorb and n u l
lify some of the  tension.

I t  therefore  follows, from  th e  foregoing, th a t  
no t only is con traction  stress caused by differences 
in th e  re la tiv e  size, per se, of th e  m etal sections 
a t  various p a rts  of a  casting , b u t th a t  i t  m ay 
also be prom oted—or re ta rd e d —by local, or 
general contour. Applied to  th e  pulley, F ig . 1, 
a large rad ius, as a t  K, should be regarded  merely 
as a local re m e d y : w hilst m itig a tin g  th e  stress 
a t  the  ju n c tu re  o f rim  and arm s by d is trib u tin g  
i t  over a g rea te r leng th , f t does n o t a ltogether 
e lim inate  th a t  which is set up- betw een rim  and 
boss and which may still fra c tu re  u nder its  own 
cooling stresses, a t  L  or M.

H ere, i t  is useful to  keep in  s igh t E u c lid ’s 
axiom  th a t  a s tra ig h t line is th e  sh o rte st d istance 
between tw o points. F ig . 1, shows s tra ig h t arm s. 
Now, by th e  above axiom , the  s tra ig h t arm s rep re 
sen t the  irreducible m inim um  leng th  by  which 
the  rim  m ay be connected to  th e  boss. B u t m etal 
con trac ts in  cooling. T herefore, since th e  boss 
cools subsequent to  th e  se ttin g  of th e  rim , th e  
s tra ig h t arm s ocoupy an un tenab le  position : by 
E uclid ’s axiom, th ey  canno t be fu r th e r  reduced 
in  leng th  w ithou t frac tu re . L it tle  wonder, then , 
th a t  they  sometimes give way. Indeed, when it  
is considered how inevitable is th e  fo rm ation  of 
con traction  stress in such circum stances, i t  seems 
marvellous th a t  s tra ig h t arm ed wheels can be 
made a t  all! U nquestionably, contraction  stress 
is always presen t, even in those castings which 
may appear to  be q u ite  sound.

To elim inate  th is  stress, th e  general contour 
m ust be altered . The design  of the  arm s m ust be 
modified because, as the casting cools, the arms
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tend  to  shorten. The connecting link between 
rim  and boss should, therefore , be of such a 
n a tu re  as to  allow of varia tion  in  its  length  w ith 
th e  least u ltim ate  overall s tra in  on itself. I t  
should be am enable to  contraction  pull. In  other 
words, i t  should exh ib it, in  itself, th e  power of 
len g th -ad ju s tm en t; i t  m ust be longer th a n  a 
s tra ig h t line. This may be a tta in ed , e ither by 
reso rting  to th e  well-known S-shaped arm s (Fig. 5), 
or by vary ing  th e ir  plane (Fig. 6). In  e ither 
case, the  conditions are favourable to  contraction 
stress elim ination—the stress is relieved by the 
s tra ig h ten in g  of the arm s. I t  should be noted 
th a t ,  in F ig . 5, five arm s are  purposely shown, 
instead of the usual four or six. The odd num 
ber tends fu r th e r  to  reduce stress by substitu ting  
an ind irec t for a d irect pull across the  d iam eter 
of th e  wheel.

Contraction Stress Between Cored Holes.
Consider, now, a case which calls for a different 

line of tre a tm en t, b u t which also contains points 
applicable to th e  solution of contraction  stress 
troubles generally. F ig . 7 represents a  ligh t 
fram e casting. The sides are ¿-in. in  thickness, 
the  fro n t and  back are  open, and th e  to p  and 
bottom  are cored out as shown. W hen th e  first 
casting  was tak en  from the mould, i t  was found 
to  be frac tu red  a t P. Before in te rfe ring  w ith 
the  design, several a ttem p ts  were made by the  
foundry  to  overcome the  trouble. The body of 
the mould was eased im m ediately the  casting was 
set, in order to  perm it the  sides to  come inwards. 
Then th e  section where frac tu re  took place was 
chilled, so- as to  make th a t  p a r t  stronger—the 
b e tte r  to  endure con traction  pull. In  spite of 
these and o ther special methods adopted, how
ever, the  castings continued to frac tu re , e ither 
before or d u rin g  fe ttlin g  or m achining operations. 
I t  was then  decided to  tr e a t  the  roo t of the 
trouble—to  modify th e  design. And, since th is 
P ap er is in tended  to  deal m ore especially w ith the  
why and  w herefore of contraction  stress, ra th e r 
th an  w ith  a bare rec ita l of results, i t  is proposed 
here briefly to touch upon the reasons for the 
steps taken .

F irs t, it  should be noted th a t  the  requirem ents 
of th e  com ponent precluded any increase in the
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w i d t h  o f  t h e  n a r r o w  i s t h m u s  o f  m e t a l  a t  P. 
N e i t h e r  w a s  i t  p e r m is s i b l e  t o  c u t  t h r o u g h  t h i s  
p a r t  c o m p le te ly .  E i t h e r  a l t e r n a t i v e  w o u ld  h a v e  
a f f o r d e d  a  s o l u t i o n  o f  t h e  d i f f i c u l ty ;  t h e  f i r s t ,  b y  
r e n d e r i n g  a d j a c e n t  s e c t io n s  m o r e  u n i f o r m ,  w o u ld  
h a v e  t e n d e d  t o  h a r m o n i s e  t h e i r  r e s p e c t i v e  r a t e s  
o f  c o n t r a c t i o n ,  a n d  t h u s  r e d u c e d  o r  n u l l i f i e d  t h e  
s t r e s s ;  t h e  s e c o n d ,  b y  r e m o v i n g  t h e  m e t a l ,  w o u ld  
h a v e  e l i m i n a t e d  t h e  p o s s ib i l i t y  o f  s t r e s s  a t  t h i s  
p o i n t — f o r  w h e r e  t h e r e  is  n o  m e t a l  t h e r e  c a n n o t  
b e  s t r e s s .

I t  will be seen th a t  th e  m iddle bar, Q, th e  
reduced end of which frac tu red  a t  P, is of a 
heav ier section th a n  th e  side bars R and S. I t  
n a tu ra lly  follows th a t  cooling— and consequent 
con trac tion—would continue w ith  th is  b a r a f te r  
th a t  of R and  S had  ceased. T his m eans th a t  
these outside bars, when once set, would ac t as 
r ig id  stre tch e rs  betw een th e  two sides. A nd each 
end of th e  b a r Q would, therefo re , be fixed 
before i t  had  finished sh rink ing . C ontraction  
stress would gradually  be induced in  th is  bar, 
un til, w ith  cum ulative force, i t  would overcome 
th e  cohesive resistance of the  m etal a t  th e  reduced 
section P . As an inev itab le  consequence, fra c tu re  
would ensue.

F rom  th e  above reasoning  on cause and  effect 
the rem edy soon becam e ap p aren t. G rea te r 
un ifo rm ity  in  th e  ra te  of cooling of th e  bars Q, 
R  and S was eviden tly  requ ired . The m iddle b ar 
was th en  ligh tened  out, as shown a t  T—th u s  speed
ing  up its  ra te  of cooling. The section a t  P  was 
th ickened up  on the  top , as shown a t  U. This 
was alm ost equivalen t to  increasing  its  w id th  
(which was n o t perm issible)—it  slowed u p  cool
ing a t  th is  point. No special supplem entary  p re 
cautions were taken  in  the  foundry . The resu lt 
fully  ju s tified  th e  m ethods adopted. T he n ex t 
and subsequent castings were qu ite  sa tisfac to ry ; 
severe tes ts  fa iling  to  reveal any sign  of frac tu re .

Modifying Design by Thickening Sections.
In  c e rta in  circum stances, as, for instance, th e  

add ition  of m etal to  a  casting  w ith  a view to  
ob ta in ing  a  stronger component, contraction  stress 
occasionally b rings about a d iam etrically  opposite 
effect to  th a t  in tended . The au th o r calls to  m ind 
a case of th is k ind , whioh m ay h ere  be o f general 
in te res t.



A p la te  5 f t . square, as a t  F ig. 8, was required  
to ca rry  a heavier load th an  i t  had previously 
taken . The design was accordingly “ s tren g th 
ened .”  This streng then ing  consisted in  th icken
ing up and deepening the  cen tre  ribs V from  f-in . 
w ide by 1 in. deep to 1 in. w ide by 2 in . deep, 
and  adding sim ilar ribs a t  f . As th e  casting 
was being tak en  to  the  dressing shop i t  collapsed. 
One corner of the  p late , as a t  X, fell off.

The pulley example, F ig. 1, explains th e  above 
very well! The ligh te r—and more exposed—out
side rim  cooled first, and assumed a  rig id  form  
before th e  heavy frame® of ribs had set. As a 
consequence, th e  p la te  between th e  ribs W and 
th e  outside was subjected to  a tension load, which 
finally overcam e th e  cohesiveness of the  m etal. 
I t  may be fa irly  assumed th a t  the  tension was 
evenly d is tribu ted , bu t, by th e  way in  which the  
p la te  was supported  on th e  wheel-barrow, and the 
jo lting , th e  tension would probably become con
cen tra ted  about one corner—the  broken one. The 
rem edy was found in  reducing both sets of ribs 
to  f-in . in  w idth, and tak in g  the  fram e W  down 
to 1 in. deep, tap e rin g  th e  diagonal ribs down, of 
course, to  su it.

Moulding Boxes.
C ontraction  stress generally works havoc with 

square-corner m oulding boxes. The trouble is 
fu r th e r agg rav a ted  where a large fillet is formed 
in  th e  corner, as a t  Y, F ig . 9. F rac tu re  occurs, 
sooner or la te r, as a t  Z. A very effective rem edy 
is to  m ake th e  corners round, instead  of square, 
as shown a t  F ig . 10. The exp lana tion  of th is, of 
course, is the  sam e as th a t  of th e  “  round  ”  
oorner J , in  F ig . 4—th e  stress is d is tribu ted  over 
a la rg e r area, and  th e  shape itself is more 
accom m odating. \

Camber Allowances.
Camber, aga in , is th e  ou tw ard  expression of 

con traction  stress in a casting, which prim arily  
arises from  a varia tio n  in th e  respective cooling 
ra te s  of opposite surfaces. An in te restin g  example 
of th is  is given in  F ig . 11. I f  th e  p a tte rn  of th is 
fram e is ram m ed up s tra ig h t, th e  casting  comes 
ou t b en t hollow on the  top  (plate) side, as shown.

To ob ta in  a  s tra ig h t fram e casting , in  grey
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iron, a  cam ber of 3 /lG -in . m ust be allowed when
the fram e is m ade w ithout th e  cen tra l p ro jec ting  
pocket. I n  a  sem i-steel casting , w ithou t the 
pocket, 5 /16-in. is necessary. W hen th e  cen tra l 
pocket is requ ired  to  be cast on, however, and 
w ith semi-steel, a cam ber of 9 / 16-in. m ust be 
given.

In  the  above case, the  lower edge of th e  ribs, 
being no t only lig h te r th a n  th e  top  surface, b u t 
more exposed to  cooling influences, n a tu ra lly  
freezes first. This edge, th en , m ay be com pared 
to a n  iron bar, which, endwise, is p rac tica lly
incompressible. I t  m ay be assumed th a t ,  since th e
u pper portion  of th e  casting  is m ore or less 
plastic  when solidification of th is  lower edge 
occurs, th e  la t te r  tak es  th e  shape of th e  mould 
below it. As cooling continues in  th e  h igher 
s t ra ta  of the  casting , a corresponding d im inu tion  
of. th e  overall leng th  m ay be expected. The lower 
edge, being set— i.e ., irreducib le  lengthw ise— con
trac tio n  stress operates betw een u pper and lower 
surfaces. This stress forces th e  lower, first-cooled, 
hollow-edge s tra ig h t. And so, a s tra ig h t casting  
is produced from  a ben t mould.

The different degrees of cam ber allowance which 
a re  necessary in  th is  case are , of course, a t t r i 
butable to  th e  differences in  composition and 
design. The grey-iron casting , w ith  its  lower 
ra tio  of con traction  per foot of length , as com pared 
w ith  sem i-steel, requ ires less cam ber allowance 
th an  the  la t te r . The massive p ro jec tin g  pocket, 
again, accen tuates th e  difference in  the  ra te s  of 
top and bottom  cooling respectively betw een fram es 
w ith, and those w ithout, th e  pocket. H ence the  
need, in  th is  case, for g rea te r cam ber allowance 
to  nullify  th e  increased stress effect.

In  these cases of cam bering, i t  is n o t suggested 
th a t  th e  castings undergo any  m a te ria l w eakening 
as a re su lt of con trac tion  stress. Provided, of 
course, th a t  th e  ra te  of cooling is n o t undu ly  
hastened ----  im p o rtan t proviso), th e  castings

shrinkage requirem ents.

Danger from Contraction Stresses.
The d isrup tive  forces p resen t in a castin g  which 

is under con trac tion  stress a re  probably qu ite

s h o u ld accom modate them selves to
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beyond com putation. N evertheless, one may safely 
assume th a t  in some cases they  reach a very high 
figure. The release o f these forces is occasionally 
spontaneous—and unexpected. I t  is th en  accom
pan ied  by m ore or less danger to life  and limb. 
W ith in  th e  la s t few weeks th e  w rite r  personally 
experienced a  redueed-scale exam ple of this.

A n experim ental cover p la te  casting  in grey  iron, 
18 in. d ia ., w ith  an ex te rn a l rim  § in. by § in. 
an d  a  variously-relieved cen tre  p la te  |  in. thick, 
came o u t badly warped. A lthough th e  p a tte rn  was 
q u ite  fla t across th e  p late , th e  casting  was foond 
to  have bulged outw ards a t  the  centre*—under the  
compressive stress, presum ably, of th e  later-cooling 
rim .

As the  w riter was in th e  ac t of tu rn in g  the  
casting  over fo r purposes of exam ination  i t  col
lapsed. One piece, about half of th e  casting , shot 
aw ay to  a  d istance of from  th ree  to  fou r feet. 
T he arm  suppo rting  -another portion  was jerked  
violently backw ards, as from the  recoil of a gun, 
and  pieces of th e  th in  cen tre  p la te  flew in o ther 
directions.

E xam ination  showed th a t  th e  fra c tu re  was quite 
fresh  and  th a t  th e  m etal itself was clean and  
sound. The to ta l sectional a rea  of m etal frac tu red  
was well over 1 sq. in. I t  is fairly  safe to assume, 
therefo re , th a t  in th is  com paratively sm all casting  
( i t  weighed about 10 lbs.) th e  stresses present—i.e ., 
regarded  as tensional stresses—am ounted to  a t  
least 10 tons.

Now i t  should particu la rly  be noted th a t, beyond 
th e  s lig h t s tra in  imposed by its  own weight, the  
casting  was n o t subjected  to any form of ex ternal 
shock; i t  was n o t being la id  down when i t  flew to 
pieces, bu t was being quietly  taken  up, p rep a ra 
to ry  to  being  tu rn ed  over, from  a box p a r t  upon 
which i t  lay hollow side down. The mere change 
of position probably supplied th e  “  las t straw  ”  
to  th e  stresses in  th e  already over-loaded casting.

T he above “  close-up ” (though none too pleasant) 
dem onstration  of th e  rea lity  of contraction  stress 
n a tu ra lly  s treng thens th e  w rite r’s long-held view 
of th e  im portance of th is  subject. Such evidence 
is irre fu tab le . Surely, if im proper design leads, 
th rough  th e  operation  of con traction  stress, to  th e  
auto-dissolution of a  casting , is i t  n o t justifiable
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to  m a in ta in  th a t  th e  h ighest efficiency of th e  m etal 
employed can. alone he secured, where con trac tion  
stress is e lim inated  by p ro p er design?

The inc iden t f  u r th e r  < suggests th a t  sim ilar 
im pressive m ethods of in s tru c tio n  m ig h t be well 
w orth th e  consideration  of those who fo rm ula te  
cu rricu la  fo r foundry  education . F rom  castings 
especially designed to  ex h ib it ex trem e exam ples of 
stress effect th e  s tu d e n t would be enabled th e  
b e tte r  to  v isualise its  opera tion . V isualising  leads 
to  c lear th in k in g . And' i t  is  probably q u ite  tru e  
to  say  th a t  th e  successful design and  production  
of castings requ ire  n o t so m uch, perhaps, b ril
liancy of m athem atica l o r m eta llu rg ica l a t ta in 
m ents as w ell-balanced powers of ju d g m en t; th e  
ab ility  to  form  sound deductions from  p as t 
experience.

Conditions Summarised.
To conclude, con trac tion  s tre ss  m ay be sa id  to  

be th e  re s u lta n t of conflicting  forces o p era ting  
w ith in  castings a n d  ten d in g  to  cause fra c tu re . 
These forces arise  from  th e  sh rinkage w hich takes 
p lace in  castings w hilst cooling. They come in to  
n eu tra l opposition (thus m ilita tin g  a g a in s t th e  
s tren g th  of th e  casting) th ro u g h  one, o r bo th , of 
th e  following causes: —

(1) Sudden change of form , producing  a  corre
sponding change in  th e  d irection  of sh rinkage— 
as w ith th e  re -e n tra n t ang le ; (2) differences in  th e  
size o f th e  respective sectional a reas  of p a r ts  of 
th e  casting  (especially those in  close ju x taposition ), 
th u s  g iv ing  rise  to  d ifferent ra te s  of cooling. These 
stress forces a re  fu r th e r  intensified where th e  
general r a te  of cooling is accen tuated . Conversely, 
th e  m ore g rad u a l th e  genera l r a te  o f cooling th e  
less pronounced is th e  effect of th e  forces upon  th e  
casting.

The chief rem edy—i.e .,  m eans of p reven tion— 
lies in  adop ting  sound princip les o f design. F o r 
although th e  m oulder may to  some e x te n t m itig a te  
th e  effects o f had1 design by su itab le  g a tin g , o r  by 
judiciously exposing p a r ts  of th e  casting , th e  best 
resu lts  can  only be secured where th e  designer 
him self has a  keen  apprecia tion  of these principles. 
W hen these p rincip les a re  flouted, e ith e r  th ro u g h  
ignorance o r  expediency, th e re  is bound to  be a 
d is tin c t loss of efficiency w ith th e  m e ta l em ployed ;
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th e  foundry is penalised ; scrap is increased ; and 
th e  user of castings loses fa ith  in th e ir  employment 
when they  frac tu re  th rough  causes—to him —quite 
unfathom able.

DISCUSSION.
M r . P e r r y  asked about castings 11 f t. long and 

6 in. wide, ribs 4 in. on one side and 2 in. on th e  
o ther, w ith rounded edge. They came every tim e 
in a hollow, and they  had had the  casting  face 
downwards because of m achining. They had been 
tu rn ed  over, b u t still came hollow and warped.

M r . E b w a r d s  said he had seen hundreds of such 
castings from  3 f t .  long to  18 ft . long, 6 in ., 8 in., 
and  15 in ., or even 2 f t . 3 in. wide, and had never 
had  one exam ple of the  p la te  coming round on the 
unribbed  side. How were th e  castings ru n ?

M r . P e r r y : W i t h  tw o  r u n n e r s  a t  e a c h  e n d .
M r . E d w a r d s , c o n t i n u i n g ,  s a id  i n  s o m e  o f  h is  

c a s t i n g s  t h e  e n d  c o r e s  f o r m e d  a  c h a n n e l  f o r  r u n -  
i n g ,  o t h e r s  w e r e  r u n  a t  t h e  s id e ,  a n d  t h e  c a s t i n g s  
w e r e  t r u e  t o  ¿ - t h  o f  a n  in c h .

A M e m b e r  i n s i s t e d  t h a t  s u c h  c a s t i n g s  w e re  
a lw a y s  w o r s t  o n  t h e  n e a r e s t  r o u n d  s id e  w h e n  
o r d i n a r y  g r e y  i r o n  w a s  u s e d .

M r. E d w a r d s  s a i d  i t  p a s s e d  h i s  c o m p r e h e n s io n  
w h y  t h e  c a s t i n g s  c a m e  a s  t h e y  d id .

M r . R t js s e l l  s u g g e s t e d  t h a t  t h e  r i b s  c o o le d  l a s t  
i n s t e a d  o f  f i r s t .  .

M r . E d w a r d s  s a i d  h e  w o u ld  e x p e c t  t h e  r ib s  t o  
c o o l f i r s t ;  t h e  t h i c k e r  m e t a l  s h o u ld  h o ld  i t s  h e a t  
l o n g e r  t h a n  t h e  t h i n .

M r . R u s s e l l  a g r e e d ,  a n d  e x p l a i n e d  t h a t  h i s  
s u g g e s t i o n  w a s  t h e  t r o u b l e .

M r . E d w a r d s  said th a t  the  heavier top  in 
F ig . 11 had  a g rea te r contraction  capacity  th an  
th e  sm aller ribs, and by reducing the  length it 
pulls th e  bottom  up to  i t  because w ith th is  being 
extrem ely th in , ju s t a long s trip , th e re  is a cool
ing surface 2 ft. wide, and surely 2 ft. wide had a 
g rea te r hea t-susta in ing  capacity  th a n  5 ins. wide. 
T h a t was only common-sense reasoning.

M r . R u s s e l l  a g r e e d  t h a t  t h e  s e t s  m u s t  h a v e  
c o o le d  l a s t  a n d  t h e  t o p  m u s t  h a v e  g o n e  f i r s t .

M r . E d w a r d s  said his firm made all sizes, and 
very large num bers, and the p la te  side always came 
ou t hollow. There was a large conduction of hea t 
on the  top  side.



M b . P e r r y  a s k e d  i f  t h e  s a n d  c o u l d  a c t  a s  a  
r e s e r v o i r  o f  h e a t .

M r . E d w a r d s  e x p l a i n e d  t h a t  t h e  s a n d  i n t e r v e n 
i n g  w o u l d  p o t  a c t  a s  a  r e s e r v o i r  o f  h e a t  b u t  a s  a  
r a d i a t o r ,  a n d  t h e  h e a t  f r o m  t h e  f a c e  w o u l d  r a d i a t e  
a w a y .  I f  t h e  r i b s  g o  d o w n  i n t o  t h e  b o d y  s a n d ,  
t h e y  w o u l d  a c t  a s  r a d i a t o r s .

M r . P e r r y , in terposing , suggested i t  would 
rad ia te  to  the  cen tre  of th e  sand  an d  th e re  ac t as 
a reservoir of heat.

M r . E d w a r d s  poin ted  o u t th a t  th e  h e a t is ra d i
a ted  away n o t to ; i t  w ent aw ay to  th e  ou tside 
atm osphere. H e a t was ta k e n  away from  where 
there  was m ost to  where th e re  was least. H e  be
lieved the  ribs acted as a  rad ia to r , and  h ea t was 
rad ia ted  away from  the  surface body of th e  m etal.

M r . L u c a s  said he had  listened  w ith  very g re a t 
in te rest, b u t he was su rprised  more had  n o t been 
said about m ix tu res. H e had found th a t  by a lte r
ing m ix tu res one could, to  a  c e rta in  ex ten t, over
come a num ber of these con trac tion  troubles, 
though, on th e  o th e r hand , the  designers were 
sometimes a t  fau lt.

M r . E d w a r d s  said the reason he had  n o t touched 
on m ix tu res was because con trac tion  affects all 
m ix tures, and if th e  designer a rran g ed  the  casting  
in such proportions as to e lim inate  these con trac
tion  stresses th en  the  casting  was s tronger if i t  
was a good m ix tu re . I f  th e  design was correct in  
the  first place, th en  th e  m ix tu re  could be chosen 
accordingly.

M r . R u s s e l l  said in P ig . .7 he noticed the  lec
tu r e r  used a chill u jider the  w eak po in t. H e could 
n o t follow th e  a rg u m e n t; i t  was an o rig in a l sugges
tio n  to  s tren g th en  the  weak place by chilling it. 
H e adm itted  one closed up th e  g ra in , b u t he failed  
to see how one could s tren g th en  i t  by' chilling. I f  
he w anted to  p u t a chill a t  all i t  would be under 
“  P ,”  as obviously “  Q ” sh ra n k 'la s t on account of 
its  g re a te r  thickness. The cooling a t  Q was 
speeded up by p u tt in g  on the  chill, and  th e  th ick  
section had  been converted in to  a th in  section, and 
the cooling was then  norm al. The th icken ing  up 
a t  P , he suggested, was qu ite  unnecessary. The 
cure was due en tire ly  to  the  reduction  of area in 
th e  m etal a t  Q, and th a t  the  th icken ing  up a t  P . 
although apparen tly  r ig h t, if ta k e n  away one would 
be no worse off.

-lío
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M e. R u s s e l l  voiced th e  th an k s of th e  m eeting 
to  M r. E dw ards fo r his very in te re s tin g  anu 
s tim u la ting  P aper.

M e . E d w a e d s , in reply, said i t  had been a g rea t 
p leasure to  read  th e  P ap er. In  p u tt in g  together- 
one of these P ap ers  he found i t  was rea lly  an edu
cation  to  th e  individual, and m any points became 
clear as they  endeavoured to  p u t new though ts on 
paper. One became m ore exac t in  one’s ideas, and 
he th o u g h t i t  would be b e tte r  if m ore members 
would p repare  Papers , b u t u n fo rtu n a te ly  m any of 
those w ith th e  longer experience w ere disinclined 
to  do so, and  i t  was a g re a t p ity , fo r  they  could 
give m ost in teresting  inform ation .
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M r. R t js s e d l  voiced t h e  th an k s  of t h e  m e e t i n g  
to M r. E dw ards fo r h i s  very in te resting  ana 
s tim ula ting  P aper.

Mr. E d w a r d s , in  reply, said i t  had been a g rea t 
pleasure to  read  th e  P ap er. In  p u ttin g  together 
one of these P apers he found i t  was really  an edu
cation  to  th e  individual, and m any points became 
clear as they  endeavoured to  p u t new though ts on 
paper. One became more exac t in  one’s ideas, and 
he th o u g h t i t  would be b e tte r  if m ore members 
would prepare  Papers , b u t u n fo rtu n a te ly  m any of 
those w ith th e  longer experience w ere disinclined 
to  do so, and i t  was a g re a t p ity , fo r th ey  could 
give most in te resting  in form ation .
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Wales and Monmouth Branch.
HIGH-TENSILE CAST-IRON.

By A. Marks, F.I.C., A.I.M.Mcch.E.
The problem  of im proving th e  tensile  stren g th  

of cas t iron has engaged th e  a tten tion  of many 
w orkers. I t  was very early  recognised th a t  the 
excessive am ount of g rap h ite  in cast iron, in which 
th e  flakes became interlocked one with th e  other, 
form ed lines of weakness in  th e  m ateria l which 
precluded any possibility of th e  m ateria l hav ing  a  
high-tensile s treng th . The early  recognition of th is 
fa c t led to m any workers adding a m ateria l to  the  
cast iron, nam ely, m ild steel, which did n o t con
ta in  g raph ite , and  which, therefore , acted as a 
d ilu en t to  th e  g rap h ite  and increased th e  tensile 
s tren g th . The resu lts , however, of adding increased 
am ounts of steel d id  no t show a consistent relation  
in increased tensile s tren g th  w ith increasing addi
tions of steel, and th e  problem of la te r  workers 
was chiefly in endeavouring to  correlate the facts 
ind icated  in  th is  way.

I t  soon beoame evident th a t  increasing th e  addi
tions of steel led to a ha rd  and sluggish m etal, and 
th e  prac tica l lim it was in  m any  cases reached by 
the addition  of 20 per cent, of steel. I t  is, how
ever, easily possible to  m ake additions of 50 per 
cent, of steel to  pig-irons and  still a t  th e  same 
tim e obtain  a  soft workable m ateria l whioh will 
readily  flow. The streng th  of th e  early cast irons 
was of the  order of 7 to  0 tons per sq. in., b u t 
im m ediately th e  question of regu la ting  the 
g rap h ite  con ten t of the  iron was solved the 
stren g th s w ent up to th e  figures of the  order of 
10 to  14 tons p e r sq. in . The problem of adding 
steel to  th e  pig-irons fo r th e  purpose of increasing 
th e  s tren g th  involves a knowledge of th e  working 
of th e  cupola and th e  composition of th e  pig-fron. 
E a rly  workers tr ie d  the  add ition  of steel by “  rule- 
of-thum b ” methods by a p ractical knowledge of 
th e  pig-iron, and  very soon were into difficulties.

T heir m ate ria l has frequently  been hopelessly a t 
fau lt, h a rd  and quite  useless as a m achinable p ro 
duct, the reason being th a t  they had no realisation
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of the  factors which i t  is necessary to tak e  count 
of in m aking such a semi-steel. To ca rry  a  high 
percen tage of steel i t  is necessary a t  th e  sam e tim e 
th a t  th e  p ig-iron should ca rry  a h igh  percen tage of 
silicon, and  also 'to m elt the  m eta l a t  a h igh tem 
p e ra tu re  w ith  a good coke ra tio . Only th u s  can 
th e  economy of h igh-steel add itions be taken  
advantage of, and  a so ft m eta l obtained. As a 
typical exam ple of a charge of m etal for a  m ix tu re  
con ta in ing  50 per cent, of steel one m ay ta k e  a high 
silicon No. 1 iron  contain ing , say, 4.5 to  4 per 
cent, of silicon a n d  50 per cent, of steel, ' and 
ob tain  a so ft m achinable m a te ria l using a coke 
ra tio  of th e  o rder of 1 to  6. T he economy which 
is ob tained  when using th e  h igher p e rcen tage  of 
steel is, of course, nullified by th e  fac t th a t  a h igh 
silicon iron is necessary to  accom plish th is  object, 
and, therefo re , whilst i t  is easily possible to  produce 
these high-percentage semi-steels, th e  economy of 
adding  steel scrap is usually  reached a t  a figure 
varying from  20 to  30 per cen t., b u t i t  is q u ite  a 
p rac tica l proposition to  ru n  these high-steel m ix
tu res  w ithou t g e ttin g  h a rd  iron. The tensile  
s tren g th  which will be ob tained  will n o t exceed 
figures of th e  o rder of 14 tons per sq. in ., o r 16 tons 
for th ick  castings of h a rd  quality .

Influence of Section.
The problem of h igh-tensile cast iron is also 

involved w ith  th e  question of section of m etal. I t  
is well known to  p rac tica l foundrym en th a t  a 
m ix tu re  of m ateria l which m ay be used for casting  
steam -engine cylinders and an average thickness 
of 1£ in. would be qu ite  u n su itab le  for casting , 
say, a steam  engine liner of 2-J in . thickness 
th roughou t, and th a t  th e  same m ix tu re  used for 
th e  two jobs would resu lt in  a  very  open-grained 
liner. M ixtures which a re  used for heavy castings 
of th e  type  of a liner can be ru n  e ith e r from  very 
soft pigs or from  h a rd  pigs. In  th e  case of th e  soft 
pigs the m etal is able to  carry  much more steel 
and  scrap additions, b u t in  th e  case of th e  low- 
silicon irons increasing th e  tensile  s tren g th  by th e  
add ition  of steel is n o t possible to  any g re a t ex ten t. 
F o r instance, one m ight ru n  a steam -engine 
cylinder liner from  a m ix tu re  of No. 4 and  5 irons 
and  keep a  tensile  s tre n g th  of 14 to  15 tons. An



equally good liner can be made by running No. 1 
iron with, say, 30 per cent, steel and 30 per cent, 
scrap, and this liner would come out with a  tensile 
strength  of th e  same order. Thus the graphite 
which is the  chief factor in  the tensile strength 
is adjusted in both mixtures (run in the  same 
furnace) to  a common factor, namely, the percent
age of graphite, upon which the tensile strength 
of the iron largely depends. I t  is, however, quite 
common in the experience of foundrymen th a t 
certain types of pig-iron will carry more steel than 
others, even when the  silicon content is the same 
in both irons. The variations in these irons will 
be found in the manganese and phosphorus con
tents, thus a high phosphorus iron will carry onlv 
small additions of steel before the m ixture becomes 
hard, assuming the  silicon content is constant, so 
that- for the m anufacture of high-percentage semi- 
steel m ixtures it is necessary to  use low-phosphorus 
irons or hem atite pigs which will readily carry- 
50 per cent, of steel provided the silicon content 
is suitable. On the  other hand, a  high-phosphorus 
iron will not usually be satisfactory with more than 
20 per cent, of steel for the same job. Again, when 
the  section of the m etal which has to be cast is 
considered, the  amount of steel which can be added 
to increase the tensile strength  by reducing the 
graphite content requires careful consideration. 
For example, if one is running 5-16-in. metal in a 
semi-steel m ixture one may use either a hem atite 
o r high-phosphorus m ixture, as in the last instance, 
but the am ount of steel which can be carried 
would have to  be considerably reduced, say. with 
a  hem atite metal, no t more than 20 per cent, and 
a high-phosphorus metal with not more than 6 to 
8 per cent., so th a t the  economy of adding an 
increased percentage of steel can only be equated 
against the increased cost of the lower-phosphorus 
irons.

W ith  a high-phosphorus iron the advantage of 
running th in  sections is well known, and a  small 
addition of steel of the order of 8 to  10 per cent, 
will very soon make one of these irons hard. In 
creased hardness, whilst giving an increased tensile 
strength, has a limit, and the upper lim it of tensile 
strength of the mottled to  white iron is of the 
order of 15 tons per sq. in.
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Improving the Matrix.
H aving  considered th e  problem of increasing  th e  

tensile  s tren g th  of irons by reducing th e  planes of 
g rap h ite  weakness, we n ex t have to consider how, 
when th e  g rap h ite  has been reduced to  th e  ex te n t 
so as to  leave a  m achinable iron, we can  increase 
th e  s tren g th  of th e  fe r r ite  m a trix  in  which the 
g rap h ite  is embodied.

The increased s tren g th  of th e  fe r r i te  m a trix  
can be b rough t abou t by various means. The first 
is the elim ination  of im purities, such as phosphorus 
and sulphur. B oth  of these m ate ria ls  a re  h a rd en 
ing agents, b u t as th e  p ercen tage  increases b r i tt le 
ness comes in. F o r h igh-tensile  cast iron , th ere 
fore, i t  is definitely necessary to  e lim inate phos
phorus, involving increased cost, so th a t  fo r all 
work, w hether la rge  o r small, in  which is required  
tensile s tre n g th  above 14 to  16 tons i t  is necessary 
to  remove th e  phosphorus con ten t. The phosphorus 
con ten t can n o t be Temoved in  th e  cupola, and hence 
one is forced to  increase th e  cost by exp en d itu re  on 
high-class pig-iron. I f  th is  is qu ite  in  o rder, one 
can a t  once increase th e  toughness of the  iron  by 
th e  elim ination  of th e  phosphorus, b u t th e  tensile  
stren g th  will only im prove m oderately. W ith  no 
phosphorus p resen t in castings the  tensile  s tren g th  
comes o u t a t  th e  o rder of 14 to  16 tons, provided 
th e  g rap h ite  has also been sim ultaneously corrected. 
The e las tic ity  as shown by th e  bending test, how
ever, increases considerably.

The su lphur conten t, fo r sim ila r reasons, i t  is 
necessary to  reduoe below 8 per cen t., which involves 
th e  use of first-class coke in  m elting. The nex t 
item , therefore , which is to  be tackled  in  produc
ing h igh-tensile cast iron is th e  question of th e  
m etallographic s tru c tu re  of the  fe rrite . In  ca rry 
ing ou t research  work a t  th e  Swansea Technical 
College some years ago, investigating  th e  possi
b ility  of p roducing  m alleable cast iron w ith  th e  
tensile s tren g th  of th e  o rder of 22 tons per sq. in. 
w ithout th e  use of th e  annealing  process, 
irons w ere m ade w ith  a view to  produc
ing pearlitic  s tru c tu re  or pearlitic  cast iron. 
In  these irons th e  weak g rap h ite  planes 
were reduced, and also the  fe rrite  m atrix  
streng thened  by increasing th e  combined carbon, 
so th a t  on cooling th e  s tru c tu re  consisted of pea rlite
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and g raph ite . These irons were easily m achinable 
in addition  to  hav ing  a h igher tensile stren g th  th an  
th e  o rd inary  s tru c tu re . On subsequent dates the  
work was carried  o u t on a  la rge  scale.

Iron  of th is  k ind has been m ade on a  large scale 
w ith a tensile  s tren g th  of 10£ tons per sq. in. in 
thicknessses of sections of 1-i in. to  2 in. I t  is 
readily  forgeable, and has 'considerab le  elasticity , 
about 0.3 per cent, elongation, and takes a per
m anen t set on the  .bend-test m achine..

F i g . 1.-— P e a r l i t i c  C a s t  I r o n  x  1,000. 
T e n s i l e , 19.5 T o n s  p e r  s q . i n .

The essential facts in  producing pearlitic  cast 
irons a re  : (1) I t  is necessary to  reduce the  g raph ite  
in q u an tity  and  size of flakes; (2) i t  is necessary 
to ge t th e  phosphorus down to  practically  negligible 
lim its, as th is induces weakness in  the p ea rlite ; 
and  (3) i t  is necessary to ad ju s t th e  silicon con ten t 
of th e  iron  so th a t  the  combined carbon in the  
finished casting  is not excessive for the  thickness 
of m etal being cast.

The percentage of combined carbon may vary 
between fa irly  wide lim its. P earlitic  irons have
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b e e n  m a d e  w i t h  0 .5 5  t o  0 .8 0  p e r c e n t a g e  o f  c o m b i n e d  
c a r b o n .  A  s p e c i m e n  o f  m e t a l  h a v i n g  a  c o m b i n e d  
c a r b o n  o f  0 .5 6  p e r  c e n t ,  e x h i b i t e d  u n d e r  t h e  m i c r o 
s c o p e  a n  a l l - p e a r l i t i c  s t r u c t u r e  a t  t h e  h i g h  m a g n i f i 
c a t i o n  o f  6 0 0 .

A d d i t i o n a l l y ,  s lo w  c o o l i n g  i n  t h e  m o u l d  i s  
e s s e n t i a l  t o  a v o i d  c h i l l i n g  t h e  j o b ,  h e n c e  t h e  
d e s i r a b i l i t y  o f  a  h o t  m o u l d ;  b u t  t h i s  a g a i n  i s  a  
f u n c t i o n  o f  t h e  w e i g h t  o f  m e t a l  t o  t h e  w e i g h t  o f  
m o u l d i n g  s a n d ,  a n d  n o t  i n  i t s e l f  a  s p e c i a l  f a c t o r ,

F i g . 2 .— C e n t r i f u g a l  O a s t  I r o n  x  1 0 0 .  
T e n s i l e , 2 0  T o n s  p e r  s q . i n .

b u t only a re la tiv e  one. F ig . 1 shows pearlitic  
iron a t  1,000 m agnification.

T he production  of ipearlitic cast iron  has been 
approached from  different points of view. The 
G erm an advocates of th is  m ateria l eviden tly  
a ttach ed  chief im portance to w ear, w hereas in 
E ngland  i t  has been approached on a  large scale 
from  th e  p o in t of view o f increased s tren g th  of 
the m ateria l and resistance to cracking when the  
m ateria l was subjected  to h igh  stress a t  a  high 

/ tem pera tu re . I t  has been known for a long tim e
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th a t  one of th e  strongest struc tu res in steel was a 
pearlitic  one, and, therefore , i t  was deduced th a t  
stronger irons would be produced by having an 
en tire ly  p earlitic  s tru c tu re  w ith g raph ite  present 
as the, only o ther constituen t, and th is g raph ite , 
as fa r  as possible, should be as finely divided as 
possible. I t  is easily possible to  produce the 
ipearlitic stru c tu re  providing th e  question of cost 
does not en te r in to  the  m atte r , b u t i t  is no t easy 
to  produce the  g rap h ite  in an entirely  non-flake 
o r spheroidal form. The German pa ten t does not 
make any a ttem p t to  control the  form of the  
g raph ite . I t  is a question of commercial in te rest 
to  know when i t  « ill be w orth while to m anufacture  
castings jn  pearlitic  cast iron. In  all cases where 
s tren g th  is th e  chief requirem ent, i t  will pay  to 
ensure th e  increased cost of m anu factu ring  cast
ings in th is m ateria l. For general purposes, how
ever, where green sand and sem i-dried sand  cast
ings a re  qu ite  satisfactory  th e re  is no object to be 
a tta in e d  in increasing the cost of production by 
in troducing  m ore expensive m ateria l. F o r rolls 
where high hea t resistance is required, i t  will be 
extrem ely useful, bu t i t  s till rem ains to  be shown 
th a t  its w earing qualities a re  higher th an  present 
rolls.

Lanz Pearlitic Cast Iron.
The essential po in t in the production of pearli

tic  cast iron is composition, and in a recen t lec
tu re  a t th e  London Branch* the  lines upon which 
tria ls  had been made were indicated . H igh tem 
p e ra tu re  of th e  mould is also a desirable factor, 
and ap paren tly  in th is  respect the  perm an 
paten tees have draw n up an elaborate scheme for 
th e  control of the tem pera tu res of the  moulds, 
although it  has been s ta ted  th a t  the  actual control 
could be, to  a considerable ex ten t, dropped after 
the  workm an concerned had gained experience in 
th e  application of these methods.

T here can, of course, be no question of any m ix
tu re  for th e  m anufactu re  of cast iron being 
paten ted , and therefore  the  production of the pear
litic  s tru c tu re , in so fa r  th a t  i t  is no t completely 
controlled by the  composition of the  m etal, is

* See the Foundry Trade Journal, October 16, page 327. 
“ Pearlitic Cast Iron ,” by J. E . Hurst.

Q



covered by th e  process of h ea tin g  th e  mould to  
definite tem pera tu res. The G erm an p a te n t claims 
th a t  the mould is heated  to  a ce rta in  definite tem 
pe ra tu re  depending upon th e  mass of th e  m ateria l 
and o ther facto rs which are  ind icated . Now, i t  is 
quite  a general p rac tice  in m any foundries m aking 
special castings to  re tu rn  a dried  mould, a f te r  
having been p a rtia lly  cored up, to  the stove fo r 
fu r th e r  heating , finally closing down th e  top of th e  
mould and casting  w hilst i t  is a t  a fa irly  high tem 
pera tu re , so th a t  a p a r t  from  any fu rth e r details 
which m ay be disclosed, th ere  is no th ing  new in 
casting  in a ho t mould to  anneal the  m etal. The 
m anufactu re  of pearlitic  cast iron  in  moulds which 
have received a double hea ting  has been p ractised  
in th is country.

The p rinc ipa l fac to r to a tte n d  to  in th e  produc
tio n  of pearlitic  cas t iron  is th a t  of composition, 
and provided th is  is a tten d ed  to  w ith due regard  
to the  thickness of the  m etal being cast, i t  is quite  
possible to  produce p earlitic  cast iron  in  reason
ably dry  warm moulds, regu la ting  th e  cooling from 
the h ea t of th e  m etal if th e re  is sufficient mass of 
m etal in  re la tion  to  th e  mould.

The problem of high tensile s tren g th  cast irons, 
however, is one which fo r general p rac tice  is no t 
of first im portance. I t  is som ewhat of less imme
d ia te  p rac tica l im portance th an  th e  question of 
sand m ixtures.

I t  is necessary th a t  foundrym en should get r id  
of all unsoundness in  castings. The troubles asso
ciated w ith foundry  prac tice  are  m ore involved in 
m oulding th a n  w ith m etal, and th e  m etallurgical 
side of foundry  work is well ab reas t of general 
m oulding practice . This applies p a rticu la rly  in 
re la tion  to th e  keeping  hack of dross a n d  th e  
b reak ing  away of sand from  th e  various cores, 
etc., du ring  runn ing .

H ence, fo r p rac tica l foundrym en i t  is essential 
to consider every way by which these defects may 
be removed from  castings, as a casting  w ith  a te s t- 
bar s tren g th  of 18 o r 19 tons p er sq. in . is of li tt le  
use if th e re  is a junction  of m etal which holds a 
hollow due to  trap p ed  gas o r a surface on which 
dross from  m etal or mould has been deposited .

The possibilities, however, when these defects 
a re  overcome, of p earlitic  cas t iron  a re  m any.



Since its  possible s treng th  is high, and i t  will 
m ain ta in  its  s tren g th  a t  tem pera tu res of the order 
of 550 deg. C. over long periods, i t  becomes exceed
ingly useful m ateria l for special work, such as in
te rn a l combustion engines. F u rth er, its  w earing 
qualities ren d er i t  a good su b stitu te  for o ther 
bearing  m etals, and i t  is understood th a t  i t  is 
being used w ithout bronze bushes for wearing
work in Germany. I t  may be a  long tim e before 
p earlitic  cast iron is used generally fo r a bearing 
m etal, although in  some of the  cheaper motor 
vehicles o rd in ary  cast iron, w ithout bushes, is 
being used as d irect bearing m etal, and i t  would
be a na tio n a l economy fo r fu r th e r development
along these lines. Typical charges fo r various
ord inary , special cast irons, and p earlitic  cast irons 
were given.

The lectu re  was illu s tra ted  by some 30 lan te rn  
slides, and samples of pearlitic  cast iron in mass 
and under the  microscope a t  h igh magnification. 
The m icrophotographs, F igs. 1 and 2, show the  
comparison of p earlitic  and cen trifugal cast iron 
of approxim ately  th e  same streng th . The la t te r  
requires fu r th e r annealing.

DISCUSSION.

A short discussion ensued, in which M r. J e n k i n s  
m entioned, in connection w ith semi-steel, th a t  to 
m ake 50 per cent, steel w ith 4 per cent, silicon one 
m ust have  very special iron, and  w ith th e  ordinary  
foundry  cupola 10 to  15 p er cent, would be better. 
In  m aking m arine cylinders 4 to  5 tons in weight 
and  2 in. to  3 in. thick, if high tensile semi-steel 
was used one m ight reduce the  section to  1J in. or 
2 in ., which m ight serve some purposes, bu t as 
there  is as much labour in  moulding 1J in. section 
as a 3 in. section th e  foundry  owner would prob
ably lose about 2 tons of m etal. The idea of warm
ing moulds was qu ite  an old one, as th e  system 
had  been practised  in his apprenticeship  days.

M r . M cC l e l l a n d  asked w hether i t  would no t be 
f a r  more beneficial to  drive the m etallurg ical ques
tion  home to  the  m anufactu rers of pig-iron, so 
th a t  i t  could be branded in such a m anner th a t  
the  ord inary  foundrym an would be b e tte r  able to 
grasp  th e  class of m etal he was dealing with.
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M r . W i l l ia m s  a s k e d  w h e t h e r  i t  w a s  c o n s id e r e d  
t h a t  o p e n  o r  c lo s e d  r i s e r s  w e r e  b e t t e r .

Answering a question raised  by M r. M cLean as 
to  14-ton ten s ile  s tre n g th  'high-phosphorus cast iron . 
M r . M a r k s  explained th a t  th e re  was no need to  
use steel a t  all for m aking  castings up to  14 tons.

, tensile. P ig -iron  and scrap can be used, b u t i t  is 
much m ore easy to  a d ju s t when steel is used th an  
when buying h igh carbon pigs.

W hen m aking some crane p a r ts  Scotch iron  
No. 3 was used w ith  50 per cen t, steel. This was 
easily m achined, and  would give 14 tons to  the  
sq. in. T here was no difficulty, p rov id ing  th e  coke 
bed and coke charge  were rig h t, an d  th e  iron  was 
ru n  ho t enough. I f  clean iron  was requ ired  one 
should use high m anganese.

R eplying to  M r . J e n k i n s , for o rd in ary  foundries
2.0 per cent, silicon iron as used will n o t ca rry  more 
th a n  10 to  15 per cent, steel, according to  th e  p e r
centage of phosphorus p resen t. H o t m etal was also 
necessary for th e  p roduction  of good castings from  
a fluid m etal from  which th e  dross would rise  was 
obtained bv m eans of high phosphorus m eta l. The 
au tho r p re fe rred  open risers, b u t u n fo rtu n a te ly  
d ir t  is more easily introduced, and the general te n 
dency was for closed risers. The p o in t was to  get 
the gases away as quickly as possible. In  casting  
pipes on end one had  to  open th e  mould a t  the  
bottom  to  the very lim it in  o rder to ge t rid  of the  
gas.

M r . M a r k s  was of th e  opinion th a t  n o t much 
could be gained by troub ling  the  m anu fac tu re rs 
of pig-iron, b u t as p rac tica l foundrym en, the  
m ateria l which th e  gods saw fit to  give them  m ust 
be used. If  large q u an titie s  of p ig-iron were re 
quired i t  was possible to  o b ta in  to  specification, 
b u t if one knew the  source of th e  supply th e re  is 
no difficulty in  g e ttin g  the  m an u fac tu re rs  to  sup
ply one w ith an analysis from which one can make 
up m ixtures. I t  was frequen tly  s ta ted  th a t  i t  is 
difficult to  ru n  high phosphorus irons w ith hem a
tite , b u t th is  has been done fo r m any years.
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London Branch.
MODERN PROBLEMS AND DEVELOPMENTS IN 

ENGINEERING BRONZE FOUNDING.

By Francis W. Rowe, B.Sc., Member.
I t  is not the author’s intention to  deal exten

sively with modern methods of production in 
bronze foundry practice, nor with the details of 
the alloys used, as th is phase of foundry work 
should be quite familiar to  most. I t  is intended, 
however, to deal with specific problems and pos
sible developments, particularly those which seem, 
in the author’s opinion, to lack the attention they 
merit.

Those concerned with actual works production 
are always particularly impressed with the small 
amount of information available regarding the 
more commonly used alloys in industry. That 
such information, even of a purely scientific 
character, should be so meagre and scrappy, is a 
serious indictment against the academic research 
worker, especially when one considers the amount 
of tim e and money spent annually on non-ferrous 
research.

I t  is true th a t sterling work has been done in 
the past, but the present tendency is, with a few 
exceptions, for the academic research worker to 
devote his tim e to  investigating alloys and alloy 
systems which do not find any application in 
industry and, what is more im portant, probably 
never will do. The author would be the very last 
to decry the possibilities and ultim ate value of the 
work done in pure science, but the recent remark 
“ th a t we are getting too much jam and too little 
bread ” aptly seems to  sum up the present situa
tion. The works-metallurgist, whilst realising the 
urgent need for scientific data  on industrial alloys, 
has not the time to  devote to  pure research, nor, 
if  he had, would his findings, in the m ajority of 
cases, be available for others. To quote but one 
specific instance of this deficiency—the case of 
phosphor bronze. Even to-day there is no ternary 
equilibrium diagram  for th is widely used alloy. 
The only work in this direction is found in an
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I ta lia n  jo u rn a l for 1907. If  only academ ic 
workers would realise th a t  80 per cent, of the  
w orld’s p roduction  of non-ferrous castings con
sists of e ither gunm etal in some form , m anganese

F i g . 1 .— A n  O x i d i s e d  B u s h , s h o w i n g  I n t e r - 
g r a n u l a r  F r a c t u r e .

brass o r phosphor bronze and  th a t  th e  scientific 
d a ta  available on these alloys is sm all.

Problems of Furnaces and Melting Practice.
The one phase of bronze foundry  practice where 

the  progress for th e  la s t 20 years has been p ra c 
tically  negligible is th e  m elting  practice. F rom  
tim e to  tim e new furnaces and  new m ethods of 
m elting  are  heralded, b u t, despite these, th e  coke 
fired p it fu rnace  is still th e  favourite  m ethod of
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m elting  for casting. This is especially rem arkable 
when one considers the  extrem ely low therm al 
efficiency of th is  furnace. In  the  best cases i t  is 
no t above 6 per cent, and more generally about 
3 o r 4 per cent. Table I shows the  approxim ate 
therm al efficiency of the  more common types of 
furnace. B oth fuel oil fired and gas fired crucible 
furnaces have had a very  fa ir  tr ia l in th is country,

F i g .  2 .— B e s t  S e l e c t e d  C o p p e r  x  1 0 0  d i a s . ,  
s h o w i n g  CuO E u t e c t i c .

bu t only in a few cases a re  they  being operated  
to-day. They certa in ly  possess some advantages 
over coke-fired furnaces, b u t i t  is difficult to 
operate  them  so cheaply, despite the many claims 
which have been made.

Coke-fired crucible tilt in g  furnaces are much 
more common and these may be said to  be a type 
which will stay  for a long tim e. The efficiency is 
higher th a n  a p it  furnace, bu t more experience is 
needed by th e  furnacem an as the  crucibles have a 
very short leng th  of life, unless the  furnaces are 
carefully  operated .

The crucible costs are a very im portan t factor 
in bronze m elting. The average present-day costs
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of m elting  and casting  a to n  of m etal in sm all 
quan titie s  fo r small work is about 45s., of which 
about 14s. is for crucibles. H ence th e  m any 
a ttem p ts  of the  foundrym an to  find a su itable non- 
crucible type  of furnace. T here can be no ques
tion  th a t  the  crucible p it-fire n a tu ra l d r a f t  fu rnace

T a b l e  I . — Furnace Thermal Efficiencies.
Per cent.

Coke-fired crucible pit furnace-natural draught 3 to  7 
Coke-fired crucible tilting furnace ..  . .  8 to  13
Oil or gas-fired crucible tilting furnace ..  7 to 18
Reverberatory furnace ..  . .  . .  12 to  20
Cupola . .  . .  . .  • • • • 30 to  40
Small electric furnace ..  . .  . .  . - 40 to 65
Large electric furnace . .  . .  . .  . .  60 to 85

constitu tes a m ethod for m elting  which has n o t yet 
been excelled on th e  score of th e  q u a lity  of m etal 
produced. The w rite r  would n o t care to  say th a t  
i t  cannot be equalled, b u t w ith  o th e r types of 
furnaces th e  danger of adversely affecting th e  
quality  of the  m eta l is much more g re a t and th u s  
th e  skill of the  operator needs to  be corresponding 
g rea te r,

Open type  furnaces w orking w ith various fuels 
usually give considerably lower m elting  costs and 
are, of course, th e  only type  used for m elting  la rge  
qu an tities  of m etal th a t  is from  15 cwts. upw ards. 
Excellent resu lts can  be obtained from  these, pro
viding the  fu rnace  atm osphere is k ep t ju s t r ig h t— 
again  a m a tte r  need ing  considerable skill—b u t 
these have y e t to  displace crucible fu rnaces fo r the  
m ajo rity  of work.

The B ritish  foundrym an has frequently  been 
upbraided  for his lack of en te rp rise  in  no t 
adop ting  electric fu rnaces more extensively for 
non-ferrous work, b u t c ritics should rem em ber th a t  
the seemingly more en te rp ris ing  A m erican is able 
to  ob tain  electric power a t  com petitive ra te s , and 
th a t  also th e  non-ferrous foundrym an is more 
sceptical on account of th e  m any shortcom ings of 
the  electric fu rn ace  in  steel foundry  work, p a r
ticu larly  when com pared w ith  th e  acid converter.

The choice of, and  care devoted to , fu rnaces for 
m elting non-ferrous m etals do n o t ye t seem to  
obtain  th e  consideration  they  iv a rran t in most 
foundries. W hilst th e  general tren d  of m odern
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practice is to  devote g re a t care to  analytical and 
pyrom etic control, the  im portance of correct m elt
ing prac tice  is not sufficiently realised.

Problems of Correct Melting.
I t  is no t generally  known how simple i t  is 

irrep arab ly  to ru in  a bronze by incorrect m elting 
practice. The dangers of oxidation  during  m elt
ing are fa r  more prevalen t th an  is o ften  im agined. 
On account of the  difficulty of detec ting  oxide in 
a bronze, its  presence, even in extrem ely deleteri
ous quan tities, is o ften  overlooked. Some of the 
most susceptible alloys to  m altrea tm en t in th is 
direction  are  th e  alloys of th e  gunm etal class th a t  
is bronzes w ith  or w ithout small percentages of 
phosphorus and zinc.

U nfortunate ly , analy tical resu lts  do n o t give 
any  clue to  th e  presence of oxide, and even careful 
microscopical exam ination  may no t give any 
definite evidence if the alloy contains lead or non- 
m etallic im purities o ther th an  oxide. Probably 
the  best guide to th e  presence of oxide in a bronze 
is th e  appearance of the  frac tu re  of a sample cast 
under good conditions as regards casting  tem pera
tu re , etc. Should the  frac tu re  be in te rg ran u la r 
or show red  specks, th e  presence of oxide is prac
tically  certa in . F ig . I  shows an excellent example 
of an in te rg ra n u la r frac tu re . The sam ple is from 
a consignm ent of w ar scraip—phosphor bronze 
bushes from  gun  limbers. The analysis of the 
p a rticu la r sam ple is shown in Table I I .

T a b l e  I I .— Analysis of Oxidised Bush.
Per cent.

86.7
10.5 
0.71 
1.21 
nil 
0.36 
0.004 
0.002

99.576

I t  will be seen th a t  the  analysis presents no 
unusual fea tu res although too much zinc is present 
for a good class phosphor bronze. The frac tu re ,

Copper
Tin
Lead
Zinc
Iron
Phosphorus
Arsenic
Antimony
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as will be seen, is completely in te rg ra n u la r and 
the  dendrite  form ation of th e  separa te  g ra in s is 
shown up rem arkably  well. The only unusual 
fea tu re  in  th e  microscopic appearance of such a  
bronze is th e  presence of ha ir-like  films usually  
s ta r tin g  from  a patch  of eutec to id  and ru n n in g  to 
ano ther patch  or bordering a p a tch  of eutecto id .

Cause and Prevention of Oxide.
The presence of such oxide is due p rim arily  to  

fau lty  m elting  and  m ixing practice . The basis of 
all bronze is, of eourses copper. A lthough electro
ly tic  copper cathodes a re  fa irly  extensively used 
nowadays, th e  m ajo r po rtion  of castings is pro
duced w ith in go t copper. F o r casting , th a t  
b rand known as “ B est Selected ” is  generally  
purchased. B est Selected ingot copper usually 
con tains 99.6 to  99.75 per cent, copper, th e  balance 
consisting of various im purities includ ing  oxide. 
The oxygen conten t varies from  0.05 to  0.3 per 
cen t., and is easily visible u n d er th e  microscope, 
as shown in  F ig . 2.

The m etal then  is in itia lly  oxidised. T h a t some 
fu rth e r oxidation  occurs in m elting  is inevitable, 
b u t carefu l p rac tice  will keep th is  a t  a  m inim um . 
M elting  w ithou t a  cover, prolonged m elting , 
exposing the  unm elted  o r p a rtia lly  m elted ingots 
to  an oxidising flame will all soon ra ise  th e  oxide 
con ten t to  a highly undesirable level. F u r th e r 
more, one very  seldom s ta r ts  w ith  all new m eta l 
in bronze-foundry prac tice—scrap generally  forms 
from  40 to  70 petr cent, of th e  charge— all of it  
con ta in ing  m ore o r less oxide. T he question 
n a tu ra lly  arises, why no t deoxidise th e  m etal 
a f te r  m elting? This is a fa r  m ore difficult th in g  
to  accomplish th an  is generally  realised. Accord
ing to  technical li te ra tu re , phosphorus is one of 
th e  m ost pow erful deoxidisers known. This w ide
spread fa ith  in  th e  efficacy of phosphorus is touch 
ing bu t, u n fo rtuna te ly , misplaced. W hilst i t  is 
perfectly  tru e  th a t  phosphorus will reduce cuprous 
oxide, i t  is n o t generally realised  th a t  i t  is of 
little  value to  reduce t in  oxide. The w riter has 
had  num erous instances of the  presence of large 
q u an tities  of t in  oxide presen t in bronzes con
ta in in g  any th ing  up  to  1.5 per cent, phosphorus.

In  fac t none of th e  comm ercially-used so-called
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deoxidants seems capable of rem oving t in  oxide 
from  a bronze. Phosphorus may be called the  
friend  of th e  poor foun'drym an. ' I t  enables him  
to  transfo rm  a pot of bronze which is so fu ll of 
oxide th a t  i t  is like treacle in to  a free-running  
m etal, which, nevertheless, still con tains its oxide 
and will give hopeless castings from  th e  stand 
p o in t of streng th .

The best wray to  deoxidise a bronze is n o t to 
oxidise it . No am ount of “ dope ” will replace 
correct m elting practice and  m ake rubbishy scrap

F i g . 3 . — E t c h e d  M i c r o - s e c t i o n s  s h o w i n g  t h e  I n f l u e n c e  
o f  C a s t i n g  T e m p e r a t u r e  o n  t h e  G r a i n  S i z e .

in to  new m etal. In  th is connection th e  im port
ance of add ing  th e  tin  to  a bronze, las t th ing  of 
all, should be noted. E very precaution  m ust be 
tak en  to  preclude the possibility of t in  oxide. 
The phosphor-copper or phosphor-tin o r zino o r 
m anganese copper or w hatever alloy is p referred  
m ust be added before the tin , and stirred  in and 
allowed tim e to  react.

Runners and Running and Pyrometric Control.
Probably the  most im portan t factor in the 

m aking of bronze castings is th e  m ethod of ru n 
ning  and  feeding the castings. This is especially 
tru e  in  castings of any appreciable w eight. There 
a re  one o r two axioms which a re  easily sta ted  
and  th e  t r u th  of which will readily  be adm itted ,
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b u t to  carry  these o u t in ac tua l practicei—w ith 
due regard  to  economical considerations—is fre
quently  very difficult. One of these  axiom s is 
th a t  th e  mould should be filled a t  every po in t w ith 
m eta l a t  th e  sam e tem p era tu re . The perfect 
achievem ent of th is  ideal is n a tu ra lly  difficult, b u t 
th e  m anner in  which some foundries ru n  th e ir  
castings throw s lig h t on th e ir  difficulty o f ob ta in 
ing a h igh  percen tage of really  good work.

A nother is th a t  th e  ru n n e r  should be so placed 
th a t  th e  m etal is ag ita ted  as li tt le  as possible 
inside th e  mould, a n a  so th a t  th e  m e ta l does n o t 
flow w ith  any force aga in s t th e  sides of th e  mould. 
The best resu lts  in  b ronze-founding p rac tice  a re  
always obtained  by ru n n in g  th e  castin g  as rap id ly  
as possible consisten t w ith  avoiding undue  a g ita 
tio n  and  scabbing of th e  moulds.

W hatever re su lts  a re  obtained in  cast-iron 
founding  small run n ers  are  of no value in  bronze- 
foundry  p rac tice  where good resu lts  a re  im pera
tive , The sub jec t of casting  tem p e ra tu re  is in t i
m ately  bound u p  w ith  th e  question of m ethods 
of runn ing , and  one canno t logically be discussed 
w ithout th e  o ther. T ha t th e  casting  tem p era tu re  
of an alloy is an im p o rtan t po in t everyone now 
agrees, b u t mere discussion of casting  tem p e ra tu re  
w ithout reference to th e  size of the  easting , the  
th ickness of section, and  th e  size of th e  run n ers  
is valueless and  m eaningless.

I t  has been th e  a u th o r’s privilege du ring  th e  
la s t few m onths to  v is it a  num ber of non-ferrous 
foundries—some up-to-date  and some out-of-date— 
and he was ra th e r  p leasantly  surprised  to  note 
th a t  nearly  every foundry  had  p y ro m ete rs ; and 
if these w ere no t used as regu larly  as one m ight 
th in k  necessary, they  were invariab ly  used on 
heavy o r im p o rtan t work.

The regu la r use of a  reliable pyrom eter in all 
bronze foundries is a p rac tice  which is to  be 
strongly commended, as by th is  m eans one phase 
of bronze-foundry prac tice  can be standard ised  
and valuable d a ta  obtained . One p o in t w ith  
regard  to th e  fixing of casting tem pera tu re-lim its 
perhaps deserves to  be m entioned. The generally  
p revalen t idea is th a t  th e  heavier th e  section of 
th e  casting  the  lower th e  casting  tem p era tu re  
should be. T his is no t always s tr ic tly  tru e , as a
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very im portan t fac to r is being neglected if only 
th is  aspect is considered. T h a t is th e  distance 
the  m etal has to travel to  the  fa r th e s t poin t of th e  
mould. I t  should be realised  th a t  once the  
m etal has en tered  th e  mould th e  tem pera tu re  falls 
w ith g rea t rap id ity , so th a t  by th e  tim e it  has 
travelled  a short distance the tem pera tu re  is 
very d ifferent from th a t  of th e  m etal in the pot.

F iq . 4.— E t c h e d  (NH.,)OH +  H 20  x 100 d i a s .

Thus in fixing th e  casting tem pera tu re  th is very 
im portan t factor m ust be taken  into considera
tion . The casting  tem pera tu res used for the  
bronze alloys lie between 1,000  deg. and 1,250 
deg. C., th e  average being 1,100 and 1,200 
deg. C.

Liquation, Segregation and other Problems.
One of the  most gerious troubles in  bronze- 

founding prac tice  in th e  past has been defects 
due to  heterogeneity  of castings. H igh-tin  bronzes, 
particu la rly  those containing; phosphorus, a re  very 
liable to give trouble in th is respect. Consisting, 
as they  do, of two qu ite  d is tinc t phases, solidi
fy ing over a wide range of tem pera tu re , due con
sideration  m ust be given to freezing conditions to
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p roperties. N atu ra lly  th e  ligh ter castings do no t 
present any difficulties in th is  respect, as im me
d iately  th e  casting  is poured solidification takes 
place th roughou t, and  there  is very li tt le  possi
b ility  for segregation  o r liquation  to  occur.

W ith  th e  o rd inary  tin  bronzes th e  solidification 
commences a t  990 deg. C., and  is com plete a t  
790 deg. C. W ith  phosphor-bronzes the  solidifica
tion  commences abou t 960 deg. O., b u t th e  alloy 
is no t finally set u n til th e  freezing p o in t of the  
te rn a ry  eu tec to id , namely, 620 deg. O. T hus the  
possibilities for liquation  troubles to  occur are  
g rea te r w ith phosphor-bronzes th a n  w ith  p lain  
bronzes ~©r gunm etals. The effoct of varia tions 
of casting  tem p e ra tu re  and ra te  of cooling on 
bronze co n stitu te  an alm ost unlim itab le  field for 
research, th e  fr in g e  of which has only y e t been 
touched. Only a  few of th e  m ain  effects can be 
sta ted  w ith  ce rta in ty . The lower th e  casting  
tem p era tu re  of th e  bronze (o ther th ings being 
equal) th e  g rea te r will be th e  B rinell hardness 
and th e  g rea te r th e  density . Also th e  lower th e  
casting  tem p era tu re  th e  sm aller wall be th e  g ra in  
size, as shown by etched microsoopic sections such 
as those in F ig . 3. This is due to  th e  rap id  ra te  
of cooling th rough  th e  p rim ary  solidifying range, 
and corresponds w ith  th e  small g ra in  size shown 
by chilled castings. Low -casting tem p e ra tu re  in 
bronzes gives rise - also to  g re a te r  segregation  of 
th e  eutectoid, which is n o t o ften  a desirable 
fea tu re . W hen th e  eu tec to id  form s an  alm ost con
tinuous netw ork o r is segregated in  la rge  patches 
instead of being form ed in sm aller sized, isolated 
and evenly dispersed nodules, th e  alloy is con
siderably m ore b r i tt le  an d  w eaker to  shock. 
Figs. 4 and  5 show samples of bronze of th e  same 
composition which illu s tra te  th e  effect of low- 
casting  tem p era tu re  on the  eu tec to id  segregation. 
V ariations in  casting  tem p e ra tu re  have also a 
m arked effect on th e  colour of the  fra c tu re  of a 
bronze. Bronzes w ith  10 to  12 p er cen t, t in  when 
cast a t a h igh  tem p e ra tu re  (1,175 to  1,250 deg. C.) 
b reak w ith a golden-brown frac tu re , w hilst those 
cast a t a low tem p era tu re  (1,075 to  1,125 deg. C.) 
have a  g rey ish -w hite .frac tu re . The appearance  of 
frac tu red  runners, etc., toge ther w ith th e  m icro
scopic appearance, and in  conjunction  w ith the
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size of the  ru n n er thus enables one to  make a 
very close estim ate  of the  tem p era tu re  a t  which 
the m etal was cast.

W here th e  stren g th  of a cast-alloy is the 
prim ary  consideration, i t  should be remembered 
th a t  the  conditions which ten d  to give a bronze 
of the  g rea test s tren g th  a re  rap id  solidification 
from a fa irly  low-casting tem pera tu re  and very 
slow cooling a f te r  solidification. Such conditions 
ob tain  in  te s t bars a ttached  to  large, heavy 
bronze castings. A te s t  b a r  a ttached  to  the 
bottom  of th e  casting, and cast in such a  m anner 
as to  solidify rap id ly , will give very good resu lts 
due to* th e  slow cooling a fte r  solidification.

Tin-sweat.
This m ethod is, of course, sim ilar in some 

respects to  casting  a chill bar and subsequently 
annealing  and  slow cooling, which invariably 
gives h igher te s t resu lts th a n  can be obtained by 
o th er methods. A comparison of the  effects of 
various ra te s  of cooling on stren g th  is given in 
Table I I I ,  which illu strates the  points enum erated

T a b l e  III.— Effect of Varying Solidifying Rates and Cooling 
on Admiralty Gun-Melal, Analysing Copper, 87.44; 
Tin, 10.43 ; Lead, 0.27; and Zinc, 1.66 per cent.

Maximum
Casting Method of Stress. Elongation.
temp. moulding. Tons per Per cent.
Deg. sq. m.

1120 Attached to 
15 cwt. casting.

21.8 27

1140 Loose green 
sand.

17.2 18

1140 Chilled and 
subsequently 

annealed.

23.4 32

Size of Test Bar in each case 11" round.

above. One of th e  m ost fam iliar examples of 
liquation  in  bronzes is seen in h igh-tin  bronzes, 
particu la rly  those contain ing  phosphorus. This 
is generally  and expressively kncwn as “  tin - 
sw eat.”

In  its less harm ful form i t  is seen to advantage 
on th e  runners of h igh-tin , high-phosphorus
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bronzes cast a t  high tem pera tu res  when the  exuda
tion from th e  ru n n e r may often  be sufficient to 
cover the  whole of th e  ru n n e r head. I t  is also
fa irly  frequently  seen on the  top surfaces of cast
ings a fte r  m achining, grey h a rd  spots generally 
having m inute  pelle t holes all round  th e  outside 
edge. These spots m ay be sufficiently extensive to 
cause rejection  of a casting, and  very o ften  they  
extend deeper th an  is a t  first im agined. The 
au tho r recently  saw a case of “ tin -sw eat ” on a  
large phosphor-bronze casting  w eighing about one 
ton , in which the  ac tua l “ t in -s w e a t”  was over
18 in. long by 2 in. to 3 in. broad, and \14as over
§ in. in depth.

T a b l e  IV.—Typical Exudations from Bronze Castings.

Copper. Tin. Lead. Zinc.
Phos

phorus.

Casting 89.0 9.35 1.24 1.20 nil
Exudation 77.12 17.36 4.48 0.76 nil
Casting 88.03 10.70 0.33 0.46 0.16
Exudation 80.26 18.24 0.77 0.16 0.41
Casting 87.88 10.23 0.87 0.41 0.44
Exudation 78.82 19.29 1.40 0.29 0.92
Casting 86.11 12.54 0.21 0.16 0.89
Exudation 77.18 20.37 0.33 0.12 1.75

T a b l e  V.—Analysis of a Large Phosphor-Bronze Casting 
Weighing 19 cwts.

Casting Exudation
Per cent. Per cent.

Copper 87.5 80.9
Tin .. 10.6 18.2
Lead 0.15 0.46
Zinc 0.30 0.45
Phosphorus . . 0.40 0.74

The “  tin -sw eat,” in all cases, w hether seen in 
the  casting  or 011 th e  ru n n er , consists chiefly of 
w hat eventually  becomes th e  delta  eu tec to id , and 
(if the alloy is phosphor-bronze) copper phosphide. 
The au tho r has, a t  d ifferent tim es, had  analyses 
m ade of such exudations from  bronzes, and a 
sample of such analyses is given in Table IV . 
Table V gives the  analysis of the  exudation  o r tin -  
spot on the  large phosphor-bronze casting  m en
tioned above, together w ith th e  analysis of th e
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m ain body of the  casting . I t  is in teresting  to 
no te  th a t  where the  alloy contains lead a much 
larger p roportion  of lead is found in the  
exudation.

Cause and Remedy of Tin Spots.
The causes a re  too high casting  tem pera tu re  

and insufficient feeding of the m etal. The solidi
fication of h igh-tin  hronzes seems to proceed to 
two d is tin c t phases—more d is tinc t th an  one would 
im agine from  th e  therm al equilibrium  diagram . 
The alpha solid-solution of the alloys freezes, and 
th e  subsequent con traction  of th is netw ork causes 
th e  still liquid portion  of th e  alloy to  be 
squeezed out.

I f  a  heavy mould is poured a t  a high tem 
p era tu re  and the  ru n n ers  and  risers are so small 
th a t  feeding is impossible, th e  liquid shrinkage 
will cause th e  m etal to  leave th e  to p  of th e  
mould a t  th e  place where the  m etal is ho ttest 
(near th e  ru n n er), and th e  subsequent cavity  will 
he filled up by exudation  of th e  low-melting po in t 
compound causing a t in  spot. The rem edy is to 
cast a t a lower tem pera tu re , and if th is  is impos
sible because of th e  d istance the  m etal has to 
trave l, cast w ith as large a  ru n n er as possible in 
o rder to  enable the  casting  to feed itself from 
th e  runner. The head of th e  casting, should be 
both of large volume and good depth  to give the 
requ isite  pressure . head, and rem ain fluid the 
requ isite  tim e.

The reverse of th is  “ tin-sw eat ”  problem is 
also possible and in teresting . If a piece of 
phosphor-bronze is heated  u p  to  620 deg. C. th e  
low m elting-point compound will exude, and only 
th is compound will exude u n til a very much 
h igher tem p era tu re  is reached.

The au tho r has exam ined bronze bearings which 
have heated  up and  seized in service where the 
tem p e ra tu re  a tta in ed  has been h igh enough to  
cause th is exudation , and the  jou rnal has been 
cem ented to  th e  bearing  by th is exudation.

In  one instance th e  quan tity  exuded was suffi
c ien t to enable an analysis to  be made, the results 
of which are shown in Table VI.
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T a b l e  VI.— Exudation from Seized Bronze Bearing.
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Composition Composition
of bearing. of exudation.

Copper . .  84.09 72.48
Tin . .  . .  13.87 21.59
Lead ..  0.74 4.98
Zinc . . . . 0.88 Trace
Phosphorus .. 0.030 0.030

Blowholes.
Blowholes are  troubles which th e  foundrym an 

will always have w ith him . In  a  w ell-regulated 
foundry , however, they should only form  a  small 
portion of the daily w orries as th e  rem edy is
generally  obvious and applicable. P robably  th e
chief cause of blowholes in  bronze-founding is cold 
m etal. V ery few comm ercial moulds are  m ade 
which will no t evolve a ce rta in  am ount of gas
when the  ho t m etal is poured in . P rovided,
however, th a t  a  reasonable period of seconds 
elapses before the  m etal in th e  mould solidifies th e  
reasonable am ount of gas genera ted  will not
adversely affect the  casting. B u t, if th e  m etal 
is a t  such a  tem p era tu re  th a t  i t  freezes as soon 
as i t  h as  filled th e  mould, th e  gas bubbles will 
rem ain  as gas bubbles in  th e  final casting , as the  
m etal has n o t the  chance to  reoover itself.

I t  m ust be adm itted  th a t  ce rta in  m etals and  
alloys have th e  exaspera ting  h a b it of evolving 
gases a t  th e  m om ent of solidification. P u re  copper 
is notorious in th is  respect, and m any nickel 
alloys, unless carefully  handled, fall from  grace 
in th is m anner. I t  should, however, be a golden 
ru le  w ith  foundrym en th a t  w henever castings
ex h ib it blowholes, th e  first th in g  th a t  should be 
done is to  try  th e  effect of a  casting  tem p era tu re  
50 or 100 deg. C. h igher.

Manganese Bronze.
M anganese bronze—or to give i t  its  academ ic 

name, high-tensile brass—forms an  extrem ely 
useful series of alloys ad ap ted  fo r foundry  work, 
although th e ir  lim ita tions in several directions 
should be realised.

P roperly  m ade, they  have b e tte r  physical p ro 
perties th a n  any o ther m etal o r alloy in th e  cast
s ta te ; tensile s treng th s of over 40 tons per sq. 
in. being obtained w ith care fu l p ractice, w hilst



still re ta in in g  a rem arkable ductility  shown by 
elongations of 20 per cen t, o r over. Probably 
the m ajor portion  of th e  m anganese bronze pro
duced finds its  application  in m arine engineering. 
I t  is th e  alloy alm ost universally employed for 
propellers owing to  its  s tren g th  and toughness and 
satisfactory  resistance to  corrosion and erosion. 
I t  should, however, be m entioned th a t  alum inium
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bronze propellers have been and  a re  being tried  
for th is  duty , and m ay q u ite  possibly become 
serious com petitors in  th is  d irection  owing to  the ir 
ex trem e resistance to corrosion by sea w ater.

The au tho r has, a t tim es, cu t up castings made 
from  manganese-bronze supjslied to  give anything 
from  35 to  45 tons tensile which have failed to 
pull 10 tons. The successful production of m an
ganese-bronze castings is a m a tte r  requ iring  con
siderable experience often b itte rly  purchased, and 
is n o t to  be ligh tly  undertaken .

The harden ing  elem ents used by different firms 
vary  considerably, b u t th e  examples given in 
Table V II  rep resen t typical p ractice . I t  is p rac
tically  useless for a foundry which has not expert
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m etallurgical knowledge and a chemical labora
tory  a t  its  command, to  a tte m p t to produce really  
successful m anganese-bronze castings as th e  effect 
of the harden ing  elem ents and a lte ra tions in  com
position a re  profound. The h igh shrinkage and 
o ther found ing  difficulties have p reven ted  the 
more w idespread use of th is  alloy for sm aller 
castings.

T a b l e  V I I .— Typical Industrial Manganese Bronzes

High grade.
55.4 per cent.
Trace 
nil

37.6 per cent.
0.86 
Trace 
2.50 
3.25

Tests.
Yield point . .  21.4 tons per sq. in.
Maximum stress 44.8 ,, ,, ,, ,,
Elongation ..  24 per cent.
Reduction . .  23.6 per cent.

Copper
T in
Lead
Zinc
Iron
Phosphorus
Aluminium

Medium grade.
58.5

1.3 
0.78

38.00
1.04 

Trace 
Trace

0.80

17.8 tons persq. in.
37.6 „  „  „  „
19 per cent.
20 „

Aluminium Bronze-
M ost '  bronze-founders have a t  some tim e or 

o ther had a t  least an a tte m p t to  produce success
fully sand castings in alum inium  bronze. The 
rem arkable physical p roperties given by th is  
bronze and th e  a p p a ren t sim plicity  of m anu fac
tu re  form  a g re a t a ttra c tio n . I t  is qu ite  safe  to 
say, however, th a t  not m any founders in  th is 
country  could he found to  u n d ertak e  th e  p roduc
tion  of any th ing  like com plicated sand  castings 
in th is  alloy a t  a  comm ercial price. The whole 
difficulty of alum inium -bronze found ing  may be 
summed up in the  word “ o x ide .” W hen some 
genius finds a really successful flux or deoxidant 
fo r th is  alloy then  it  is likely to  become a  serious 
riva l to  th e  o rd inary  bronzes.

Curiously enough, alum inium -bronze is fa r  
more successful as a n  alloy fo r perm anent-m ould 
castings. T here a re  qu ite  a  num ber of firms in 
th is  coun try  producing sm all, in tr ic a te  castings 
in th is  alloy in cast-iron moulds. The achieve
m ents of our A m erican friends in th is d irection
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are well known. W here castings of any appre
ciable w eight o r section—tlia t  is, when th e  th ick 
ness is over 1 in. o r the  w eights over 50 lbs.—are 
to  be produced by th is m ethod, th e  difficulties 
a re  ra th e r  g re a t on account of high-liquid sh rink 
age of th e  alloy. I t  is reported , however, th a t  
in  A m erica castings of p lain  section up  to  100 lbs. 
in weight a re  being successfully produced.

Alloys to Resist Corrosion.
One of the  g rea te s t problems connected w ith 

m odern brass-foundry work is th e  production  of 
a  comm ercial alloy to  resist corrosion. Jud g in g  
from  cu rren t technical li te ra tu re  and tra d e  ad 
vertisem ents, one is a p t to  th in k  th a t  th e  corro
sion problem  is nicely settled  now th a t  stainless 
steel is  available, bu t, unhappily , i t  is no t so.

W hilst stain less steel rep resen ts a m etallurgical 
achievem ent, little  sh o rt of m arvellous, combining 
as i t  does an  alloy of rem arkable  physical proper
ties  w ith g re a t superiority  in  resistance to  corro
sion to  o rd inary  steels, y e t for serious corrosion- 
resisting  duties in very few cases is i t  superior 
to  o r even equal to  such commercial non-ferrous 
alloys as th e  nickel-copper group typified by the 
alloys known as Monel m etal and  C orronil.

F o r feebly-eorrosive mediums of a non-acidulous 
character, especially when erosion and abrasion 
occur, stain less steel is th e  best m etal y e t pro
duced. There is, however, a very large field for 
an alloy which can be handled fa irly  easily in 
th e  foundry  and which has good anti-corrosive 
properties.

Such an alloy should have also fa ir  s treng th  
and good m achining properties. M any of th e  cast 
nickel-chromium -copper alloys give very excellent 
anti-corrosive properties, b u t th e  difficulties 
a tte n d a n t on casting  these alloys in to  anyth ing  
b u t th e  sim plest shapes are  very great.

Generally speaking, th e  alum inium  bronzes are 
more re s is tan t to  corrosion th an  the  o rd inary  
bronzes, b u t here  again  the  difficulties of founding 
p rev en t th e ir  w idespread use. The cast alloys 
of copper, nickel and' alum inium , w ith between 
5 and 10 p er cent, of th e  la t te r  m etals, a re  com
para tive ly  simple to  cast, and  besides showing 
rem arkable  resistance to corrosion in some media,
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give excellent physical p roperties. Such alloys as 
th e  copper-silicon and copper-silicon-m anganese, 
also p resen t d is tin c t possibilities.

Possible Future Developments.
I t  is extrem ely  presum ptious for anyone to  

a ttem p t to prophecy w hat bronze-founding p rac
tice of th e  fu tu re  will be like. O ne of th e  com
p ara tiv e  ce rta in tie s  is th e  g re a t extensions th a t  
are likely to  be m ade in  th e  use of alum inium - 
alloy castings—particu la rly  die castings and  p er
m anent-m ould castings for sm all work. The 
cheapness, lightness and com parative ease w ith 
which such castings can be m ade by those m ethods 
will resu lt in tim e  in th e  m ajo rity  of sm all non- 
ferrous castings being m ade in  such alloys. In  
th is  connection, p a rtic u la r  m ention should be 
made of th e  alum inium -silicon alloys, which have 
probably a b rig h te r fu tu re  before them  th a n  any 
o ther alum inium  alloy ye t developed. The develop
m ent of non-ferrous alloys hav ing  really  good 
anti-corrosive properties an d  su itab le  for casting  
purposes is long overdue. No alloy to  res ist 
corrosion is likely to  have a  wide use unless i t  
can be handled  in th e  foundry  w ith  com parative 
ease. Alloys con ta in ing  percen tages of nickel 
between 5 and 15 per cen t, to  rep lace tin-bronzes 
are  likely to  become common unless, of course, 
th e  D utch  financiers decide to  sell tin  to  th e  
foundries a t  £100 a  ton .

I f  all our mooted w ater-pow er schemes come 
to  sa tisfactory  fru itio n  o r  any of th e  bi-weekly 
new spaper sto ries of cheap e lec tric ity  ever resu lt 
in  power a t  a fa r th in g  a u n it, we shall th en  see 
wholesale adoption  of e lectric furnaces.

Vote of Thanks.
T h e  C h a ir m a n  (M r. V .  C . F au lkner) said th a t  

th is was the fo u rth  of a  series of lectures which 
had been delivered under th e  jo in t auspices of th e  
two bodies. The first lec tu re  was by M r. S. E. 
W ells, th e  second by D r. L ongm uir, th e  th ird  by 
Mr. A. H . M unday, and th e  fo u rth  was by Mr. 
Rowe, who was a m em ber of both  societies. They 
a ttached  a good deal of im portance to  these lec
tu res, because the  In s ti tu te  of M etals, tak en  as a 
whole, tre a te d  ra th e r  of the  academ ic side of m etal
lurgy, whereas th e  In s titu te  of B ritish  Foundrym en
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d ea lt w ith  th e  technical and p rac tica l side, b u t 
they  m et on definite technology, of which M r. Rowe 
was a very good rep resen ta tive , being a m an who 
was fam iliar w ith th e  la te s t academic thought, and 
also w ith  p rac tice  in  the shops.

D r. J .  L. H a u g h t o n  (C hairm an of the  London 
Section of the  In s titu te  of M etals), proposing a 
vote of th an k s  to  M r. Rowe for his lecture, said 
he was sure they had all listened to  i t  w ith the very 
g rea te st pleasure. I t  was a rea l t r e a t  to  have a 
lecture such as th is, by a m an who combined both 
scientific and practioal knowledge in  a way which 
had been m ade so very obvious to  them . Speaking 
for the members of th e  London Section of the  In 
s t itu te  of M etals, he said i t  was always a g re a t 
pleasure to  them  to  have these jo in t m eetings with 
the  In s titu te  of B ritish  Foundrym en, and they  had 
always been very fo r tu n a te  in having excellent lec
tu res  on those occasions. M r. Rowe’s lecture  stood 
o u t as a very successful and a rem arkably in te res t
ing  one, and he had g re a t pleasure in proposing a 
vote of th an k s  to  M r. Rowe.

M r . W e s l e y  L a m b e r t  (P a s t P residen t of the  
London B ranch of the  In s titu te  of B ritish  F oun
drym en), who seconded, said he had  enjoyed the  
lectu re  very much indeed. There was one p ro
posal he would like to  make to  M r. Rowe, namely, 
th a t  in h is reference to  m anganese bronze, he 
should delete th e  word “  g rade .”  I t  would be 
b e tte r  to  ta lk  of high “  tensile  ” and medium 
“ tensile  ” th an  of high and medium “ g rade .” 
A t h is works on the  following m orning they  would 
be casting  a very large propeller, weighing 28 
tons, and he could assure them  th a t  he would not 
a ttem p t to  get any th ing  like a figure of 46 tons 
tensile, because he would consider i t  most dan
gerous to  p u t such a m eta l in to  a large propeller.

The vote of thanks was accorded w ith acclama
tion .
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Birmingham Branch.
MALLEABLE CAST IRON.

By D. Wilkinson, Member.
The successful m anu factu re  of m alleable iron 

castings involves two d is tin c t processes :— (1) The 
production  of a casting  which is hard , b r i tt le  and 
w hite in fra c tu re ; and  (2) the  modification, by hea t 
tre a tm e n t, of th is  ha rd  and b rittle  casting  so th a t  
i t  becomes soft, tough  and  ductile.

I f  th e  final p roduct is to  be of a good grade, 
the requirem ents of the second process call for 
definite lim itations in th e  first. N ot every w hite, 
hard  and b rittle  casting  can be m alleablised. I t  is 
an easy m a tte r  to  produce tw o castings between 
which the  eye may not be able to  de tec t any g re a t 
difference, bu t which th e  annealing  fu rn ace  will 
read ily  prove to  be en tire ly  d ifferen t from  each 
o th e r ; one re ta in in g  its b rittleness u nder t r e a t 
m ent, the o ther becoming ductile.

To produce th e  castings, furnaces of several 
types m ay be used; b u t th is  P aper w ill be con
fined alm ost en tire ly  to castings produced from 
th e  cupola, A brief reference only w ill be m ade 
to one o ther type of furnace. F o r cupola-m elted 
m etal th e  following points should be noticed :— 
(1) The whole of th e  carbon m ust be in  the  com
bined form ; (2) th e  phosphorus should preferab ly  
be under 0.06 per c e n t . ; (3) th e  m anganese should 
no t exceed 0.2 per c e n t . ; (4) silicon, while vary ing  
according to th e  type and  size of casting  should 
no t exceed, say, 1 per cent. W ith  th is  m axim um  
in m ind i t  may, for o rd in ary  work, be k ep t as 
high as is consistent w ith  ob ta in ing  a perfectly  
w hite frac tu re  in  every p a r t  of th e  casting . I f  
th e  h ighest s tren g th  and duc tility  is requ ired  
0.5 per cent, should seldom be exceeded; and (5) 
sulphur, providing th e  pig is norm al, need give 
little  trouble. E xcellen t malleable castings a re  
regu larly  made w ith  as much as 0.45 per cent, of 
th is  elem ent presen t. I t  m ay be no ted  a high 
sulphur should no t be associated w ith a very low
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silicon, or d ifficu lty  may be experienced in the  
anneal. Also th e  h igher m anganese should accom
pany the  h igh sulphur.

Grading,
Too much care cannot be given to grad ing  the  

iron. F or analy tical control no th ing  bu t a com
plete analysis of each consignm ent of pig-iron is 
of rea l value. P a rtia l analysis often proves to be 
a  short, th o rn y  road  to  th e  ’wilderness. As an 
example, a single experience of th e  pre-w ar days, 
which foundrym en are sometimes inclined to look 
back upon as th e  golden days when all pig-iron 
was good, can be cited . Two consignm ents of 
W est Coast refined hem atites were received under 
the  following specification :—Silicon: under 1 per 
cent.’; su lphur and phosphorus under 0.035 per 
cent. On a rriva l the  complete analyses were found 
to  be :—

T.C. G.C. C.C. Si. Mn. S.

A 3.96 3.30 0.66 0.75 0.162 0.023 0.009
B 3.89 2.75 1.14 0.74 1.150 0.035 0.031

“  A ” was an all-grey iron w ith a fairly  
open frac tu re . “  B ”  was a m ottled iron of the 
sort called in malleable foundries “  spotted g rey .” 
The complete analyses show the difference between 
the  irons very p lain ly ; bu t p a rtia l analyses, tak in g  
only silicon, su lphur and phosphorus, would be 
en tire ly  m isleading. The silicons are iden tical and 
are  correct for the  production of good malleable. 
The percentages of su lphur and phosphorus cer
ta in ly  v ary ; bu t th e  highest figure is so low th a t  
they  m ay be ignored w ith  safety. B u t ne ither of 
these irons would m ake good m alleable castings. 
W hile the  frac tu re  of “ B ”  would be correct for 
ce rta in  purposes, th e  high m anganese would p re
ven t successful annealing. W ith  “ A ” where the 
m anganese is correct, an all-white frac tu re  could 
no t be obtained, and any greyness in  th e  casting  
is fa ta l, to d u c tility  a f te r  annealing. The analyses 
reveal no reason for the  difference in  frac tu re . 
The only elem ent w ith any appreciable varia tion  
is m anganese, which varies by nearly  1 per c e n t.; 
b u t ne ither experience nor research tells us th a t 
th is  am ount of m anganese will change a grey iron,



with an  open frac tu re , in to  a m ottled one. Inspec
tion  of the  frac tu re  would in s tan tly  reveal the 
difference; and instances such as th is  form  a 
strong  argum en t in favour of re ta in in g  frac tu re  
as one m ethod of g rad ing .

I t  would he an  easy m a tte r  to  m ultip ly  exam ples 
sim ilar to  th e  above, b u t enough has been p u t 
forw ard to show the  ex trem e care requ ired  to  
grade pig-iron so th a t  good m alleable castings may 
be regu larly  produced. I t  is safe to  say th a t  
w herever records of analyses of refined irons a re  
kep t, an  inspection of these records will produce 
instances where every so rt of fra c tu re , from  all 
w hite to  all grey, have had  approxim ately  th e  
same silicon co n ten t; a lthough in m ost cases the 
su lphur and  to ta l carbon con ten ts would reveal 
th e  reason for th e  difference; w hile in  th e  above 
exam ple th ere  is no th ing  in the  analyses to  account 
for it. F o r these reasons, a  com plete analysis, 
g iving not m erely th e  to ta l carbon, b u t th e  com
bined and g raph itic  carbon also, is essential if 
m axim um  safe ty  is desired.

Eecognising th a t  un iform ity , while desirable, 
canno t be ob tained , th e  following m ethod of 
g rad ing , for cupola-m elted malleable, can be 
recom mended as one which will prove reliable.

E ach consignm ent of p ig-iron , as i t  a rrives, is 
stacked separately  and  fully analysed. W hen th e  
charges are  being m ade up in accordance w ith  the  
analyses, instead of tra n sfe rrin g  th e  iron to  th e  
cupola p la tfo rm  im m ediately i t  is broken, le t i t  be 
broken th e  day  before i t  is requ ired  and  each lo t 
piled separately  n ear its  own stack w ith  th e  frac 
tu red  surfaces exposed to  view. The frac tu res  
are then  exam ined and  any  abnorm al ones m arked 
w ith chalk. These abnorm al frac tu res  are  e ith e r 
d is tribu ted  evenly th rough  th e  charges, k ep t back 
to  m ake up special charges, or re jec ted  com pletely 
as judgm en t d ictates. I t  may be noted th a t  a fa ir 
am ount of la t itu d e  in composition is perm iss ib le ; 
and, by using  a m ethod sim ilar to  th e  above, th e  
extrem e varia tions th a t  som etimes occur, and 
which always give trouble, can be definitely 
avoided. A cupola charge is so com paratively  
small '¿hat any decided v a ria tion  in th e  p ig  is 
liable to be tran sfe rred  to  th e  casting  w ith  conse
quent trouble  in the  anneal.



This m ethod of g rad ing  un ites all th a t  is good 
in the old style p ractice w ith  the best -of modern 
practice. I t  should no t be forgotten  th a t  the  old- 
style malleable foundrym an, despite his handicap, 
m ade a  success of his work. There a re  firms who 
have been producing good m alleable castings w ith 
reg u la rity  for nearly  100 years who even to-day 
do not possess a laboratory , and in which none of 
the  staff possesses any considerable m etallurgical 
knowledge. There are also firms, equipped with 
laboratories rep lete  w ith the  la te st scientific 
appliances and staffed w ith  men of h igh  m etal
lurgical a tta in m en ts , who have abandoned the 
m anufactu re  of m alleable iron and  are now pu r
chasing it , in  some cases, from th e  very firms who 
work by th e  so-called “  ru le  of thum b .”  No 
scientific a tta in m en ts  can replace the  skill which 
comes from th e  careful, prolonged and p a tien t 
observation  of the  facts of everyday experience. 
B u t th e  g rea test success will be obtained by theT 
com bination of wide technical knowledge w ith the 
prac tica l ability  only obtained by a close steady 
application  to  daily  routine.

Cupola Practice.
The cupola prac tice  may be considered good if 

th e  m etal is ho t and fluid. Speed of m elting and 
low coke consum ption, compared w ith  hot, fluid 
m etal, are of secondary im portance. W hite  iron, 
owing to  its  lower silicon and m anganese content, 
is more susceptible to  oxidation  in  the  cupola th an  
is grey iro n ; and when in th is  condition i t  not 
only gives trouble in  the  castings, b u t i t  freezes 
w ith  g rea t rap id ity , skulling up th e  ladles and  
only about half filling most of the  moulds. As a 
consequence g re a t care and skill are  necessary if a 
m inim um  coke consum ption and a high ra te  of 
m elting is to  be obtained, and  i t  is hardly  wise 
unduly  to  economise in the  cupola a t  the  expense 
of th e  castings.

Foundry Practice.
Compared w ith  grey iron practice th e  special 

points to  be noted in malleable founding, while of 
g re a t im portance, are no t num erous. W hite  iron, 
having a h igher contraction th a n  grey, is more 
susceptible to  shrinkage cavities and cracking. 
Successfully to  m eet these difficulties affords ample
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scope for ingenu ity  and skill. - S hrinkage cavities 
a re  prevented  by a tten tio n  to  th e  filleting and 
contour of th e  p a tte rn , th e  provision of sub
s tan tia l feeders, a tho u g h tfu l d isposition  of th e  
gates, and by chills. A feeder is p referab le  to  a 
chill, unless i t  is qu ite  ce rta in  a chill will e lim inate  
the  davity and no t m erely move i t  to  o ther p a r ts  
of th e  casting . In  general, a sounder p roduc t is 
obtained by using  several sm all ga tes ru n n in g  in to  
a th in  p a r t  of th e  castin g  th a n  by using a la rg er 
ga te  in a th ick er p a rt . W hen th e  whole of th e  
m etal en ters the  casting  in  one place and th a t  
place is a com paratively heavy one, th e  local “ hot 
spot ”  th u s  produced is very susceptible to  sh rink 
age. By b reak ing  up  the  “ h o t spo t ” and locating 
i t  in  a  th in n e r p a r t  of th e  casting , g rea te r 
un ifo rm ity  in freezing is secured and  liab ility  to  
shrinkage holes is reduced. W ith  reg ard  to  p a t
te rn  design all in te rn a l corners should be filleted, 
and, where possible, an angle in  th e  patte lrn  
should foe replaced w ith  a curve.

Cracks resu lt from  several causes. Sometimes 
they  a re  s ta rte d  by shrinkage cavities, and in  these 
cases th e  e lim ination  of th e  cav ity  will rem ove th e  
crack. A t o ther tim es th ey  are  caused by th e  
resistance of th e  mould, or th e  cores, to  th e  free 
con traction  of the  m etal.

H ere  the rem edy is obvious. The w orst cases 
resu lt from  unskilfu l design, and  w here th is  canno t 
be a ltered  i t  is som etim es a  troublesom e m a tte r  
to  produce sound castings. There a re  two periods 
du ring  which cracks fo rm  -as th e  casting  cools from  
th e  m olten condition. As th e  m eta l freezes i t  
passes th rough  a  p as ty  stage, an d  any opposition 
to  free con traction  d u rin g  th is  s ta te  resu lts  in the  
te a r in g  a p a r t  of th e  seimi-solid partic les, w ith  th e  
form ation of a  crack. A fte r th e  m etal has com
pletely frozen, any considerable v a ria tio n  in sec
tio n  will induce ir reg u la rity  of cooling and  con
trac tio n , -and th e  stresses thus se t up m ay lead to 
cracks or even to  complete frac tu res .

A tten tion  to  ga tin g  and chilling  will frequen tly  
overcome th is  second difficulty. W here these fa il, 
th e  addition  of a th in  bracket or web to  th e  cast
ing will sometimes prove successful. The b racket 
m ust be so proportioned  th a t  i t  w ill cool and con
tr a c t  more rap id ly  th a n  th e  casting , and i t  m ust



lie so located th a t  th e  stress induced by its  con
tra c tio n  will oppose and neu tra lise  th e  stresses 
induced by th e  irregu la r contraction  of th e  cast
ing. If  these two ends a re  a tta in ed  th e  opposing 
stresses w ill cancel o u t and th e  cracks or fra c tu re  
w ill be prevented . I t  will be seen th a t  consider
able judgm ent is required  to  succeed in p reven t
ing  cracks by b racketing . I f  these m easures fa il, 
th e  only th in g  to  be done is to  muffle th e  ho t cast
ing. Im m ediately  i t  has solidified i t  m ust be 
tak en  o u t of th e  mould and placed in a  muffle 
previously heated  to  b rig h t redness. The h ea t of 
th e  muffle should be k e p t up for a  li t t le  tim e, and 
it  should then  be cooled very slowly, and th e  cast- 
ing no t ta k e n  ou t u n til i t  is cold enough to handle. 
W hen carefully  ca rried  out, muffling seldom fails 
to  secure success.

C racks resu ltin g  from th e  first-m entioned cause 
—those occurring  while the  m etal is in the  pasty 
stage—are p revented  by a tten tio n  to  p a tte rn  
design, by chilling, o r by bracketing . I t  is p er
fectly  obvious a  crack of th is n a tu re  cannot be 
p reven ted  by muffling. The casting  canno t be 
tak en  from  rthe .mould u n til i t  has completely 
solidified, and by th a t  tim e th e  crack has already 
form ed. An a lte ra tion  in  th e  contour of th e  
p a tte rn  will usually overcome th is  trouble. W here 
th is  cannot be done, a  chill or a b racket m ust be 
used. W hen using a chill care m ust be taken  not 
to  m ake i t  too large, or another crack may form 
beyond the  edge of th e  chill. A large  chill may 
cause so rap id  a  freezing  and contraction  of the 
p a r t  to  which i t  is applied th a t  th e  adjoin ing wall 
of the  casting , being still in a semi-solid condition, 
will be unable to w ithstand  th e  resulting  stress, 
and so will crack. One or m ore brackets carefully 
located and proportioned will frequently  be found 
to  be ‘th e  easiest and best method of p reventing 
th is trouble. The brackets may be cu t out a fte r  
annealing.

An Experiment with Black Heart Malleable.

Before passing on to th e  annealing process the  
w rite r would like to  m ention an experience he 
had during  th e  w ar w ith so-called unsuitable iron 
while producing malleable castings from a Siemens
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open-hearth  furnace. D uring  th e  tim e  th e  sho rt
age of iron  su itab le  fo r m alleable was acu te  a  con
signm ent of soft, grey h em atite  had  been se n t to  
th e  works. The silicon was 2.85 and th e  m an
ganese 1.1 per cen t. The firm considered1 i t  to ta lly  
unsu ited  fo r use, and  i t  was p u t  on one side. 
W hile th e  w rite r  was w ith  th e  firm, he suggested 
th e  iron should n o t be allowed to  s ta n d  w hile 
hem atite  was so scarce, and obtained perm ission 
to  t r y  i t  for th e  p roduction  of malleable. The 
fu rnace  had  a capacity  of 2 \  tons, and  a  charge 
was m ade of th e  so ft hem atite  w ith  10 p e r cent, 
of steel scrap. W hen th e  charge  was m elted, new 
annealing  ore, carefully  calcu lated  to  th e  am ount 
required  to reduce th e  silicon and  m anganese to  
the  desired percentage, was added, a  l i t t le  a t  a 
tim e, to  the  slag. The h ea t proceeded in  exactly  
th e  sam e m anner as th e  e a rlie r  stages of a  steel- 
m elting  h ea t and before th e  la s t po rtio n  of th e  
ore was added, te s t  pieces were cast, carefu lly  
cooled, broken, and th e  fra c tu re  exam ined. No 
difficulty was experienced in lim iting  th e  o re addi
tions to  th e  exact am ount necessary to  reduce th e  
silicon to  a  figure sufficiently low to  give a  com
pletely w hite frac tu re . By th e  tim e  th e  silicon 
had  been reduced to  0.75 p e r  cen t, th e  m anganese 
was found  to  be 0.3 p er cent. The slag was then  
allowed com pletely to  ex h au st itself of oxide, when 
th e  m etal was tap p ed  and  cast. B y avoiding a 
strongly  oxidising flame d u rin g  m elting  the  oxida
tion  of th e  carbon was m inim ised, and  th e  re su lt
ing  m etal, a f te r  annealing  a t  750 deg. 0 ., yielded 
a  good, itough b lackheart m alleable. T he fra c tu re  
of th e  hard  castings was p erfec tly  w hite, and  could 
be d istinguished in no way from  th e  o rd in a ry  frac
tu r e  of a h a rd  casting. T he whole consignm ent 
of iron was used in th is  m anner.

Annealing.
The castings being m ade, th ey  a re  cleaned an d  

prepared  fo r th e  annealing  process. The oven in 
which th is  operation  is c a rried  o u t deserves care
ful consideration, b u t to investiga te  th e  various 
designs now in use would unduly  prolong th is  
Paper.

The m anner in w hich the  castings a re  packed in 
th e  annealing  p ans is a  m a tte r  of im portance  if
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d isto rtion  during  th e  process is to  he k ep t a t  a 
m inim um . The w riter has more th a n  once heard 
i t  sa id  th a t  i t  is essential to  surround  each one 
completely w ith th e  packing  m ateria l, and to pre
v en t them  touching each o ther, if good annealing 
is to  he secured. B u t he has never found  th is to ' 
be necessary. W hen associated w ith a malleable 
foundry  his p ractice  was, where th e  size and shape 
of th e  castings perm itted , ligh tly  to  wedge them  
in  shallow layers across th e  pans, filling th e  hollows 
and in terstices w ith  packing m ateria l, and ram 
ming i t  down w ith  sh o rt bars so th e  castings could 
no t move.

The packing m ateria l is usually red hem atite 
ore. The new ore is mixed w ith  spen t ore from  
a  previous operation  in  p roportions which vary  
according to  th e  size and grade of th e  casting  and 
th e  position occupied in  th e  oven. The propor
tions vary  from equal p a r ts  to  one in twelve or 
fourteen . The strongest m ix tu re  is used for th e  
cooler p a rts  of th e  oven and for the larger and 
h ard er castings. I t  is usual to  expose th e  spent 
ore to  th e  action of th e  a ir  and w eather, m oisten
ing i t  w ith sal-amm oniac and w ater. This w eather
ing re-oxidises th e  reduced ore, so an economy in 
the am ount of new ore required  is obtained.

The consideration th a t  ore is an oxide of iron 
once led th e  w rite r to  try  th e  oxidised scale th a t  
forms on th e  outside of th e  pans as a  packing 
m aterial. The scale was broken small, sifted, and1 
used in th e  sam e way as ore. The results, on the  
whole, were satisfactory , although th e  elongation 
of th e  te s t pieces was slightly lower th a n  usual. 
W ith ore, up to  8 p er cent, elongation was very 
frequently  o b ta in e d ; w ith  scale, 6 p er cent, was 
seldom exceeded. This reduced elongation was 
considered to be th e  re su lt of th e  g rea ter im purity  
of th e  scale as compared w ith th e  ore. F o r some 
years th is  m ate ria l was used w ith success for cheap 
and  u n im p o rtan t castings, although ore was 
always used for im p o rtan t work.

All th e  pan jo in ts  should be lu ted  inside and 
out, and m ade as completely a ir tig h t as possible. 
D efective lu tin g  is responsible for much spoiled 
work. I t  will be found an advantage to  mix about 
10 per cent, of the finest of th e  dust sifted from 
th e  sp en t ore w ith the  fireclay m ix ture  used for
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th is  purpose. This adm ix tu re  considerably 
reduces th e  cracking and fa lling  oif of th e  outside 
lu tin g  d u rin g  th e  process. I t  probably  ac ts by 
form ing a  li t t le  ferrous silicate, which, being  
p lastic a t  th e  annealing  tem p era tu re , yields w ith 
ou t b reak ing  to  th e  expansion and  con trac tion  of 
th e  pans.

The ideal annealing  oven is one in  which a  u n i
form tem p era tu re  can  be m ain ta ined  in every  p a r t  
from th e  beginning r ig h t th rough  to  th e  end of 
th e  process. I t  is to  be feared  th is  oven is still 
somewhere in th e  fu tu re . I t  is n o t impossible to  
construct, fo r labora to ry  use, a  sm all fu rn ace  in 
which a  un iform  tem p e ra tu re  can be m ain ta ined  
for an alm ost indefin ite period, b u t to  build  and 
m ain ta in  a t  a  definite h ea t a  fu rnace  large enough 
to  hold a couple of dozen or more stacks of anneal
ing pans, each 6 f t .  h igh, is a  problem  of a 
d ifferent order. The annealer whose ovens do no t 
vary  from  the  roof to  th e  floor by m ore th a n  10 to 
15 deg. m ay coun t him self fo r tu n a te . A gain, 
rad ia tion  will always p rev en t th e  o u te r stacks of 
pans a tta in in g  th e  sam e tem p e ra tu re  as th e  inner 
ones. C arefu l firing will m inim ise these  v a ria 
tions, bu t, even w ith  th e  g rea te s t care, com plete 
control of th e  n a tu ra l forces opposing un ifo rm ity  
canno t as y e t be secured.

In  view of th e  im possibility of ob ta in ing  a  u n i
form tem pera tu re , i t  is fo r tu n a te  th a t  annealing  
will p e rm it a fa ir  la titu d e  in th is  respect w ithou t 
seriously im pairing  e ith e r 'the s tren g th  o r th e  
duc tility  of th e  p roduct. Unless an oven is badly 
designed o r carelessly fired, th e re  should be no 
difficulty in m a in ta in in g  a  te m p e ra tu re  w ith  a 
m axim um  v aria tio n  of n o t m ore th a n  30 to  35 
deg. C. between any  two p a rts . I t  is n o t contended 
th a t  an oven can be k ep t w ith in  these  lim its w ith 
ou t trouble, b u t w ith  good design, constan t 
repairs and in te lligen t firing, even narrow er lim its 
a re  a tta inab le .

The b ring ing  up of th e  oven to  th e  full anneal
ing tem p era tu re  of about 970 deg. O. should be 
done slowly. T here is a  tem p ta tio n  to  save tim e 
by forcing  th e  firing w hile th e  oven is cold, b u t 
few th ings a re  more p roductive  of ir reg u la rity  
th a n  too steep a tem p e ra tu re  g rad ien t a t  the  
beginning of th e  anneal.



Sufficient tim e should be allowed for th e  hea t to 
p en e tra te  to  th e  cen tre  of the  stacks, so th a t  a 
un iform  expansion an d  increase of tem pera tu re  
m ay resu lt. I f  the  heating  up  is too rap id , the
pans, 'which receive the full b ru n t of th e  flame,
will expand away from th e  castings inside them . 
This gives rise  to  a  double evil. The air-space 
between th e  expanded p an  and its contents slows 
down th e  h e a t tran sfe ren ce  to  the castings; since 
while the  space lasts heat is tran sfe rred  by rad ia 
tion  only, and  n o t by rad ia tion  plus the conduc
tion  th a t  occurs when th e  p an  and its  contents 
a re  actually  in  con tac t. In  consequence th ere  is
a  possibility of some of th e  castings n o t being
property annealed  when th e  oven has run  its ' full 
tim e. Also, as th e  castings begin to  hea.t up , th e ir 
expansion causes a  se ttling  down an d  a  filling up 
of th e  increased pan  space w ith  a liab ility  to  some 
of th e  castings cracking, owing to in te rru p tio n  of 
th e ir  free  expansion. W hen, la te r  on, a t  fu ll hea t 
the carbon p rec ip ita tio n  occurs, th e  lower layers 
will not have sufficient room fo r the ir final perm a
n en t expansion, and  d isto rtion  will occur. A ra te  
of h e a tin g  sufficiently sflow to m a in ta in  a  uniform  
increase of tem p era tu re  and expansion r ig h t 
through each stack of pans is an excellent p re
ventive of under-annealing , d istortion  and oven 
cracking. F orty -e igh t hours is not too  long a 
•period to take  in b ring ing  a n  oven up  to full heat.

As th e  tem p era tu re  rises above 850 deg. C., its 
r a te  of increase should be still fu r th e r slowed 
down. This is to  p reven t any p a r t  of th e  oven 
over-running th e  m axim um  tem peratu re . Unless 
care  is exercised a t  th is stage, some of th e  upper 
pans, which receive th e  full b ru n t of th e  flame, 
neat. O verheating of th is  character, unless imme
diately  checked and  reduced, produces badly 
annealed  castings which, w hile n o t bu rn t, a re  not 
s trong  and  ductile, Ibu.t possess a frac tu re  known 
colloquially as “ ro tte n ,”  an expressive and illu
m ina ting  te rm  descrip tive of th e  resu lt of over
h eating  a t  th e  comm encement of th e  anneal. The 
w ant of duc tility  is directly  due to the  p rem atu re  
p rec ip ita tion  of th e  carbon by overheating and to  
th e  ffa.ky form  carbon p recip ita ted  under such 
conditions always takes.

R
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W hen th e  u pper p a r t  of th e  oven reaches 970 
deg. 0 . th e  i ncrea.se in tem p e ra tu re  should be 
stopped by ad ju s tm en t of th e  firing  and  th e  
dam pers. A t th-is period th e  v a ria tio n  of h e a t 
th ro u g h o u t th e  oven should ¡be as li t t le  a s  pos
sib le; an d  in  no case, i f  e n tire  success is to  be 
obtained, should i t  exceed 35 deg. T his tem p era 
tu re  should be m a in ta in ed  las evenly as possible 
u n til th e  an n ea lin g  is finished and  th e  tim e  fo r 
cooling arrives.

Heat Control.
I t  is necessary to  have  some m ethod of d e te r

m in ing  th e  tem p e ra tu re  a t which th e  oven must- 
be held  if th e  opera tion  is to  be a  success; and 
th is  f a c t  a t  once leads to the  consideration  of some 
form  of pyrom eter. As every foundrym an knows, 
the  eye, when tra in e d  by long experience, acquires 
a  considerable fa c ility  in  com paring  an d  judg ing  
tem pera tu res.

I t  is  a  common experience when regu la rly  
inspecting  furnaces to  tu r n  to  th e  py rom eter no t 
so m uch for in form ation  as for confirm ation of an 
im pression already  form ed in  th e  m ind, a n d  to  find 
th e  py rom eter confirm ing th a t  im pression. B u t 
when accu ra te  in fo rm ation  can  be read ily  ob ta ined  
i t  is  n o t wise to  rely  en tire ly  upon judgm ent, how
ever iwell tra in e d  i t  m ay h e ; and th e  assistance of 
some definite m ethod of m easuring  th e  tem p e ra 
tu r e  of the  oven is  a  necessity.

I t  is n o t easy to  lay  down th e  b est m ethod of 
securing pyrom etric  control of an nea ling  tem p era 
tu res. A ra d ia tio n  pyrom eter g ives excellent 
resu lts  w ith  some furnaces, b u t th e  atm osphere of 
an  an nea ling  oven, which should consist of a 
slowly^moving smoky flame, in te rfe re s  eo (miuch 
w ith th e  co rrec t focus of th e  in s tru m en t upon th e  
pans th a t  low tem p era tu res  a re  frequen tly  reg is
te red  by it . I f  th is  ty p e  of in s tru m e n t be adopted , 
i t  is u su a l to  in se rt a  closed fireclay tu b e  th ro u g h  
th e  wall of th e  oven and  to  fo-cus th e  pyrom eter 
upon th e  closed end of th is  tube . T his cu ts  o u t 
th e  smoky flame, and  when allowance is m ade fo r 
th e  lag  in  rise a n d  fa ll of tem p era tu re , due to  th e  
tube, very reliab le  resu lts may be  obtained.

If  a  therm o-couple placed in s ide  th e  oven is used 
i t  is necessary to  guard  ag a in s t reg is te ring  a  fluc
tu a tin g  flame te m p e ra tu re  in stead  of th e  t r u e  tem 
p era tu re  of th e  pans. The only sa tisfac to ry
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position for a  therm o-couple is inside one of the 
pans, where i t  .will reg iste r th e  actual hea t of th e  
m ate ria l undergoing tre a tm en t. B u t fixing i t  in 
th is  .position is ra th e r  troublesom e, and frequent 
renew als a re  usually required . The w rite r’s p re
ference is for a  rad ia tio n  pyrom eter focussed upon 
th e  end of a bu ilt-in  closed1 tube. W hen workmen 
have become accustomed to  th is  type  of instrum en t 
and  to  th e  lag in troduced  by th e  fireclay tube, it  
will fee found  very tru stw o rth y . Needless to  say, 
w hichever in s tru m en t is adopted, i t  should be a  
reg is te ring  one, so th a t  th e  n ig h t firing may be 
ohecked.

I t  is in th e  h ighest degree necessary to  guard  
ag a in s t the  e rro r of working only to  th e  pyrom eter. 
The tendency is to  consider a ll is well if to e  record 
is following th e  usual track . The pyrom eter 
should he fixed a t  a poiint th a t  readily  comes up 
to  h e a t; an d  to e  correct m ethod is to use th is  
location as a  s ta n d a rd ; an d  by a tten tio n  to1 the 
fires -and dam pers to  bring  th e  rem ainder of th e  
oven to  un iform ity  w ith it. One accurate  pyro
m eter is all th a t  is needed ; th e  tra in ed  eye, 
guided by to e  pyrom eter, will readily  determ ine 
v a ria tio n s in  to e  rem ainder of th e  oven. A 
correct record should never be accepted as an 
excuse fo r -poor annealing, and th e  conjunction of 
th e  tw o is fey -no m eans unknown.

Silver as Pyrometer Control.
As an occasional check upon th e  accuracy of 

m atching th e  tem p era tu re  shown by the pyro
m eter th e  silver m elting te s t is useful. This is 
a very old te s t  fo r annealing  tem peratu res. 
Boyden, who is said to have introduced to e  m anu
fac tu re  of m alleable castings into America, le f t on 
record his observation th a t  th e  malleable annealing 
tem p e ra tu re  coincided w ith th e  m elting  p o in t of 
silver, and in  a t  least one instance th is  te s t has 
been in  occasional works so long th a t  the  tim e of 
its  in troduction  has been forgotten. A piece of 
silver, p referab ly  ham m ered in to  a th in  ribbon 
and feent in to  a  rough  ring , is placed on a  small 
fireclay dish and inserted  in the  p a r t  of th e  oven 
i t  is desired to  te s t. Silver m elts -at 962 deg. C., 
so i t  is ev iden t th a t  if to e  correct annealing  tem 
p e ra tu re  has been established th e  ring  will be
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m elted. A fte r ,a few tr ia ls  i t  is fa irly  easy to  
e stim ate  th e  approx im ate  tem p e ra tu re  hy th e  ra te  
a t  which th e  m elting  occurs. T his te s t is some
tim es used instead  o f a pyrom eter, and if ca re  be 
taken  to  m a in ta in  th e  silver in a  s ta te  olf p u rity  
by an  occasional cupella tion , i t  gives an  
exceedingly re liab le  ind ication .

I t  is also useful as a  check upon th e  pyrom eter 
to show when i t  needs a tten tio n  and ca lib ration .

T he length  of tim e th e  oven is m ain ta in ed  a t  
h e a t may vary  .according to  requ irem en ts. For 
castings of an o rd in a ry  g rad e  in which th e  h ighes t 
du c tility  is no t required , 48 hours’ b rin g in g  to  
heat, followed hy 60 hours a t  heiat a n d  a  slow 
cooling, will give good resu lts , provided a. su itab le  
composition is obtained in th e  h a rd  casting .

I f  m axim um  d u c tility  is requ ired  th e  silicon and 
su lphur con ten t of th e  castings should be k ep t 
down and th e  period a t  h e a t lengthened. W ith  a 
silicon of 0.5 to  0.6, a  su lp h u r (between 0.2 and  
0.25 and period of 72 to  84 hours a t  h ea t, followed 
hy slow cooling to  600 deg. 0 ., excellent duc tility  
may be obtained. The longer anneal reduces th e  
carbon con ten t m ore th a n  usual, and, p rov id ing  
the  upper lim it of 970 deg. 0 . is n o t exceeded, a 
very ductile  m alleable resu lts . A stan d a rd  works 
bend te s t for th is  an n ea lin g  tr e a tm e n t was a  b a r  
9 in. long by  f  in. dia. These bars regu la rly  b en t 
to 180 deg. ro u n d  a  J  in. rad iu s  w ithou t th e  leas t 
sign o f a crack appearing.

The Chemistry of Annealing -
The reactions by which th e  carbide of iron  in  a  

h a rd  castin g  is decomposed d u rin g  annealing , its 
carbon being p a rtly  rem oved a n d  p a rtly  deposited 
as tem per carbon, a re  undoubtedly  much m ore 
complex th a n  they  are- usually  considered to be. 
The commonly accepted exp lana tion  is as 
follow s: —

As th e  oven comes up  to  heat, th e  oxygen of 
the  a ir enclosed in the  pan , diffusing th rough  the  
skin o(f th e  castings, combines w ith th e  carbon of 
th e  cem entite  i t  finds th e re  form ing C 0 2

(1) 20 , +  2Fe2C =, 3Fe2 +  2C 02.
As the o re is hea ted  up i t  is decomposed in to  

mixed oxides an d  oxygen, an d  th is  oxygen also 
reacts w ith th e  cem entite  and forms 0 0 2. T he m ixed



oxides rem ain ing  are  of a variable composition, 
so th a t  it  may be b e tte r to leave the  num erals 
indefin ite and  w rite  th e  form ula F exOv. W ith  
increasing  tem pera tu re , a sm all am oun t of the  
fu rnace  gases con ta in ing  a  proportion  of 0 0 l2 and  
0 0  will diffuse th ro u g h  the  pans, an d  th e  o re will 
oxidise th e  OO to  0 0 2.

(2) F e x 0 y +  0 0  = F e x 0 y x +  0 0 2.
By th e  tim e th e  oven is up  to h e a t a  f a i r  am ount 

of 0 0 2 iwill be p resen t in th e  pans. As th is  gas 
diffuses in to  th e  castings i t  reacts w ith the 
cem e n tite : —

(3) 2Fe30  +  2 0 0 2 = 3Fe2 +  400 .
T he ore (immediately ad jo in ing  th e  eastings 

oxidises th is  CO, as i t  diffuses outw ard, into C 0 2 
in accordance w ith equation (2). The cycle of 
reactions (2) and  . (3) proceeds slowly h u t con
tinuously, hav ing  as an u ltim ate  issue th e  removal 
of carbon from  the  o u te r p a r t  of th e  castings.

The p rec ip ita tio n  of tem per carbon is usually 
considered to  resu lt from th e  unstable condition of 
th e  cem entite. This in stab ility  is inheren t, and  
is increased by the  action of th e  silicon present.

When cem entite is m ain tained  for a sufficient 
tim e a t  a sufficiently elevated tem pera tu re  it 
slowly coalesces in to  nodules, and finally arrives a t 
a  condition of equilibrium  by decomposing into 
iron, in th e  s ta te  of fe rrite , and carbon. The car
bon, owing to th e  mechanical opposition of the  
iron, is unable to  coalesce in to  flakes, h u t rem ains, 
in  situ , in patches of tem per carbon.

R ecent research has brought to  ligh t facts which 
appear to  modify these views. A t th e  autum n 
m eeting of the  Iron  and Steel In s titu te  in 1923 a 
P ap e r was presented  by H onda and M urakam i on 
“  G raph itisa tion  of Iron-C arbon Alloys.”  W ork
ing on a pu re  w hite iron w ith a silicon con ten t of 
only 0.063 per cent., these investigators appear to 
have proved th a t  g raph itisa tion  is the  result, not 
of a m ovem ent of cem entite tow ards equilibrium  
when under th e  influence of heat, b u t to  th e  p re
sence of traces of oxides of carbon in th e  alloy 
and to  a well-known ca ta ly tic  action which oocurs 
when th e  oxides of carbon and iron a re  in contact 
a t  an elevated tem pera tu re .

In  th e  upper regions of the b last furnace a  well- 
established reaction occurs, due to  th is  cata ly tic
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action, which may be represen ted  by th e  following 
equation  : —

(4) 2CO = COa +  O.
The carbon m onoxide decomposes, form ing 

carbon dioxide and  depositing  solid carbon. This 
reaction  only occurs in  th e  presence olf iron, upon 
which th e  carbon is deposited. The investigators 
appear to  have proved th a t  th is  ca ta ly tic  action 
occurs a t  tem pera tu res as high as 1,100 deg. C. 
W hen i t  occurs w ith in  an iron-carbon alloy, the  
resu lting  d ioxide will a t  once re a c t w ith  th e  
cem entite  i t  finds th e re , as shown in  equation  (3), 
and th e  newly-formed monoxide again  undergoes 
decomposition by ca ta ly tic  action, as shown in 
equation  (4). So th e  cycle o f  reac tions will con
tin u e ; and  as a final re su lt th e re  is th e  reduction  
of cem entite  to m etallic  iron by reaction  w ith  the  
dioxide, and th e  deposition of solid carbon in  a 
finely divided form  by ca ta ly tic  action  betw een th e  
monoxide and iron.

I f  these fac ts  a re  applied  to  th e  an n ea lin g  of 
malleable iron, the reasons for th e  rem oval o f c a r
bon from  th e  ou ter p a r t  of th e  casting  and its 
p rec ip ita tion  in  th e  in te rio r p a r t  become clear. 
A t a  h igh tem p e ra tu re  th e re  is, a t  th e  o u te r p a r t  
of the  casting, a system capable of chem ical action, 
con tain ing  oxides of carbon, iron, carb ide of iron, 
and a large excess of m ixed oxides of iron in th e  
ore.

A t o rd in ary  tem p era tu res  these  bodies would 
rem ain  in  contac t, w ith o u t change, indefinitely , 
b u t a t th e  annealing  tem p era tu re  chem ical affinity 
comes in to  play, and, know ing th e  composition of 
the bodies p resen t, i t  is possible to  p red ic t th e  
direction  of th e  various reactions tow ards equ i
librium . The excess of oxides in th e  pack ing  will 
determ ine th e  m ovem ent tow ards a  sim pler system 
consisting of carbon in  its  m axim um  s ta te  of oxi
dation—th a t  is, carbon dioxide—iron, and  th e  
excess of mixed oxides, with, th e  d isappearance of 
carbon monoxide, carb ide of iron, and  a  po rtion  
of th e  mixed oxides of th e  packing. H ence th e  
rem oval of carbon from  th e  o u te r p a r t  of th e  cast
ing. As th e  gases p e n e tra te  fu r th e r  in to  th e  
casting, they  pass beyond th e  oxidising influence 
of the packing, and so th e  p o in t of equilibrium  
will change. Chemical action would now establish
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equilibrium  between carbon monoxide, carbide of 
iron  and  iron were i t  not for th e  ca ta ly tic  action 
which occurs under these conditions, decomposing 
th e  newly-formed monoxide in to  dioxide and 
carbon.

So we have the  continued a lte rn a te  chemical and 
ca ta ly tic  reactions u n til th e  carbide of iron dis
appears and equilibrium  is established between th e  
monoxide, carbon and  iron.

The resu lt is th a t  in th e  annealed casting  th e  
g rea te r p a r t  of th e  carbon is concentrated  in  the  
cen tre  of th e  section in a  very finely-divided form, 
while the  o u te r p a r t  of th e  section is alm ost carbon 
free.

The p a rtia l rem oval of carbon from the  centre 
of th e  casting  is also accounted for. A t th e  
annealing  tem p era tu re  p a r t  of the carbide goes 
in to  so lu tion  in  the  iron, and diffusing outw ard, 
comes in to  th e  range  of th e  oxidising influence of 
th e  ore, and  so is removed.

I t  is ev iden t th a t  th e  action of m anganese and 
su lphu r in re ta rd in g  annealing  is by in terference 
in the  reaction  between th e  dioxide and cem en tite ; 
while the action of silicon is to  fac ilita te  th is  
reaction. The carbide of iron appears to  be per
fectly  stab le  under hea t, providing th e re  is a com
plete  absence of th e  oxides of carbon.

Y et fu r th e r  lig h t on th e  m echanism  of anneal
ing m ay be obtained  from recen t researches on 
th e  action of hydrogen on steel. D uring  th e  las t 
few  years several P ap ers  on th is  subject have been 
read before th e  Iron  and Steel In s titu te , and i t  is 
definitely established th a t  hydrogen, especially 
when i t  is moist, will decarburise steel a t  a  tem 
p e ra tu re  of 950 deg. C. I t s  action is : —

(5) 4H 2 +  Fe,C  =  3Fe2 -  2CH4.
W hen i t  is considered th a t  th e  ore used in 

annealing  is usually moist, i t  is evident th e  hydro
gen resu lting  from  th e  decomposition of th e  mois
tu re  will also have an action on the malleablising 
of cast iron. As shown by several published 
analyses of gases taken  from  annealing  pans, hoth 
hydrogen and m ethane are always p resen t in them. 
I t  m ust be borne in m ind th a t  th e  equilibrium  
pressure between th e  two gases H  and C H 2 will 
determ ine the  am ount of carbon removed by th is  
agency. B u t i t  m ust also be remembered th a t  the
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complex in terac tion  of th e  components actually  
present, and th e  reversible reactions th a t  occur 
under a vary ing  equilibrium , may have im p o rtan t 
b u t as y e t unknow n resu lts upon th e  process. A 
continual regenera tion  of hydrogen from  th e  
hydro-carbon gases is no t impossible, and i t  may 
u ltim ate ly  be found th a t  th e  m oisture co n ten t of 
th e  ore has a definite bearing  upon th e  success of 
the  process.

DISCUSSION.
O pening th e  discussion, th e  B ranch -P residen t 

( M b . T. V i c k e r s )  com m ented on th e  decline of 
the  m alleable iron in d u stry  in  th is  country , and 
though t th e re  m ust be some definite reason for it. 
There was a  tim e, he said , when th is  coun try  w ere 
the la rgest exporters in  th e  world ; now i t  occupied 
about th e  fifth position in  ou tpu t- G rea t B rita in  
m anufactu red  about 60,000 to n s  of m alleable iron 
per annum , ¡compared w ith  A m erica’s abou t one 
million tons. I t  employed som ething like 6,000 
men in th e  m alleable iron foundries, against 
approxim ately  35,000 employed in  A m erica. One 
source of sa tisfac tion  was th a t  A m erica owed its  
success to  th e  in itia l work of an Englishm an, Seth  
Boyden., who le ft' th e  B ilston a rea  fo r A m erica and 
s ta rted  th e ir  malleable iron work. This was the  
beginning of A m erica’s success. I t  was e x tra 
ord inary  h o w 'v a ried  was th e  prac tice , and m alle
able iron founders needed more in fo rm ation  as to  
the w orking of th e ir  annealing  ovens. As to  pack
ing, some packed exceedingly fine, and others 
favoured very coarse pack in g ; some packed in a 
loose way, and  o thers as tig h tly  as possible. There 
ought to  be some definite ru le  as to  w hich was th e  
b e tte r p rac tice . F u rth e r , they  needed precise 
inform ation  on such m a tte rs  as th e  tem p era tu re  
of th e  oven, the  tim e  of annealing , and  th e  ra te  
of cooling. I t  was rem arkable th a t  th e re  was no 
really  good English book for th e  guidance of th e  
malleable iron founder. They had to  go to  A m erica 
for th e ir  in form ation . In  these circum stances M r. 
W ilkinson’s lec tu re  was p a rticu la rly  useful.

M b . H .  F i e l d , re fe rrin g  to  th e  w eathering  of 
the  ore, which was said to  be an economy, d id  n o t 
th in k  such economy was necessary, as th e  difficulty 
seemed to  be to  get old ore. I t  m igh t alm ost be 
said th a t  they ought to  hasten  th e  spending of the
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ore so as to  accum ulate a good stock. In  the  
W alsall and W illenhall a rea  they were constantly  
being asked if old ore could be supplied. R egard
ing record ing  pyrom eters, M r. F ield  feared  th a t  
where th e re  were six or e ig h t annealing  ovens, to 
have them  a ll fitted w ith recorders would necessi
ta te  an outlay  which was beyond th e  means of the 
small iron founder. One question which Mr. 
W ilkinson did not dwell upon was th a t  of economy 
in annealing  pans. Of all th e  expenses in the  
malleable iron foundry  th e re  was none which 
seemed so w asteful as th e  continual scaling of 
annealing  pans du ring  the process. There seemed 
to  be a tendency for m alleable castings to  get 
heavier. H e considered th a t  by being asked for 
sections which were too th ick  th e  malleable 
industry  was being done a considerable in jury .

Mu. E . R .  T a y l o r  said th e  m eta llu rg ist could he 
of very g rea t assistance in  th e  malleable iron 
trade , which seemed to be slow in coming in to  line 
w ith  scientific progress. There m ust be no dis
tru s t, however, between the  m etallurgist and the 
m an in charge. In  th e  malleable iron tra d e  there  
seemed to  be no end of te s ts  applied in  th e  way 
of bending and tw isting , b u t i t  was desirable th a t  
they  should1 be standard ised , Some effort had 
been m ade by th e  B ritish  E ngineering  S tan d ard s 
Com m ittee to  s tandard ise  certa in  te s t bars in th e  
m alleable trade , such as th e  bend and tensile, and 
specifications called for a  bend of 45 deg. in w hite 
h ea rt. In  th a t  case th e  te s t bar m ust he of a 
definite size;—§- in. th ick  and 1 in. broad. T ha t 
was a  very useful step forw ard, and was an a ttem p t 
to fo rm ulate  some s tan d ard  te s t to  which people 
could work. As regarded elongation, i t  seemed to 
him  i t  w ould he very difficult to  get, Soane people 
said they  could get 8 p e r cent, every tim e, h u t if 
they  did, som ething else was bound to suffer. H e 
found i t  easy to  get 20, or even 25, tons tensile, 
h u t elongation began to  fall off so severely th a t  
they  were liable to  find themselves outside th e  
specification.

Mb. A. P a r s o n s  inquired as to th e  length  of tim e 
a f te r  th e  heat-up  th a t  i t  took to  anneal, and how 
long castings should be le ft in th e  furnace a fte r  
th e  annealing  was complete, to cool down before
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being draw n. H e was re fe rrin g  to  castings which 
were no t over half-an-inoh th ick .

T h e  C h a i r m a n , allud ing  to  physical te s ts , 
poin ted  o u t th a t  in A m erica th ey  ob ta ined  25 tons 
per sq. in. easily, w ith  20 p er cen t, elongation .

On th e  m otion of M r. J .  B . J o h n s o n , seconded 
hy M r. F . C. E d w a r d s , a  cord ial vote of th an k s  
was passed to  th e  lec tu re r. M r. E dw ards, 
re fe rrin g  to  p a tte rn s , em phasised th e  im portance 
of good, b ig  fillets being p u t  in, because w ith  
w hite iron th e re  was g rea te r possib ility  of 
sh rinkage cracks.

R eply ing  upon th e  discussion, M r . W i l k i n s o n  
expressed su rp rise  th a t  th e re  should be any  diffi
cu lty  in  o b ta in ing  old ore. W hen h e  was in  a  
m alleable foundry , he said , they  used regu la rly  
to  th row  i t  out. H e agreed th a t  th e  expense of 
in troducing  pyrom eters w as considerable, b u t 
po in ted  o u t th a t  even th e n  i t  was an  economy if 
by th e ir  in troduc tion  bad  m alleable castings w ere 
avoided. M any firms lost a  considerable am oun t 
by defective annealing , and  th is  m ig h t be obv ia ted  
by using  pyrom eters. H e  did n o t ag ree  w ith  M r. 
F ie ld ’s observations on th e  sub jec t of th e  thickness 
of m alleable iron  castings. The g re a t v a rie ty  of 
te s t bars was one of th e  evils of th e  tra d e . I t  
would be a  g re a t advan tage  to  have them  s ta n 
dardised. To ob ta in  really  good elongation , th e  
annealing  m ust ta k e  tim e, a f te r  w hich 35 hours 
should be allowed fo r th e  cooling down. The pans 
should n o t be draw n u n ti l i t  was possible to  ju s t  
touch them  w ith  th e  hands. H e  had  a  decided 
preference fo r annealing  by gas. G-as was u nder 
b e tte r  c o n tro l; th ey  could h e a t w ith m ore regu
la r ity  a n d  m a in ta in  th e  h e a t w ith  less troub le  
th an  was possible w ith  coal.
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Scottish Branch.
SOME ASPECTS OF FOUNDRY COSTING.

By John Spittal.
On approaching th is  subject of foundry  costing 

i t  is po in ted  o u t th a t  these rem arks are  not 
addressed particu la rly  to  cost- accountants as such, 
n o r is i t  th e  in ten tion  to  p u t forw ard any fully 
detailed  scheme of costing, h u t an  endeavour will 
be made to  in te re s t the moulder and his foreman 
in th is  d epartm en t of th e  foundry organisation , 
and to  outline some general principles which 
govern th e  question of foundry costs from  a 
p rac tica l standpo in t.

We are  p a s t the  days now for considering 
w hether th e  foundry  really  requires an  efficient 
costing departm en t or not, because most employers 
have long since realised th a t  a properly ru n  busi
ness canno t afford to  be w ithout one. Those in 
th e  position of knowing will agree th a t  th e  lack 
of co-operation between the  p a tte rn  shop and the 
foundry  is reflected alm ost im m ediately in the 
cost records, and th a t  b u t fo r these records, the 
undesirable conditions often referred  to  may go 
on for some tim e  unsuspected.

One has to  consider n o t only th e  ac tua l m istakes 
which occur owing to  the  absence of sym pathetic 
co-operation—these m istakes usually come into 
evidence d u ring  th e  progress of th e  work through 
the  shops w hen they  have to  be p u t r ig h t—b u t 
there  is also to  consider the  general production 
efficiency in  th e  foundry  suffers to  a very m arked 
degree, because before the  job reaches th e  foundry, 
one departm en t has passed on its  work to  the 
nex t, w ithou t troub ling  very much w hat in te rp re 
ta t io n  th e  o ther m av p u t upon th e  details, or 
w hat difficulty m ay be encountered in the produc
tio n  of th e  work in  th e  departm ents subsequent 
to  its own. I t  is here  th a t  th e  cost accountant, 
who realises the  service he can render th e  m anage
m en t w ith  detailed  costs, will so a rrange his 
scheme of work th a t  com parative costs can be p ro 
duced a t  any tim e, se tting  fo rth  the production



efficiency of one class of work, where designs are 
adopted  hav ing  reg a rd  to  th e  capab ilities of 
labour and  the  fac ilities otherw ise available, as 
aga in s t sim ilar work where thriough inefficient 
co-operation, these considerations have no t been 
taken  in to  account. W hen conditions ex is t which 
re ta rd  the  m oulder in the efficient perform ance 
of his work, an d  these can be expressed in money 
term s, i t  will be found th a t  th e  subject assumes an 
a ltogether d ifferent aspect, and in all probability  
n o t only the design of th e  p a tte rn s , b u t th e ir  
construction  also, will receive more sym pathetic 
consideration, from  th e  m oulder’s p o in t of view.

There is an unhappy  idea in th e  m inds of m any 
m oulders—not excluding som etimes th e ir  forem en 
—th a t  th e  cost d ep a rtm en t (w hatever its  func
tions may be) is not th e ir  friend , and th e  less it  
gets to know of w hat goes on in  th e  shop the 
b e tte r  i t  will be for all concerned. T h a t is an 
altogether m istaken idea, h u t a t  th e  sam e tim e 
one m ust adm it th a t  the m oulder is n o t wholly 
responsible for th is u n fo r tu n a te  a tt itu d e , and 
th ere  have been, no doubt, m any occasions where 
th e  moulder has been th o u g h t a t  fa u lt, when he 
was really  w orking aga in s t conditions over which 
he had no control.

Where Economies May be Effected.
v W hen costs are  h igh  on a p a r tic u la r  class of 
work and i t  is found th a t  the  d irec t wages are 
perhaps more th a n  th e jr should he, i t  is ce rta in ly  
not good policy to  consider the  reduction  o f  the 
wages cost as th e  first step  tow ards economy. I t  
is generally  agreed th a t  th a t  should be .the  last 
resource, because on investigation , i t  probably 
may be found th a t  th e  m an is w orking w ith  
unsu itab le  gear o r w ith  shoddy p a tte rn s , while 
on th e  o ther hand i t  m ight be th e  case th a t  th e  
m an is on a class of work to  which he is a t  first 
unaccustom ed. I t  will he seen therefo re  th a t  all 
cost s ta tem en ts should be exam ined w ith care, as 
one can be quite  easily led to  wrong conclusions, 
and in th is  connection i t  m ay n o t be o u t of place 
to rem ind those in charge of foundries, th a t  i t  is 
much the b e tte r way, th a t  th e ir  criticism  of costs 
is first discussed w ith th e  accoun tan t before the  
men actually  on the  job a re  approached on the  
m atte r .
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The work of th e  cost departm en t covers an  
im portan t requ irem ent in all business establish
m ents, and in  a foundry concern, where castings 
of a fa irly  wide varie ty  are  produced, i t  is neces
sary  to  have a suitable system of costing  in  opera
tio n  if  th e  business is to  be a  success. In  such a 
system  th e  p rincip le  on which th e  oncost charges 
a re  allocated should be such th a t  each job or each 
g roup  of wlork bears only its  own leg itim ate share. 
F ound ry  costs ra ise  problems peculiar to  them 
selves, and  in  no o ther dep a rtm en t of an 
eng ineering establishm ent are  the same difficulties 
encountered . The reason is obvious, of course, 
th a t  w hereas th e  foundry  is ac tua lly  producing 
a ll k inds of artic les by b rin g in g  them  in to  shape 
and being from  th e  raw  m ateria l in the form  of 
pig-iron and  scrap, th e  m achine shops and o ther 
departm en ts a re  m erely carry ing  o u t th e  finishing 
deta ils on work a lready  produced by the  moulder. 
Even in  th e  sm ithy and s tru c tu ra l shops the  
m ateria l th e re  worked-upon, e.g., M.S. p lates and 
sections, a re  a lready m anufactu red  before en te r
ing  these departm en ts. I t  can be appreciated  
therefo re  how the  foundry  has problems in  th e ir  
m anu fac tu ring  costs th a t  do n o t arise in  any  of 
th e  o ther departm ents, and in  o rder to  obtain  
sa tisfac to ry  resu lts  th e  m ethod of costing the 
foundry  o u tp u t requires to  be carefully considered. 
In  a genera l eng ineering  works hav ing  th e ir  own 
foundry  i t  will be found advisable to  separa te  the  
foundry so fa r  as costing is concerned from  the 
o ther departm ents, and w ith  a litt le  reorganisa
tion  th is  can  be accomplished quite  satisfactorily .

The foundry section of th e  establishm ent should 
comprise all th e  departm ents concerned w ith the 
production  of th e  casting  from  th e  po in t where it  
leaves th e  draw ing office to  th e  po in t of its 
delivery e ith e r to  th e  m achine shops or to  the  
despatch d ep artm en t, an d  i t  would therefore  
in c lu d e :— (1) F oundry  p lan n in g ; (2) p a tte rn  shop 
and  p a tte rn  stores ; (3) the foundry proper sub
divided as follows: (A) cast-iron  section; (B) non- 
ferrous section'; (a) G reensand m oulding; (b) Dry- 
sand and  loam  m oulding ; and (c) corem aking ; 
(4) dressing shop; and (5) foundry  office.

One of th e  principal du ties of th e  p lanning  
dep artm en t is to  a im  a t  complete co-operation 
between the designer in  th e  draw ing office and th e



moulder in th e  foundry , also between the  p a tte rn  
shop and the foundry. The p lann ing  departm en t 
therefore studies the  requ irem en ts of the  designer 
always from  the  foundry  po in t of view, w ith  th e  
ob ject of en su ring  th a t  th e  work coming in to  the  
foundry  is such th a t  th e  m oulder can  he reason
ably expected, to  ca rry  o u t in an efficient m anner. 
W hen the  deta ils of the  work are  definitely fixed, 
th is  dep a rtm en t will pass on to  th e  p a tte rn m ak e r 
all th e  necessary p a rticu la rs  re la tin g  to  the  design 
and  construction  of the  p a tte rn s , no t fo rg e ttin g  
th a t  i t  is possible to  have a  design which is tech 
nically r ig h t b u t commercially w rong. The cost 
dep artm en t would be in th e  position of g iving 
details of th e  cost of previous work of a sim ilar 
n a tu re  for th e  guidance of those concerned, so 
th a t  the  work m ay be designed on economic lines.

Importance of Accurate Records.
I t  is custom ary in  all special jobs to  give to  each 

u n it a  definite p a r t  num ber, and in all s tan d a rd  
work to  give a defin ite p a tte rn  num ber, an d  these 
deta ils should be noted  in  th e  tim e  records taken  
in  th e  foundry , so th a t ,  when any d ep a rtu re  is 
made from  th e  s tan d a rd  or th e  o rig ina l design, 
necessita ting  th e  em ploym ent of a different m ethod 
of moulding, the separa te  cost can  be obtained . 
The sam e arran g em en t, of course, is ca rr ied  o u t in 
the eng ineering shops, th u s  g iv ing  the  cost d e p a rt
m ent the  necessary"inform ation for p rov id ing  th e  
cost of any p a rticu la r p a r t  of th e  com plete job- 
The w orkm an can th ere fo re  ap p rec ia te  th e  fac t 
th a t  if the  tim e-clerk appears to  be too  p a rtic u la r  
abou t these seemingly needless de ta ils th e re  is a 
reason, and both  the  m oulder and  his supervisor 
can do much tow ards th e  accuracy of th e  costs 
w ithou t going o u t of th e ir  way to ' do so. W hen 
reliable costs are  available th e  em ployer can con
cen tra te  upon th a t  class of work which his foundry  
is best su ited  to  produce cheaply. H e can also see 
w hat jobs are likely to  be u n rem unera tive  while 
the  order is still in  progress, and  so g e t m a tte rs  
ad justed  if possible. In  tu rn in g  a tte n tio n  to 
foundry  costs, i t  will be a t  once ap p a re n t th a t  the  
various processes by which castings are  produced 
vary  to some ex te n t in  cost. The th ree  processes 
in general use are, of course, g reensand, drysand .
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and loam m oulding, and i t  is no t a difficult m a tte r  
to  a rr iv e  a t  th e  cost of each group  if a carefu lly  
p repared  scheme is adopted. Such a  scheme would 
necessarily requ ire  to  provide for th e  collection- of 
all item s of cost re la tin g  to  m etals, labour and 
oncost charges, and  to  allocate these correctly  to  
the  th ree  groups of work nam ed, i.e ., greensand, 
drysand, and loam. I n  m any foundries where 
only a  few loam jobs a re  und ertak en , th e  drysand  
and loam groups a re  classified as one, leav ing  only 
th e  tw o groups to  he d ea lt w ith.

The following item s com prise th e  p roduction  cost 
of th e  foundry  o u tp u t as follows :—{1) M eta l co st;
(2) d irec t w ages; (a) m ould ing ; (b) closing; (c) 
oorem aking; (3) m elting  costs; (4) dressing costs; 
an d  (5) genera l shop charges, com prising  : (a) 
'ind irect labour ; (b) general stores ; ' (c) power

.. costs; (d) repairs, renew als and  m ain ten an ce ; (e) 
loose tools; and  (/) foundry  staff and m anagem en t;
(6) defective p ro d u c ts ; and  (7) estab lishm ent 
oncosts, which a re  (a) office staff and  m anage
m en t ; (b) ra te s , taxes, and  insu rance  ; (c) depre
c iation  ; and  (d ) advertising , etc.

B efore going in to  th e  question  of how th e  sums 
expended in th e  p roduction  of th e  castings a re  d is
tr ib u te d  over th e  work produced, th e  various item s 
of expend itu re  ju s t  enum erated  will be considered.

Metal Cost.
This re fe rs  to  th e  cost of th e  various m etals o r 

brands of iron requ ired  to  m ake th e  castings. 
T here a re  various m ethods of a rriv in g  a t  th is  cost. 
In  some foundries i t  rep resen ts the cost of the  
m olten  m etal in  th e  foundry  ladle, i.e ., th e  expense 
of th e  m elting  is also included. Personally , th e  
au th o r p refers th a t  th e  m eta l costs should be only 
w hat i t  p u rpo rts , and as m elting  is a  d is tin c t 

- process in th e  m aking  of th e  castings, i t  will be 
found best to  keep th is  u nder a sep ara te  account. 
The m etal cost for th e  iron o u tp u t would be th e re 
fore  arrived  a t  by p ric ing  th e  consum ption of th e  
various b ran d s of iron  and  scrap ; to  th e  overhead 
ra te  per cwt. is added th e  m elting  loss, rep re 
sented  by th e  am o u n t of w aste m a tte r , e tc ., in  th e  
pig-iron, usually  tak en  abou t 5 p er cen t., and  
ad justed  a t  th e  close of th e  m onth  when th e  stock 
re tu rn s  are  available. The system atic contro l of
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the  cupola has been frequently  discussed a t  
foundry  m eetings, an d  i t  is g ra tify in g  to  find an 
increasingly large num ber of foundries all over 
th e  country  where the  cupola is tre a te d  w ith  th a t 
respect to  w hich i t  is en titled . No one knows 
b e tte r  th a n  th e  foundrym an th a t  th e  cupola has 
a nasty  way of rem inding  one when its  im portance 
is tem porarily  overlooked. T his control of the  
cupola has assisted th e  accoun tan t in  m any ways, 
p rinc ipally  because he can now ob tain  accurate  
re tu rn s  for every cast. E ach  charge of m etal is 
weighed, its  composition being clearly sta ted , so 
th a t  a t  th e  end of th e  day’s m elt th e  accoun tan t 
knows exactly  th e  tonnage of th e  various brands 
of iron  which have been used, th e  w eight of coke 
consum ed, and  th e  am oun t of fluxing m ateria l, 
e tc ., in troduced. W hen th e  m etal cost is arrived  
a t  in th e  m anner described, th e  effect of any fluc
tu a tio n  in  th e  price of th e  iron o r any particu la r 
b ran d  of iron  used is always a p p a ren t; b u t th is 
could n o t be said if th e  m elting  cost was always 
included, as one th e n  m igh t o ften  find i t  to  be 
th e  case th a t  th e  m olten m etal cost was th e  same 
for two consecutive m o n th s ; w hilst as to  the  fac t 
in  one of the  m onths iron  was probably a t a lower 
cost, th e  consum ption of fuel or some o ther item 
was h igher th a n  form erly.

Direct Wages.
The second item , d irec t wages, is th e  am ount 

expended on m oulding, closing and corem aking 
for th e  m onth, against the  various orders on hand. 
In  dealing w ith th is  p a r t  of th e  subject, i t  should 
firs! ° f  a ll be decided w hat m ethod of tim e  record
ing  is to  be adopted. In  th e  large m ajo rity  of 
shops these records a re  tak en  daily  by th e  foundry 
tim e  clerk going to  each m oulder and getting  
d eta ils  of h is work for th e  day, and although th is 
m ay be a qu ite  sa tisfactory  arrangem ent in  many 
foundries, som ething d ifferent may give much 
b e tte r  resu lts  in  o ther shops. A good a rrange
m en t where i t  can be conveniently carried  out is 
to  provide job cards for a ll orders coming in to  the 
foundry . E ach  card  rep resen ts a definite “  job ” 
to  a  certa in  m achine or a ce rta in  workman. These 
cards a re  a rran g ed  in  th e  forem an’s office in 
such a m anner th a t  he has constan tly  under



review th e  various classes of work coming forw ard 
classified in to  su itab le  sections re la ting  e ither to  
th e  d ifferen t m achines o r to  th e  various charge 
hands in  th e  shop. T he cards can be fu r th e r  
a rran g ed  in order of p rio rity , so th a t  th e  more 
u rg e n t work gets ea rlie r a tten tio n . They are  
issued to  the  supervisors early  in  th e  day fo r the  
following day ’s work, so th a t  th e  p a tte rn  sto re  
may be advised w hat is requ ired  in  th e  way of 
p a tte rn s, and th e  supervisor can see also th a t  the  
necessary cores a re  forthcom ing in good tim e  for 
the  m an employed on closing th e  moulds. The 
core dep artm en t should be w orking a t  leas t a day 
ahead of th e  m oulder, and where s tan d a rd  work 
is in constan t dem and th e  supervisor in th e  core 
dep artm en t can always fill in odd m inutes in  
such work, the  cores th u s  m ade being k ep t in the  
core store u n til requisitioned. These job cards 
give all th e  inform ation  th e  workm an requ ires in 
o rder to  proceed im m ediately w ith b is work, and 
are p articu la rly  serviceable in  dealing  w ith  rep e ti
tion  work, th e  num ber being m ade each day being 
shown, also th e  balance requ ired  to  com plete 
th e  job. The card  also carries th e  record of had 
castings in  th e  foundry , g iv ing u nder symbol 
reference th e  cause of re jection , and  in  th is  way 
a com plete h is to ry  of th e  job from s ta r t  to  finish 
can be seen, w hilst th e  num ber of re jec ts and th e  
cause a re  k ep t u n d e r th e  no tice of th e  m oulder 
d u ring  th e  progress of th e  job tow ards com pletion. 
In  some cases a  m oulder m ay have two o r  th ree  
cards rep resen ting  h is day’s o u tp u t, w hilst on the 
o ther hand one card may la s t fo r several days. 
The foundry  clerk checks th e  num ber of moulds 
made a t  th e  close of th e  m oulding sh ift, and en ters 
on th e  card  th e  deta ils a lready  re fe rred  to , t r a n s 
fe rrin g  th e  p a rticu la rs  to  th e  w orkm an’s weekly 
ou tp u t record. This record s ta te s  w hether the 
job is in  g reensand  o r  in d rysand, an d  gives 
generally  all th e  in fo rm ation  requ ired  fo r costing 
purposes, th e  wages on each job being extended 
separately , th e  to ta l for th e  week agreeing  w ith 
the gross wages earned . In  th is  way complete 
agreem ent is m ain ta ined  betw een th e  wages 
account in  th e  general ledger and th e  am ounts 
en tered  th rough  th e  costs, as shown in  th e  wages 
analysis. T his analysis will he re fe rred  to  again 
under th e  head ing  of in d irec t labour.
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Melting Costs.
T he th ird  item , m elting  costs, deals w ith the 

p ig-iron and scrap as received from the  yard  stock 
u n til delivered a t th e  cupola spout. The item s 
com prising th is cost would therefo re  include: (a) 
L abourers’ work, breaking th e  pig-iron and  scrap, 
also weighing th e  iron  and coke charges fo r the 
cupo la ; (&) cupola a tte n d a n ts ; (c) fu e l; (cl) stores, 
re frac to ry  m aterials, limestone, e tc . ; (e) relin ing 
cupolas and upkeep of p la n t ; (/) power co s ts ; and 
(g) depreciation.

T he to ta l expend itu re  ou tpu t of castings 
gives th e  ra te  per cwt. for th e  m elting  cost.

Dressing Costs.
The fo u rth  item , dressing costs, in c lu d e :— (a) 

T o tal wages expended in  th is  d e p a rtm e n t; (b) 
general sto res; (c) upkeep' of sand  b las t p lan t, 
e tc .;  (d) power cost; and (e) depreciation.

In  regard  to th e  allocation of th is  expenditu re  
th e  au th o r has never found i t  a p rac tica l proposi
tion  to  deal w ith th is  as a  direct charge, i.e ., 
tak in g  the  actua l tim e  th e  dresser is employed on 
each casting . In  order to  give fu ll liberty  for 
encouraging the o u tp u t of work, th e  foreman 
should be able to clear up h is day’s cast in  as 
s tra ig h t ahead  m anner as possible, leaving i t  to 
the foundry  despatch departm en t to  collect, appor
tion  and  weigh up the  castings. T here are 
foundries to-day where the large proportion  of 
th e  forem an dresser’s tim e is employed appor
tion ing  the  work for h is men so th a t  th e  tim e 
m ay be lifted  w ith some degree of job sequence, 
finding th e  ofders to  which the  castings belong, 
even w eighing the  eastings and m aking ou t the 
daily o u tpu t, all work which has really nothing 
in common w ith dressing a casting  or supervising 
o thers so engaged. In  some foundries the  
expend itu re  on dressing is allocated a t an  over
head ra te  p er cw t., b u t th e re  is g rea t doubt as 
to th e  correctness of th is  m ethod. One can per
sonally observe work in alm ost any foundry where 
the  w eight of the  casting  caused the dressing cost 
to work o u t a t  about 15s. when only half an hour 
was required  for th e  job. On th e  o ther hand, one 
has seen castings where th e  ra te  per cwt. brought 
o u t the dressing cost a t  a few pence, ¡but the
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actual tim e tak en  was two hours. As a general 
rule, i t  will be found th a t  th e  allocation of th e  
dressing cost on a d irec t wages basis 'brings out 
a  much more reliable cost, for, a f te r  all, i t  is a 
very reasonable conclusion to arrive  a t ,  th a t  th e  
longer th e  m oulder takes to  mould a job the  
more core work there  is, th e  dresser will spend a 
correspondingly longer tim e a t  h is  p a r t  of th e  
work. I t  would appear, therefore , th a t  th e  allo
cation  of th is  exp en d itu re  in p roportion  to  the 
d irec t wages o n ' th e  job is th e  correct procedure.

General Shop Charges.
The fifth item , general shop charges, includes 

all those item s of oncost a lready  enum erated , and 
deal only w ith expend itu re  over which th e  foundry  
m anager has control. T he first item  under th is  
heading refers to ind irec t labour. By ind irec t 
labour is m eant, of course, all labour n o t directly  
engaged on a  definite p roductive o rder. The 
m oulder and his ass is tan ts  a re  engaged directly  
producing certa in  c a s tin g s ; such labour, th e re 
fore, would be classified direct, as d is tin c t from 
ind irect labour, which comprises, fo r exam ple, th e  
men employed a t  sand-m ixing, electric cranem en, 
e tc ., who are  help ing production  m ore or less 
indirectly , although nevertheless essen tia l. The 
method of dealing w ith in d irec t labour p resen ts 
no special difficulty. I t  may be necessary in some 
foundries to l i f t  th is  tim e  in th e  sam e m anner 
as w ith d irec t labour, b u t i t  may also be a rranged  
by m eans of su itab le  g roup ing  th e  nam es of the  
workmen on th e  pay roll, and by d epartm en ta l 
to tals . In  any  case, an analysis of all in d irec t 
labour should be k e p t each week and  compiled 
m onthly, so th a t  in  the  even t of th is  item  being 
questioned a t  any tim e, i t  can be shown how th e  
labour has been employed. As the  ind irec t labour 
costs in th e  foundry form  a su bstan tia l p e r
centage of the  to ta l foundry  cost, i t  is obviously 
necessary to keep control over th is  item , and  th e  
accoun tan t should be in th e  position of showing 
how the  money has been ac tua lly  expended.

The com plete wages analysis com prising all 
classes of labour should show th e  p roportions 
ag a in s t the  greensand  and drysand departm en ts, 
also the  core dep artm en t separately , and would 
be p repared  som ewhat on the  following lines: —
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A. D irect Wages.— (1) M oulding; (2) closing; 
and (3) coremaiking.

B. Ind irec t Wa.gres.-^-(l) Skilled labour employed 
indirectly  : — (a) Supervision ; (b) apprentice tr a in 
ing and schoolroom ; (c) sundry work m aking test 
bars, etc. ; (d) experim ental work ; (e) overtim e 
allowances; and  (/) lost tim e  th rough  breakdowns, 
etc. (2) G eneral labour in  fo u n d ry :— (a) Super
v ision; (b) general labouring ; (c) electric crane
men : (d) sand p rep a ra tio n  ; ( e )  pouring  ; (/) clean
ing up an d  shop p re p a ra tio n ; (g) drying stove 
a tte n d a n ts ; (h) s to rem an ; (i) blacksmith. (3) 
Core dep artm en t : — (a) Supervision ; (b) pasting  
and  sto rin g  cores; (c) core stove a tten d an ce ; and 
(d )' sand  m ixing and p repara tion . (4) G eneral: — 
(a) Cupola a ttendance  ; (b) brass m elting furnace- 
men ; (c) dressing and sand b las ting ; and  (d) 
rep a irs  and  m ain tenance of p lan t.

T he g ran d  to ta l of th is  weekly analysis agrees 
w ith th e  wages account in th e  financial books.

The Cost of Experiments.

In  looking over th e  various' items m entioned 
under th e  heading of ind irec t labour, two of these 
m ay call for special rem ark, v iz., experim ental 
work and overtim e allowances. R egard ing  experi
m ental work, th is  falls na tu ra lly  in to  two groups. 
(1) E xperim en ta l work undertaken  by th e  firm 
w ith a  view to  adopting  or im proving upon cer
ta in  designs of m achinery or gear ; and (2) experi
m ental work carried  out in the foundry for th e  
purpose of a rriv in g  a t  correct methods of produc
tion under specific conditions.

D ealing w ith  th e  first class of experim ent, i t  is 
custom ary to reserve a defin ite  sum in the  annual 

-accounts for the purpose m entioned to  cover the 
estim ated  expend itu re  du ring  th e  year. Obviously 
the  cost of these experim ents cannot be entered  
as a charge ag a in s t the  foundry  o u tpu t, therefore  
a specific order should be passed to the various 
shops, including th e  foundry, for every job of th is 
description decided upon. The foundry, in com
mon w ith  o ther departm ents, would carry  o u t the 
work in precisely the same m anner as if the order 
was for an outside custom er. The cost d ep a rt
m ent would deal w ith the expend itu re  on the  
completion of each experim ent, and also a t  the
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end of the  financial year. I t  is probable th a t  such 
work, w hen completed, may be tran sfe rred  to  a 
productive order and subsequently sold, and in 
th a t  case the  accoun tan t would d eb it and cred it 
the  accounts affected accordingly.

The second class of experim ent re la tin g  to 
methods of production is really  a shop expense, 
and is consequently a d irec t charge aga in s t p ro
duction. A p o in t arises as to  w hether th is expen
d itu re  should be charged aga in s t the  work neces
s ita tin g  the experim ent, or ag a in s t th e  o u tp u t 
generally, and in th is connection i t  will be found 
the  b e tte r  way, i t  is th o ugh t, if each job is 
decided upon its own m erits. I f  th e  experim en ter 
is to  acquire knowledge which o ther people possess, 
b u t is n o t known to th e  foundry  concerned, then  
the  foundry  o ugh t to  bear the  expense, and  not 
th e  custom er. W hen special work is ca rried  out, 
however, to m eet specific conditions laid  down by 
the  custom er, and the  u ltim a te  benefit from  the  
experim ents is confined to th a t  class of work, i t  is 
ev idently  a m a tte r  for m utual arrangem en t 
between the  foundry  and th e  custom er. I t  is a 
melancholy reflection th a t  castings a re  still being 
purchased by B ritish  engineers from  th e  C on tinen t 
which could be produced in B ritish  foundries if 
only th is  sp ir it  of reciprocity  existed  betw een the  
engineering and foundry  in te rest. I t  also s tirs  
our n a tio n a l feelings som ewhat when i t  is realised 
th a t  p ig-iron required  for m aking these castings 
is exported  from  on r own shores.

R egard ing  th e  item s for overtim e allowanees_, it  
will be observed th a t  these are  shown separately , 
th e  to ta l for th e  m onth  being dealt w ith  as a shop 
oncost charge. T here are , o f course, special 
instances, such as a breakdow n re p a ir  job, where 
the  circum stances ju s tify  th e  charge being m ade 
d irect to  th e  job. As a general ru le , however, i t  
is n o t a good princip le to charge overtim e allow
ances to  th e  job on which the  overtim e is w rought 
when i t  has been occasioned by general p ressure 
of work. These allowances often  reach a form id
able sum on a con trac t job, and in m any cases it  
will be found th a t  o ther work passing th rough  the  
shops a t  th e  sam e tim e  has been fo r tu n a te  in 
alm ost completely escaping overtim e. W hen the  
cost of th is  overtim e is spread over the whole
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o u tpu t, tlie n e t effect on th e  indiv idual order is 
scarcely perceptible, h u t th a t  could not be said if 
th e  whole cost was borne by one or two jobs. 
These would n a tu ra lly  come ou t much higher in 
cost th a n  they  should, and th is m ight easily lead 
to  a  fu tu re  inquiry  being quoted, quite  unneces
sarily , a t  an enhanced price, resu lting  possibly in 
th e  loss of the  order.

The n ex t item  under general shop charges is 
general stores. The consum ption of these 
m ate ria ls  is ano ther m a tte r  of some consequence, 
and a proper system of receip t, accommodation, 
and issue of all stores is a decided advantage in 
every shop. I t  is also one of the  best p reven
tives aga in s t w aste and leakages, a p a r t a ltogether 
from th e  benefit derived from a  costing po in t of 
view. All th e  m ateria ls purchased for th e  foundry 
a re  su itab ly  classified in  th e  stores’ ledger, the 
receip ts an d  issue of m ateria ls being en tered  daily, 
an  ab strac t of the  issues being m ade a t  the  end 
of th e  cost-week, and  sen t to  the cost departm en t. 
This ab strac t shows separately  the  m aterials used 
in the  green sand, dry sand and core departm ents, 
so th a t  th e  o u tp u t from  these departm ents would 
be deb ited  accordingly.

T he six th  item  of costs deals w ith defective p ro
ducts, th a t  f r ig h tfu l bugbear of every one having 
any th ing  to  do w ith foundries. I t  is an  old saying 
am ongst foundrym en th a t  those "foundries which 
m ake no bad castings never m ade a good one, 
and  seeing th a t  all foundries make good castings, 
th e re  should be no tim id ity  in dealing w ith th e  
had  ones. F oundry  w asters should be all sen t 
forw ard  to  th e  dressing shop to  'be cleaned, and  
im m ediately passed on to  th e  m ortuary  fo r the  
daily  “  post-m ortem  ”  exam ination . Some rejects, 
however, will no t arrive  a t  the  dressing shop, as, , 
for exam ple, in th e  case of a “ ru n -o u t.”  I t  has 
also been known, however, th a t  o ther “  re jec ts ” 
m ysteriously d isappear, never to be recognised 
when they  come to  life again , as lively as ever, a t 
th e  cupola spout the  following afternoon. This 
m ethod of hand ling  bad castings is happily  becom
ing less frequent, for every foundrym an is aw are 
th a t  th is  is no t playing th e  gam e in  accordance 
w ith th e  recognised rules. I t  certa in ly  does not 
help to  reduce costs, and  will never make any
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im provem ent on th e  o u tp u t per m an  hour of good 
castings.

The foundry  olerk should compile a daily  lis t 
of moulds closed and cast, typed  copies being sen t 
to  those concerned, including th e  foundry  des
patch  office, which will then  be on th e  outlook for 
th e  castings from  the  dressing shop. C astings 
which fail to  come forw ard  should, of course, be 
accounted for in th e  lis t of bad castings. As a 
general rule, these re jec ts a re  charged a g a in s t the  
o rder to which they  belong, an exception being 
made w ith a  special casting  being  d ea lt w ith for 
the  first tim e, in  which case any w asters resu lting  
from  experim ents to  ascerta in  th e  p roper m ethod 
of ga ting , ven ting , size and  position of risers, etc., 
a re  reckoned as a shop expense u nder th e  heading 
of experim ental work. W hen th e  m ethod of p ro 
duction  is once established, th e  re jec ts  a re  charged 
in th e  o rd inary  way ag a in s t th e  job.

The castings rejected  from  th e  m achine shops 
and  te s t rooms have been already invoiced to  the  
custom er, or charged to th e  job, when they  were 

v despatched from  th e  foundry  as presum ably good 
castings. On th e ir  re tu rn  to  th e  foundry  th e  
castings a re  exam ined and  th e ir  fu ll value credited  
to  th e  custom er o r to  th e  job, as th e  case m ay be, 
and debited to th e  defective products account. 
This account will, of course, be cred ited  w ith  th e  
value of th e  m etal in th e  scrapped castings, th e  
balance, which rep resen ts th e  loss, being d ea lt w ith 
as a shop expense. T here  a re  th re e  ways of 
charging th is, v iz . :— (I) W hen th e re  is more 
th a n  one m oulding shop in th e  estab lishm ent the 
loss is borne by th e  p a rtic u la r  shop in  which the  
casting  was m ade; (II) as a general foundry  oncost 
spread over th e  combined o u tp u ts  of th e  foundry  
d e p a r tm e n t; and  (I I I )  as a special charge  aga in s t 
each p a rticu la r class of p ro d u c t to  which the  
castings belong.

T here may be points of ad v an tage  in any  of 
these m ethods o r in a com bination of two of them , 
h u t a hard  and fas t ru le  can n o t be la id  down, as 
th e  conditions in  one foundry  may be qu ite  d if
fe ren t from  th e  one across th e  stree t, where an 
en tire ly  d ifferent class of work is produced.

Establishment Oncosts.
The seventh item , estab lishm ent oncosts, does 

no t in te re s t th e  foundry  m anager so m uch, as
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these are  m ore or less stand ing  charges over which 
he has no control. They include ren t, ra tes , taxes, 
insurance, office m anagem ent, etc.

Core Department.
In  th e  core dep a rtm en t th e  wages expended in 

m aking the cores a re  charged d irec t to  th e  various 
jobs for which th e  cores a re  required. The to ta l 
expenditure , including sand, fuel fo r drying 
stoves, general stores, ind irec t labour, deprecia
tion, power and light, etc., is completed, and 
allocated on a percentage basis of th e  d irec t core
m aking wages.

Pattern Shop.
In  some foundries th e  expend itu re  on p a tte rn s  

does n o t en te r in to  the  casting  cost, b u t is an 
add itional charge, sim ilar to  m achining, etc. The 
o u tp u t from, th e  p a tte rn  shop is generally classi
fied as follow s:—'(I) Special p a tte rn s  made 
specially fo r custom ers’ requirem ents are charged 
d irec t to  th e  job ; (II) new p a tte rn s  required  for 
a new design of product, being additional to  ex is t
ing s ta n d a rd  products, a re  charged to  cap ita l 
ex p en d itu re ; and (I I I )  repairs and m aintenance 
of s ta n d a rd  p a tte rn s  a re  charged to  the  foundry 
o u tpu t.

The expend itu re  in th e  p a tte rn  shop is allocated 
on th e  productive wages basis, and th e  daily tim e 
records fo r th e  workm en will show to  which of 
th e  th ree classes th e  work belongs. The item s of 
oncost will in c lu d e :—-(I) All ind irec t work and 
non-productive labour in  th e  shop; (II) accommo
dation  and  storage of p a tte rn s— wages of storem an 
and  m ateria ls used in p a tte rn  s to res; ( I II)  tim ber 
and genera l p a tte rn  shop requ isites; (IV) repairs  
and renew als of p a tte rn  shop too ls; (V) p a tte rn  
shop staff—forem an and  assistan ts ; (VI) propor
tion  of power and ligh t cost; and (V II) depre
ciation.

T he only item  here  which may be specially 
re fe rred  to  is tim ber. T his should be requisitioned 
from  th e  storekeeper in  w riting , giving th e  job 
for which th e  m ateria l is required. The tim ber 
cost is usually a fairly  heavy one, and should be 
handled in a  sim ilar m anner to  the  m aterials 
issued from th e  general stores.
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Compiling Monthly Costs.

Assum ing now th a t  th e  m achinery for collecting 
the  various elem ents of cost is available, we may 
proceed to  consider how th e  m onthly costs a re  
compiled. In  some foundries i t  is necessary th a t  
the  oosts records be completed im m ediately a fte r  
the castings a re  despatched, whilst, in  o ther 
places, th e  re tu rn s  oan be com pleted a t  th e  close 
of th e  m onth and the  o u tp u t priced accordingly. 
W hen the costs are  required  im m ediately on 
despatch, and th is  condition  applies to  th e  bulk 
of foundry  o u tp u t, th e  following a rran g em en t has 
given sa tisfac to ry  results. T he m etal cost and 
th e  d irec t wages were always read ily  available, 
b u t th e  o th e r 'item s of ex pend itu re  were fixed a t  
definite ra tes, and th e  oncosts charged p a r tly  on 
a wages basis and  p a rtly  on a w eight basis. The 
system provided for showing separa te ly  th e  sum 
charged as “ oncost ” a g a in s t each order, and 
these were to ta lled  m onthly, ta k in g  in to  account, 
of course, th e  work and progress. A t the  close of 
th e  m onth th e  costs were completed in  th e  usual 
way, and th e  ac tu a l cost of th e  m onth’s o u tp u t 
was obtained. As the  estim ated  oncost ra te s  were 
always fixed w ith  a m arg in  of safety , i t  invariab ly  
occurred th a t  the  sums charged as “  oncosts ”  were 
in excess of th e  ac tua l figures. The balance in 
hand  was tran sfe rred  to  an ap p ro p ria te  account, 
and held in reserve for the  slack m onth o f the 
year, when th e  o u tp u t was under norm al. Briefly 
s ta ted , th e  position is th a t  when one has plenty  
of work and th e  costs a re  consequently  lower than  
usual, th e  benefits a re  no t passed on to th e  orders 
executed d u ring  th e  busy m onths of th e  year, so 
th a t  when th e  dull period  comes along one is able 
to  go more keenly in to  th e  m arket, o r to  v en tu re  
in o ther d irections for work to  keep th e  men 
employed, for i t  is only when costs Are k ep t 
norm al, or under norm al, th a t  a  period  of trad e  
depression can he survived. The general com plain t 
to-day, however, is th a t  instead  of hav ing , p er
haps, th ree  qu ie t m onths in  th e  year, th a t  
u n fo rtu n a te  condition has extended to th e  whole 
twelve. I t  will be understood th a t  the  au th o r is 
dealing w ith th e  sub ject under norm al conditions.

How should th e  oncosts be allocated when com
p le ting  th e  costs a t  the  end of th e  m onth, so th a t
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each job bears its tru e  p roportion? I t  is p rinc i
pally on th is p o in t th a t  the  u tility  of foundry 
costing depends, and u n til a  general and  sympa
th e tic  m ovem ent is m ade in th e  foundry tra d e  to 
p u t th e ir  costing systems on a  correct basis they 
will con tinue g e ttin g  along “ somehow,” in spite  
of th e  method by which costs are  arrived a t and 
prices a rran g ed  by many foundries a t th e  present 
tim e. How often one finds it  to be th e  case th a t  
special p a r ts  of a job, usually presenting  some 
difficulty, a re  offered to  outside jobbing foundries 
in th e  expectation  th a t  th e  ra te  quoted will be 
no t m ore th an  18s. per cwt., because the  overhead 
ra te  of th e  castings ru n s ou t about th a t  figure. I t  
m ay be th a t  one of th e  foundries offering for the 
work has a  rough and ready m ethod of costing, 
and takes on th e  job a t  20s. per cwt., because 
th e ir  o u tp u t for the  p ast month was calculated to 
be a li t t le  lower th an  th a t  figure, whilst, as to  
th e  actua l fac t, th e  position probably was th a t  
only 30 per cent, of the  o u tp u t cost th is  sum, the  
rem ainder coming ou t a t  ra tes varying from 14s. 
to  35s. per cwt. The casting  taken  a t  20s. may 
possibly be costing 30s., b u t th e  estim ating  d ep art
m ent is n o t aw are of the fact, and when the  end 
of th e  financial year comes round the lean results 
a re  generally a ttr ib u ted  to  “  no t hav ing  enough 
w e ig h t”  in th e  o u tp u t, or to  someone no t work
ing as he should. There is perhaps some tru th  in 
both ideas, b u t had  th e re  been a correct method of 
costing and estim ating  for th e  work the results 
would have been much more satisfactory  for all 
concerned. I t  may be argued th a t  th e  work was 
tak en  a t  20s. per cwt., because the  foundry  round 
th e  corner was p repared  to  ta k e  i t  up a t th a t  price 
if th e  first declined. I t  is for th is  reason th a t  
some definite step should he taken  to  adopt 
generally  th roughou t th e  tra d e  a revised method 
of costing, freed from academical and cumbersome 
details. Such a system is not beyond th e  capabili
ties of th e  average foundry accountant, and in 
th is  connection the  au tho r would strongly urge 
all engaged in th is  work to  become thoroughly 
fam iliar w ith the„ prac tica l work-a-day atm osphere 
of th e  foundry, to  keep an eye on the  technical 
developm ents of th e  industry  and also keep in 
touch w ith th e  p ractical ideas of those actually



an  th e  m oulding floor, so th a t  the  costing d e p a r t
m ent may keep ab reast of th e  tim es. This could 
n o t be b e tte r  achieved th an  by regu lar a ttendance  
a t  th e  m eetings of th e  In s ti tu te  of B ritish  
Foundrym en an d  a carefu l perusal of th e  tra d e  
journals.

Foundry Oncost Charges.
D ealing  now w ith th e  allocation of th e  foundry 

oncosts, a  carefu l study  of th e  various item s will 
convince one th a t  in ce rta in  of these th e  services 
given have re la tion  to the  w eight of th e  casting  
(i.e., on a w eight basis), w hilst o ther item s have a 
d is tin c t connection w ith th e  tim e  spen t on th e  job, 
which for th e  p resen t purpose  we will call a 
wages basis. R eference has a lready been m ade to  
th e  m elting  costs an d  th e  dressing costs, on which 
it  was advocated th a t  th e  form er a re  allocated 
on a w eight basis and  th e  la t te r  on a wages basis. 
Again, tak e  sand  as an  exam ple. Foundrym en 
generally  recognise, no doubt, th a t  th e  m ore m etal 
th a t  gods in to  th e  m aking of a  casting  th e  g rea te r 
q u an tity  of sand will be requ ired , th e re fo re  th e  
allocation of th is  ex p en d itu re  on a  w eight basis 
would seem to be th e  co rrec t procedure. Then 
th ere  is also th e  labour p rep a rin g  th e  sand, to 
which th e  same a rg u m en t would app ly . As one 
exam ines th e  lis t th e re  a re  o th e r item s, such as 
electric c rane  drivers, pouring , shop p rep a ra tio n , 
etc., so th a t  th e  onoosts consequently sep ara te  
themselves in to  these two sections referred  to, i.e.,  
on a w eight basis o r a wages basis. W hen all th e  
item s have been extended to  th e ir  respective 
columns they  can be sum m arised so th a t  th e re  are 
a t  m ost only th ree  calculations to  m ake in allo
ca tin g  th e  oncosts: —

(I) A t a c e r ta in  r a te  per cwt. ; (I I) a t  a p er
cen tage  on d irec t wages on each job, and ( I I I )  
dealing exclusively w ith th e  core d ep artm en t, th e  
expend itu re  being allocated as a percen tage on 
th e  oorem akers’ wages on each job.

The effect of adopting  these classified ra te s  of 
oncost on th e  estim ated  price  of the  castings is 
ap p a ren t from  th e  tw o exam ples in each of which 
th e  line A (Table I) shows th e  application  of an 
overhead ra te  for oncosts, and  th e  line B shows 
the classified ra tes. The figures a re  tak en  from
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th e  sam e m onth, only for obvious reasons they  
rep resen t no firm or foundry, in p a rticu la r.

In  th e  first example, which rep resen ts p lain 
heavy work w ithou t cores, i t  is seen th a t  th e  flat 
oncost ra te  b rings o u t th e  cost a t  14s. 7d. per 
cw t., w hilst th e  classified ra te s  give th e  cost as 
12s. per cwt. The u ltim a te  effect would be th a t  
th e  foundry  would be quoting  for work 2s. 9d. per 
cwt. more th a n  they  could have done, b u t were not 
aw are of th e  fac t so fa r  as th e  costs were con
cerned. T his foundry , the re fo re , ru n s  a  serious 
risk  of losing work th ey  could possibly g e t an d  
tu rn  ou t a t  a profit.

In  th e  second exam ple, which deals w ith lig h t 
and in tr ic a te  eastings involving a  considerable 
am oun t of core work, i t  will be seen th a t  the  
overhead ra te  b rings out th e  cost as 19s. 8d. 
per cw t., as aga in s t 32s. 5d. p er cwt. u nder th e  
classified ra tes. The position here  is th e  reverse 
of th e  first example, as th e  foundry  would be 
basing th e ir  quo ta tion  for work a t  19s. 8d., which 
was really costing 32s. 5d. per cw t. to  produce, 
consequently they  would, in  all p robab ility , get 
as much of th is  class of work as th ey  fe lt inclined 
to  take , b u t someone would be buying  i t  from 
them  a t a price less th a n  th e  cost of p roduction . 
This foundry , then , m ust look around  for cast
ings hav ing  m ore “  w eigh t,”  in  o rder to  g e t the 
balance of costs ad justed , b u t the  ou ts tan d in g  fac t 
rem ains th a t  custom er A is pay ing  som ething 
tow ards th e  loss incurred  in producing th e  cast
ings for custom er B. A nyth ing  m ore unsa tisfac
to ry  in the  realm  of costing can scarcely be 
im agined, and th e  tim e for p u tt in g  ou r costing 
arrangem ents on a sound basis is long overdue.

A nother p o in t of in te re s t w here th e  classified 
ra te s  are  _ in operation  is th a t  th e  estim ating  
d ep a rtm en t will generally  be found in  sym pathy 
w ith a  system of estim a tin g  where th e  oncosts are 
calculated  on both w eight and wages, as when 
only th e  one basis is used (w hether w eight alone 
or wages alone), an d  a m istake is m ade in u n d er
es tim ating  e ith e r  th e  w eight of a casting , or the  
time' allowed fo r th e  job, th e  loss incurred  in 
ca lcu la ting  the  oncost is much greater^

O ther trad e s  have adopted  w ith m arked success 
w hat m ay he term ed universal ru les fo r costing
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th e ir  p a rticu la r products, and i t  seems reg re ttab le  
th a t  th e  m ovem ent in  th is  direction  in  th e  foundry 
trad e  is lacking of th a t  energy usually displayed 
in  o ther m atte rs. T he au th o r was particu larly  
in te rested  in an  a rtic le  which appeared  in  T h e  
F o u n d r y  T r a d e  J o u r n a l  of November 1 3  last, 
en titled  “  G erm an M ethod of Costing in 
F ound ries .” T his a rtic le  deals w ith a booklet 
whiph has been issued by th e  German Union of 
Iro n  Foundries, and which aim s a t  providing a 
sound basis of costing fo r most of th e  im portan t 
foundries in  th a t  country . There can be no doubt 
th a t  th e  G erm an foundrym en have been studying 
th is  question of foundry  costs w ith  extrem e care, 
and  they  have apparen tly  seen th e  necessity of 
adop ting  a  definite system  for all th e ir  foundries 
to work upon. They have even prepared  calcu lat
ing tab les for estim ating  th e  cost of castings, and 
have separa te  tab les for various d is tric ts  where 
d ifferen t economic conditions prevail. The method 
they  se t fo rth , however, is open to  some criticism , 
especially in th e  m anner in  which they lump 
together th e  overhead charges for dry-sand and 
green-sand work, and one would conclude from  a 
perusal of th e  system th a t  th e  heavy cost of p re
p a rin g  dry-sand moulds is borne equally by the  
o u tp u t o f bo th  green-sand and dry-sand castings, 
and also th a t  th e  en tire  cost of the  core m aking 
is d is trib u ted  over all castings w hether they 
involve core work o r not. In  any case, th e  Ger
m an foundrym en have taken  un ited  action upon 
a  m a tte r  of first im portance so fa r  as th e ir com
m ercial efficiency is concerned, and th is action is 
bound to  be of g re a t assistance to  them  in  so 
d irec ting  th e i r  energies th a t  an increased and 
more profitable business will result.

In  conclusion, the  au th o r has endeavoured to 
in te re s t foundrym en in those m a tte rs  th a t  con
cern th e  comm ercial side of th e  foundry  business, 
pa rticu la rly  in regard  to  foundry  costing, and 
although he has no t subm itted  a mass of detailed 
specimen forms, he tru s ts , nevertheless, th a t 
foundrym en will apprecia te  th e  necessity of the 
costing dep a rtm en t in every foundry, and th a t  
each one will do w hat he can to  assist, b u t do 
no th ing  to  h inder its  efficiency, fo r i t  is only by 
each dep artm en t pulling together and p u ttin g  in

s
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all th e ir  w eight th a t  the  success we s triv e  for can 
be achieved.

DISCUSSION.
M r. E l l io t  said he thanked  M r. S p it ta l for his 

very in te res tin g  P ap e r. W ith  regard  to  th e  p rac
tice of a  .clerk  going round  th e  shop collecting 
p articu la rs , he agreed w ith M r. S p itta l th a t  a 
system of tim e cards as outlined in  th e  P ap e r was 
much be tte r. T h a t system  was, in  h is  opinion, the  
m ost accura te  and th ere fo re  th e  m ost sa tisfactory . 
H e  also agreed th a t  th e  m ethod of basing  the  
oncost p a rtly  on a  wages and p a rtly  on a  weight 
basis was n eares t th e  tr u th .  Oncost was, of course, 
very much a  m a tte r  of approx im ation . H e 
th o u g h t th a t  Mr. 'S p ittaP s P ap e r had  given the  
m eeting a  general idea of th e  acco u n tan t’s work 
in connection w ith  a  foundry , and th a t  i t  would 
help to  clear aw ay th e  suspicion th a t  th e  
accoun tan t was only th e re  to  find somebody out.

M r . A f f l e c k , B ranch  P res id en t, said he had 
had  some experience of th e  benefit of a  costing 
system  in foundries where th e re  was a  g rea t 
v arie ty  of castings made. In  th e  first in s tance  in 
his experience th a t  a  costing  system ivas applied 
in th e  foundry  i t  was applied in  a  fa irly  e labora te  
m anner. P rac tica lly  every class of cas tin g  was 
dealt w ith in de ta il, and a t  reg u la r in te rva ls  th e re  
was placed before him  a  series of figures re la tin g  
to  these castings. H e  found th a t  while th e  u lt i
m ate cost cam e ou t a t, say, abou t 35s. p e r  cw t., 
some were as h igh  as 70s., and  o thers again  as 
low as 25s. I f  one had  no t th e  ac tu a l cost before 
him , he m igh t be inclined to  quote on a n  average  
ra te . They m igh t g e t th e  job and  have less money 
on it , b u t they  would p rev en t someone else 
g e ttin g  i t  who could do th e  job a t, say, a  m oderate 
r a te  and y e t no t lose on it . R efe rrin g  to  costs, 
he ^aid he had  scarcely ever investiga ted  a case 
of liigh cost where th e  m oulder was to  blame. I t  
was ra th e r  some fau lt of th e  p lan t. The nandling  
of th e  sand was an im p o rta n t item  in  costs, and 
he had seen some figures which b rough t o u t a ra te  
of 20 per cent, of th e  cost being involved in the  
h and ling  of sand. The large  p roportion  of the 
cost which th is  item  represen ted  had  been app re
c ia ted  on th e  C on tinen t, b u t he d id  not know to
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w hat ex te n t i t  had been apprecia ted  in  th is  
country . In  one large foundry  which he had 
v isited  on the  C on tinen t they  had  installed  expen
sive p lan t w ith  a view to  lowering th e  cost of 
hand ling  sand. W hen h e  saw th a t  p lan t i t  was 
n o t working owing to  some m echanical difficulty, 
bu t th e  in s ta lla tion  of such p la n t showed th a t  
they  apprecia ted  th e  difficulty connected w ith 
th is  question. W ith  reg ard  to  costs generally, he 
h ad  found th a t  th e  more deta il they  w ent in to  
in g e tt in g  o u t costs th e  m ore i t  would cost them  
to  do so, and there fo re  th e  balance m ust be 
s truck  somewhere. So fa r  as his experience w ent, 
th ey  had  s ta rte d  ou t w ith a very elaborate  scheme, 
and  when th ey  had  go t a ce rta in  am ount of 
in fo rm ation  they  con trac ted  th e  scheme somewhat 
an d  th en  took only a  certa in  num ber of classes. 
T h a t, of course, was a compromise between a very 
costly system and a very sim ple system . To arrive  
a t  ac tua l costs, however, he believed would greatly  
benefit th e  foundry  trad e , com petition would be 
fa ir, and  th e  engineering  tr a d e  would benefit also.

Mr. S p itta l was accorded a  vote of thanks for 
b is  P aper.
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Sheffield Branch.
SMALL WORK MOULDING IN GREEN AND 

DRY S\ND.

By J. D. Nicholson, Member.

INTRODUCTION.
W hen read ing  lite ra tu re  or hearing  P ap ers  re 

la tin g  to  sand m oulding, a ce rta in  am ount of la t i 
tu d e  m ust he allowed because th e re  are , in  foun
dries and foundry  work, num erous instances con
tin u a lly  arising  which help th e  various operations 
of m oulding. The object of my P ap e r is, to  em
phasise th e  im p o rtan t fea tu res  in  green and  dry  
sand m oulding, which m ust be adhered to, to  p ro 
duce reliable moulds and sound castings—together 
w ith some p ractica l h in ts.

The illu s tra tions are  simple w ith a view to  show
ing effectively th e  p rincip les desired, so th a t  tney 
may be carried  o u t u n d er more exacting  circum 
stances. The P a p e r deals w ith small work, such 
as would come u nder th e  te rm  jobbing castings, 
and the  base sand used th ro u g h o u t is E r ith  yellow 
loam. For green sand work i t  is used in th e  new 
or green  sta te , w hilst fo r dry  sand work i t  passes 
th rough  a process of milling.

Moulds of e ith e r sand may be m ade successfully 
in m any cases by unskilled labour, ye t one is o ften  
confronted w ith num erous types of p a tte rn s , the  
m aking of tack le  for and th e  m oulding of which 
calls for th e  highest skill of th e  foundrym en. The 
continued advance in th e  m any branches of eng i
neering  tends ■ to  various, and usually  in tric a te , 
additions to  p a tte rn s .

The Moulder.
A moulder employed upon a large mould may 

be so engaged fo r several days, b u t th a t  is no t th e  
case w ith  th e  small-work m oulder, who is requ ired  
to  produce several moulds of d ifferen t designs 
every cffst, both in green and d ry  sand, each 
mould claim ing separa te  a tten tio n  and foresight, 
method of m oulding, p a rts  of p a tte rn  to  be



loosened, type of box available, position of ru nner 
and risers, also care of m achined parts.

C leanliness and ind iv iduality  are qualities which 
should be acquired by every moulder. A lack of 
m ental calmness has caused many a day’s work to  
fail to  reach expectations.

A moulder regularly  engaged upon one type or 
section of mould knows its individual peculiarities, 
y e t a person thus employed is too near standard isa
tion  which, although i t  m ay be necessary, is not 
good for producing efficient craftsm en.
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General Moulding.
Good facilities for moulding should be m ain

tained. These will not only benefit th e  employer, bu t 
will raise  the  sp irit of the foundrym en in w hat is 
universally  considered as a dull, rough occupation. 
By facilities is m eant abundance of old sand, good 
condition of boxes, and q u an tity  of tackle, such 
as loose box bars, lifters, g rates and loose irons.
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W hilst tu rnover methods are preferab le , ye t occa
sions arise when floor-moulding m ust be done.

Jobbing work causes constan t handling  of boxes 
and  those w ith stove-dried moulds receive severe 
handling  when rem oving th e ir  castings. F oun
dries m aking th e ir  own boxes m igh t give due con
sideration  to  box thickness ra th e r  th an  stren g th en 
ing pieces.

A useful item  may be to  have several sizes of 
box p a rts  w ith  one s tan d a rd  dep th . One would 
th en  decide in s tan tly  th e  num ber of p a rts  any 
mould would require . M iddle p a r ts  being w ith 
o u t bars, y e t possessing holes for loose bars when 
required , which holes also encourage mould d ry 
ing, ven ting  and ven t passages.

Top and bottom  p a rts  a re  preferab le  w ith 
s tra ig h t bars east in. D ottom -part bars, cast less 
deep, allow th e  box to  be used for a top p a r t  if 
necessary, thereby rem oving th e  inconvenience of 
a flat-bottom ed drag. Lugs- cast upon all boxes 
would prove convenient. F o r  hand-w ork, num erous 
makes of ligh t, strong boxes a re  available.

Wood for box bars is perm issible w ith  green 
sand work, b u t discretion  m ust be used for its use 
in dry  sand. W ith  rep e titio n  work or regu la r cast
ings, boxes may have th e ir  bars made to  elim i
na te  th e  use of lif tin g  tackle. L ifte rs should cor
respond w ith th e  dep th  of boxes frequen tly  in 
use, and of the  hanging  varie ty . I f  a lif te r  is no t 
hanging  over a box bar, i t  is dangerous to  allow i t  
to  p ro tru d e  above the  sand. A m oulding box 26 in. 
sq., 12 in. deep, should hold ip  w ith  dry  sand 
w ithout any definite tackle, except a lif te r  in  a 
p ro tru d in g  piece of mould.

This size is reduced, when using green sand  to  
about 18 in. sq. Above these two dim ensions g rates 
w ired up m ay be used to  m ake sure of a hold-in. 
G rates are  broken to  su it th e  shape of th e  p a tte rn . 
W ith  dry  sand, s tra ig h t irons, w ired-up, m ay be 
used as an a lte rn a tiv e , w ith  th e  add ition  of lifte rs  
as th e  holding. Several p a tte rn s  requ ire  a 
special g ra te  cast, which should be provided 
in good tim e previous to  comm encing th e  
mould.

Deep lifts  m ust have the ir g ra tes stayed to  th e  
top box to  p reven t any falling  away when tu rn in g  
over. I t  will have been noticed th a t  g ra tes  have



a narrow  side and a broad side (F ig. 1). I t  is 
p referab le  w ith p rom inen t pieces of mould to  use 
g ra te s  having the  narrow  side down. This allows 
the  sand to  hind en tire ly  round the grate. O ther
wise th e  sand undernea th  the  flat side has nothing 
to  hold i t  save th e  clay-water. The g ra te  being 
tapped  down makes th is piece of sand hard , and 
is also overburdened w ith clay. W hen drying in 
th e  stove, th e  h ea t encourages th is piece of sand 
to  leave th e  g ra te  and often  does so when molten 
iron reaches it.

In  a. green sand mould i t  is well known th a t 
liquid  iron and excessive clay m a tte r do n o t agree. 
B oth cases resu lt in w hat is term ed scabbing. 
Sloping o r recessed jo in ts  may be covered w ith wet 
brown paper o r sea-sand. Both give good partings. 
The form er being desirable when accuracy or 
absence of fin is essential. Pieces of p a tte rn s  which 
give a very s tra ig h t li f t  m ay have brown paper 
placed aga in s t the  side to  help a good lift.

The ram m ing  of moulds should be done in such 
a m anner as to  ensure soundness being obtained. 
H ard-ram m ed moulds resist th e  ex it of gases and 
genera ted  steam , w hilst soft p a rts  produce swell
ings upon the  casting. Sound ram m ing, providing 
th e  p a tte rn  is good, will give good lifts w ith top 
and bottom  p a rts . I t  fac ilita tes finishing and 
m akes th e  mould more reliable.

To overcome ferro-S tatic pressure, increasing as 
dep th  of mould increases, one m ust increase ram 
m ing pressure accordingly. The effect of pressure 
should also be borne in m ind when m aking femmer 
cores, and also when boxes are being clamped 
to g e th er previous to  tu rn in g  over in order to  oast 
“  end-up .”

The handiness of oil-sand cores lends itself 
favourably  to  coring o u t awkward p a rts  of a p a t
te rn  as frequently  p resented  by modern designs. 
Nevertheless, ou ts tan d in g  or p ro trud ing  pieces of 
mould well su rrounded  w ith m etal a re  often m et 
w ith. They should be tre a te d  sim ilarly to  a core 
when ram m ing up th e  mould e ith e r by inserting  a 
row of fine ashes, or, in  a  dried  mould, a piece of 
wax v en t s tring , th u s  ensuring a ready ex it for 
accruing steam  and gases.

Dry Sand Moulding.
W hatever facilities are used for d ry ing  dry-sand 

moulds, they  m ust be efficient. The m ajo rity  of
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fau lty  castings may be p u t down to  dam p moulds. 
E very th ing  possible should be un d ertak en  d u ring  
m oulding which will encourage th e  d ry ing  of th e  
mould, and also hasten  th e  ex it of genera ted  steam  
and gases form ed during  filling th e  mould.

The following may be no ted  as in  favour of and 
d e trim en ta l to  a  dry-sand m o u ld :— (1) M ixing old 
sand by band  is laborious and  som etim es th e  m ix
tu r e  receives too  much w a te r ; (2) too h a rd  ram 
ming re ta rd s  d ry ing . The g ra in s  of sand  being too 
com pact affect th e  porosity , thereby  reducing  the 
escape of gases arising  from  th e  m etal and  sand, 
and perhaps causing them  to  rem ain  in  th e  iron ;
(3) narrow  places, webs or brackets may have a 
row of fine ashes or a wax ven t s tr in g ; (4) the  free 
use of a § in. ven t wire upon bo ttom  and  top p a rts  
previous to  tu rn in g  over. This fac ilita tes  th e  ex it 
of steam  when in the stove and during  casting . A 
sim ilar m ethod may be employed w ith  large 
brackets between flanges, by using a ru n n e r stick 
or tube  about two inches from th e  mould face and 
rem oving it  when finished ram m ing, and (5) exces
sive application  of w ater when finishing will show 
cracks on the  mould face on its re tu rn  from  th e  
stove.

Scabbing and  buckling usually  arise from  steam  
forcing the  sand in to  th e  iron. A scab is rough 
th rough  sand w ashing away when the  iron reaches 
it. A buckle happens some tim e a f te r  th e  iron  has 
passed the  p a rt, and is caused hy generated  steam  
in the  sand having no escape except th rough  th e  
mould face which i t  forces in to  th e  iron  to  vary
ing depths.

The accom panying d iagram s a re  included for the 
purpose of dem onstrating  th e  foregoing by specific 
cases :—F ig . 2, for exam ple, is a fro n t elevation 
of a reversing engine cylinder body, w hilst F ig . 3 
shows an end view, exh ib iting  a difficult piece of 
sand m arked A, in which it  is p referab le  to  in se rt 
a wax vent. F ig . 4 shows a discharge chest w ith 
two flanges moulded in the  bo ttom ; and  in  F ig . 5 
th ree  views of the  bottom  p a rts  of valves are  
shown :—A illu s tra te s  a  va.lve w ith tw o feet, which 
are, a t  tim es, cored o u t. A row of ashes between 
them  would benefit th e  bottom  face of th e  m o u ld ; 
B may be tre a ted  in th e  sam e m anner, w hilst C, 
being very narrow — about 2 in . only—the  in se rt
ing of a wax vent would have a beneficial effect.
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Of course, irons are  embedded in th is piece, care 
being tak en  they  do no t spring.

The last four illu stra tions serve to  show how the 
iron, reaching the bottom  flanges, first causes 
steam  and gases to  rise to  the mould face, resu lting  
in scabbing or buckling if n o t counteracted. This 
fau lt is susceptible in all flat-bottom ed valves and 
chests. In  all cases th e  steam  generated  m ust have, 
an o u tle t downwards or a t  th e  box edge.

R eferring  to  views B and C, loam cakes may be 
used to  form  the bottom edge of the flange instead 
of m aking a jo in t and p a rtin g . The fac t m ust 
no t be overlooked, however, if provision be made 
for se p a ra tin g  boxes when stoving, th e  mould 
will receive a more effective drying. The ram m ing 
of top  p a rts  is o ften  commenced bv sm earing the 
jo in t w ith loam and bedding grates, etc., upon it, 
to  provide for a sound jo in t w ith the  top p a rt , yet 
i t  may be avoided when stove-drying.

A handy  operation is to  add some new sand to 
w et loam and mix w ith  the  hands u n til a little  
stiff. This may be applied to  accurate facing 
pieces, pockets, jo in t brackets and prom inent 
pieces on p a tte rn s . A good sound draw  with the 
p a tte rn  will be received. These places should be 
first dam pened and dusted w ith p a rtin g  sand as 
in corem aking.

F ig . 6 shows where it  may be used upon a head 
valve w ith its num erous th in  facings. The same 
opera tion  is desirable w ith places sim ilar to  the  
bottom  flange of a w ater box shown in  F ig . 7. This 
is about 14 in. deep and floor-moulded. H aying 
removed the  screws from th e  bottom  flange, a little  
p a rtin g  sand m ay be sprinkled  a t  th e  inner edge 
of th e  flange. Rem oving th is  du ring  finishing w ith 
th e  edge of a trow el p rep a ra to ry  to  th e ir  w ith
draw al will fac ilita te  th e ir  removal. No fear need 
be en te r ta in ed  w ith respect to  pieces of mould fa ll
ing when w ithdraw ing the flange.

N arrow  facing  strip s as found upon flanges whioh 
are  aw kw ard to  blackwash will be skinned sa tis
fac to rily  if  a  li tt le  coal d u s t or dry  blacking be 
added to  th e  sand a t these p a rts .

Green-Sand Moulding.
M oulding with green-sand is the  branch of found

ing which requires the  u tm ost skill of the moulder. 
A good green-sand moulder is a valuable asset, and



one who will readily  a d ap t himself to  th e  circum 
stances required to be adopted  w ith any qua lity  of 
m oulding sand.

I t  is rem arkable the difference in resu lts ob tained  
from various m oulders, clearly showing th a t , 
although all a re  seemingly carry ing  o u t th e  self
sam e operations, th e re  is a difference soihewhere 
which achs for o r a g a in s t th e  casting .

W ith  m any classes of m oulding li tt le  respect 
need he tak en  of th e  cond ition  of th e  old sand, 
nevertheless m any types of m oulds req u ire  th e  
sand  to  he in a su itab le  condition . G reen sand 
receives much b u rn t  core-siands w hilst rem oving 
casting® from  boxes.

W here any fa ir  am ount of green-sand work is 
carried  ou t, although several th in g s may be in 
the way as  regards possessing any  sa tisfac to ry  
p lan t for cleansing, renew ing and m ixing old sand, 
such p lan t would provide a  sand uniform  in 
quality  and dampness, besides saving considerable 
skilled tim e  and energy.

T he success o f a su itab le  in s ta lla tio n  m ay be com
pared to  th e  simple o p era tion  of r id d lin g  sand. 
I f  one were to  pass a  q u an tity  of sand  th ro u g h  a  
half-inch ridd le , i t  will 'be seen less w ate r is neces
sary to- b ring  i t  to  w orking cond ition  as com pared 
to m ix ing  w ith  a  shovel, th e  reason being th a t  
damp clots are broken up and evenly d is trib u ted  
among th e  mass.

W ith o u t efficient m eans of m ixing hacking sand 
th e  risk  is tak en  of wet clots com ing to o  n e a r th e  
facing. This is possible, fo r when filling in  around 
a  p a tte rn  th e  shovel is t i l te d  tow ards th e  p a tte rn , 
th e  heavy damp pieces fa lling  a g a in s t th e  facing.

The q u a lity  of th e  facing  sand is the> m ain 
fea tu re  in green-sand work. The m ixing m ust he 
in  tru s tw o rth y  han d s and  u nder s t r ic t  supervision 
for un ifo rm ity  of bond and dam pness.

G enerated  steam  being very prom inent, its  easy 
esoap© has a  lairge .bearing upon th e  soundness of 
th e  casting . A too-dam p facing-sand causes 
doubtfulness, w hilst a  d ry  facing  needs th e  ap p li
cation  of a supply of w a te r when finishing to  bring  
i t  in to  bonding condition  for sm oothing. Possibly 
too much may he used.

V en ting  m ay ihe re laxed  when sands a re  of a 
good perm eability . The sand to  which these
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rem arks refer hav ing  a low perm eability , it is 
necessary fu r th e r  to  increase porosity by the 
un lim ited  use of th e  v en t w ire and d ry ing  of 
c e r ta in  parts . The use of the  ven t wire has fallen 
g rea tly  in to  disuse.

Occasions arise  when a tu rnover method is not 
possible, necessita ting  a  p a tte rn  to  be moulded in 
the  floor. N um erous moulds made th is way cause 
large volumes of gases to  be formed, req u iring  for 
th e ir  ex it a definite passage, or even an  outlet 
for a  core-vent. For th is  a  bed of cinders is made 
about 9 in. below th e  bottom of the  mould. The 
size of bed an d  quan tity  of ashes depends upon 
th e  size of th e  mould, also th e  speed necessary 
fo r th e ir  escape. The easier th e  escape, th e  b e tte r 
for th e  mould. A pipe is inserted  from th e  Ibed 
to  th e  floor level for a  final outlet. P ap e r should 
cover th e  ashes to  p rev en t sand m ixing w ith them , 
and a p a r t ia l  choking of th e  bed. All moulds, more 
especially sm all valves, tee-pieces an d  globe valves, 
should be well vented  w ith th e  J-in. ven t wire. 
Commotions s e t up while filling th e  mould m ust 
free  them selves kbarply, otherw ise th ey  become 
¡entrapped in  th e  quickly freezing iron, only to  he 
discovered when m achining o r under tes t.

T he comm otions which ta k e  place may he seen 
when casting  an open sand packing ring  12 in. 
deep, 3 in. th ick , or by looking carefully down 
an  open riser du ring  filling th e  mould.

M oulds w ith branches in  top  p a rts  or having 
pieces of mould as shown between th e  flange and 
body in  F ig . 8 should be moulded w ith care. This 
is a view of a  high-pressure slide valve, also a 
mould sectional elevation. W hen n earing  the  
flange, i t  should he laid  in position and  ram m ed 
underneath  instead  of ram m ing up full and knock
ing i t  down to  position. T his knocking down may 
make i t  too. h ard , th u s  encouraging scabbing, which 
in p a r ts  like these requ ire  li tt le  encouragem ent, 
owing to  gases and steam  rising  from  mould face 
to  m ould face.

Excessive dam pness here evolves an  excess 
am ount of -steam in  th e  flange, which, if i t  does 
n o t escape th rough  the  sand or riser, will lodge 
itself in  th e  flange, th e  resu lt being a  blowhole 
in  th e  casting . Porosity  a t  these p a rts  is assisted 
by pieces of straw  la id  in  th e  sand, th e  v en t wire, 
and slightly dry ing  w ith  a h o t iron.
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Fig . 9 shows an  aux ilia ry  discharge chest w ith .a 
mould section, th e  mould of which is benefited by 
th e  add ition  of a s tream  of ashes. Gases genera ted

when th e  iron en te rs  th e  bottom' fly upw ard 
th rough  th e  sand  and th ro u g h  th e  easy 
ash passage. T he gases from  th e  sand 
between th e  ven t and th e  fla t m ould face
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hav ing  an easy ex it, give way to  th e  pressure 
exerted  by the iron. W ithou t thi6 passage the  
tendency is to  m ake for th e  flat mould face. Upon 
th e  iron reach ing  here, a  bubbling takes place, 
causing th e  face of th e  mould to  l i f t  away where 
th e  gases b reak  through .

F ig . 10 shows a  weigh shaft bracket, a  type  of 
p a tte rn , if " i t  is n o t possible to  tu rnover, requires 
skill and ca re  when made in th e  floor. I t  is about 
4 f t . 6 in. long, 18 in. deep, and  moulded as shown 
in  fro n t elevation. I n  th e  p lan  a  large piece of 
mould -will he seen which will become well su r
rounded w ith iron, m aking i t  p rone to  scabbing. 
The m aking of these moulds requires th e  inserting  
of a  c inder bed.

For th e  floor-moulding valves brackets sm aller 
th a n  th e  one previously shown, o r slab plates 
6 f t .  x 2 f t . 6 in. x 3 in. th ick , no cinder bed is 
necessary. The bottom  of the  hole should be well 
opened up  before commencing to  work from  the  
desired level, th u s  assisting th e  downward escape 
of gases.

The use of facing m ay .be elim inated  when 
m aking  th in  moulds such as th in  fla t p lates, bodies 
of narrow  pipes or top  p a rts  of large pipes.

Gases from facing sand re ta rd  the  flow of the 
iron , and  in  p ipes may affect cohesion of th e  m etal 
a t  th e  tops.

M oulding w ith milled green-sand m ust be done 
w ith ex trem e care. A lthough i t  possesses the 
m uch-desired bond for green-sand work, its  per
m eability  is very low. L ig h t tooling m ust be done, 
as scabbing easily appears. I t  is excellent for 
moulds which a re  preferably  skin-dried, when it  
resu lts  in  a  good mould face.

Shortage  o f floor space accounts for the  m aking 
o f moulds in  a ho t hole an d  w ith h o t sand. These 
ough t to  be finished off as quickly as possible. 
T he facing sand  becomes very dry, and although 
w ater may be applied, i t  is difficult to  finish. Scab
bing is encouraged by too much tooling, especially 
upon fla t o r curved surfaces.

T he pile o r glaze m ade ag ita te s  th e  iron, which 
resu lts  in b ring ing  aw ay a piece of th e  face. 
F ille ts  upon jo in t brackets should n o t be made 
too large. L arge fillets n o t only affect th e  crystal
line arrangem ent, b u t encourage sponginess. This
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is 'more easily encountered  in dry  sand work, as' 
th e  casting  cools slower, and  generally  undergoes 
a  m ore c ritica l te s t.

F ig. 11 is a  view of a pum p bucket cover and  
mould section to illu s tra te  p rom inen t pieces of 
mould. These, also fla t tops m ade w ith old sand, 
pieces of mould subjected  to  th e  co n tin u a l b ea t of 
th e  iron, and jo in t b rackets, m ay be sm eared w ith  
p lum bago as a  p reven tive  for resisting  th e  scorch
in g  effect of th e  iron.

D iscretion m ust be used when applying p lum 
bago to  m ould bottom s ow ing to  th e  g re a t  re ta rd 
ing  effect i t  produces upon th e  flow of th e  iron.

M any successful varie ties  of ru n n ers  a re  to  be 
found for th e  ru n n in g  of moulds. The s tra in in g  
of moulds is m ore often  m et w ith  in green-Sand 
work th a n  in dry sand. F a s t  pou ring  accelerates 
s tra in in g , -also blow ing in  risers, ow ing to  steam  
a n d  gases no t being able to  free  them selves suffi
c ien tly  quickly. Such blowing is o ften  accom
pan ied  by th e  scabbing of flanges i t  th e  rise r is 
upon a flange. Obviously, la rge  th in  castings 
should be ru n  quickly, and in  th is  in stance  due 
consideration  m ust be given to  the  dam pness and  
porosity of the  sand used.

W ith  th e  work w ith which th e  sub jec t deals, 
i t  is p referab le  to  use a ru n n e r which will fill th e  
mould gradually . This allows steam  and gases to  
find th e ir  e x it th rough  th e  sand  and o u tle ts  p ro 
vided for them ; also any com m otions ta k in g  place 
in  th e  .mould will free them selves in  th e  g radually  
rising  m etal.

F ig. 12 is a view of a globe valve. Any bubbling 
tak in g  place in th is  mould fa iling  to  free  itself, 
m ay lodge itself in  th e  body, an d  n o t he found 
u n til under tes t.

T here is always a  possibility  of a  sm all am o u n t 
of d ir t  being ca rried  down th e  dow ngate w ith th e  
first rush  of th e  m etal. As .a p recau tion , th e  jo in t 
ru n n e r m ay be extended a  li t t le  fa r th e r  th an
w here i t  en te rs  th e  mould— a k ind  of receptacle__
or, b e tte r  still, if th e  jo in t ru n n e r  is n o t c u t  in 
th e  top  p a rt , sand  m ay be c u t o u t above th is  as 
a fu r th e r  p reventive.

F ig . 13 illu s tra te s  a  few designs of runners. A 
is one of th e  m ost common ty p e ; B has th e  ru n n e r  
cu t in th e  top  jo in t and where i t  en te rs  th e  mould
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in the  bo ttom ; 0  shows why a  ru n n e r should be 
deeper a t  th e  m ould edge to p rev en t th e  edge 
w ashing; D is alm ost sim ilar to  B, and is p refer
able for moulds m ade in  d ry  sand, which m ust 
produce a casting  en tire ly  free from  d ir t  or slag 
owing to  th e  high te s t they  generally  receive; and  
E  is a scum -gate tw ice as wide as th e  down runner, 
thus .allowing any scum freedom  to  accum ulate 
instead  of choking th e  bottom , w ith  th e  possibility 
of some en te r in g  th e  mould. T he b reak ing  of th e  
piece F  when rem oving th e  casting  is sim ple proof. 
y Unless supervision is s tr ic t, th e  occasion some
tim es arises, th rough  shortage of box space, of a  
mould hav ing  a  drop ru n n e r  upon a  flange or 
p a r t  of a  body. A round p in  is m ore satisfactory 
here  th a n  a  flat one. F la t  an d  square down- 
ru n  ne rs  set very  .much m ore quickly th a n  round 
ones. This cu ts  off any chance of escape of the  
bubbles which a re  continually  found when a  flat 
g a te  has been broken off a casting. Bound gates 
can b e  worked m ore effectively if fu r th e r a tten tion  
is requ ired  a f te r  filling th e  mould.

W ith  dry  sand  moulds i t  is seldom necessary to 
close th e  risers. The .nature of green sand some
tim es m akes closed risers a necessity, ye t i t  is of 
th e  u tm ost im portance they  be allowed freeness 
to  be eased by th e  touch of th e  m etal. More 
especially w ith  small valves, w ith  which i t  is 
essen tia l to  ru n  m eta l th rough  a fte r having been 
eased, th u s  freeing  any blows which m ay have 
fa iled  to  escape. The fa ilu re  to ease a rise r often 
resu lts in  a defect in  a flange.

F ig . 14 is a view of a mud box which possesses 
m any weak pieces of mould, an d  one where all 
risers should be eased. Moulds having large flat 
surfaces, p rom inen t pieces of sand o r femmer 
cores, requ ire  th e ir  risers to  be securely closed. 
T his affords a p ressure to  be exerted all over th e  
face of th e  mould, forcing th e  gases th rough  the  
sand  and artific ia l m eans of escape instead of 
rush ing  th rough  th e  mould, o u t of th e  open riser, 
and  blowing away pieces of mould o r draw ing 
down fla t top  p a rts .

W hen closing dry  sand moulds every precaution  
m ust be tak en  for dampness or steam arising  from 
any of th e  constituen ts used w hilst coring up. 
These may be olay fo r touching purposes, o r too
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damp sand when m aking np  p rin ts . Special 
regard  to  th is  is necessary w ith oil sand cores.

F ig . 15 shows a top  p a r t  w ith holes above core 
p rin ts , giving a  clear view for th e  v en t to  he 
m ade up w ithou t any fear of th e  m etal en te rin g . 
I f  th e  core he upon a spindle o r m ade of sand or 
loam, i t  is p referab le  to  b rin g  th e  v en t away 
horizon tally  or vertically . Cores of oil sand  allow 
one g re a te r  freedom.

In  jobbing work, chaplets p lay  an im p o rtan t 
p a r t  in  th e  success of a casting . C on tinua l adding 
or rem oving of branches from  p a tte rn s  makes it 
impossible to  have a core in  one p iece; conse
quently , m any loose cores a re  encountered .

On no account should a p ressure casting  have 
a double chap le t. A sta lk  chap le t of su itab le  
s tren g th  will prove sa tisfac to ry . Blowholes, 
which sometimes occur round  chap le t nails, may 
be caused th rough  th e  small im pression o r bu tto n  
mad© upon th e  sand being hard , as they  a re  o ften  
made w ith o u t.a n y  sand being eased ou t.

Gauze chaplets a re  su itab le  in  mould bottom s, 
'but one m ust use d iscretion  fo r th e ir  use to  resist 
uplifts. In  a green  sand m ould th ey  m ay res t 
upon a m etal prod o r flat-headed nail in serted  
level w ith th e  mould face.

I t  is n o t possible to  advise an y th in g  definite in  
th e  m aking  of moulds for su perhea t work or 
in te rn a l com bustion castings. A few poin ts which 
m ig h t be adhered to  are :—A dry  mould, quick 
ru n n in g , large risers an d  an  e n tire  absence of 
an th in g  which will produce dam pness or blowing 
of th e  m etal. The num erous unsound castings 
m et w ith  in  th is  class of work too  clearly  suggest 
m uch research  has y e t to  be un d ertak en .

In  conclusion, th e  au th o r desires to  express 
th an k s to  h is employers, th e  N o rth -E aste rn  M arine  
E ng ineering  Company, L im ited , W allsend-on-Tyne, 
fo r th e ir  kindness in  allowing him  to  give th is  
P ap e r, and also to  th e ir  labora to ry  for assistance 
in p rep a rin g  slides, e tc.
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Lancashire Branch
(BURNLEY SECTION).

THE EXAMINATION OF METALS. 

By W. H. Poole (Member).

What is Science ?
The d ictionary  definition of Science is th e  sta te  

or fac t of knowing. I t  is knowledge or cognisance 
of som ething specified or im plied. I t  can m ean 
w ith w ider reference—knowledge more or less ex
tensive as a personal a ttr ib u te .

A man of Science is one who possesses knowledge 
in  any dep artm en t of learn ing—or tra in ed  skill 
in  any a r t  o r c ra ft. In  more modern use—he is a 
m an who has expert knowledge of some branch of 
science and  devotes himself to  its investigation. 
I t  will be agreed th a t  these term s are quite  wide, 
and  do n o t m ake too v ita l a separation  between 
classes. A skilled craftsm an  can therefore  be 
rig h tly  considered as a scientific workman.

One often  hears th e  term  “  R ule of Thum b,” 
and th is  is o ften  p u t as a description of a highly 
p rac tica l type of foundrym an. R ule of thum b is 
also said to  be a m ethod o r procedure derived 
en tire ly  from  prac tica l experience w ithout any 
basis in  scientific knowledge— a roughly practical 
m easure. In  experience th e  g if t of eyesight plays 
a valued p a rt—so much so th a t  i t  is necessary to 
emphasise th e  use of it. E yesight is the  power or 
facu lty  of seeing. I t  is th e  use' of the  eyes—to 
look, gaze, view o r m ake observations. Now, how 
does th e  use of eyesight affect p rac tica l experience ?

The m eta llu rg ist to  he efficient m ust develop 
these senses. The developm ent of sense perception 
to  a id  scientific deduction is reciprocal. Anyone 
studying , say, geology or botany n a tu ra lly  im
proves th e ir  vision. The value of th e  practical 
foundrym an’e observation is of immense im port
ance in  h is c ra f t. C arefully  to  note details of 
special phenom ena canno t be over emphasised. 
There is an :mmense added value found in one’s
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work if a deeper insigh t is made in to  th e  scien
tific aspect of foundry  problems. Too often deduc
tions are  made w ith too  li t t le  keen observation and 
th o u g h t on the  problem.

In s ig h t can  be tak en  as a deeper knowledge. 
The orig inal notion appears to  have been “  in te r
nal s ig h t,”  th a t  is w ith  th e  eyes of th e  m ind  or 
understand ing .

The d ictionary  defines in te rn a l sigh t to  mean 
unders tand ing  o r in te llig en t wisdom—m ental 
vision o r perception . I t  can  also be tak en  as the  
fac t of p en e tra tin g  w ith th e  eyes of und ers tan d in g  
in to  the in n e r ch arac te r or h idden  n a tu re  of 
th ings. I t  is a glimpse o r view beneath  th e  su r
face. So one can use th e ir  eyesight, b u t “  in sigh t 
in to  a  problem  is requ ired  to  g e t to  th e  roo t of it.

Too m any people use th e ir  eyesight w ithout 
th in k in g  much a t  the  sam e tim e. How can th e  
foundrym an get full va lue of h is eyesight and 
deep insigh t a t  the  sam e tim e? M any say, 
“  W ider p rac tica l experience,”  and  th is  really  im
plies “  more knowledge."  H owever, when know
ledge is a tta in ed , i t  is up to  th e  progressive man 
to m ake every use of it.

The study  of m eta llu rgy  or co-operating  w ith 
men specially tra in ed  in th is  will help  any foun
d rym an to  adop t deeper reasoning on th e  m any 
foundry  problems m et w ith. No th in k in g  foundry 
m an will make a gulf betw een him self and the  
scientific m an, b u t he will lin k  up  and th u s  find 
his own knowledge of added value to  him .

The m eta llu rg is t has his microscope, h is “  frac 
tu re  definer,” which is an  optical in s tru m en t con
sisting  of a lens o r com bination of lenses suitably  
ad justed  by which objects are  so m agnified th a t  
details in d is tin c t o r invisible to  th e  naked  eye are 
clearly revealed.

Professor Dewey has sa id : “ The fu tu re  of our 
c ivilisation depends upon th e  w idening spread and 
deepening hold of th e  scientific h a b it of m in d .” I t  
has also been said t h a t : “ Knowledge is ce rta in ly  
precious to  us, because we shall never have tim e 
to  complete i t . ” So i t  should be appreciated  th a t  
a deeper study  in to  th e  m any foundry  problems 
m et is of v ita l im portance to  every foundrym an.



Graphite.
One of the  most im p o rtan t of reactions, ancf 

one th a t  has a vita l effect on the  strength  and 
s tru c tu re  of cast iron, is th a t  of g raph itisa tion . 
The study of th is  phenom ena is a large one, and 
leaves a la rg e  field for study.

The flaky form of g raph ite , showing large flakes 
o r patches, is associated w ith weakness. By rubbing 
very grey iron w ith th e  finger one can note the 
shiny g raph itic  coat. This is quite  different from

F i g . 1 .— P i g - i r o n  C o o l e d  v e r y  S l o w l y  
u n d e r  S l a g . N o t  E t c h e d . M a g n i f i 
c a t i o n , 120 d i a s . G r a p h i t e  F o r m a t i o n .

the  g rap h ite  p resen t in  malleable iron, which is 
nodular in form ation and an absence of the  flake 
form ation . The tem per carbon resu lting  from sp lit
t in g  up by hea t of cem entite exhibits th is nodular 
form.

In  th e  case of grey iron, i t  is im portan t to  con
tro l g raph itisa tion , and th is is done by considering 
many factors such as analysis of the  mix, melting 
conditions, ra te  of cooling and type, size and sec
tion  of casting.

The control of the  analysis has its effect on g ra
p h ite  form ation, and, as is well known, silicon plays 
its p a r t . As an illu s tra tion  of the  effect of cooling 
.on g rap h ite  form ation, a  sample of No. 3 foundry
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iron was very slowly cooled, over a period of many 
days—the re su lta n t p ig  g iv ing a  s tru c tu re  as shown 
in  T ig. 1. This is very in te re s tin g  as showing a pig 
w ith the  carbon all in  the  g rap h itic  form , w ith no 
combined carbon. The silicon was 2.63 per cent, in 
th is  sample.

I t  is in te resting  to note the  iron o r fe r rite  
crystals surround ing  th e  g rap h ite  flakes. This 
m icro (F ig. 2) shows th e  iron phosphide lakes, and 
from  th is  segregation of phosphorus is plainly

F i g . 2 . — N o .  3  P i g - i r o n  C o o l e d  v e r y  
S l o w l y  u n d e r  S l a g . E t c h e d  N i t r i c  
A c i d . M a g n i f i c a t i o n , 1 2 0  d i a s .

depicted. I t  is seldom in  foundry  p rac tice  th a t  
the  cooling is so slow th a t  no combined carbon re 
sults. Such a slowly cooled p ig  gave g rap h ite  
plates in  some cases nearly  in. sq., w ith  a re su lt
a n t p ig  th a t  was weak and  easy to  break .

In  comparison w ith th is  sample, a piece of w hite 
iron before m alleablising (F ig . 3) shows the  carbon 
all in th e  combined form — as cem entite.

On annealing  the  iron carb ide sp lits up  in to  
g rap h ite  o r tem per carbon and iron, g iving a 
s tru c tu re  th a t  is soft yet tough (Fig. 4). The back
ground shows a pearlitic  s tru c tu re , and the m etal 
is very strong.

As a comparison of th e  effect of slowly cooling 
pig-iron, a sam ple of pig-iron of the  same b rand  is



533

shown in F ig . 5, th a t  has been rapidly  cooled 
im m ediately a fte r  casting. This sample is of much 
in te rest to  foundrym en. In  sam pling a batch  of 
pig, a num ber of pigs were found th a t  were too 
hard  to  d rill—yet gave a good No. 3 frac tu re  in 
appearance. The analysis of th e  pig g a v e :—Total 
carbon, 3.85; combined carbon, 0.50 ; g raph ite  car
bon, 3.35; silicon, 2.04; sulphur, 0.023; phosphorus, 
1.10; and m anganese, 1.80 per cent. The pig is of 
th e  high m anganese type, associated w ith high 
to ta l carbon.

W hilst there  is nothing" in the  actual analysis to 
explain such hardness, th e  micro photograph 
clearly shows a m artensitic  s truc tu re , and was the 
resu lt of quenching the  pigs on th e  pig bed a t a, 
c ritical tem p era tu re  around 700 to  800 deg. C. 
F ig . 6 shows a rem arkable s ta r  form ation of 
g raph ite , and th is is persisten t th roughout the 
whole struc tu re .

The chilling of th is  sample had th e  opposite 
effect to  th a t shown by slow cooling, b u t th e  pig 
had had tim e enough cooling through  th'e higher 
tem p era tu re  range to  perm it o f ' g raph itisa tion  as 
shown.

M uch has been w ritten  on pearlitic  cast iron, 
which is a product of “  control of analysis ” and 
“ cooling of m eta l.”  As an example of th is, and 
showing how such m ateria l has been made, a 
sam ple of very tough scrap was exam ined (Fig. 7). 
This was an old ty re  from a steam  roller made 
25 years ago.

This gave on an a ly s is :—Total carbon, 3.16; 
g rap h ite  carbon, 2.60; combined carbon, 0.56; sili
con, 1.71; su lphur, 0.15; phosphorus, 0.87; and 
m anganese, 0.42 per cent.

The m icro clearly shows th e  emulsified p lates of 
fe rrite  and cem entite, and explains the  very tough 
n a tu re  of th is sample. A patch  of phosphide eutec
tic  can be seen. A tensile tes t cu t o u t of th is 
sample gave 18.8 tons per sq. in ., in spite of being 
cu t from  a th ick  flange.

As has been sta ted , g raph itisa tion  of iron is a 
mosit im p o rtan t po in t to study. The sample of 
pig-iron con ta in ing  no combined carbon has been 
noted and, as sta ted , th is condition is not found 
often  * in foundry castings. C ast iron, however, 
will, if heated  repeatedly, give a condition when



all th e  combined carbon or carbides will be broken 
up w ith re su ltan t form ation of g raph ite .

A sam ple of scrap  (F ig . 8), tak en  from  an old 
va t, found  its  way in to  ,a foundry . An exam ina
tion  of th is  showed a  badly h n rn t and oxidised 
condition. T he effect of rising th is  scrap in  fa irly  
lange proportion  in  a  /mix gave badly gas-holed, 
chilled and  d ir ty  castings (F ig . 9).
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F ig . 3.— W h i t e  M a l l e a b l e  P i g - i r o n . 
E t c h e d  N i t r i c  A c i d . M a g n i f ic a t i o n , 
100 DIAS.

The analysis of th e  easting  w a s :—T otal carbon, 
2.99; silicon, 2.13; su lphur, 0 .13; phosphorus, 
1.20; and m anganese, 0.34 p e r cent.

The h igh  su lphur and unbalanced condition  w ith 
low m anganese a re  no tew orthy. This could be 
largely, if n o t wholly, corrected  by th e  use of 
h igher m anganese in  th e  m ix and a tte n tio n  in 
fluxing and m elting.

The b u rn t scrap exhibited  d is tin c t bu rn ing , and 
oxide form ation th rough  sections 1 in. th ick , and 
th e  use of such scrap was condemned for m any 
purposes.



535

To revert to  g rap h ite  in cast iron, one v ital 
p o in t as to the  physical oondition is the am ount 
and form  of th e  g rap h ite  flakes. The m anner in 
which th e  con tinu ity  of th e  otherwise ductile 
m atrix  is broken up by th e  g rap h ite  affects the 
physical condition. So very coarse highly 
g raph itic  iron is b r i tt le  and lacks ductility  because 
of the  presence of numerous p lates of g raph ite , 
as the  re la tiv e  weakness of th e  m atrix  is then 
noted. G raphite, because of its low specific

F i g . 4 . — A n n e a l e d  M a l l e a b l e  I r o n .
E t c h e d  N i t r i c  A c i d . M a g n i f i c a t i o n , 
120 D IA S.

grav ity , will occupy a  relatively large per cent, 
of th e  bulk of th e  m etal. Thus, 3 per cent, 
g rap h ite  contains by volume 12 per cent, of th a t  
elem ent.

‘The r a te  of solidification of th e  m etal, and thus 
cooling conditions, has its  influence on th e  shape 
and size of th e  g rap h ite  flakes as well as the 
m a trix  s truc tu re .

The sample shown in F ig. 10 of cen trifugal cast 
iron shows clearly th e  fine condition of g raphite  
w ith a  3.42 p e r  cent: to ta l carbon iron, w ith  1.9 
per cent, silicon.

To illu s tra te  th is, a sample of open No. 1 highly 
phosphoric p ig  wa6 spun in to  a mould to  give a
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section 1 in. th ick . The g ra p h ite  was very finely 
divided and  th e  phosphide eu tec tic  exceptionally  
fine.

Kish.
The fo rm ation  of kish has been no ted  in pig" 

iron, and such g rap h itisa tio n  is sometimes noted

F i g .  o . — O p e n  a n d  C l o s e  P i g -  
i r o n  W I T H  T H E  SA M E  S I L IC O N  
C o n t e n t .

in foundry  work. T h is is noted  as fine flaky p a r 
ticles of g rap h ite  oozing th ro u g h  th e  m olten  m etal 
and escaping in  th e  a ir. I t  is essentially  g rap h ite  
resu ltin g  from  th e  instan taneous g rap h itisa tio n  
of p rim ary  cam entite . The ex ac t m echanism  is 
n o t vary certa in , b u t th e  mom entum , of th e  reac
tio n  is such th a t  th e  g rap h ite  is able to  b reak  
th rough  th e  su rface  tension  and r ise  in to  th e  a ir.

W ith  th e  m eta l superheated  no- sep ara tio n  takes 
place, b u t begins w ith  fa lling  tem p e ra tu re . This 
form ation of “ kish ”  can be noted in b las t-fu r
nace practice, especially w hen th e  m eta l is ru n n in g



very hot and the  silicon high. Sucih pigs show a 
“ kishy ”  m etal, and in use in th e  cupola require 
ho t m elting  an d  such conditions as will assist in 
th e  solution of th is  g raph ite .

I t  is in te resting  to  note th e  rap id  “  cooling off ” 
of such kishy m etal. In  th e  case shown, th e  m etal 
mix in  use had  been successfully used for some

-
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F i g . 6 .— P i g - ir o n  to o  H a rd  to  
D r i l l . S t a r  F o r m a t io n . G r a 
p h i t e  M a r t i n s it ic  S t r u c t u r e .
E t c h e d  N i t r i c  A c i d . M a g n i f i 
c a t io n , 120 DIAS.

tim e  w ith  one ty p e  of coke, and th e  “  kishy ” 
castings resulted  "on a  change of coke. Two pre- 
dom inant fac to rs were n o te d :— (a) very ho t m elt
ing, an d  (b) very high fixed carbon coke (93.5 per 
cent.).

An analysis of th e  mix showed an increase of 
0.37 per cen t, carbon by th e  use of th is new coke, 
g iving 3.72 per cent, to ta l carbon in the  iron 
The mix was hardened up, and less new coke used 
to  counteract th is. ,
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I t  is possible th a t  th e  tim e fac to r in cupola 
m elting  m ay no t always be sufficiently long fully 
to tak e  up th e  g rap h ite  in vary kishy pigs, and a 
nuclei le ft in th e  m e ta l, for rap id  g rap h itisa tio n  
on cooling a f te r  tap p in g . An experim en t w ith 
very kishy pigs was m ade, p u tt in g  10 owt. of a 
very grey pig th rough  th e  cupola a t  th e  'end of a 
blow. The fu rnace  was m elting  very hot indeed, 
and th is  las t charge was tap p ed  out. The m etal 
tapped  was so grey th a t  g rap h itisa tio n  was noted

F i g .  7 .— P e a r l i t e  a n d  P h o s p h i d e  E u t e c t i c . 
E t c h e d  N i t r i c  A c i d . M a g n i f i c a t i o n , 
9 6 0  DIAS.

a t  th e  spout, and  th e  m etal rap id ly  chilled. The 
coke bed was exam ined, and  some pieces of 
“ sponge” were found th a t  were fu ll of “  k ish ,” 
th e  coke >also being coated w ith  th is.

Much investigation  rem ains to  be done to  cor
rec t up actua l b las t-fu rnace conditions, and 
re su ltan t qua lity  of pigs an d  th e  usage in  the 
foundry cupola.

A recen t case exam ined of cracked castings was 
finally traced  back to a  ba tch  of p ig  of qu ite  good 
chemical analysis, b u t of pecu liar physical condi
tion . The p ig  clearly  shows th e  presence of oxide 
on micro exam ination .
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Cupola.
The foundrym an here has one v ita l spot in his 

practice. E yesight plays its p a rt, and w ithout 
keen insight is a p t to  m islead. I t  is tru e  one can 
see if the  iron is h o t and fluid, b u t i t  requires more 
thought to  know if th e  very best is being obtained 
from  th e  p lan t.

I t  is rem arkable th e  am ount of varia tion  in 
cupola practice, and, before one can compare 
results, so m any factors m ust be considered. In

F x o .  8 .— B u r n t  O a s t - i r o n  S c r a p .  E t c h e d  
N i t r i c  A c id .  M a g n i f i c a t i o n ,  1 2 0  d ia s .

fac t, each p la n t m ust be judged on its  own m erit. 
A fter all th e  in te restin g  and valuable d a ta  already 
w ritte n  is considered, i t  is no t desirable to  go into 
technical details.

Do foundyym en work th e ir cupolas to  su it the 
blowing p lan t?  So m any foundirymen change and 
a lte r  th e ir  fu rn ace  prac tice  from  th e  wrong stand 
poin t. Very often  th e  engineer p u ts  in the  air 
p lan t, and th e  cupola is worked by p u ttin g  on so 
much bed, charge coke, and try  i t  ou t. I f  not hot 
enough, m ore coke, and so on u n til a  stage is 
reached where ho t m elting is found. This is 
obviously necessary.

The essential po in t is to  know th e  a ir  supply 
jn d  th e  volume of a ir  delivered. The pressure
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conditions a re  a function  of th e  cupola design, 
etc. To a lte r  the  in te rn a l design and charging 
of th e  cupola, to  su it th e  a ir  supply is o ften  likely 
to  lead to poor economy. W hilst know ing the  
scientific lim ita tions of b last m eters, th e  use of 
such is invaluable in cupola practice . P ressure 
conditions are  secondary to  volume, though 
obviously bound up w ith  it. The therm al working 
of a cupola is now worked ou t to  a n icety, and

F i g . 9 .— G a s s y  C a s t i n g  m a d e  o f  B u r n t  
S c r a p .

th ere  is available a q u an tity  of useful d a ta , which 
has appeared  in the technical press.

Assuming 30,000 to  35,000 cub. f t .  per to n  p er 
hour is required , th e  requ irem en ts can be judged. 
B u t th is  is a t  a  su itab le  pressure, and  w ith  cor
rectly  balanced charge to  coke, should give good 
m elting. This sounds easy, b u t undoubtedly  some 
deeper insigh t in to  these conditions well repays 
the  tim e  spent.

K eep an eye on th e  cupola—th e  zone position 
and condition, the  coke usage, and especially the  
slagging conditions.



The general tendency is to  use too litt le  flux. 
F lux ing  plays an  im p o rtan t p a r t  in m elting pro
cesses. S lagging tim e  is a po in t to he considered, 
especially on a long blow.

Scrap.
I t  is a difficult problem to  control outside scrap, 

b u t more a tten tio n  can be given to th is  th a n  is 
usual. I t  is suggested th a t  scrap should be classi
fied as m uch as possible, particu larly  domestic

541

F i g . 1 0 .— G r a p h i t e  i n  C e n t r i f u g a l l y  C a s t  
P i s t o n  B i n g  N o t  E t c h e d i . M a g n i f i 
c a t i o n , 1 2 0  D IA S.

scrap if m ore th a n  one m ix is made. So the 
foundrym an .has to  keep his eyes opened to  control 
th e  m any foundry  variables. T he m etallu rg ist 
can be an invaluable help in “ looking into ” 
problems, and i t  is th is  co-operation th a t  will give 
a  com bination .likely to keep foundry practice up 
to  date.

I t  is in te res tin g  to  note th a t  Germ any before 
the  w ar, a f te r  reducing the  population to  th e  same 
scale as in  E ngland, employed 50 chemists in 
in d u s tria l work to  every six -here.

Heavy Core Oil Tests.
U sing one ty p e  of core oil, th e  m ix tu re  tr ied  

gave th e  following re s u lts :—The tests a re  an
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average of 12 cores in  each case. The tensile  tes ts  
were on a  core m ade to  1 in. square, sim ilar to 
a  concrete test, b u t w ith  special p recau tions with 
th e  jaws used on th e  m achine.

The tim e  given was such as to  g e t a  sim ilar 
colour to  th a t  no ted  by th e  foundrym an when 
baking in th e  usual way.

Tensile Test, 1 in. Square.
Time of Baking 23 mins. 38 mins. 60 mins. 
Temp, of Baking 240° C. 240° C. 240° C.
Tensile test . . 55 lbs. 1111b. 791b.
Colour . .  . .  Light brown Nut brown Dark brown

Compression, 2 f in. Cube.
Time ..  . .  60 mins. 75 mins. 90 mins.
Temp. . .  240° C. 240° C. 240° C.
Compression . .  0.66 tons 1.10 tons 0.86 tons
Colour . .  . .  Light brown Nut brown Dark brown

T he colour “ schem e”  was tak en  from  th e  usual 
m ethod of judg ing  in th e  foundry , and these 
figures re fe r only to  t h e . type  mix in  use. The 
com parative resu lts are , however, of in te re s t. A 
question of value was a  com parison of em ulsifying 
th e  oil—com pared w ith th e  u sua l m ethod of 
m ixing the  raw  oil to  sand dam ped and  sieved to 
mix.

M ade and baked under th e  sam e conditions, th e  
emulsified mix con ta in ing  1.9 p e r cent, by w eight 
of oil, com pared w ith  th e  o th e r mix con ta in ing  
3.1 per cen t, by w eight of oil, g ave : —

Tensile, 1 in . square.
Emulsified oil m ix .......  361 lbs.
U sual mix ... ... ... 281 ,,

Compression, 2 f in . Cube.
Em ulsified oil m ix ....  3.46 tons.
Usual mix ... ... ... 2.75 ,,

The value of using emulsified oil is m arked. To 
ob ta in  th e  m ost sa tisfac to ry  use of any core oil, 
carefu l a tte n tio n  to  b ak ing  tim e  and tem p era tu re , 
to  su it th e  p a rticu la r oil and ty p e  of cores, m ust 
'be given. These po in ts do no t always receive the  
a tte n tio n  they  m erit.



Newcastle Branch.
THE STRUCTURAL COMPOSITION OF CAST IRON.

By Arthur Logan, Member.
Two years ago M r. C. G resty, in  a  P aper 

en titled  th e  “  E xam ination  and Photography of 
C ast Iro n  under th e  Microscope, ” f  s ta ted  : 
“  Nowadays most m etallurgical P apers are  illus
tr a te d  by photo-m icrographs, and i t  is probable 
th a t  th e  average foundrym an, n o t being a tra in ed  
m etallu rg ist, would m ore fully appreciate  and 
unders tand  the  illu stra tions if he were fam ilia r 
w ith ‘ th e  m ethods by which they  a re  obtained. 
The ob ject of th e  P ap e r is to  describe practical 
microscopio w ork as applied to  cas t iron, and to 
show how th e  various constituen ts of th e  m etal 
may be d istinguished. I t  is no t proposed to deal 
w ith  the theoretical side of the constitu tion  of 
cast iron. . .

The objects of th e  P ap e r as se t fo rth  in  th e  
in troducto ry  rem arks ju s t  quoted were adm irably 
achieved. The P ap e r is a  clear and concise 
account of th e  photo-m icrography of cast iron ; 
b u t obviously, tre a tin g  th e  subject in  a compre
hensive m anner, i t  was impossible to  deal w ith th e  
theore tica l constitu tion  of cast iron. I t  has 
always seemed to  th e  p resen t au thor, therefore, 
th a t  if  a  fu r th e r  chap te r could be added dealing 
w ith  th is  side of th e  sub ject in  a  simple way, then  
th e  foundrym an would be in a much b e tte r posi
tion  to  understand  and apprecia te  som ething of 
th e  subtleties of th is  complex m aterial.

This, then , is th e  justification  fo r th e  following 
P a p e r ,”  “ The S tru c tu ra l Composition of C ast 
I ro n ,”  which is to  be regarded  as being in some 
degree a  second chap te r of th e  first-m entioned 
P aper. The ob ject of th is  second portion , to  ex
press i t  in a  single sentence, is to  enable th e  
foundrym an to  understand  why sligh t differences 
of chem ical composition can have so large an 
influence on the  iron. The foundrym an may

t  See The Foundry Trade Journal, April 5, 1923.
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th in k  th a t  th e  s tru c tu ra l com position of cast iron 
is no t his concern, b u t i t  is. I t  is th e  v ita l con
cern of every foundrym an, consciously or uncon
sciously. Everyone who m ixes iron, w hether by 
analysis or by fra c tu re , does so to  control, or to  
try  and control, th e  s tru c tu ra l composition.

E xam ination  under low powers, of the  polished 
bu t unetched specimen, will only reveal- the

E ig . 1.—U n e t c h e d  M ic r o  o f  C a s t  I r o n  
s h o w i n g  G r a p h i t e  a n d  M a n g a n e s e  
S u l p h i d e .

grap h ite  and possibly th e  m anganese sulphide con
s titu e n t, both of which a re  revealed in  E ig . 1. 
I t  will clearly show physical defects, however, such 
as a  tendency to  “ sponginess,”  draw s, d i r t  
inclusions, etc. The graphite- is free  carbon. 
Carbon exists in cast iron in both th e  free  and 
th e  combined condition. Up to  approxim ately  
0.8 p er cent, combined -carbon will be p resen t 
s tru c tu ra lly  as pearlit-e, which consists of a lte r
n a te  plat-e-s of re la tively  p u re  iron known as 
fe rrite , and p la tes of th e  compound iron carbide 
(Fe30 ), which has th ree  atom s of iron to- one of 
carbon. Fig. 2 illu s tra tes  th e  appearance of
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pearlite  a t  high magnifications. Any excess of 
combined carbon over 0.8 p e r cent, will exist as 
free iron, which is known as cem entite.

A part from carbon, cast iron contains four 
other th ings which a re  presen t in qu an tity . These 
are  silicon, phosphorus, su lphur, and m anganese. 
Although these th ings a re  all th a t  a re  generally 
taken  in to  account, cast iron con tains small 
am ounts of m any o ther elem ents. Probably the  
one occurring  in  the  g rea test q uan tity  is titan iu m ,

F i g . 2 . — P e a k l i t e  a t  H i g h  M a g n i f i c a t i o n .

which is often  added a t  th e  blast fu rnace  as a 
deoxidiser. Some brands of pig-iron also contain 
appreciable am ounts of some of th e  following : — 
A rsenic, copper, nickel, tungsten , chromium, 
vanadium , alum inium , etc., to  say no th ing  of dis
solved gases such a s  hydrogen, n itrogen, oxygen 
(possibly also in  com bination as dissolved iron 
oxide), carbon monoxide, carbon dioxide, su lphur 
dioxide, etc.

How the Elements Exist.
The silicon en te rs  in to  solid solution w ith the  

iron, and  is therefo re  invisible. I t  is invisible in 
th e  sam e way th a t  sugar dissolved in w ater is 
invisible. I t  is there , b u t canno t be seen. The 
phosphorus p resen t exists as a phosphide eutectic. 
I t  is easily recognised under the microscope. This

T
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phosphide eu tec tic  is th e  las t th in g  in  th e  iron to 
solidify, and  i t  is consequently squeezed about as 
solidification proceeds, th u s  g iving rise to  its ch a r
ac te ris tic  form ations. In  norm al iron, th e  whole 
of the  su lphu r p resen t will be com bined w ith 
m anganese, and will be presen t in th e  form of 
small globules of m anganese sulphide. The 
rem ainder of th e  m anganese p resen t combines 
w ith  carbon to  form  m anganese carbide, which 
acts in a sim ilar way to iron carbide, and is indis
tingu ishab le  from  it. Thus g rap h itic  carbon, 
combined carbon, silicon, phosphorus, su lphu r and 
m anganese a re  found in th e  s tru c tu re  as g rap h ite , 
p ea rlite  (composed of th e  iron  and  m anganese 
carbides), phosphide eu tec tic , and  m anganese 
sulphide.

T he foundrym an is now in  a position to  recog
nise th e  d ifferent constituen ts  u n d er th e  m icro
scope. Considering these elem ents singly and 
ascerta in ing  w hat th e ir  influence is, an d  w hat 
happens d u rin g  cupola m elting , i t  will be sup
posed th a t  an iron con ta ins 1.9 silicon, 0.8 phos
phorus, 0.10 su lphur, and 0.8 per cen t, m anganese, 
and is charged in to  th e  cupola. As is known, 
various changes occur.

EFFECT OF CUPOLA MELTING. 
Carbon.

Iron  has th e  power of dissolving carbon, which 
power increases as th e  te m p e ra tu re  is raised . 
C ase-hardening, for exam ple, is an instance of 
carbon actually  being absorbed by solid iron. 
The silicon has been re fe rred  to  as being dissolved 
in iron as sugar dissolves in w ater. C arbon can 
be im agined to  do very m uch th e  same th in g  in 
m olten iron. Cold w ate r dissolves a certa in  
am ount of s u g a r ; if th e  w ate r is heated , m ore 
sugar will dissolve. I f  th e  w ate r is m a in ta ined  
a t  a constan t high tem p e ra tu re  and  m ore su g ar 
added, a p o in t will be reached when no m ore 
will dissolve, th is  being known as th e  sa tu ra tio n  
point. I f  now th e  w ater is allowed to  cool, sugar 
will be throw n o u t of solution, as th e  w ater, being 
a t a lower tem p era tu re , has a lower sa tu ra tio n  
point. A paralle l happen ing  occurs in th e  case 
of iron and carbon—th a t  is, m olten iron con
stan tly  try in g  to sa tu ra te  itself w ith  carbon.



Iron  going down th rough  th e  cupola is heated, 
g radually  increasing in tem p e ra tu re  u n til i t  
arrives a t  th e  top  o f  th e  m elting  zone, where a 
very rap id  increase of tem p era tu re  takes place. 
As th e  o u te r layers of th e  piece of iron reach the 
m elting  po in t, they  tr ick le  a wav down th rough  
th e  h o tte s t p a rt of the m elting  zone, thereby 
becoming superheated . In  th is condition it is
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F i g s . 3  a \ d  3 a . — G b a p h i t e  D i s t r i b u t i o n  
i x  t h e  S a m e  C a s t i n g .

greedily  try in g  to  absorb more carbon, and. indeed, 
conditions a re  very favourable. There is iron a t 
a h igh tem pera tu re , in small drops, every particle 
of which comes in to  in tim ate  contac t w ith carbon 
(coke) also a t  a very high tem pera tu re . The lower 
th e  carbon in th e  iron charged into th e  cupola, 
th e  g rea te r th e  tendency to  absorb carbon. The 
only th in g  lacking a t  th is  stage is tim e, and here, 
a p a r t  from  composition, is p ractically  the  only 
chance to  control the  absorption of carbon. The 
m ore rap id  th e  m elting  and th e  shallower the  
m elting  zone, th e  less tim e  will th e  litt le  drops 
of superheated  iron have to  absorb carbon. The

T 2
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m olten iron  collect« in  th e  well of th e  cupola, still 
in  con tac t w ith  coke, h u t now on a  fa lling  tem 
p e ra tu re  g rad ien t. I t  is possible th a t  m ore carbon 
is tak en  up w hilst w a itin g  to  be tap p ed , b u t, on 
th e  co n tra ry , i t  m ay be th a t  some irons ac tua lly  
lose carbon a t  th is  stage.

Graphitic Carbon.
'Suppose th a t  th e  iron  a fte r  its  passage th rough  

the  cupola contains 3.5 per cent, to ta l carbon.

F i g . 4 . — P h o s p h i d e  E u t e c t i c  
N e t w o r k  S t r u c t u r e .

This carbon, w hilst th e  iron is m olten, is all com
bined w ith iron, and is held in  solution. The 
ac tua l tem p e ra tu re  a t  which an iron commences 
to  solidify w ill vary  'according to  its  com position, 
b u t th e  m ain  solidification will occur round  about 
1,130 deg. C. J u s t  im m ediately a f te r  solidifica
tion , th e  iron carbide, w hich is n o t very  stab le  
in  th e  solid fo rm  a t  h igh tem p era tu res , s ta r ts  to  
sp lit up in to  its  com ponent p a rts . T h a t is, 
F e3C = 3 F e + C . This libera ted  carbon is th e  
g raph ite . T he iron is s till sem i-liquid when the  
first g rap h ite  forms, so th a t  i t  is able to  [grow 
readily  ; therefo re , th e  first o r p rim ary  g rap h ite  
is large. As th e  iron continues to  cool, m ore 
g rap h ite  is throw n out. The am ount of g rap h ite  
throw n ou t w ill depend upon th e  to ta l carbon held 
by th e  iron, th e  percen tage  of silicon, phosphorus,



su lphu r and m anganese present, and especially 
upon th e  r a te  of cooling. This la t te r  is largely a 
m a tte r  of section and  size of casting ; also in itia l 
casting  tem p e ra tu re  and tem pera tu re  of mould. 
Cooling continues down to  about 940 deg. C., 
when th e  phosphide eu tec tic  solidifies, and th e  
whole mass is th en  solid. G rap h ite  still continues 
to  be formed r ig h t down to  about 700 deg. C ., bu t

F i g . 5 . — T y p i c a l  S it l p h u k  P r i n t  o f  
C a s t  I r o n .

n a tu ra lly  th is  g raph ite , form ing in the now com
pletely solid m ate ria l, cannot grow so easily, and 
is consequently small in  size. I t  is known as 
secondary g raph ite . I f  specimens from  different 
castings and castings from  different sources are 
exam ined i t  will be seen th a t  th e  g raph ite  can 
vary  considerably in am ount, size, shape, and dis
tr ib u tio n , each d ifferent varie ty  having its 
influence on th e  physical p roperties of th e  iron ' 
in which i t  occurs. F ig . 3 illu stra tes th is  clearly.

Suppose th a t  in iron under consideration, which 
had  3.5 p er cent, to ta l carbon when i t  le f t th e  
cupola, 3.0 per cent, of th is has freed itself as 
g raph ite . This figure is 3.0 per cent, by weight,
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and does not rep resen t the  area  or volume occu
pied in  th e  iron. Grey ca s t iron has a specific 
g rav ity  of about 7.15, and g rap h ite  about 2.2, so 
th a t  every 1 p er cen t, of g rap h ite  by w eight 
represen ts abou t 3.25 per cent, by volum e; th u s
3.0 per cent, g rap h ite  by w eight actually  rep re 
sen ts 9.75 p er cent, by volume. In  o ther words, 
alm ost 10 per cent, of th e  bulk of th e  m a te ria l 
form ing a casting  consists of sm all spaces or 
oracks filled w ith  powdery g rap h itic  carbon. The 
im portance of keeping th e  g rap h ite  under control 
will be apprecia ted  when i t  is regarded  in  th is  
ligh t. A lthough th e  g ra p h ite  percen tage  m ay be 
identical in  two irons, i t  does n o t follow th a t  th e  
volume occupied by th e  g ra p h ite  will he the  sam e 
in each case.

Combined Carbon.
The rem ainder of th e  carbon in  th e  iron  not 

liberated  as free  o r  g rap h itic  carbon is converted 
in to  p ea rlite  a t abou t 700 deg. C. This p ea rlite  
consists of a lte rn a te  p la tes of alm ost p u re  iron 
(fe rrite ) and th e  compound iron carbide (cemen- 
tite ) , in th e  proportion  of seven p a rts  of fe r r ite  
to  one of cem entite .

The atom ic w eight of iron is 55.84, and carbon 
12. T herefore th ree  atom s of iron and  one of 
carbon would give a fo rm ula  w eight of
167.52 +  12 = 179.52. T herefo re  every  12 p a r ts  
of combined carbon would equal 179.52 p a r ts  of 
cem entite . In  th is  case th e  combined carbon is 
0.5 per cen t., so th a t  by sim ple p roportion  th is  
gives 7.48 p e r cen t, cem entite . P e a r lite  consists 
of seven p a r ts  fe r r ite  to  one of cem entite , so th a t  
7.48 m ultip lied  by 8 gives th e  am oun t of p earlite , 
which is 59.84 p e r cent. A sim pler way of a rr iv in g  
a t  th is  figure (providing th e  am ount of combined 
carbon is less th a n  0.8 per cen t.)  is to  m ultip ly  
th e  percen tage  of combined carbon by 120. T hus 
0.5 m ultip lied  by 120 equals approx im ate ly  60 per 
cent, pearlite , which is n ea r enough for p rac tica l 
purposes.

Silicon.
A certain  am ount of silicon is oxidised and 

passes in to  th e  islag during  m elting. Commencing 
w ith an iron con ta in ing  1.9 p er cen t., probably
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0.2 p ar cent, would be lost in th e  cupola, the  iron 
finishing w ith 1.7 per cent. The loss of silicon 
depends upon th e  conditions prevailing  in the  
cupola, hard  driv ing  and  m uch excess a ir  increas
ing th is  loss. The silicon forms a silicide of iron, 
and th is  is held in solution by th e  rem ainder of 
th e  iron. Assuming th a t  it  is FeS i th a t  is formed, 
then  1.7 per cen t, silicon will form 5.1 per cent, 
iron silicide.

The effect of silicon is to  reduce slightly  the  
solubility of carbon in  iron, and to prom ote 
g raph itisa tion . T h a t is, increasing th e  silicon 
tends to lower th e  to ta l carbon, b u t increases the  
am ount throw n o u t as g raph ite . The very con
siderable effect of silicon in th is la t te r  respect is 
very well known. Everyone would know w hat to 
expect in two sim ilar irons, one of which con
ta in ed  1.0 per cent, silicon and th e  o ther 2.0 per 
cent., fo r instance. Both th e  effects m entioned 
can be obscured or p reven ted  by th e  influence of 
o ther things.

Phosphorus.
Phosphorus has also the  eifect of lowering the  

carbon sa tu ra tio n  p o in t of iron, and although it  
is ap p aren tly  w ithou t d irec t eifect on the  condi
tion  of th e  carbon, i t  has th e  ind irec t effect of 
lengthen ing  th e  solidification range, and thereby 
allowing th e  form ation  of large, coarse g raph ite . 
The am ount of phosphorus going in to  the cupola 
rem ains unchanged during  m elting, and the 
finished iron will contain practically  th e  whole of 
the  phosphorus charged. Phosphorus has a very 
considerable effect on the  fluidity  of th e  iron. The 
reason fo r th is  is th a t  i t  combines w ith iron
1.0 per cen t, of phosphorus, form ing 6.4 per cent, 
iron phosphide (F e3P). This iron phosphide in 
tu rn  form s a eutec tic  w ith more iron, and it  is 
th is  phosphide eutectic, w ith  its m elting  po in t 
of abou t 980 deg. C., which gives fluidity. In  an 
ac tua l cast iron th e  phosphide is not solid u n til 
about 940 deg. C. T he eu tec tic  of grey east iron 
consists, according to  th e  la.te D r. S tead, of 
approxim ately  90 pea- cent, iron and 10 per cent, 
phosphorus. The p a rticu la r iron under considera
tion  would therefore  contain  8 per cent, phosphide 
eu tec tic  Tt should 'be noted th a t  in strong  irons
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th e  phosphide is generally  found to  he arranged  
in a netw ork form ation  as shown in F ig . 4.

Sulphur.
D uring  th e  descent th rough  th e  cupola, and 

especially on s tan d in g  in  th e  well aw aiting  
tapp ing , oast iron  picks up su lphur from  th e  coke.- 
The am ount picked up is variable, depending  
upon th e  conditions of m elting  and  upon th e  sul
p h u r co n ten t of th e  coke. P robably  an  average 
g ain  would be -about 0.02 p er cen t. Dr th e  iron 
under consideration  th e  final su lphur con ten t 
m igh t be 0.12 p er cent. S u lphu r ex is ts  in  cast 
iron as m anganese sulphide, every 0.10 p e r cen t, 
su lphur form ing 0.27 per cent, m anganese sul
phide. , Thus 0.12 p e r  cen t, su lp h u r would be 
equ ivalen t to  0.324 p e r cent, m anganese sulphide. 
S u lphur alone, in  th e  absence of m anganese, has 
a very pronounced effect on th e  carbon, b u t when 
a t least tw ice a s  much m anganese is p resen t, m an
ganese sulphide is form ed, and  th e  influence then  
is only app a ren tly  th e  local influence of th e  h a rd  
crystals of m anganese sulphide. These h a rd  
crystals a re  believed to  be good from  a w earing 
po in t of view.

S u lphu r has ra th e r  a bad nam e in th e  foundry— 
unjustifiably  so in th e  a u th o r’s opinion ( th a t  is, 
when k ep t under contro l)—and it  is th e  scapegoat 
for m any troubles fo r w hich no o ther reason can 
be assigned.

A very p rac tica l m ethod of ju d g in g  th e  approx i
m ate  am ount of su lphu r p resen t is to  tak e  a sul
p hu r p r in t . The piece of iron  to  be te s ted  is 
machined or filed flat, and th en  polished w ith 
emery—th e  finer th e  finish th e  b e tte r  th e  resu lt. 
P hotographic brom ide paper is th en  soaked in 
d ilu te  su lphuric  acid and  pressed in to  in tim a te  
contac t w ith  th e  surface, and  w herever a  globule 
of m anganese su lphide exists, i t  will leave a corre
sponding brown m ark  on th e  photograph ic  paper. 
I f  th e  conditions a re  stan d ard ised  and adhered to , 
an idea of th e  am ount of su lp h u r p resen t and its 
d is tribu tion  can read ily  be -seen. A typ ica l su l
p hu r p r in t is shown in F ig . 5.

Manganese.
M anganese is generally  n o t p resen t in cast iron 

in g rea te r q u an tity  th a n  1.5 per cen t., and is
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usually below 1.0 per cen t. M anganese has a 
g re a t affinity to r  carbon, and high-m anganese irons 
tend  to  pick up carbon in th e  cupola. M anganese 
is slightly oxidised during  m elting, o rd inarily  
about 0.1 p er cent, being lost.

The effect of m anganese is directly  opposite to 
th a t  of silicon, which lowers the  carbon sa tu ra tion  
po in t and prom otes g raph itisa tion . M anganese 
increases carbon absorption and opposes g raph ite  
form ation. The reason for th is is th o u g h t to  be 
th a t  hav ing  form ed m anganese sulphide w ith  all 
th e  su lp h u r p resen t, th e  rem ainder of the  m an
ganese un ites w ith  carbon, form ing m anganese 
carbide, which is m uch more stable than  iron car
bide a t high tem peratu res. M anganese is th e re 
fore regarded as a hardener, bu t where insufficient 
m anganese is p resen t in a high-sulphur iron, the 
add ition  of more m anganese will then  have the 
effect of so ften ing  th e  iron. The iron under con
sideration  v^ould probably finish w ith 0.7 per cent, 
m anganese ; 0.2 p er cent, of th is  would form m an
ganese sulphide w ith  the  sulphur present, and th e  
rem ain ing  0.5 per cent, would combine w ith 
carbon, form ing 0.54 p e r cent, m anganese carbide.

Ultimate, Proximate, and Structural Composition.
I t  will th u s  be seen th a t  chemical analysis alone 

gives only th e  u ltim a te  am ounts of th e  elem ents 
p resen t in  th e  iron. I t  does no t ind ica te  how 
these elem ents a re  un ited  w ith th e  iron, nor w hat 
p a r t  they  play  in th e  ac tua l s tru c tu re , which is 
really  the m ost im p o rtan t point of all. Knowing 
th e  chemical analysis, however, i t  is possible by 
calculation  to  build up th e  p rox im ate composition, 
and thereby  obtain  an  idea of th e  compounds pre
sen t in th e  iron. These are  shown in Table I.

The prox im ate composition, however, s till docs 
no t go sufficiently far, and i t  is desirable to ascer
ta in  w hat the  s tru c tu ra l composition is. The 
manganese carbide and iron carbide together form 
th e  cem entite, which, w ith seven p arts  of ferrite , 
forms the  pearlite , which is seen under th e  micro
scope. The iron silicide is dissolved th roughout the 
whole of th e  fe rrite , and  consequently cannot be 
seen. The phosphide forms a eu tec tic  w ith more 
iron. The su lphur exists as m anganese sulphide 
d is tribu ted  th roughout th e  mass in li tt le  globules ;
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so th a t  th e  ac tua l s tru c tu ra l composition by 
w eight is as shown in  Table I . T he d ifferen t con
s titu en ts  have d ifferen t specific g rav ities, so th a t  
i t  is necessary to  correct these  figures to  realise 
th e  am ounts as ac tua lly  seen under th e  microscope. 
The corrected figures showing th e  com position of 
th e  iron by volume a re  also shown in  Table I .

The whole of these facts a re  sum m arised  g rap h i
cally in  F igs. 6, 7, 8, and  9. I t  w ill be seen th a t

F i g . 10.— Oa s t  I r o n  f r e e  f r o j i  F e r r i i e .

in place of th e  7.0 per cent, o r so of elem ents 
which th is  iron contains, 75 p er cent, of th e  mass 
is occupied by constituen ts form ed from  th e  c a r
bon, phosphorus, su lp h u r and  m anganese. Of th e  
75 p er cen t., 54.6 p er cen t, is due to  th e  combined 
carbon in  th e  form  of p earlite .

Carbon is p rac tica lly  th e  m ost im p o rta n t th in g  
in cast iron. The o th e r elem ents a re  im p o rtan t 
indirectly , inasm uch as they  affect th e  am oun t and  
condition of th e  carbon in the  final product.

Effect of Changes of Composition.
I t  will be obvious now th a t  sligh t changes of 

u ltim ate  com position will produce d ras tic  changes
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in s tru c tu ra l com position. The re ten tion  of a 
li tt le  over 0.2 per cent, m ore carbon in th e  com
bined s ta te , fo r instance, would be sufficient to 
ta k e  up  th e  whole of th e  free fe rr ite , and the  
m a trix  would th en  be completely pearlitic , as is 
shown in  F ig . 10. V ery slow cooling m ig h t cause 
practically  th e  whole of th e  carbon to  be freed as 
g raph ite , in  which case th e  m a trix  would then  
consist of nearly  all free  fe rrite , and, in  addition , 
th e  m a te ria l would be fu rth e r weakened by the  
presence of a  large am ount of free graphite .

T a b l e  I . — Showing how the C onstituents in  Cast 
Iron  can he Considered as E xisting . 

U l t i m a t e  A n a l y s i s . P r o x i m a t e  C o m p o s i t i o n .

% . %
0.50 Combined carbon. 0.54 Manganese carbide.
3.00 Graphitic carbon. 6.90 Iron carbide.
1.70 Silicon. 3.00 Grapbitic carbon.
0.80 Phosphorus. 5.10 Iron silicide.
0.12 Sulphur. 5.12 Iron phosphide.
0.70 Manganese. 0.32 Manganese sulphide.

93.18 Iron (by difference). 79.02 Iron (by difference).
S t r u c t u r a l  C o m p o s i t i o n .  S t r u c t u r a l  C o m p o s i t i o n .  

(By W e i g h t . )  (By V o l u m e . )

* % %
59.52 Pearlite. 54.60 Pearlite.
3.00 Graphite. 9.75 Graphite.
8.00 Phosphide eutectic. 10.00 Phosphide eutectic

(approx.).
0.32 Manganese sulphide. 0.64 Manganese sulphide.

29.16 Free silico ferrite, 25.01 Free silico ferrite.

These figures are ob
tained by assuming the 
undermentioned specific 
gravities.

S p e c i f i c  G r a v i t i e s .

Specific gravity of final iron ...   7.15
,, ,, graphite ........................... 2.20
„  ,, pearlite ...........................  7.8
,, ,, manganese sulphide ... 3.55
„  ,, phosphide eutectic—assumed to be

a little less than cast iron.
Increasing  the  silicon con ten t would have a sim ilar 
effect; in fact, any slight change in u ltim ate  com
position produoes a corresponding, b u t very much 
g reater, change in stru o tu ra l composition.
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Structure and Physical Properties.
The physical p roperties of cast iron depend 

en tire ly  on the  s tru c tu ra l com position and 
arrangem ent, so th a t  any change in s tru c tu ra l 
composition is followed by a change of physical 
properties. As se t .forth previously, s tru c tu ra l 
composition depends upon chemical composition, 
bu t, in add ition , i t  is also influenced by therm al 
conditions, so th a t  i t  is possible to  have a  difference 
of s tru c tu ra l com position, and th ere fo re  of phy
sical p ropertie s, in  tw o sim ila r castings poured 
from  th e  .sa/me ladle, b u t possibly a t  d ifferent 
tem pera tu res and cooled a t  d ifferen t ra tes. I t  is 
even possible to  have differences of s tru c tu ra l com
position in a  single casting, of which a cast-iron 
propeller is th e  classical exam ple. In  one such 
propeller which th e  au tho r has exam ined th e  to ta l 
carbon was prac tica lly  th e  sam e a t  th e  tip  and 
boss, namely, 3.76 p e r  cent. The tip , how eter, 
had 0.62 per cent, of th is  in th e  combined form , 
b u t a t  th e  boss p ractically  the  whole am oun t 
existed as free  g raph ite .

C ast iron m ay be considered as a very im pure 
steel of a  carbon con ten t equal to  th e  combined 
carbon con ten t of the  iron, b u t th a t  th e  c o n tin u ity  
of th e  m a trix  is broken up in all d irections by 
little  cracks filled w ith powdery g raph ite . The 
stren g th  of th e  iron, therefo re , is p rim arily  depen
d en t upon th e  am ount of g rap h ite  p resen t, and 
secondly, on th e  s tren g th  of th e  m a trix , which in 
tu rn  is dependent p rinc ipally  upon th e  am oun t of 
combined carbon presen t.

Consideration of the Graphite.
Assuming equal am ounts of g rap h ite  in  two 

irons, the  one which has i t  in th e  finest possible 
form will be s tronger th an  one w here th e  g rap h ite  
occurs in large flakes. This fa c t is self-evident 
and needs no elaboration . (See F ig . 3.)

A nother fac to r is th e  a rran g em en t of th e  
g raph ite  flakes. Some irons have th e  g rap h ite  
arranged  in  very definite “ g ro u p s ,” and  here 
again  i t  is ev iden t th a t  th is  form ation , irrespec
tive  of size of flake, will m ake for s tren g th . This 
arrangem en t is associated w ith  th e  phosphide 
“ netw ork ” previously m entioned.
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Coarse g raph ite , a p a r t from being a source of 
weakness, is th e  cause of “ p o ro s ity ”  or “  weep
ing ” of castings on w ater te s t. The g raph ite  
flakes a c t  as channels along which liquid or gas 
can penetra te .

The liab ility  of such castings as in te rna l com
bustion engine cylinders and liners, e tc ., to 
“ grow ,”  is to  a g rea t ex ten t determ ined by th e  
g rap h ite  for th is reason. F ig. 11 illu strates a 
piece of cast iron which has been in contact w ith 
corrosive m ine w ater. The ac tio n  of th e  g raph ite  
in providing channels along which the corrosive 
fluid, or oxidising gas can trave l, and eventually  
d is in teg ra te  th e  w'liole m aterial, is clearly shown.

A poin t touched upon earlier was th a t  two irons 
w ith identical am ounts of g raph ite  by weight 
m ight have different am ounts of g raph ite  by 
volume. As th e  volume is th e  m ajor concern, 
th is  would he equivalent to  the iron contain ing  
more g rap h ite , and being, in consequence, weaker. 
I t  is not possible a t the  m om ent to produce any 
d irect proof of th is, although the  au thor has tr ied  
in m any ways to  find a m ethod for the accurate 
de term ination  of th e  am ount of g raph ite  present 
by volume. F rom  observation, practically  all 
irons appear to  have more g raph ite  by volume 
th an  th e  am ount calculated from the specific 
g rav ities of g raph ite  and cast iron. F or instance, 
assum ing 3.0 per cent, of g raph ite  by weight 
rep resen ts approxim ately 10 per cent, by volume, 
then  w hat may be term ed “ syn thetic  g raph ite  
s tru c tu re s  ” have been p repared , represen ting  
exactly  10 per cent. I t  will be obvious from a 
com parison of F igs. 12 and 13 (which both con
ta in  10 per cent.) th a t  th e  ap p a ren t am ount pre
sent depends to  some ex te n t upon th e  s ta te  of 
division—the  finer th e  s ta te  of division, the 
la rger th e  ap p aren t am ount. However, tak ing  
the more finely divided specimen and comparing 
i t  w ith an actua l cast iron contain ing  3.0 per 
cen t, g rap h ite  by w eight (Fig. 14), i t  will he seen 
th a t  the  iron appears to  have much more th an  
10 per cent, by volume.

This is p a rtly  accounted for by the fac t th a t  
i t  is impossible to  p reven t the  edges of the 
g rap h ite  flakes being slightly worn away and 
rounded off du ring  the  polishing; so th a t the
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g rap h ite  -of any iron  m ust appear u nder th e  
microscope to  be a li tt le  worse th an  i t  rea lly  is. 
Even so, th e  ap p a re n t increase of g rap h ite  due 
to  polishing should be com parable in  all speci
mens, and would not account for two irons of 
sim ilar percen tages of g rap h ite  by w’e ig h t show
ing ap paren tly  d ifferent am ounts by volume. I t  
is certa in ly  a p o in t which requ ires fu r th e r

F ig . 11.— I l l u s t r a t e s  th e  P e n e tr a t io n  o f 
C o rro s io n  by m eans o f th e  G ra p h ite  
F la  ees.

investigation , a s  i t  is of very p rac tica l im port
ance, hav ing  some bearing  on so-called “ in h eren t 
qua lities.’ ’

Considering aga in  th e  combined carbon, i t  can  
be fa irly  safely accepted th a t  o th e r th in g s being 
equal, a n  increase of combined carbon üp  to  
approxim ately  0.8 per cent, (w ith corresponding 
decrease in g raph ite) will give a stronger m a trix  ; 
hence th e  g re a t am ount of pub lic ity  d u ring  th e  
la s t year or so, concerning “ P ea rlitic  Cast I ro n .”  
Pearl itic  cast iron  is simply iron where th e  whole 
of the  m a trix  o r ground  mass consists of pea rlite .



P earlitic  cast iron  is no one’s secret or "patent, 
although th e  m ethods to  ensure its  autom atic pro
duction  may be. The phosphide eutec tic  is hard  
and b rittle , so th a t  both the  tensile and tra n s
verse s tren g th  will decrease as the  am ount of 
phosphide increases.

I t  follows from  th e  foregoing th a t th e  strongest 
irons are those which contain a minim um am ount
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F i g . 1 2 .— G r a p h i t e  S t r u c t u r e  o c c u p y i n g  1 0  p e r
C E N T . O F T H E  V O L U M E .

of g rap h ite  in  th e  most finely divided form and 
p referab ly  “ grouped and hav ing  in  addition, 
a completely p earlitic  m a trix  w ith only a small 
am ount of phosphide eutectic present.

Composition and “ Inherent Qualities.”
C ast iron is a very complex m ateria l, and its  

study  has been alm ost neglected u n til quite recen t 
years, so th a t  even now there  is much to  learn 
concerning it. D espite th is, however, cast iron 
is governed by o rd inary  laws, and possesses no
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su p e rn a tu ra l qualities. I t  has been the  custom 
in  the p ast for some foundries to  rely on certa in  
stereotyped m ix tu res o r b rands of iron. These 
possibly were found by experience to  su it th e  p a r
ticu la r class of easting  m ade. E ith e r  because of 
excessive credulance, or very probably th ro u g h  
fear of th e  consequences, any change from  th e  
m ix tu re  was to  be avoided. In  th is  connection, 
blind belief in  th e  superio r qualities of c e rta in  
irons has undoubtedly  been delibera te ly  fostered  
by iron producers and agents for pu re ly  com
m ercial purposes. Possibly in th e  case of th e  
stereotyped m ix ture, w here efforts were m ade to 
t r y  and  im prove o r cheapen it, and th e  experi
m ents failed, these failures would be p u t down 
to  in ferio r qualities of th e  new irons used ; w hilst 
in rea lity  it  would be no th ing  m ore or less th a n  
unsu itab le  chemical composition. This is possibly 
one of th e  ways in  which th e  ‘1 in h e ren t quality  ” 
theo ry  orig inated .

A nother and more m odern school adhere to  the  
belief th a t  ce rta in  irons have in h eren t qualities 
which influence th e  g rap h ite , so th a t  a large 
coarsely g rap h itic  iron, even on rem elting , will 
cause the  resu ltin g  m ix tu re  also to  have coarse 
g raph ite , even going so fa r  as to  say th a t  large 
coarse g rap h ite  persists th rough  the  cupola.

The whole crux of th e  s itu a tio n  can be summed 
up in th e  following :—I f  a foundrym an takes any 
m ix tu re  of irons, m elts and casts it, th e n  any 
o ther m ix tu re  of irons m elted and  cas t under 
identical conditions, and  w ith  exactly  th e  to m e 
composition, will have iden tical physical p ro 
perties. The difficulties in th e  way of doing th is, 
however, a re  enorm ous; in  fact, i t  is alm ost 
impossible in the  scientific sense. I t  is difficult 
enough to  analyse and control the four elem ents, 
silicon, phosphorus, su lphur and m anaganese; b u t 
when in add ition  the  control of th e  am oun t of 
to ta l carbon and its  form ation  in to  certa in  
am ounts of g rap h ite  and combined carbon is 
sought, then  the  difficulties increase g reatly . 
Assuming th a t  i t  was possible accurately  to  con
tro l th e  m elting, pouring  tem p era tu re , and  ra te  
of cooling, and th a t  one finished w ith  tw o irons 
of identical am ounts of com bined carbon, g rap h itic  
carbon, silicon, phosphorus, su lphur and m an
ganese, then  these two irons would have exactly



sim ilar physical properties. I f  they were not 
absolutely iden tical, then  one would have to look 
fu r th e r. There is no accurate  method of estim at
ing dissolved iron-oxide in  cast iron, nor, indeed, 
is i t  absolutely certain  th a t  iron-oxide can actually 
be p resen t in cast iron. I t  is not known w hether 
or n o t n itrogen is absorbed during  m anufacture  
and  subsequent m elting ; or if so, in w hat form it
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F i g . 1 3 .— G r a p h i t e  o c c u p y i n g  1 0  p e r  c e n t ,  o f  t h e  
V o l u m e  ( c o m p a r e  F i g . 1 2 ) .

exists, and w hat its influence is. Then w hat is 
th e  effect of occluded gases such as hydrogen, 
carbon monoxide, carbon dioxide, sulphur dioxide, 
e tc .?  Avaiii, th e  estim ation of small am ounts of 
arsenic, °  copper, nickel, chrom ium , tungsten , 
titan iu m , vanadium , etc., is very tedious and  
difficult, yet these th ings m ust have an influence. 
I t  will be appreciated  how difficult a th ing  i t  is 
to  produce two irons, in th e  scientific sense, 
exactly  alike. Y et people constan tly  assert, and 
apparen tly  believe, th a t  by ru nn ing  the same 
m ix ture  th rough  th e  cupola months on end, iron
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of iden tica l and  consisten t qua lity  T r i l l  be 
produced.

Practical Considerations.
I f  every foundry  were able to  control th e  exac t 

com position of the  iron  in  use, foundrym en would 
very quickly have an  end  of th e  “  in h e ren t 
quality  ” theory . L ike su lphur, i t  is a  good 
excuse for som ething which is n o t understood. 
The more perfec t th e  control, th e  more consisten t 
in  every  respect w ill th e  final p roduc t be.

H av ing  en te red  in to  th e  th eo re tica l side of the  
s tru c tu ra l composition of cast iron a few of the 
p rac tica l considerations for th e  production  of high- 
quality  iron will be considered in conclusion.

R em em bering th e  s ta te m e n t m ade earlie r , th a t  
strong  iron  will have a  m inim um  am ount of 
g rap h ite  in  a finely divided s ta te  in  a  p ea rlitic  
m atrix , and  con ta in ing  only a  sm all am oun t of 
phosphide—how is th is  to be achieved? Obviously 
the  first step tow ards a  low g rap h itic  carbon is 
a low to ta l carbon. This sim ple, fundam en ta l 
fac t is p rac tica lly  th e  whole secret of s tro n g  iron, 
ye t its  p roduction  in th e  cupola is one of th e  
most difficult problems to  be solved. I t  is alm ost 
useless buying h igh-priced, low to ta l-carbon  pig- 
irons, and by m elting  in an  o rd inary  way, expect 
to  g e t low to tal-carbon  castings. The e x te n t to  
which low to ta l-carbon  iron picks up  carbon in 
th e  cupola can be gauged from  th e  fa c t th a t  if 
charges of steel and  ferro-silicon alone are  p u t 
th rough , th e  resu ltin g  iron will show alm ost 3 per 
cent, to ta l carbon. I t  is seldom possible in 
o rd inary  w orking, to  g e t below abou t 3.2 p e r cen t, 
to ta l carbon in  th e  cupola. The problem is one 
which th e  au th o r has n o t ye t solved to  h is own 
satisfac tion , and  i t  is hoped to  have the  
experiences and opinions of o thers on th is  very 
im p o rtan t point.

The silicon con ten t should be reg u la ted  accord
ing to  the  section of th e  casting . The following 
figures can be tak en  as a very rough  guide :—

2 per cent, silicon.
1.7 per cent, silicon.
1.5 p er cen t, silicon.
1.3 per cent, silicon.

The am ount of phosphorus perm issible will 
depend upon a  compromise between s tren g th  and

-j-in. section
1 in.

2 in.
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fluidity. l o r  strong  iron, a t  th e  most, no more 
th a n  0.5 per cen t, phosphorus should he present, 
and no more th an  1 per cent, should be present 
in any casting.

The ac tua l am ount of su lphur is n o t very 
im portan t, and  if round about 0.10 to  0.12 per 
cent, will be satisfactory , providing about 0.7 to  
0.8 per cent, m anganese is present.

F i g . 1 4 .— T h e  L e f t  M ic r o  a p p a r e n t l y  c o n 
t a i n s  M UCH  M ORE THAN 1 0  PER  CENT. 
G r a p h i t e .

H ot, ra p id  m elting is considered to  he essential, 
as also is a h igh casting  tem pera tu re . C areful 
skim m ing of th e  ladle before casting  is a point 
which should n o t be neglected. D usting  the  clean 
surface of th e  molten iron w ith fine p a rtin g  sand 
a f te r  skimm ing, is a  li tt le  refinem ent which has 
been found to  be w orth  the  trouble. The effect 
of th is  is to  form  a c ru s t which effectually holds 
th e  sm all globules of slag and m anganese sulphide 
which continually  keep rising  to  the  top. The use
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of pouring  basins with accurately  fitting  plugs is a 
fu r th e r  refinem ent which pays.

C ontrol of composition is n o t easy. I t  is only 
possible by m eans of much system atic ro u tin e  
analysis; b u t it  will have to  come, for th e  advance 
of the  Diesel engine, and th e  tendency  to  c u t 
down section and w eight, will m ake i t  im perative 
if th e  foundries of th is  country  a re  to hold th e ir  
own. I t  is n o t claimed th a t  by its adoption 
troubles will in stan taneously  vanish for ever, and 
th a t  20-ton tes tb a rs  will be th e  o rder of th e  d a y ; 
but its  use will ce rta in ly  shed a lig h t where 
previously darkness held sway.
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Scottish Branch.
THE CONVEYANCE OF MATERIAL IN THE 

FOUNDRY.
(With Special Reference to the Production of 

Light Castings.)

By J. M. Primrose (Memberb
W hen one considers the  am ount of m aterial 

handled  in  th e  average foundry daily, it  is su r
p rising  to find th a t  so li t t le  a tten tio n  has been 
paid  to the  question  of th e  conveyance of m ateria l. 
The wheelbarrow has been superseded in some 
foundries, b u t in  o thers i t  is s till th e  main or the 
only m eans of conveying all m aterials. The neces
sity  fo r su b s titu tin g  some o ther system for the 
m echanical hand ling  of m ateria ls is therefore  
im p o rtan t if foundrym en a re  to  reach th e  effi
ciency dem anded by th e  engineers and get to  a 
p o in t to  please them . In  a  ligh t castings foundry, 
m elting  30 tons per day, th e  m ateria l handled is, 
in round  figures, 255 tons, m ade up of 5 tons coke, 
30 tons pig-iron and  scrap , 10 tons new milled 
facing  sand , 30 tons molten m etal, about 10 tons 
gates and runners, 20 tons castings, and allowing 
1 ton  of sand  per m oulder, which is understa ted , 
say, 75 tons sand  handled  tw ice, th e  to ta l s ta ted  is 
reached. E lim ina te  some of th e  tim e employed in 
handling  p a r t  of th is  bulk, and a rise in the  o u t
p u t of castings will soop be observed.

The work perform ed by the  unskilled men in 
th e  shop (if th ere  is such a person as an unskilled 
m an) am ounts to roughly 105 tons, comprising 
coke, pig-iron and scrap, milled sand, molten 
m etal, gates, and castings, and  i t  should not be 
difficult to in ven t some system which will a t  least 
reduce th e  non-productive labour.

Demands of Various Sections.
Commencing w ith th e  cupola, pig-iron and coke 

a re  m ainly m an-handled, first from the  truck , 
then  to  barrow s on to  the  p la tfo rm  and charged 
to  th e  cupola. All the  men work hard , and i t  is 
difficult to see therefo re  where th is  can be reduced. 
One method is to  have a sufficient num ber of
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trucks to  enable two men to  fill them  u p  in  th e  
m orning and  leave them  free to  charge th e  fu r 
nace, thus se ttin g  free d u rin g  th e  castin g  period 
tw o m en, who can foe b e tte r  employed a t  th a t  busy 
tim e  inside th e  shop. A no ther m ethod is th a t  of 
th e  self-charger w orked by one op e ra to r w ith a 
m agnet and drop-bottom  boxes fo r th e  coke. B u t 
th e  idea  which appeals m ost to  th e  a u th o r fo r a  
foundry of th e  size m entioned  is a  m ono-rail 
ru n n in g  ro u n d  th e  y a rd  and  hav ing  carriag es 
fitted  w ith  scales fo r w eighing. F o r  speed an d  
u ti li ty  th is  m ethod will o u ts tr ip  m ost o ther 
systems. The ra il  could be ru n  over th e  wagons 
and be used fo r un loading. I f  scrap  is used, i t  
will enable th e  iron founder to  'buy unbroken scrap , 
which can  be broken in  th e  y a rd , as i t  o u g h t n o t 
to  be difficult to  design a n  elevated p a r t  of the  
system to  allow of ball an d  monkey to  foe b rough t 
in to  opera tion  and th e  scrap  broken up  more 
cheaply th a n  a t  present. Each foundry , however, 
has its  own p a rtic u la r  problem, and  th ere fo re  no 
two systems can  foe a ltoge ther alike, b u t th is  
P ap e r will have served its  purpose if i t  shows the  
necessity fo r in troducing  labour-saving devices.

Sand Handling.
To deal w ith  milled sand  is a  one-m an job, and 

th e  only th in g  possible is to  rem ove h a rd  work, 
so th a t  a m oulder unfit for heavy work owing to  
age o r o ther cause can be employed, if  all th e  
weight is p u t on th e  runw ay. The em ploym ent of 
boys is n o t advocated, as blind-alley occupations 
are undesirable.

Transport Facilities.
A t p resen t m olten m etal is conveyed th roughou t 

th e  shops in bogies which tak e  two and  som etim es 
th ree  men to  pull. H ere  a  m ono-rail can  ease th e  
burden  and  enable  one m an to  ta k e  th e  m etal to 
any  p a r t  w ith tw ice th e  speed, less danger, and 
no h a rd  work. A boy of 14 has been known to  
convey a ladle co n ta in ing  10 cwts. of m etal a 
d istance of 170 yards in  less th a n  two m inutes. 
G ates, runners, and eastings can be d ea lt w ith as 
one operation , and, of course, th e  first tw o go 
back to th e  foundry  an d  the  la s t to  th e  dressing 
shop. L abourers a re  o ften  seen staggering  with
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barrows loaded up w ith  gates if the barrow  con
ta ined  3 cwts. A m ono-rail tru ck  would tak e  a  
ton  and  cover th e  g round in a  q u a rte r or the 
tim e, w hilst th e  m an would be as fresh  as when 
he s ta r te d  to  push it. T his also applies to  cast
ings, and no road barrow  or truck  can  im prove 
upon it , w hether h an d  o r mechanically propelled. 
The necessity can be sum m arised thus—reduce 
carry ing , elim inate  delay, remove all strenuous 
operations by su b s titu tin g  m echanical for m anual 
labour.

Economies Effected.

The first economy is increased production. Ease 
and rap id ity  of hand ling  m ateria l enables moulders 
to  devote m ore tim e  to  actual p roduction , as the 
system  removes an d  places m ateria l where i t  is 
requ ired  w ith  a  m inim um  of labour, and allows 
th e  skilled m an to  expend his energy, in th e  most 
economical way. The rem oval of moulding boxes 
to  and  from  th e  shop floor to  th e  y a rd  is carried  
o u t so easily th a t  i t  is n o t necessary to ham per 
m oulders w ith  boxes n o t required, owing to  the  
lack of labour, while th e  ladles in use can be
reduced from  30 to  50 per cent.

Cost of Installation.
W ith  reference to  labour costs, i t  is n o t the

purpose of th is  P ap e r to  give facts and  figures
regard ing  any p a rticu la r shop. This item  really 
belongs to  th e  m anagem ent, b u t if one m an is 
e lim inated  a t  40s. p e r week, th a t  would allow of 
a n  in s ta lla tio n  costing £1,000, tak in g  money a t 
5 p e r cent, and  allowing 5 p er cent, for deprecia
tion  per annum . I t  is the re fo re  n o t difficult for 
anyone to  work o u t a system  to  su it h is  own shop, 
and  calcu la te  roughly th e  cost of in stalla tion . A 
shop equipped w ith labour-saving devices for con
veying m ateria ls  can  comm and the  best class of 
labour—if  m oulders, they  a re  able to earn  a  be tter 
wage w ith  less fa tig u e  because of facilities in the  
shop— and if labourers, b e tte r  working conditions 
owing to th e  elim ination  of heavy lifts, enable 
them  to  work to  th e  best advantage. The facility 
w ith which all w aste m a te ria l m ay be removed 
gives a  cleaner shop and floors, thereby assisting 
foremen to  reduce w aste to  a  minim um.
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Important Considerations.
In  any m ono-rail system  i t  is im pera tive  to  avoid 

junctions and points. As fa r  as possible, design 
the  system in circles jo ined up  by j'unctions in as 
few places as possible, w ithout, of course, in ju rin g  
the  co n tinu ity . I t  is advisable n o t to ru n  mono
rails over th e  cen tre  of bays worked by trave lling  
cranes, b u t where th is  m ust be done, a movable 
bridge should be used, so th a t  th e  efficiency of 
th e  crane is un im paired . C rank  m ono-rails should 
be ru n  w herever possible over m oulders’ places to 
p reven t heavy lifts  and  to  enable casting  to  be 
done by overhead ra il w ith th e  h and  ladle. The 
system should be a rran g ed  in  such a way th a t  th e  
ra ils  a re  free when casting  commences and  k ep t 
for the  m etal tro lleys only u n til th e  cupola is 
dropped.

Each shop has its  own problem s and hence m ust 
adop t its  own system , b u t w hether a single ra il 
or H -beam  mono-rail is used, one th in g  is c e rta in  
—present-day methods in th is  country  m ust dis
appear if B ritish  foundries a re  to  keep ab rea s t of 
o ther countries in  the  race fo r th e  w orld’s trad e , 
and th e  key in d u s try  of all eng ineering  m ust no t 
lag behind.

DISCUSSION.
M r . A f f l e c k , B ranch-P residen t, in  opening the 

discussion, re fe rred  in com plim entary  term s to  the  
P ap e r read  by M r. P rim rose. W ith  reg ard  to  the 
subject of th e  P ap er, he said, th a t  in th e  foundries 
of a g re a t m any autom obile m an u fac tu re rs  in 
Am erica the system of th e  m oving p la tfo rm  was 
being adopted. W hile in ligh t-castings work the 
m ono-rail was very good, fo r a m ixed class of 
work, he though t, th e  m oving p la tfo rm  would be 
b e tte r. I t  seemed to  him  th a t  th e re  were some 
cores th a t  th e  only safe way to  carry  was 
on a. hand-barrow . One system  be h ad  seen a t  
work was w hat was called in  th e  S ta tes  th e  
“  m ule.”  T h a t was an engine and chassis. The 
ap p a ra tu s  was abou t 6 o r 8 ft. long. I t  could be 
a ttached  to  bogies, and took th e  place of a  horse, 
b u t th e re  was power and speed behind it. This 
“ mule ”  was used for ta k in g  coke into th e  
foundry, tak in g  castings in to  th e  dressing shop, 
etc. One th in g  about overhead tra n sp o r t th a t



struck  him  was th a t  i t  was best to  keep i t  away 
from the men working on the floor. I t  was a 
d is tu rb ing  th in g  to  those engaged in fine work. 
Mr. P rim rose referred  to the  effect of good tran s
port on labour, and he (Mr. Affleck) agreed with 
him. H e believed tf ia t if they could elim inate 
donkey work they would im prove the  class of 
workmen employed in the  foundries very 
m aterially .

Mn. G a r d in e r  said th e  handling  of m ateria l in 
the  foundry was th e  be all and end all of the 
m anagem ent. W here wages could be elim inated 
th e  cost became cheaper and commodities could be 
sold cheaper. T h a t m ean t more dem and and  more 
em ploym ent. P ersonally  he was more in favour 
of a  jib  crane, because w ith i t  one could p ick  up 
any th in g  from  any p o in t in  the yard  and  deposit 
i t  a t  the  place where i t  was w anted. H e had  had 
considerable experience, and he found th a t  a jib 
c ran e  worked very well.

M r. L a u r ie  sa id  he h ad  also come to  the  con
clusion th a t  he was very well served w ith a jib 
crane. W hen they  had to work two or th ree  
d ifferen t b rands of iron, which were usually dis
tr ib u te d  over the yard , these had  to  be collected. 
R eferrin g  to his own works, he said th a t  even if 
he h ad  a n  expensive insta lla tion  he d id  no t see 
how he could work w ith fewer hands th an  he had. 
H e therefo re  considered th a t  he would not be ju s ti
fied in u n d e rtak in g  th e  expense. The case of 
lig h t work, of course, was different.

M r. A r n o t t  said he would like i t  if M r. P rim 
rose had  sa id  more about th e  m agnetic lifter, 
because th a t  seemed to  him to  be a very econo
mical method of handling  pig-iron. I t  was not 
sim ply th e  tran sp o rt of m aterial from the  yard 
to  the  foundry th a t  counted. In  p i t t in g  down a 
new foundry  fo r one class of work, i t  was easy 
to  lay  o u t an am bitious system, h u t i t  was a  
d ifferent m a tte r  in  a  foundry already established.

M r. A. C a m p i o n , F .I.C ., pointed out th a t  M r. 
Prim rose had confined his rem arks to  appliances 
suitab le  for ligh t castings only. T ha t m ust be 
borne in mind. C ertain ly  the system he had 
described did very well for th a t  class of work. The 
mono-rail no doubt saved a g re a t deal of tim e and 
labour. The easier they could m ake i t  for the



men th e  b e tte r  was th e  work tu rn e d  ou t. I t  was 
a  w aste of skilled m en’s tim e  to  employ i t  in 
sh iftin g  harrows.

THE AUTHOR’S REPLY.
M b . P r i m r o s e  briefly replied  to the  various 

points ra ised  in th e  course of the  discussion. I t  
was qu ite  an easy m a tte r , he said, if one had  a 
m ono-rail ru n n in g  round  th e  y a rd , to  ta k e  up 
m ateria l and convey i t  ju s t  as th ey  w anted it . 
H e was qu ite  c e r ta in  th a t  th e  system  he h a d  m en
tioned for hand ling  coke was defin itely  ideal. 
T here was one foundry , n o t fa r  away, th a t  was 
p u tt in g  in th e  A m erican system , and  th ey  would 
be able to  keep th e ir  fu rnaces going w ith  tw o 
men. I f  they carried  o u t th e ir  p lans successfully, 
he th o u g h t th e  m ono-rail system  would have been 
proved to  be righ t. They could depend on i t  
th a t  th e  A m ericans were n o t spending money 
needlessly.

572
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Scottish Branch
(FALKIRK SECTION)

SOME CONSIDERATIONS ON LIQUID SHRINKAGE 
IN GREY IRON. 

By John Lcngden (Associate Member).
The questions arising  o u t of th e  phenomenon of 

liquid  shrinkage in  cupola m elted grey iron  are 
of first im portance to  foundrym en. Only those 
in  th e  industry  h a re  any comprehension of the 
extrem e difficulty of producing a  casting , of com
plica ted  design, which shall be sound in  every 
p a rticu la r. A g re a t deal o f th is  difficulty is 
d irec tly  due to  th e  tendency of cast iron to  
sh rin k  in volume, w hilst passing from  th e  liquid 
to  th e  solid sta te . W ith  th e  difficulties which 
m ay arise, consequent on th e  con traction  in 
volume which continues a f te r  solidification is 
com plete, th e  w rite r is n o t presently  concerned.

This subject has been investigated  by several 
em inent m etallurg ists , b u t i t  canno t be said  th a t  
they  have y e t reached qu ite  definite conclusions 
upon i t .  M allet,1 in  1874, was of th e  opinion th a t 
cast iron  d id  n o t expand on solidification. A fter 
a num ber of experim ents, he concluded th a t  the  
alleged fa c t of expansion on freezing was illusory. 
In  1882, R oberts-A usten and W righ tson ,' using 
th e  “  tek tom eter, ” ca rried  o u t a series of experi
m ents, and concluded th a t  cast iron, in passing 
from  th e  solid to  th e  liquid, increased in  volume 
bv 1.02 p e r  cent. H atfie ld ,3 however, is of 
opinion “  th a t  th e ir  work cannot be considered 
qu ite  conclusive.”  In  1906, Professor T urner, 
using  th e  “ ex tensom eter,”  proved th a t  grey irons 
do expand  on solidification. O ther w riters have 
dem onstrated , a rithm etically , th a t  liquid iron is 
heav ier, p e r u n i t  of volume, th a n  is iron which 
has ju s t  solidified; in  o th e r words, th a t  grey  iron 
expands on  passing from  th e  liquid  to  th e  solid.
C. Benedicks, D. W . B erlin  and G. Phragm en4 
have recen tly  developed an ap p a ra tu s  for the 
determ ination  of specific g rav ities of m etals of 
h igh m elting  p o in ts : and, in  respect of a soft iron, 
have reached resu lts  which a re  said to  confirm
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those ob ta ined  by R oberts-A usten  and W right- 
son. F inally , Sm alley,5 who has carried  o u t an 
extensive series of experim ents in th is  connection, 
concludes th a t  “ cupola-m elted grey cast iron, of 
norm al chemical composition, does n o t shrink  on 
solidification, if poured w ith  a sufficient degree of 
superheat, and if cooled fa s te r th a n  a ce rta in  
critica l r a te .”

Experimental Data.
Does grey iron sh rink  on solidification? I f  so, 

by how much, and  in w hat circum stances? To 
find an answ er to  these questions the  w rite r 
carried  o u t th e  following experim ents. The 
m ethods adopted  w ere of a p rac tica l ch arac te r, 
though i t  is to  be feared  they  would no t be com
mended by th e  carefu l labora to ry  w orker. 
F u rth e r, th e  w rite r reg re ts  th a t  he had n o t avail
able a t  th e  tim e a su itab le  pyrom eter. N everthe
less, the  w rite r is convinced th a t  th e  broad results 
prove th e  conclusions reached.

I f  th e  liquid shrinkage of a  given volume of 
m etal is to  be ascerta ined  by any m ethod which is 
capable of use in th e  foundry , i t  is necessary to  
e lim inate head m etal which always feeds th e  
casting  below i t  in some degree. I f  iron be cast
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in to  an  open mould, i t  is difficult to  m easure its 
volume, even approxim ately, before solidification. 
To overcome th is  difficulty a  cylindrical solid body, 
as shown in  F ig . 1, w7as moulded in green sand, as 
shown in  F ig . 2. As will be seen from the  sketch, 
as soon as th e  mould was full th e  excess m etal a t

once d rained  aw ay through  the channel A. The 
hole th rough  th e  top  p a r t a t B was placed there 
to  ensure th a t  th e re  should be no possibility of 
m etal syphoning o u t of th e  mould, which was 
therefo re  le ft ju s t full of metal, th e  mould having 
been m ade tru ly  level. This was poured with 
m etal hav ing  silicon 2.52 per cent, and to ta l c a r
bon 3.84 per cent. O ut of th e  same shank of 
m etal ano ther mould (which had been made in the 
o rd in ary  way w ith a 2-in d ia. riser in the centre 
of the  top of th e  mould) was cast and fed up 
solid w ith a rod. The tw o castings, when cool, 
were carefully  cleaned, whilst th e  riser of the  one



was ground  away exactly  level w ith  th e  face of 
th e  casting . The ex te rn a l dim ensions of th e  two 
castings, as ascertained  by calipers, w ere equal, 
except in dep th , th e  one cas t w ithou t head having 
sunk fa irly  evenly, as shown in  F ig . 11. There is 
no room for doubt th a t  th e  volum e of th e  m eta l in 
th is mould, w hilst wholly liquid, was equal to  th a t  
in  th e  one which wras fed, excluding, of course, 
m etal in  th e  ru n n e r and rise r of th e  fed casting . 
The irreg u la ritie s  of th e  sunken su rface  of th e  
form er prevented  any th ing  b u t a rough estim a
tion  by m easurem ent of th e  volume change.

Volume Difference as Shown by Weight.
A sim pler method p resen ted  itself ■which could 

be depended upon to  give re la tive ly  g rea te r 
accuracy, i.e ., weighing, which would also ta k e  
account of in te rn a l draw s. The w eight of th e  
solidly fed casting  was found to  be 23 lbs. 10 ozs., 
w hilst th a t  of th e  shrunken  casting  was 22 lbs. 
9 ozs. T aking  equal w eights of m etal of th e  same 
composition as rep resen ting  equal volumes, th e  
difference in  volume is 4.49 per cent.

This experim en t was repea ted  w ith  h o t m etal 
having silicon 2.42 p er cent, and to ta l carbon 3.92 
per cen t., w ith  very sim ilar results . The fed 
casting  -weighed 23 lbs. 11 ozs., w hilst th e  casting  
w ithou t head weighed 22 lbs. 9|- ozs., th e  difference 
in volume th u s reg istered  being 4.62 per cent. 
The pipe in th e  run-off casting  is ind ica ted  a t  
F ig . 12. In  every case in  these and th e  succeed
ing experim ents th e  sand xased was of an  open 
character, w ith  a  m oisture co n ten t of from  6 to  
7 per cen t., ram m ed tig h tly , b u t n o t too h ard , 
and well vented . There can be no question of 
blow holes in  th e  casting.

W ith  reg ard  to  these experim ents, i t  m ay be 
said th e re  is no assurance, in th e  circum stances, 
th a t  th e  run-off moulds w ere rea lly  fu ll of m etal. 
In  rep ly  i t  m ay be poin ted  o u t th a t , when the  
castings were tak en  o u t th e  top  sharp  o u te r edge 
was to  be seen all round  (see No. 2, F ig . 20), 
proving th a t  th e  m etal had  filled all th e  space. 
In  each case in  casting  some 10 lbs. of m etal were 
ru n  th rough  the  mould. I t  may fu r th e r  be 
objected th a t  th e  au th o r’s m ethod of m easuring 
liquid shrinkage is unsatisfac to ry , in  th a t  i t  is
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sought to  m easure i t  by th e  w eighing of two cast
ings a t  norm al tem pera tu re . I t  seems clear, how
ever, th a t  once th e  stage  of com plete solidification 
has been passed, th e  two castings follow each o ther 
down th e  cooling curve, th e  conditions being fa irly  
constan t in each case. The sligh t difference in 
mass m igh t be expected to  prom ote some li tt le  
difference in  th e  condition of th e  carbon, b u t such 
difference is negligible. As a  check upon the 
re la tive  accuracy of th is m ethod, two moulds were 
made- in the  sam e way—one to  ru n  off level and 
one to  be fed u p  solid. These were cast w ith com
m ercially pu re  (98 p e r cent.) a lum in ium  a t 
700 deg. C. W hen cleaned up , th e  fed casting  
weighed 8 lbs. 1 oz. and th e  run-off casting  
7 lbs. 9 ozs., showing a difference of 6.2 per cent. 
Mr, Hikozô E ndo6 has ascerta ined  th e  liquid 
shrinkage of several of th e  lower m elting  po in t 
m etals by m eans of th e  “ th erm obalance .” In  the 
case of alum inium , he ascertained th e  volume 
reduction  during  solidification as a m ean of th ree  
estim ations to  be 6.26 p er cent.

Experiments with Spherical Castings.
W ith  a view to  a scerta in ing  w hether a  

differently  shaped casting  would give a different 
resu lt, a  sphere 5 f in. dia. was moulded in dry 
sand, as shown in  F ig . 3. As w ill be seen in  th e  
sketch, th e  mould was designed w ith  a  flow-off a t 
A, level w ith  th e  to p  of th e  sphere, so th a t  th e  
mould would fill ju s t full and  no more. The mould 
was well dried  and  cas t w ith  h o t m etal hav ing  
silicon 2.36 and to ta l carbon 3.92 p er cent. The 
casting  was found  to  have sunk flatly  a t  th e  top 
to a  dep th  of f  in ., as ind icated  a t F ig . 13. I ts  
w eight was 24 lbs. 2£ ozs. A nother d rysand mould 
from th e  sam e p a tte rn  was cast from  th e  same 
shank of m etal, b u t th is  was fed solid th ro u g h  a 
riser on th e  top. The w eight of th is  casting , 
when cleaned up, was found to  be 24 lbs. 12 ozs. 
The volume ra tio  of these castings (as m easured 
by w eight) differed m arkedly from  the  blocks cast 
in green  sand, th e  run-off casting  being only 2.41 
per cent, less in  volume th a n  th e  fed casting . The 
reason for th is difference is im p o rtan t, and  will 
be d ea lt w ith la te r. F ou r moulds of th e  cylin 
drical block were again  m ade in green sand, th ree
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to  be run-off level and one having a large riser 
for feeding. The four moulds were poured o u t of 
one shank of a denser m etal having silicon 1.55 
and  to ta l carbon 3.41 p e r cent, in  th e  following 
way. The m etal was caugh t a t  th e  furnace spout, 
and  th e  first mould m ade to  ru n  off level was cast. 
The mould m ade to  be fed u p  solid was th en  cast 
and th e  shank  laid  down. A fter a  lapse of 2 | 
m inutes from th e  tim e  when the  first was cast the  
second mould m ade to  run-off level was cast. 
A fter a fu r th e r 2£ m inutes th e  m etal in th e  shank 
was becoming d is tinc tly  dull, and the  th ird  run-off 
mould was cast. W hen th e  fed casting  was 
weighed i t  was found to  be 241bs. 8 ozs., w hilst the  
th ree  run-off castings, in  th e  order of casting, 
weighed 23 lbs. 2 ozs., 23 lbs. 1 oz. and 23 lbs. 
2 ozs. respectively. The pipes in th e  tops of these 
castings a re  shown in  Figs. 17, 18 and 19 respec
tively . A photograph of th e  two halves of th e  
castin g 1 ind icated  a t  F ig . 17 is shown a t  No. 2, 
F ig. 20. The differences in  volume, as against 
th e  solid casting , were 4.39, 4.65 and 4.39 per cent, 
respectively. I t  is of m om ent to  no te  th a t  there  
is no very m arked difference among th e  th ree 
castings as regards ■ tendency to  shrink, in spite 
of the  fac t th a t  they  were cast a t widely different 
tem pera tu res. A nother mould, made in  th e  same 
way, was cast in a m etal having silicon 1.45 and 
to ta l carbon 2.85 p er cent. This m etal was 
crucible m elted and cast ra th e r  dull. The casting  
weighed 2& lbs. 1 oz. and piped a t  th e  top, as 
shown in F ig . 16.

Rapidly Cooled Castings.
W ith  a  view to  ascerta in ing  w hether a quickly 

cooled casting  would show any difference from the  
preceding results , th e  following steps were first 
tak en  to  find th e  dep th  of chill which, given 
sufficient head of m etal, would give freedom from 
shrinkage cavities.

F o u r moulds of th e  cylindrical block were made 
in one m oulding box, w ith  heavy cu t runners con
nected w ith a heavy cen tra l down gate, as shown 
in  F ig . 4. Below one casting  was p u t no c h ill; 
under the  second was p u t a chill having one-third 
the  dep th  of th e  m ould; under the  th ird  a chill 
tw o-th irds the  dep th  of the  m ou ld ; and, under the



fou rth , a  chill equal to th e  depth, of th e  mould. 
W hen th e  castings were tak en  ou t, th e  casting  
w ith  fu ll dep th  chill was found to be qu ite  solid, 
the  sawn section being shown a t  No. 3, F ig . 20. 
The o th e r castings were found  to  have draw n as 
shown in  F ig . 5.

Thus hav ing  found th e  w eight of chill necessary 
to  ensure soundness, if cas t in  th e  o rd in a ry  way, 
b u t w ith  large runners, and  a good head of m etal, 
a mould was th en  m ade as shown in F ig . 2, w ith  
th e  full dep th  chill p laced below it , an d  provision 
being m ade fo r all m etal to  flow off which was n o t 
necessary to  fill th e  mould p roperly . T he mould 
was cast w ith  h o t m etal hav ing  silicon 1.92, and 
to ta l carbon 3.80 p er cent. A bout 10 lbs. of m etal 
was run  th rough  th e  flow-off. W hen stripped , the  
casting  was found to  have sunk heavily, as shown 
a t  F ig . 14; its  w eight being  22 lbs. ozs. To try  
o u t th is  again , tw o moulds w ere m ade in th e  sam e 
box. A chill as deep as the p a tte rn  was placed 
u n d ern ea th  each. A sep a ra te  dow n-gate was placed 
to each, b u t a rran g ed  so as to  come in to  th e  sam e 
ru n n e r  basin ; one hav ing  provision fo r 8-in. head 
of m etal, w ith  l | - in .  down ru n n e r  and  a  3 in. by 
5 in. cu t ru n n e r a t  th e  jo in t. The o ther was m ade 
to  d ra in  away all m etal above th e  level of th e  jo in t. 
The resu lt was a solid casting  in  th e  first case, 
w hilst th e  second was sunk to  an  average dep th  
of Tse in . The m etal used was of a sim ilar com
position to  th e  last.

Influence of Slow Pouring.
A fu r th e r  experim en t was carried  o u t in  con

nection w ith  slow ru n n in g . A mould was m ade as 
in  F ig . 2, except th a t  th e  m etal en tered  th e  mould 
th rough  a J-in . d iam eter ru n n er, n ear th e  bottom  
of th e  cas tin g ; th e  mould to  fill only to  th e  jo in t. 
The mould was cast w ith  ho t m etal hav ing  silicon 
2.19 and  T.C. 3.65 per cen t. Some 12 lbs. of m etal 
were ru n  th rough  th e  flow-off. The casting , when 
s tripped , showed a  sunken top  as shown a t  
F ig . 15, and weighed 22 lbs. 6 ozs. No fed cast
ings were weighed aga in s t th is and  th e  chilled 
casting , b u t i t  is notable th a t  both a re  lig h te r 
th a n  those in  th e  first experim ents, though  the  
m etal used was denser.

In  respect of all th e  above experim ents, th e  only 
analyses tak en  were of silicon and to ta l carbpn,



In  previous determ inations of sim ilar m ixtures, 
however, the  o ther elem ents have been found to 
range w ith in  th e  following lim its : Phosphorus,
0.60 to  0 .70; m anganese, 0.42 to  0.60; and sulphur, 
0.08 to  0.11 per cent.

22 lbs. 9 ozs. 22 lbs. 9 i OZ6. 24 lbs. 2i  ozs.

W eigh t of fed  W eig h t of fed  C.C., 0.29; G.C.,
ca s t in g , 23 lb s . ca stin g , 23 lb s. 3.63; S i., 2.36.
10 o zs . C.C., 11 ozs. C.C.,
0.21; G .C ., 3.63; 0.22; G .C., 3.70;

S i., 2.52. S i., 2.46.
F i g . 1 1 . F i g .  1 2 . F i g .  1 3 .

Effect of Liquid Shrinkage.
In  regard  to  th e  resu lts obtained above, is it 

c e rta in  th a t  th e  whole of the  difference in  volume, 
as betw een th e  fed castings and th e  others, is 
a ttr ib u ta b le  to  liquid shrinkage? Professor 
T u rn e r ' has shown th a t  grey iron expands imme
d ia te ly  a f te r  solidification. This is shown to  he

22 lbs. 6J ozs. 22 lb s. 6 ozs. 23 lbs. 1 oz.

H ea v y  ch ill be- P e n c il R unner. C.C., 0.40; G.C., 
ineath c a s t in g . C.O., 0.26; G .C., 2.45; S i., 1.46.
C .C., 0.35; G .C., 3.34; S i., 2.19.

3.45; S i., 1.92.

F i g .  1 4 . F i g .  1 5 . F i g .  1 6 .

due to  the  break ing  down of iron carbide in to  the 
bu lk ier condition of free iron and g raph ite . In  
all p robability  no carbon is freed (in an iron not 
su p ersa tu ra ted ) before th e  m ain solidification is 
complete (locally) before which p rim ary  crystalli
sa tion  is complete. As i t  is in  crystallisation  th a t 
the  change of volume is most seriously effected, 
th e  mischief is then  already done. G ran ting , 
however, th a t  th e  separa tion  of g raph ite  expands 
th e  m etal, how fa r  can i t  be shown to neu tralise  
the  already accomplished shrinkage ? A t th is  stage



m ay be considered th e  “  box effect ”  favoured  by 
th e  la te  M r. B uchanan ,8 and, to  some ex ten t, 
endorsed by Professor T u rn e r.9 I f  a cube be cast, 
a th in  film of solidified m eta l a t  once form s on 
the  walls of th e  mould. As th e  m eta l cools, th is  
film grows th icker, bu ild ing  up from  th e  walls 
inw ards. A ssum ing insufficient resistance from  th e  
mould, th e  solidified walls w ill expand, each in  th e  
d irection  of its  length , as well as in  o ther direc
tions ; so th a t  th e  cube is, w hilst solidification is 
proceeding, ac tua lly  b igger th a n  th e  o rig inal 
mould, and  thus, unless new m etal en ters, a cav ity  
is accounted for. To tr y  o u t th is  idea, w ith in  the 
lim its of th e  m eans of th e  w rite r, a  mould of th e  
cylindrical block was m ade, in  green  sand , as 
shown in  F ig . 2. I n  add ition , two steel rods, 
f-in . d ia ., were ram m ed up a t  two opposite sides 
of th e  p a tte rn , as shown a t  C, F ig . 6. The rods 
stood up th rough  th e  top  p a r t  of th e  mould, holes 
1 in . in  d iam eter being le f t fo r th a t  purpose, th e  
holes being covered a t  th e  jo in t by pieces of tin  
which had been drilled  for th e  rods to  pass 
through. Above th e  top of th e  box a b a r, B, was 
placed, th e  leng th  of which was exactly  th e  dis
tance  betw een th e  rods CC. The mould was cast 
w ith  h o t m eta l hav ing  silicon 1.59 and  to ta l 
carbon 3.65 per cent. Two m inu tes a f te r  casting  
i t  was ascerta ined, by m eans of feelers inserted  
between th e  rods CC and  th e  b a r B , th a t  th e  
casting  shell had  expanded 0.034 in ., and  a t  the  
end of 2 |  m inutes from  the  tim e of casting  the  
expansion had  increased to  0.054 in . No fu r th e r  
expansion was discernible.

A t th e  m om ent when th e  block had  expanded 
across its  d iam eter 0.054 in ., th e  circum ference 
would correspondingly be increased by 0.17 in. 
The cubical contents of th e  block would thereby 
be increased by 1.817 cub. in . I f ,  as seems véry 
probable, th e  lin ea r expansion of th e  sides took 
place in  a vertica l d irection  also a t  th e  sam e ra te , 
th e  increase in  dep th  of th e  casting  would he 
0.038 in ., m aking  a fu r th e r  increase in  th e  capacity  
of the  block of 0.92 cub. in. The to ta l increase 
of volume a t  th e  m om ent when th e  m axim um  
expansion was reached would be, therefo re , 
2.737 cub. in ., or 0.714 lbs. I f  th is  resu lt be sub
trac ted  from th e  difference betw een th e  casting
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referred  to  in  F ig . 17 (which was cast in  a m etal 
of sim ilar composition) and the  fed casting, there  
is le ft a residual shrinkage percentage of 1.44 per 
cen t., which would rem ain  if the  whole of the 
expansion had  been directed inw ards to  the  hea rt 
of th e  casting.

This was tr ie d  out again , b u t w ith a drysand 
mould of th e  cylindrical block. H o t m etal having 
silicon 2.45 and to ta l carbon 3.90 per cent, was 
poured in to  i t ; and  an  expansion of 0.021 in. was 
registered  a t  the  end of 3 m inutes, a fte r  which no 
fu r th e r  expansion took place. I f  th is  expansion 
and  a vertica l expansion of th e  same linear ra tio  
be tak en  as in  th e  la s t case, i t  would increase the

23 lb s. 2 ozs. 23 lbs. 1 oz . 23 lbs. 2 ozs.

W eig h t ot fed  ca stin g  : 24 lbs. 3 ozs. 

C.C., 0 .33; G.C., 3 .08; Si., 1.55.

F i g . 17. F i g . 18. F i g . 19.

capacity  of th e  block, a t  th e  m om ent of maximum 
expansion, by 0.707 cub. in. or 0.163 lb. Follow
ing  th is , two moulds were made in  drysand from 
th e  same p a tte rn , one to  run-off level w ith the 
top of th e  mould, as in  F ig . 2, th e  o ther to  he 
fed solid. M etal hav ing  silicon 2.51 and to ta l 
carbon 3.89 per cent, was poured, hot, in to  them . 
W hen cleaned and  weighed, the  fed casting 
weighed 23 lbs. 1 oz., w hilst th e  run-off casting 
weighed 22 lbs. 8J ozs.—a difference of 2.3 per 
cen t., which agrees very well w ith th a t  reached 
in connection w ith the  spheres cast in drysand. 
I f  from  th is difference he tak en  the  value of the 
increased volume of th e  castings a t the  moment 
of m axim um  expansion—in term s of weight, 
2.29 ozs.—the  difference is reduced to  1.595 per 
cent. The la t te r  is n e t shrinkage which would 
rem ain  if the  whole of the expansion had been 
directed  inw ards. An a ttem p t to  show pictorially 
the  factors which go to  produce the  pipes in the 
run-off castings is shown a t  F ig . 7. Shell expan
sion would cause an im m ediate void, which would
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be followed by a fu r th e r  void due to  th e  progres
sive fa ilu re  of th e  expansion to  com pensate fully 
for the  loss of volume due to  liquid  shrinkage.

Origin of Pipes.
In  fu r th e r  consideration  of th is  p a r t  of th e  

question, i t  m ay be said  th a t ,  if cast iron  d id  no t 
sh rink  in volume on leaving the  liquid  s ta te , the  
ou ter shell would solidify first and  duly expand. 
Successive layers of th e  m etal would solidify and 
expand in tu rn  u n ti l th e  whole was solid. I f  the

F i g . 2 0 .

expansion of each layer took place in  th e  same 
ra tio  as th e  preceding one, th e  re su lt m ust be a 
solid casting  w ithou t any shrinkage cavities ; b u t 
one which, soon a f te r  casting , had  become tem 
porarily  la rger th a n  th e  m ould. In  F igs. 21 to  27 
are  shown m icrophotographs* tak en  from  the  areas 
blacked ou t a t  A, B and  C, No. 2 of F ig . 20. 
F igs. 21, 22 and 23 respectively show, from  th e  
side to  th e  cen tre , th e  re la tiv e  disposition o f  
prim ary  g rap h ite . W hilst th e  cen tre  section 
shows less p rim ary  g rap h ite  th a n  the  outside sec
tion , and  more secondary g rap h ite , th e re  is 
evidence th a t  the  post-solidification expansion had 
continued, though  perhaps a t  a sligh tly  d im in ish
ing ra te , r ig h t to  th e  cen tre  of the  casting . In

* All the m icros h ave been reduced 50 per cent, in reproduction.



sp ite  of th is , however, a large pipe is finally le ft 
in the  casting . I t  would appear, therefore, th a t  
each layer of m etal cooled and  expanded, h u t such 
expansion was progressively insufficient to  make 
up th e  loss of volume by shrinkage on crystallisa
tion . I t  seems very likely th a t  the  pipes in the 
green-sand-cast blocks really  rep resen t the  degree
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of shrinkage on crystallisation . A green-sand 
mould offers so li tt le  resistance to  the  post-solidi
fication expansion th a t  each shell would expand 
to  its lim it. This would be ju s t as tru e  of the 
solidly fed castings as of the  ones which were 
run-off level w ith  the  top of the  mould. I t  may 
fu r th e r  be said, w ithou t extravagance, th a t  the 
ra tio  of expansion per u n it of volume would be 
closely alike in  both castings. In  the  case of the  
fed casting , th e  in itia l void due to  shell expansion 
would a t  once be m ade good by m etal fed down 
th e  riser. The progressive sh rink ing  would also 
be m ade up . Consequently, the  fed casting  simply 
represen ts w hat the  unfed casting  would be but 
for liquid  shrinkage. The tru e  liquid shrinkage 
(preceding expansion) of these grey irons, th ere 
fore, is fa irly  represen ted  by the  differences



between th e ir  respective weights, which differences 
a re  shown above to  be from  4.39 to  4.65 per cent. 
Figs. 24 and  25, and  F igs. 25 and  26, tak en  from 
areas A and  0  respectively (F ig . 20, No. 2), show 
th a t  th e  irons used a re  q u ite  of a norm al 
character. A p o in t of in te re s t is th e  sh rinkage 
cav ity  shown in  th e  top rig h t-h an d  corner of 
F ig . 23. The num ber of these cavities to  be 
found in  th e  cen tre  of th e  casting  ind ica te  th a t  
th e  whole of th e  sh rinkage  is n o t in  th e  pipe.

In  all sand-m ade castings, therefo re , th e  voids 
le ft are  th e  combined re su ltan ts  of two fac to rs— 
shell expansion and  n e t liquid  shrinkage. In  the  
green-sand moulds dealt w ith  above, if th e  cast
ings a re  to  come ou t solid, round  abou t 4.5 per 
cen t, of new m etal m ust be p u t in to  i t  w hilst 
solidification is proceeding ; and, in  th e  d rysand 
mould, round  abou t 2.35 per cen t. This resu lt 
does no t appear to  be apprèciably  affected by 
tem p era tu re  of m etal a t  pouring , ra te  of cooling, 
speed of pouring , or composition—w ith in  the  
lim its draw n by th e  above experim ents.

How Expansion Factor Operates.
From  w hat has been said, i t  is clearly b rought 

ou t th a t  grey iron  of th e  composition d ea lt w ith , 
when cast in to  a mould, can only resu lt in  a sound 
casting  if a sufficient supply of new m etal is got 
in to  i t  w hilst solidification is proceeding. W hilst, 
owing to  th e  differently  shaped sections of m any 
castings, th e  expansion fac to r m ay work often 
wholly in the  d irection  of a id ing  solidity , in  o ther 
cases th e  fac to r m ay work to  th e  d e tr im en t of 
so lid ity ; b u t, in  every case, n o t less th a n  1.5 per 
cent, of new m etal m ust pass in to  th e  mould, 
w hilst solidification is going on. This is equally 
tru e  of p a rts  of a mould which a re  chilled. The 
tru e  function  of a chill is there fo re  im plicit in 
th a t  nam e. The word “  densener ”  m ay have a 
more p leasing  sound, b u t th e  fa c t is th a t  the  
function  of a chill is so to  hasten  th e  solidification 
of the  p a r t  concerned th a t  new m etal can flow to 
th a t  p a r t  w hilst a liquid channel of m etal is open 
to  i t  ; otherw ise th e  chill is ineffective, or i t  is 
effective in  th e  degree in  which th a t  function  has 
been carried  out, Tbis m ust also be tru e  of the  
all-m etal mould. The solid ity  obtained thereby  is
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th e  re su lta n t (1) of post-solidification expansion 
being d irected  inw ards, and (2) of th e  fac t th a t  
the  casting  cools rap id ly , the  net shrinkage being 
m ade up ju s t as rapid ly  from  the  runner.

Shrinkage Factor Often Masked.
In  workshop practice, however, the  shrinkage 

factor is often  hidden ; indeed, i t  is in m any ways

F i g .  2 2 .— U n e t c h e d  x  7 5  d i a s .— N e x t  t o  E d g e .

com pensated for, otherwise th e  production of 
sound castings of an im p o rtan t character in  th is 
m etal would be very difficult. Nevertheless, it 
leaves its  w itness, as an  exam ination  of any old 
castings which have been broken up will show. 
W hen cast iron is poured in to  a mould, th e  m etal 
flows from  th e  basin down th e  ru n n er gate, filling 
first the  bottom  portions of th e  mould, then  
gradually  filling up to  the  top and passing th rough  
the  risers. The m etal which comes th rough  a riser 
is always much cooler th a n  th a t rem ain ing  in the 
ru n n er "head. H ence a rise r seldom n a tu ra lly  
feeds a casting. The ru n n er, however, is always 
th e  h o tte s t p a r t  of the  casting, and serves to  feed 
th e  solidifying casting  for so long as any p a r t  of 
its (the ru n n e r’s) cross section rem ains liquid to



th e  casting  proper. F u rth e r , in  any  casting  the  
region n ea r th e  ru n n e r rem ains liqu id  longest 
(assum ing equal m eta l sections th ro u g h o u t the  
casting). The whole of th e  m etal in  th e  mould 
hav ing  passed th rough  th a t  p a r t  of th e  mould 
neares t th e  ru n n er , the  walls of th e  mould in  th a t  
region are  considerably heated  by th e  tim e the  
mould is full. The p a rts  fa r th e s t from  th e  ru n n e r
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F i g . 23.—-U n e t c h e d  x  75 d i a s .— C e n t r e .

solidify first, m aking  up th e ir  loss of volum e by 
shrinkage from  th e  h o tte r  portions n ea re r and 
n earer th e  ru n n er, th e  la t te r , w ith  its  head of 
m etal, serving as a reservoir for th a t  purpose. In  
a casting  of th in  section th is  sequence takes place 
very rap id ly . I f ,  however, a fa ir ly  la rge  casting  
hav ing  been poured, th e  ru n n e r head  be closely 
w atched for a m in u te  or so a f te r  pouring  has 
ceased, i t  will be seen th a t  th e  level of m eta l in  
th e  head is falling . This m ay be observed more 
readily  if a series of m oulders’ sprigs be pushed, 
p rio r to  casting , in to  th e  side of th e  ru n n e r  basin. 
Some one of them  will th en  serve as a d a tu m  line 
from  which to  m easure th e  fall of m etal in  th e  
head . I t  should be rem em bered, however, th a t ,  
in  some cases, especially in  green-sand work,
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solidification has tak en  place in  some degree in  
p a rts  of th e  mould before pouring  has ceased, the 
shrinkage loss being a t  once made up. A com
pensating  fac to r fo r liquid shrinkage is found in 
m any im p o rtan t castings in  the  expansion of 
cores, which ten d  to  swell im m ediately they are 
enclosed in  th e  ho t m etal and  pressing on the 
yielding m etal. This is so pronounced, in  some 
cases th a t  m etal is squeezed up th rough  the  riser 
or ru n n er . This, of course, can be prevented  by 
pou ring  w ater on the  head im m ediately pouring 
has ceased.

There a re  m any im p o rtan t k inds of castings, 
however, which do no t lend them selves to  a com
plete n a tu ra l feeding from  th e  runner. Even 
though th e  designer has so fa r  considered the 
foundry  as to  provide for equal cross-sections 
th roughou t th e  casting  (which seldom h ap p en s; in
deed, can seldom happen, for m achining allowances 
increase th e  thickness of some sections as cast), 
th e  necessary jo in ing  together of wall w ith  wall, 
each re -e n tra n t angle calling for fillets, tend  to 
leave pools of liquid  iron  out off from  any  means 
of feeding. The rem edies which lie to  the hand  of 
th e  foundrym an a re  th e  judicious use of chills, 
and, where possible, th e  feeding rod or head. I f  
th e re  is a  continuous channel from  th e  heavy por
tio n  to  th e  ru n n e r , which rem ains open to  th e  
last, freezing  nearer and nearer to  th e  runner,
th en  Jt should feed solid na tu ra lly . I f  a frozen
wall in tervenes, th en  th e  rem ain ing  liquor m ust
lose round about 1.5 per cent, of its  volume in
solidifying. This m ay m ean an irreg u la r cav ity  
in th e  section, o r i t  m ay show itself in a very 
open, porous stru c tu re , which leaks under ligh t 
pressure.

Steam Chest and Liquid Shrinkage.
Consider the  casting , a steam  chest, shown in 

Fig* 8. The engineering  tra d e  needs m any types 
of casting  much more difficult th an  th is ; b u t i t  
will afford room for serious consideration of the 
problem re fe rred  to  above. From  the  whole of 
th e  surface of the  bottom  of the  casting , as shown 
in  th e  sketch, 3-16 in. is m achined off and th e  face 
highly polished. The castings are tes ted  by the  
w ater te s t a t  250 lbs. per sq. in ., followed by a 
steam  te s t a t  130 lbs. The places a t  A and  B are
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w here trouble sometimes shows itself. The skin 
a t  C is never broken, and no trouble  is ever experi
enced. These are  the  spots, however, where the  
experienced foundry  m an would look for danger. 
W hen such a casting  has been poured, solidifica
tio n  proceeds from  ail faces inw ards to  th e  oentre 
of each section  concerned, a t  a  ra te  com m ensurate 
w ith th e  speed w ith  which h ea t is ab strac ted  from 
each such face. The iso therm al lines, however, 
a re  no t para lle l to  th e  faces concerned a t  every 
point, bu t a re  as shown in  th e  cross-section shown 
in  F ig . 8. W here h ea t is being conducted from  
two faces a t  a large angle, as a t  13 an d  C, solidifi
ca tion  has proceeded considerably on those faces 
before th e  m etal a t  th e  fillet begins to  solidify. 
W here th e  angle is acu te , as a t  (J, th a t  tendency 
is much more pronounced. C onsequently, a t  a  
ce rta in  s tage  in  th e  cooling of th is  casting  the  
areas represen ted  by the  un lined  spaces a t  A, B 
and  C a re  still liquid  when th e  rem ain d er of th e  
casting  has solidified. I f  a t  th is  stage  th e re  is a 
continuous channel still liquid to  th e  h o t ru n n e r , 
or any a lte rn a tiv e  head of m eta l, they  should feed 
solid n a tu ra lly . I f , however, they  become isolated 
by a frozen section in terven ing , then , w hatever 
m ateria l th e  mould may be m ade of, th e  rem ain 
ing liquor m ust lose round  abou t 1.5 per cent, of 
its volume in  solidifying. This m ay m ean an 
irreg u la r shaped cavity , or i t  m ay show itself in  a 
very open, porous s tru c tu re . This la s t view will 
be fu r th e r  considered in connection w ith  th e  ideas 
which have become associated w ith  th e  nam e of 
M. R onceray. Before leaving th is  p a r t  of th e  
subject, reference m ight be m ade to  th e  view, 
which appears to  be w idely held by C on tinen ta l 
foundrym en, and  in  less degree by some of our own 
foundrym en, which tends to  discount th e  im por
tance of liquid shrinkage in  cases like th e  one 
detailed  above, finding th e  exp lana tion  in th e  
fa ilu re  to  v en t th e  cores p roperly , cav ities and 
porosity being assumed to  be due to  gas from  the  
cores. I t  has always seemed to  th e  w rite r th a t  
th e  advocates of th is  view should inform  us w hat 
has become of the  m etal which presum ably occu
pied th e  space a fterw ards occupied by th e  gas. 
Take, for instance, th e  com er of th e  core a t  A, 
F ig . 8. I f  th e re  were any ta rd in ess  in  g e ttin g  the 
ven t away from  th a t  p a r t  of th e  core, i t  would
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show itself a t  an early  stage, as soon as cast. The 
bubbles would a t once pass to  a h igher p a r t of th e  
mould, and, if they  could not pass o u t of th e  
casting , would la te r  be found there . As each 
bubble le ft th e  po in t the space would im m ediately 
be re-occupied by fluid m etal. This can be 
im agined as con tinu ing  u n til th e  m etal above 
became too pasty  to  allow of th e  passage of more

F i g . 24.— E t c h e d  x  75 d i a s .— E d g e .

gas. A t some stage of th is  process, however, the  
escaping gas a t  th e  po in t A would have to  dis
charge itself in to  an area  already fully occupied 
by m etal, which, though liquid itself, was sur
rounded by frozen walls. W hat, then , becomes of 
th e  m eta l which was in  the  space which is said to 
have been occupied by gas? I t  seems to  th e  w riter 
th a t  liquid shrinkage affords a tru e r  explanation  
of th e  weaknesses found a t  such places. W hilst 
fau lty  ven ting  of cores is the  cause of a good deal 
of troub le  in castings, i t  can be saddled w ith too 
much responsibility.

No discussion of th e  problem of liquid shrinkage 
would be complete w ithou t consideration of the 
im portan t con tribu tion  made to  its solution which 
has been voiced by M. Bonceray. The principles



which he has laid  down are, in th e  w rite r’s opinion, 
capable of very useful application , and the 
industry  is his debtor. He has, however, sa id10 
th a t  he would expect no casting  to  sh rin k  on 
solidification if ru n  w ith  filter ga tes of a maximum 
cross-section of 3 ins. or less. Now, if  m olten iron 
which is cas t in to  a  5 f ins. d ia . sphere, cast in 
drysand, shows a void of 2.4 per cent, of its
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F i g . 25.— E t c h e d  x  700 d i a s . — E d g e .

volume, th e re  seems no reason why a sm aller sec
tio n  should n o t sh rink  in  a sim ilar ra tio . The 
w r ite r ’s view of the  process of solidification has 
been given above. A few experim ents w ith slow 
pouring  will be detailed .

Feeding can be Eliminated in Small Castings.
F ig . 9 gives details of a worm gear blank, 

m achine moulded and jo in ted  a t  A. A photograph  
of the  finished a rtic le  is shown a t  No. 1, F ig . 20. 
These a re  cas t fou r in  a  box. M any ways of 
ru n n in g  these castings were tr ie d , b u t difficulty 
was experienced in  g e ttin g  them  free from  spongy 
places in  th e  worm and  inside the  bore. To feed a 
d ay ’s work of these castings is m ore th a n  a 
nuisance. T here are  n o t m any men who will tak e
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th e  trouble to  feed a lo t of small castings con
scientiously. F inally , th e  w riter p u t on a disc 
ru n n er , as shown a t  C, F ig . 9, each mould being 
filled w ith  m etal th rough  a slit n o t more th an  £ in. 
a t  its  w idest, tap e rin g  away a t  each end to  
no th ing  over a d istance of } in ., as shown a t  B. 
M any hundreds have been cast in th a t  way w ith
o u t a single rejection  from the  machine shop. The 
princip le involved is th a t  advocated by M. 
Ronceray.

The pinion, w ith  cast te e th , shown a t  No. 4, 
F ig . 20, was equally successful. These castings 
had  h ith e rto  been cast by means of a f-in . runner, 
placed on th e  boss (which is ra th e r  heavy), through  
which each casting  was fed. In  spite of th is, how
ever, m any of them  were found spongy on boring. 
A §-in. d ia. ru n n e r was tr ied  on the  rim  (the 
w hite spo t on th e  rim  of No. 4, F ig . 20) and the 
feeders w ere dispensed w ith. There was also no 
riser. There was no fu r th e r  trouble w ith th is 
casting , and  th e  laborious work of feeding was no t 
necessary.

A Casting Requiring Feeding.

In  the  case of th e  gear blank, shown a t  F ig . 10, 
the  resu lts were unsatisfac to ry . I f  cast in  the 
o rd inary  way, i t  is im perative th a t  i t  should be 
fed. A spongy place very often  is found a t  A, 
a f te r  boring, or B, when the  tee th  are  cu t. Slow 
pouring  was tr ied . A small ru n n e r th rough  the 
core, as shown, was tr ied , b u t a depression of 
vary ing  dep th  was found in  th e  top face, as shown 
in  the  sketch. A "&-in. pencil ru n n e r on th e  top 
was tr ied , w ith  th e  same resu lt. A filter gate 
con ta in ing  two ^-in. dia. runners was tr ied , w ith 
a sim ilar resu lt. In  addition , the  m etal had 
shrunk  away from  th e  core a t  C. A pencil runner 
was placed a t  the  bottom  of the  casting, as shown 
in  th e  sketch. The resu lt was sim ilar. In  most 
of these cases, however (and they  were tried  
several tim es each) th e  depression was fairly  well 
d is tribu ted  round the  top, which depressions, not 
being deeper th an  a -&-in. m achining allowance, 
allowed the  castings to  clean up. They were 
found to be qu ite  solid.

R eference was made earlie r to  the  casting of 
th e  cylindrical block by slow pouring, ru n  off level
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a t  th e  jo in t. I t  was shown to  sh rink  n o t less 
th an  in  o ther cases. A fu r th e r  experim ent w ith 
the  block was tr ie d . A mould was m ade w ith  no 
rise r and  a heavy down ru n n e r lead ing  to  the  
casting  by a ¿-in. d ia. ru n n er. H ead  m etal was 
provided to  a  h e igh t of 13 in. above the  top of 
th e  mould. I t  was cast w ith  h o t m etal. W hen 
th e  casting  was tak en  ou t th e  m iddle of th e  top

F i g . 2(3.— E t c h e d  x  75 d i a s .-— C e n t r e .

was depressed to  a dep th  of .J in . An inch-dia- 
m eter hole drilled  th ro u g h  th e  cen tre  revealed a 
large cavity .

Distribution of Liquid Shrinkage.
I t  appears to  th e  w rite r  th a t  th e  difference 

betw een a slowly poured casting  and  one poured 
in  the o rd inary  way is n o t th a t  the  to ta l liquid 
shrinkage is dim inished, b u t th a t  i t  is d is trib u ted  
in  a d ifferen t way. In  a casting  poured in  the  
o rd inary  way, th e  to ta l shrinkage m ay show itself 
in a cav ity  a t  some “  ho t sp o t,”  th e  las t place to 
solidify. Slow pouring  m eans qu ie t pouring . 
When a casting  is poured rap id ly , i t  is probable 
th a t  cu rren ts  a re  set up which c ircu la te  th ro u g h 
ou t ce rta in  regions of the  liquid  in th e  mould,
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anil th a t  the  m om entum  is no t lost for a con
siderable tim e. This may accentuate uneven 
crystallisation—in po in t of tim e, i.e ., i t  may be 
th a t  in ce rta in  p a rts  of the  casting, being w ithout 
eddies, p rim ary  crystallisation  may begin before 
th a t  in  the  h o tte r, ag ita ted  portion . Thus local 
c rystallisation  would proceed, all its  requirem ents 
of m other liquor being m et—a t the  expense of the 
rem ainder of th e  casting  if new m etal did no t 
en te r th e  mould. On th e  o ther hand, th e  casting 
run  w ith  filter gates would fill very slowly. There 
would be very li tt le  ag ita tio n  of the  m etal. There 
would be no riser, th e  pouring  would be the  sooner 
complete, and  th e  m etal a t  res t almost as soon as 
cast. W h a t then  happens? Consider th e  follow
ing, by Professor Tschernoff11 on the  crystallisa
tion  of sa lts : “  W hen studying  under the  micro
scope w ith  h igh  m agnification th e  form ation of 
sa lt crystals as they  separa te  from  th e ir  solutions, 
we no te  th a t  th e  grow th of crystals from th e ir 
nuclei m anifests itself in  a rap id , nearly  simul
taneous appearance of axes, branches, and even 
planes, s ta r tin g  in  definite directions in  accord
ance w ith  th e  crystallographic axes of the  grow
ing crystals. F rom  th e  principal axes will branch 
off axes of th e  first order ; from  these, axes of the 
second order, and  so on. This takes place in  so 
rap id  succession th a t  i t  is impossible to  trace  the 
form ation  of every ind iv idual branch. The rapidly 
form ing branches g radually  th icken  and elongate, 
and as a resu lt m eet neighbouring branches and 
grow to g e th e r.”

T h a t cast iron, when solidifying, behaves very 
sim ilarly  is probable. Every foundrym an knows 
th a t , when a  casting  is being fed w ith a rod, 
there comes a m om ent when i t  feels to th e  hand 
as if the  rod were snapping  off innum erable micro
scopical carro ts. A t th is  stage th e  m etal feeds 
away very rap id ly  in to  the  casting, th is  being, in 
fac t, th e  effective feeding stage. I f . then , i t  be 
im agined th a t  som ething of a sim ilar character 
takes place in  solidifying iron, the  following may 
be th e  sequence of events in  th e  case of a slowly 
ru n  casting . The mould fills w ith  re lative qu ie t
ness. Cooling takes place from  m etal to  mould 
walls, and from  th e  cen tre  of the  m etal to  the 
outside. Before crystallisation  can begin, the
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m etal m ust be undercooled. In  th is  case (if the 
mass is n o t too g rea t), before crysta llisa tion  
seriously commences, th e  whole of the  m etal in the 
mould is probably below m ain  freezing po in t. 
Consequently, in  a  qu ie t m edium , th e  whole of 
the  m etal, a t  a given m om ent, m ay be in tersec ted  
in every d irection  w ith  th e  axes, branches and 
planes of e lem entary  crystals. The fo rm ation  of

F i g . 27.— E t c h e d  x  700 d i a s . — C e n t r e .

these elem entary  crystals will cause a dem and for 
m other liquor. The skeleton s tru c tu re  only hav ing  
been form ed, g rav ita tio n  m ay induce a feeding 
downwards, th u s  exp la in ing  a shallow depression 
on th e  top  of th e  casting . C rysta llisa tion  is p ro
ceeding, however, very rap id ly , th e  branches 
quickly th icken , elongate, m eet neighbouring  
branches, and  grow together. Any deficiency of 
m other liquor is now equally d is trib u ted , th e  p ro 
cess tak in g  place so rap id ly  th a t  shrinkage takes 
the  form  of in te rc ry sta lline  spaces. These spaces 
m ay n o t be seen w ith  the  naked  eye on a planed 
or polished surface, b u t m ay be found by th e  aid 
of the  microscope. Thus, in the  w rite r’s opinion, 
is th e  re la tive  freedom  from  shrinkage cavities

I
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obtained by slow pouring—th a t  is, of course, in 
add ition  to  any advantage obtained from the 
p a rtia l solidification which may have taken  place 
in some p a r t  of the  casting  before pouring is 
finished. A dm ittedly the  foregoing is hypotheti
cal. I f  tru e , however, i t  would afford some
exp lana tion  of the  relative success of slow pouring. 
The w rite r is aw are of no o ther explanation,
certa in ly  none has been p u t forw ard, even by
M. R onceray.

The experim ents detailed  above were lim ited to  
w hat m ay be fa irly  described as average foundry 
irons. IMo high-phosphorus irons were tr ied , nor 
were any very low-silicon irons. From  Professor 
T u rn e r’s work i t  is probable th a t  the  phosphoric 
irons would show a d ifferent result, i.e ., the  
shrinkage may be fully compensated for, m  su it
able circum stances, by post-solidification expan
sion. On th e  o ther hand, w ith much lower silicon 
irons th e  post-solidification expansion would prob
ably be less, th u s  m aking for a g rea te r residual 
shrinkage.

The w rite r is indebted  to  th e  m anager of the 
K ilbowie L aboratories, M r. R . K . Tullis, for the 
analyses and m icrophotographs, and to  Messrs.
D. & J .  Tullis, Kilbowie Ironworks, for perm is
sion to  carry  out the  experim ents detailed above.

Conclusions Deduced.
W ith  respect to  th e  grey irons which were tried , 

th e  w rite r reaches th e  following conclusions: —
(1) Grey iron  shrinks round about 4.5 per cent, 

of its  liquid  volume on crystallising.
(2) I f  th e  expansion which im m ediately follows 

crystallisation  be d irected wholly inw ards there  is 
a residual loss of volume, due to  liquid shrinkage, 
of round  about 1.5 per cent.

(3) Quick cooling (as by the  use of chills) does 
n o t reduce the  ra te  of liquid shrinkage, b u t makes 
for g rea te r so lid ity  only if solidification is so 
speeded up thereby  as to  enable new m etal to 
reach th e  p a r t  concerned.

(4) Slow pouring  does no t reduce the  ra te  of 
liquid  shrinkage, b u t may a lte r  its d istribu tion  
th roughou t th e  casting.

(5) The aggregate  loss of volume, due to liquid 
shrinkage, does no t appear to  be appreciably 
affected by composition or tem pera tu re  of pouring.
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AN ANALYSIS OF DEFECTIVE CASTINGS.

By E. Longden (Associate Member).
F ounding is an a r t ,  and  one cannot do otherwise 

th a n  th in k  th a t  i t  will rem ain  so for many, m any 
years to  oome, and a lthough  much waste can still 
he saved, i t  will he impossible to  e lim inate scrap 
u n ti l  th is  personal elem ent is elim inated.

A story  is to ld  of a  lawyer who was defending a 
moulder in an action for th e  ¡recovery of wages 
stopped fo r m aking a  w aster th a t :  “  M aking cast
ings was like grow ing p o ta to es; no one could tell 
w hat they  would he like, good, bad, o r indifferent, 
u n ti l they  were dug u p .”

T here is much t r u th  in such an explanation  of 
th e  founder’s lot. W atch th e  actions of the  
m oulder when his casting  is taken  from th e  sand. 
H e  will scrape and ta p  h is casting in various 
places, looking actually  fo r th a t  which he does no t 
wish to  find. I f  th e  casting  is apparen tly  sound 
he is relieved, h u t h is anx iety  is n o t ended, and 
perhaps du rin g  th e  d inner hour he may v is it th e  
m achine ¡shop to see his casting  a t  some stage of 
th e  m achining o p e ra tio n s; if a  li t t le  d ir t  is dis
closed on an im p o rtan t surface he fearfu lly  
inquires from ’ th e  m achin ist if th e re  is n o t still a 
li tt le  m ore to machine' off which would clean the  
surface. I f  th e  answ er is in  th e  affirm ative, he 
re tu rn s  to  th e  foundry  w ith  lightened heart.

T he subject dealt w ith is so vast th a t  the  au thor 
has concentrated  h is  rem arks on grey cast iron, 
b u t th e  m ajo rity  of fau lts  explained in th is P aper 
would apply to a ll m etals which a re  cast.

Cavities and Porosity due to Gases.
W ith o u t doubt, th e  g rea te s t single cause of east

ing  losses can be a ttr ib u ted  to  those em barrassing 
defects which a re  usually described as blow holes, 
liqu id  shrinkage cavities, and porosity, and 
which a re  th o u g h t in  th e  case of grey iron to 
be due to  gases generated  in th e  mould and cores 
which may o r  m ay n o t combine or in te ra c t with 
gases occluded by th e  m etal when cooling. Such 
defects are  th e  more d istressing because they  a re  
discovered, m ainly, a f te r  m achining and testing
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operations, and  a re  especially dangerous when 
found in  work of a high-class n a tu re , such as 
in te rn a l com bustion and  steam  engines, m achine 
tools, pum ps, tu rb in e  and  hyd rau lic  m achinery, 
etc.

Foundrym en would be astonished if they  knew 
how n e a r  som etimes th ey  a re  to  a  scrap casting . 
F o r instance, a  h y d rau lic  cylinder which was 
broken up a f te r  m any yea rs’ service showed a 
deep, irreg u la r blow hole about § in. round, alm ost 
c u tt in g  th rough  th e  section of 3 in ., leaving only

in. of sound iron, y e t i t  had  stood th e  w ear an d  
p ressure u n til re jec ted  fo r some o th e r  reason.

Gas cavities and  porosity  occurs in m any ways, 
th e  chief causes b e in g :—Insufficiently-dried cores 
and moulds when dry-sand and loam m oulding is 
a t te m p te d ; excessively hard -ram m ed  cores and  
m oulds; in some instances lack of ram m ing  
locally, because a pocket of loosely-ramm ed sand 
provides an easy  ex it fo r th e  gases g enera ted  in  
th e  h ard er su rround ing  sand, so th a t  th e  gas 
easily flows forw ard in to  th e  mould cav ity  and 
m etal ; abuse of th e  swab locally, o r  too much 
m oisture in th e  sand generally, especially when 
green-sand m ould ing ; lack of th e  n a tu ra l  ven ting  
p ropertie s of m oulding s a n d ; o m ittin g  artific ial 
v e n tin g ; im proper use of th e  v en t w ire, because, 
if  probed deeply, i t  will be found  th a t  q u ite  an  
appreciable percen tage  of blow holes a re  due to  
th e  over-sharp v en t w ire which is so often th ru s t  
th rough  th e  sand and p en e tra te s  th e  p a tte rn , the  
fine holes so form ed a re  easily  passed over by th e  
moulder, and  when th e  m etal en te rs  th e  mould th e  
g enera ting  gases blow th rough  in to  th e  mould 
cav ity  and , la te r, th e  m e ta l; incorrect sand  m ix
tu res  fo r th e  p a rtic u la r  ty p e  of c a s tin g ; fau lty  
sand m ix in g ; fau lty  an d  wrong m ix tu res  of mould 
d ressing ; allowing m etal to  p e n e tra te  subsid iary  
and m ain vents in core o r mould ; choking of ven ts 
by sand  due to unskilfu l m a n ip u la tio n ; blow holes 
from  inserted  solid m etal which has no t received 
correct tre a tm e n t, such as denseners, chills, nails, 
s tu d s  o r  c h a p le ts ; also these pieces of m etal, in 
sp ite  of much care, a t t r a c t  and condense steam  
created  in  a  green sand mould in which has been 
placed a w arm  core, o r  from  an im perfectly  d ried  
mould closed w arm , and then allowed to  stand  so



th a t  it  cools before receiving the  m e ta l; blow 
holes from  wet loam stam ps, which are placed on 
cores to  m ake up th e  common erro rs  in  size 
between core and mould p r in t ;  absence of open
ings o r risers fo r exhausting  mould gases quickly, 
p a rticu la rly  in  confined sections of th e  mould, and 
especially if th e  n a tu re  of casting  compels rap id  
pou rin g ; insufficient fluid head pressure; escape 
of m etal from  mould, w ith  th e  consequent a rre s t 
or ebb and  flow of th e  molten i r o n ; incorrect 
ga ting , th a t  m etal en ters mould wildly, or too 
slowly, perhaps th e  m etal en ters and im pinges on 
m ould or cores eddying and  churn ing , so th a t  a ir  
and  o ther gases are  mechanically mixed w ith the  
m etal, or i t  m ay be th a t  th e  ga te  is so concen
tra te d  on one portion  th a t  sand becomes over
heated  and  th e  gases escape from  the  mould face 
in to  th e  m etal ra th e r  th an  th rough  the  back sand, 
which has become unduly overburdened w ith gas 
genera ted  a t  very high pressure—it  may be th a t  
m etal has such a to rtu o u s passage, due perhaps to 
wrong location o r insufficient g it, th a t  i t  'becomes 
lifeless and unable to  expel collected gases, for i t  
m igh t be said th a t  th e  very ac t of pouring tends to 
c rea te  blow holes because of a g ita tio n ; om itting  
to  feed m etal th rough  riser gates to replace escap
ing  gases and badly located feeders; dull iron, 
because th e re  is alw ays much more difficulty in 
ob ta in ing  castings free  from blow holes when the 
moulds a re  poured w ith sluggish iron, for, w hat
ever m ight 'be the  cause, th e  gas cannot find its 
way o u t if th e  m etal is viscous—good ho t iron 
h ides much fau lty  venting , e t c . ; wrong m ix tu re  of 
m etal for th e  p a rtic u la r  ty p e  of castin g ; and last, 
b u t n o t least, th e  difficult, and  very often absurd, 
design o f the  casting , which makes it  practically  
impossible to  conduct gases rapidly  enough away 
from  the  mould o r core.

Cavity and Porosity due to Loose Sand, Slag or 
Sullage.

One or more of th e  following reasons m ight be 
th e  cause of cavity  and porosity under such a 
h e a d in g :—Scabbing of cores and moulds, which 
will be described la te r, is a  prolific cause of d irty  
castings, th e  sand and blacking so disturbed floats 
about on the  m etal, and is m ost likely found above 
th e  locality of the disturbance, b u t sometimes far
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rem oved from  tlie  sea t of th e  trouble, which will 
depend on th e  position of th e  ru n n e r  g a tes  and 
shape of mould and  cores; loose sand  le f t in mould, 
pernaps h idden  from  view under cores o r p ro jec t
ing  portions of th e  mould, an d  can  be in troduced  
by scraping of cores on p r in ts , o r from  careless 
handling  of cores detach ing  pieces of s a n d ; crush
ing of joints of mould and  cores, especially in  
dry-sand and lo a m ; sand m ay fa ll down th e  ru n n e r 
o r rise r g a tes  when m ak ing  up> th e  bush for the 
reservoir of m etal a f te r  th e  mould has been closed 
(to  p revent such a possibility  when closing im por
ta n t  work, th e  pouring  and  rise r basins a re  com
pleted  on th e  top side of m oulding box before 
closing) ; careless rod-feeding, so th a t  th e  sides of 
th e  feeding ga te  are  scraped and sand  pushed 
down in to  the  casting . This happens p a rticu la rly  
when th e  m etal has become s lugg ish ; sullage float
ing on the  feeding head m eta l can  also be carried  
in to  th e  casting  by th e  ro d ; erosion of mould in 
various places in troduces sand, such as so ft ram 
m ing around  gates, b reak ing  away of th e  keen 
edges often  form ed on th e  m outh of th e  m ain  down 
ru n n er, which happens especially when placing 
stoppers over th e  openings, and if th e  bottom  
portion  of th e  in -gate  which receives th e  first blow 
from  th e  falling  m etal was exam ined m ore fre
quently, some of th e  m ysterious d ir ty  patches 
found on castings would be explained , o r  if a 
casting  is ru n  by top drop-gates, erosion of the  
bottom  side of th e  mould may tak e  place due to 
the  blow from  th e  fa lling  m etal. Som etim es the  
sides of th e  mould o r cores a re  scraped by tlie 
fa lling  m etal, especially if th e re  are shoulders of 
sand o r th e  m oulding boxes a re  n o t placed quite 
perpendicu lar, so th a t  m etal can fall c lea r to th e  
bottom  of th e  mould w ithou t im pinging. Pieces 
of mould may break  away and  wash before m e ta l ; 
a rran g em en t of gates, so th a t  eddies a re  crea ted  
near e n tra n c e ; sullage and  slag  m ay he sucked 
down w ith  m etal if th e re  is insufficient and  incor
rectly-form ed reservo ir-capacity  in th e  pouring  
‘basin to  feed th e  down ru n n ers , o r  m ain gates 
may be so s itu a ted  in  th e  pouring  basin th a t  a 
whirlpool is form ed. A gain, i t  may he due to 
careless pouring , allowing bead of m etal to  sink  
too low, and to fau lty  sk im m in g ; using b lacking 
excessively, especially on green-sand, much of which



washes before th e  flowing m etal. This happens 
also w ith dry-sand, loam and  cores w ith insuffi
c ien t b inder in th e  face-dressing, o r subjecting 
moulds to  too high a tem p era tu re  when drying, 
so th a t  b inder has been b u rn t o u t or weakened, 
due to  expansion of th e  sand  g ra in s and passage 
of steam . A fte r th e  mould has been closed a 
gagger may be touched or m oulding box ja rred , 
and th e  adhering  sand on th e  inside of th e  mould 
dislodged.

I t  has been sta ted  th a t  some of th e  strange, 
d irty-looking patches discovered near in-gate • 
en tran ce  may be due to  a ir  being draw n down 
ru n n er, which causes oxidation  of the  g raph ite .
I t  is probably due to  excessive local hea t about 
ru n n e r en trance , especially if m etal impinges 
im m ediately on a core, the spots so overheated 
allow a  freer e x it for th e  surrounding  mould 
gases. In  any case, th e  in -runner should not be 
placed n e a r  an im p o rtan t o r machined surface, 
if i t  can be avoided, because d i r t  o r open-grained 
s tru c tu re  is possible in th a t  locality.

Scabbing of Moulds and Cores.
T he te rm  scab is used to describe a rough 

incrusta tion  which forms on castings when gases 
are  generated  rap id ly  locally or a re  unable to  
escape speedily enough th rough  th e  pores of the 
sand and vents, o r rap id  expansion of face of sand 
locally, th u s  a portion  of th e  sand  face is pushed 
forw ard in to  th e  m etal, crea ting  e x tra  thicknesses 
a t  these points and sand cavities a t  others.

Scabbing can be caused by m any of th e  reasons 
described above, and may be due t o : —Absence of 
or incorrect ven tin g ; too much m oisture in sand, 
especially when green-sand m ou ld ing ; insufficient 
d ry ing  of cores and moulds when dry-sand and 
loam m oulding is p ra c tise d ; h a rd  and also soft 
ram m ing of sand, particu la rly  when local; incorrect 
sand and m ould-dressing m ix tu re s ; excessive tool 
sleeking of mould and cores; location or bad design 
of ru n n e r and riser ga tes ; a portion  of th e  mould 
or core, due to  its  shape, may expand and  become 
de tac h ed ; nearness of mould and  core irons to 
su rface  of sand may cause a  piece to  become 
loosened, e ith e r because th e  body of sand is so 
tliin  and weak th a t  i t  scales off, or th e  core iron
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expands and pushes th e  sand before i t  in to  th e  
m eta l; hook holes provided in  cores may n o t 
receive correct a tte n tio n , such as d rying, ven ting , 
or sprigg ing  to  the  already  d ried  co re ; pastin g  
sand on an a lready  smoothed surface of th e  mould 
o r co re ; suction  crea ted  when w ithdraw ing  p a tte rn  
from  sand, m ay cause a p a r t  of th e  mould to 
become loosened, and  if  i t  misses th e  eye of th e  
m oulder and  he does n o t cause th e  affected spot 
to adhere to  th e  m ain  body of sand, i t  may be 
detached when th e  m etal flows around  i t ;  an 
excess of b in d e r in mould and  core washes will 
cause th e  face of sand to  c o n tra c t and buckle a f te r  
d ry in g ; m aking  up of jo in ts  of assembled sections 
of cores w ith  new m ateria l in s tead  of old o r  sand  
more nearly  corresponding to  n a tu re  of core which 
has been subjected  to th e  prolonged d ry ing  tem 
p e ra tu re  ; b lack ing  cores w hilst h o t and  allowing 
them, to  cool before pouring  m e ta l; in se rtin g  h o t 
cores in green sand  moulds so th a t  m oisture  is 
form ed on ce rta in  p a r ts  of th e  core or m o u ld ; cores 
absorb m oistu re  if allowed to stand  in a  green sand, 
mould too long, and m ay scab; oil-sand cores may 
be so weak because of th e  lack of b in d er o r dry ing  
a t  too high a  tem p era tu re  th a t  blacking, especially 
if core is hot, when washed m ay be rap id ly  
absorbed and adhere in th ick  layers, to  be dis
tu rbed  la te r  when the m etal touches i t ; explosion 
of gases in vents m ay cause e ith e r mould o r  core 
to  scab or even to  s h a t te r ; if, when m ak ing  a  loam 
core, the las t layer of loam applied is th in , i t  is 
n o t unknow n to  find a scrap  casting , because when 
th e  m etal has poured around  th e  bottom  side of 
th e  core th e  sand expands, th e  tendency  be ing  to  
push upw ards w here th e re  is th e  leas t resistance, 
and th is th in  layer of loam  buckles and scabs away 
when th e  m etal closes around  i t ;  buck le  scabs may 
be caused by a  weak core bending perhaps because 
of insufficient su p p o rt by chaple ts o r studs, etc. ; 
vents too n ea r the  surface of th e  mould allow 
gases to blow th rough  in to  m etal and detach some 
of th e  s a n d ; w ith  certa in  m edium  and  heavy cast
ings, especially in  green  sand, m etal m ay be 
adm itted  a t  too h igh  a  te m p e ra tu re ; in some cases 
om itting  to  face-sprig th e  mould and  core opposite 
th e  ru n n e r en tran ce  and abou t the  shoulders of 
sand  over which m etal m ust pour to  fill a lower
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p a r t  of th e  m ould ; allowing m etal to  pen e tra te  
ven ts blocking th e  e x it of gases.

M oulders have been known who have stood and 
stam ped on large slender cores w ith a  view to 
carry ing  th e  core solidly down into th e  mould p rin t 
and  experiencing a t  once any weakness in  the 
suppo rt p rin ts  ra th e r  th a n  la te r, when more cores 
were b u il t upon it. A fte r th e  casting  has been 
taken  from  th e  sand, m uch su rp rise  has been 
expressed when scab sand has been disclosed. 
W hen th e  casting  has been broken up th e  reason 
became very evident. W hen stam ping on the  core 
p r in t  the moulder had caused the core iron to 
move an d  s trik e  th e  sand above i t  some distance 
in th e  mould.

Contusion of Mould and Core Joints.

W hen ex trac tin g  a  p a tte rn  from mould, 
especially one with li tt le  d ra f t, jo in ts tend  to lift, 
and a f te r  th e  mould is finished jo in ts  may stand 
qu ite  proud, so th a t  when boxes a re  brought 
together crushing takes place. In  dry-sand and 
loam, th ick  b lacking on th e  jo in ts  or when the 
mould has been subjected to a ra th e r  high tem 
p era tu re , swelling of th e  sand may tak e  place, 
and if th e  jo in t clearances have no t been cut, as 
is usual w ith d ried  moulds, jo in ts  are  contused. 
A crush  on a dry sand .mould is usually more 
serious th an  is th e  case w ith green sand, because 
th e  d ried  sand, although strong, is n o t plastic 
like green sand an d  crumbles. T bus i t  is common 
in dry-sand prac tice  to  par© jo in ts and  core p rin ts  
of mould w hilst in a  green sta te . Poorly-fitting 
box-locating p ins may guide th e  top-side of the 
mould too keenly on one side of a core p r in t  or 
an irregularly-form ed jo in t. This may happen if 
the  top' box is placed unsteadily . Box-joints, 
especially if unm achined, may be so irreg u la r th a t , 
unless packing is wedged into th e  open jo in ts  in 
various places before clam ping or bolting  together, 
a very serious crush may be the resu lt. A scrap 
casting  from  th is type  of crush can be guarded 
aga in s t 'by a  tr ia l closing of th e  moulding boxes 
an d  clam ping toge ther before coring. I t  is good 
p ractice  w ith heavy bedded-in work, such as bed
plates, etc., to  try  on th e  to p  'boxes a fte r th e  mould 
has been finished to  th e  p o in t of blacking and



w hilst th e  mould is s till green. W ith  an absence 
of, o r insufficient re in forcem ent, to  th e  bottom  or 
top- sides of p rin ts , th e  w eight of core m ay sink 
in th e  bottom' p r in t  o r 'burst th e  top  p r in t  when 
th e  m etal-pressure is exerted  on th e  cor©. W ith  
heavy bedded-in work serious crushes a re  some
tim es experienced, due to  lack  of fo resigh t in 
p lacing bearers lead ing  from  below th e  bottom  
side of th e  mould to  th e  jo in t face to  receive the  
weight of covering  box. Som etim es too much 
w eight o r bo lting  m ay be applied. Cores m ay be 
canted  in a  mould, thereby  fouling a  p r in t  formed 
on th e  to p  side of th e  mould. Boxes a re  some
tim es placed together th e  reverse way to  th e  r ig h t 
one.

Escape of Metal from Mould.
Considerable w aste can  be recorded u n d e r th is  

head, and  th e  causes can  be ascribed to  :— M etal 
leaking th rough  incorrectly-form ed sand  jo in ts ; 
ru n n e r gates too n e a r  th e  sides of th e  m oulding 
box, especially if th e  flask jo in ts  are  n o t m achined ; 
th e  jo in ts  of th e  box m ay be held  a p a r t  by cores, 
which a re  too la rge  for mould p r in ts  o r by fa iling  
to rem ove sand w hich falls on th e  iron  jo in t  of 
the b o x ; nearness of th e  lower side of th e  mould to 
the  bottom  side of th e  box, so th a t  if n o t well- 
w eighted down, in add ition  to  clam ping o r bolting  
a t  th e  jo in ts , and  th e  sand bed well form ed, th e  
m etal will force its  way o u t w ith  li t t le  hope of 
stopping  th e  flow; so ft ram m ing  of bo ttom  side 
of mould will show up  its  weakness when th e  fu ll 
head pressu re  is reached  and  th e  m etal escap es; 
om itting  to  clamp th e  box tog e th e r sufficiently or 
not a t  all, or p lacing  too- li tt le  w eight on th e  boxes. 
M etal may force- its  way th ro u g h  -surface of core 
due to- nearness of a  hay  or straw  band  to  th e  sand 
surface o r in -an o rd in a ry  sand core th ro u g h  soft- 
ram m ed p lace s; p rox im ity  of ven ts to  su rface  of 
sand, -either in o rd in a ry  -sand m ould o r core, m ay 
cause scab- as described ab o v e ; -metal can  then  
escape th rough  th e  v en t th u s  exposed. T he p r in t  
of a core may be too sm all fo r mould -print, p e r
haps 'because th e  core 'box has become worn on th e  
jo in ts  -by usage, o r th e  oorem aker unduly  ru b s  th e  
jo in t o f core before  assembling, o r th e  p r in t  of 
the p a tte rn  m ay have become enlarged  because 
the  two halves do n o t s i t  together, th e  m etal
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escaping through, th e  spaces th u s  formed. An 
escape to th e  vents is sometimes m ade when cores 
a re  im perfectly  jo in ted  and sealed; m oulding box 
may be s tra in ed  due to weakness or abnorm al head 
pressure, causing an opening of th e  mould jo in ts 
or fissures in sand th rough  which m eta l issues. A 
portion  of th e  to p  side of mould may he pushed 
upw ards by m etal, because of a  lack of bars or 
so ft ram m ing. A gain, .an explosion of gas in  a  
mould when i t  is s ta te d  to  be blowing may so 
s tra in  th e  mould and  cores th a t  m etal finds its 
way in to  ven ts and also th rough  jo in ts  of mould-, 
D isplacem ent of cores will allow m etal to en te r the  
vents.

H eavy castings, from  perhaps a  couple of tons 
to , say, fifty tons, and  which are made and con
stru c ted  p ractically  below th e  m oulding floor line, 
m ust be specially cared  for, if m etal is to be held 
securely. B rick- and m etal-lined p its  are  essential 
for safety  w ith certa in  w eights an d  shapes of 
castings,-especially  if th e  ty p e  does n o t lend  itself 
to moulding w ith  th e  usual s tu rd y  prodded build
ing rings. The bottom s of these p its , in  addition  
to  m etal p la tes on the  bottom  side, have strong 
cast- -or w rought-iron stre tche rs underly ing  the  
p lates, which a re  m ade to  receive strong  vertical 
bars, used to  holt down th e  top  boxes a f te r  the 
mould has been assembled. I f , as is  th e  case in 
some foundries, no, specially-constructed p its  exist, 
a khow n good section of th e  floor is chosen and 
th e  rough hole excavated by labourers. The 
m oulder th en  exam ines th e  bottom  and sides for 
weakness. I t  may be th a t  he can s treng then  a 
so ft place by  ram m ing, b u t o ften  he is compelled 
to  place loose p lates in  f ro n t of these danger spots, 
because th e  sand may be too dry  and the  ex ten t 
of th e  soft place unknown. However, in sp ite  of 
th e  ingenu ity  of th e  moulder, even such foresight 
is som etim es beaten , and m etal escapes, spoiling 
an extrem ely expensive casting.

Displacement of Cores by Metal.

M uch ingenu ity  can be exhibited  when securing 
cores in moulds so. th a t  as li tt le  solid m etal sup
po rt be introduced in to  th e  casting  sections as is 
consisten t w ith safety .



Cores may have am ple m ou ld -p rin t o r seatings 
to  avoid using chaple ts, studs or nails, b u t the  
m oulder fa ils  to  rein force these sand  supports  'by 
in serting  m a te ria l which is s tronger and  more 
resisting  th a n  sand , so th a t  core e ith e r sinks by 
v ir tu e  of its  own w eight or is crushed upw ards 
when th e  fluid pressure which is exerted  by th e  
m olten rising  m etal. In  some cases, chap le ts o r 
studs a re  placed on th e  p r in ts  of th e  p a tte rn  
when ¡ramming th e  mould, securing them  e ither 
u nd er a bar o r by clam ping  o r w eighing, as is th e  
case w ith  those which p e n e tra te  th e  casting  sec
tion . C haplet, s tud  or n a il m ay be fo rg o tten , or 
may be too weak or insufficient of them  used to  
fulfil th e  du ty  expected. S tuds o r chap le ts may 
sink into the  core o r mould because th e  sand  su r
face is too weak to w ithstand  th e  w eight or core 
or pressure on top  side  when th e  m etal rises in 
th e  mould. C haplets a re  som etimes wedged too 
lightly  o r too heavily. S tuds may be displaced by 
movem ent of cores by th e  flow of th e  m etal, especi
ally those which a re  simply wedged vertically  
between cores o r core and  m ou ld ; they  should in 
c e rta in  cases be nailed  to  th e  core o r mould. 
W eakness of core irons m ay cause th e  core to  bend, 
also to  d is tu rb  o th e r cores. Hooks in  cores, if 
placed a t  an angle, m ay he too weak and allow 
th e  core to  l i f t  by s tra ig h ten in g  th e  hook 
somewhat.

D uring  the a u th o r’s appren ticesh ip  period  a t  a 
large eng ineering  firm, which was then  being ru n  
on A m erican lines, provided m any am using 
incidents. H e  well rem em bers th e  ho rro r on the  
face of a m oulder when he discovered th re e  days 
a f te r  hav ing  poured a la rg e  casting , th a t  he had  
wedged down th e  stem  of a stra igh t-lim bed  gagger 
which p ro truded  above th e  top  of th e  moulding-box 
face alongside th e  stem  of a  chaple t. I t  m igh t be 
pointed o u t in passing th a t  i t  was an A m erican 
system  to  use straigh t-lim bed  gaggers, w hich often  
stood well above th e  top  of th e  box.

Leaking Around Studs, Chaplets and Nails.
I t  is erroneously th o u g h t ¡by m any th a t  th e  

chaple t or s tu d  fuses; th is  only happens very 
rarely . As a  m a tte r  of fac t, th is  a rtic le  would no t 
be fulfilling its  du ty  if i t  did  m elt, because one
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can im agine a core floating, or in some instances 
sinking in the  metal.

F au lts  in th is section may be due to pouring w ith 
dull iron  so th a t  m etal does n o t cling or k n it 
closely enough to these inserted  pieces' of solid 
m e ta l; om ittin g  to allow e x tra  m etal around 
chap le t stem s, a  good bu tto n  or pad can often  be 
arranged  around th e  stem on th e  inside of the 
casting  and o u t of view of critica l eyes. The 
ru n n in g  of a castin g  may be so slow or gates may 
be so located th a t  these pieces of cold m etal have 
li t t le  chance of becoming heated  before th e  m etal 
flows about them ; a deposit of m oisture m ay form 
on th e  chaplet or s tu d  by placing warm cores and 
closing the mould too early. W hen core is dis
placed th e  m etal section is th inned, and conse
quently  less m etal around th e  stud  or chaplet. A 
stud  may be too strong fo r a given section of 
m etal. D efective tin n in g  or ru s t on chaplets, etc., 
is a frequen t cause of leaking.

M oulders have been noticed placing the nail stud 
or chaplet, and then  deciding to  damp th e  mould, 
and incidentally  th e  chaplet, etc., and in o ther 
cases when dry-sand m oulding fixing nails or 
chaplets before w et blacking th e  mould. Of course, 
th e  blacking adheres to  th e  nail, and form s a 
p a rtin g  from the  m etal.

Misplacement of Cores.
Ohaplets or studs may be inserted  which do not 

correspond w ith th e  desired thicknesses; the break
ing down of sand p rin ts  and subsequent incorrect 
repa ir, which m ight be full o r short, is a fu r th e r 
cause. Insufficient p r in t, o r absence of a p ro tru d 
ing p rin t, may be the cause of wrong location of 
cores. O thers are : —The p a tte rn  or core box may 
become so much worn th a t  position of cores a l t e r ; 
rubbing  core p r in ts  before p lacing co res; when 
p lacing loam cores, such as for liners and cylinders, 
cores are sometimes placed w ithout first ascerta in 
ing th e  thicknesses. I t  is very desirable to  check 
by th e  aid  of clay stam ps u n d e r and above th e  
cores; absence of or in d is tin c t guide or setting  
pieces on mould and core p rin ts  may be the  means 
of locating cores wrongly. O ften, if th e  se tting  or 
locating piece is not bold, the moulder may tool 
i t  over, especially if fo r some reason the mould has
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been dragged and broken a t  th is  po in t. On one 
occasion a dull m oulder ou t off a bold gu ide on 
h is sand  p rin t, so th a t  he placed cores th e  reverse 
way abou t in four o u t of six castings.

Short Run Castings.
Shortage of m etal due to  m iscalculation is alm ost 

an everyday occurrence in foundries. M etal may 
fescape from  mould, and is ru n  short if a surplus 
of m eta l is n o t availab le ; th is  is an  everyday m is
hap . M isplacem ent or lack of ru n n e r  ga tes m ay 
n o t allow m etal completely to  fill th e  m ould; th is  
may happen  also if m eta l is dull, or a blow-off 
Tiser is n o t . provided above th in  o r pocket-like 
sections.

Lap or Crossed Joints.
P a tte rn  dowels m ay become loose by o rd inary  

wear and te a r  o r u n fa ir  usage, such as rap p in g  th e  
dowel-pin to loosen th e  p a tte rn . M oulders some
tim es drop a  rap p in g  b a r  in  a dowel hole to  loosen 
th e  p a tte rn  because e ith e r no loosening p la te  was 
provided o r  i t  had  become too free  to  fulfil its  
p roper function . Insufficient o r worn p ins and  
pin-holes a re  a prolific cause of w aste u n d er th is  
head. W ith  Ibedded-in work, locating  s tak es m ay 
be incorrectly  placed or loosened in  various ways. 
In  loam  work, and  sometimes when using  mould
ing boxes, loam m arks and flats a re 1 c u t a s trid e  th e  
jo in ts  before dism em bering th e  mould and cores, 
when m ade together, fo r finishing, as when m aking 
in tr ic a te  tu rb in e  and cen trifu g a l castings, etc. 
Occasionally, a f te r  drying, these m arks can n o t be 
induced to  correspond, due perhaps to  careless 
handling  when lif tin g  w ith th e  chain  slings, so 
th a t  mould is s tra in ed , or th e  sam e tro u b le  can 
arise if th e  tack le  is too- weak. M arks m ay be dis
tu rb ed  by m oulder b rush ing  them  w ith  his c lo th ing  
o r tools w hilst th ey  a re  green. The d ry in g  tem 
p e ra tu re  of one p a r t  of mould m ay be m ore in tense  
th an  ano ther a s  th e  g ra in s  of sand  on cooling 
do not quite re tu rn  to  th e ir  o rig inal position, and 
troub le is experienced in m atch ing  jo in ts  when 
assembling. W hen w ithdraw ing a p a tte rn , th e  
mould may 'be d istu rbed  about th e  jo in ts , and  th e  
m oulder fails to  finish to  th e  correct position. In  
snap-fla.sk work, moulds m ay be d is tu rbed  when



releasing th e  flask a fte r  closing or when placing th e  
s tra in  jacket around  th e  sand. O ften when a 
m oulder is lowering th e  to p  box he n u d g e s 'th e  
cores, especially if th e  p ins be short or loose. Cores 
may be placed incorrectly  or insecurely and moved 
when m etal touches i t ,  g iving in te rn a l crossed 
jo in ts. W eak core-boxes may, when sand is being 
ram m ed in, bulge, and  allow a  section of core to  
override another. P a tte rn s  a re  sometimes wrongly 
located on p a tte rn  p lates. W ith  p laster and white 
m etal m atch plates, especially th e  la t te r , w ear and 
te a r  and b ru ising  may soon cause lap joints.

Cold Shut and Seams.
This fau lt occurs mostly in th in  castings, especi

ally if of considerable area, and can be caused by 
one or more of th e  following r e a s o n s D u l l  
m e ta l; shortage of ru n n e r gates o r th e ir  bad 
lo ca tio n ; a rre s t in th e  flow of m etal due to  e ither 
mould or core d is tu rb an ce ; carelessness in adm it
t in g  the  m etal to  the  pouring  b a s in ; escape of 
m etal from  m ould ; th e  mould or core m ay blow ; 
hard-ram m ed 6 r sand w ith too much m o istu re ; in
correct m ix tu re  of s a n d ; a densener or chill may 
be too heavy fo r a given section of casting, or 
m oisture may have formed on i t ;  blacking 
and loose sand may ru n  before th e  m etal and 
form  a p a r t in g ; design of casting  may p resen t a 
very to rtuous passage for th e  m etal, so th a t  it  
becomes oxidised on th e  surface and consequently 
sluggish and refuses to  am algam ate w ith o ther 
stream s of m etal m eeting from one or more direc
tio n s ; lack of fluidity  in m etal due to  composition.

Abnormal Distortion and Fracture.
W here cam ber is required , insufficient m ay be 

allowed, or in certa in  cases i t  may be quite 
the  reverse to  th e  r ig h t way. Cores may resist 
contraction , and th e  casting  breaks or tu rn s 
out much deform ed, especially when made in 
lo am ; cores, if no t placed centrally  in  pipes or 
box-shaped castings, will produce uneven contrac
tion  and a  b en t casting. F a ilu re  to  relieve ru n 
ner and riser gates when close to  the m etal of box 
bars o r loam plates gives trouble. A casting 
m ay be exposed too early a fte r pouring. The cool
ing of heavy sections is sometimes neglected. F in
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on the  mould jo in t or in ternally  on core jo in ts may 
give rise to  cracks due to  th e  rap id  contraction  of 
the  th in  section which pulls away from th e  heavier 
m etal to which it  is a ttached  long before th e  la tte r  
has qu ite  s e t ; usually these cracks are  only shal
low. H eavy denseners, unless continued all over 
a given surface, may also cause shallow cracks. 
There are also castings which crack a fte r  an a t
tem p t to  bu rn  m etal in to  a defeotive place. A 
ben t casting  is occasionally erroneously ascribed 
to  d isto rtion , when i t  is really  due to  a weak p a t
te rn  bending. M etal, poured-dull, may cause ex
cessive d isto rtion  or even frac tu re , especially along 
th e  line of a cold-shut or seam. Abnormal 
d is to rtion  is easily noted in long, plate-like cast
ings when the  cam ber has been determ ined w ith a 
desirable casting  tem p era tu re  which may be fairly  
h igh ; pour th is  same casting  w ith  dull iron and 
cam ber is all wrong. C ertain  castings are  so 
designed th a t  i t  is alm ost impossible to  produce 
them  unbroken w ithout an ex trao rd inary  am ount 
of eare and labour. Cases are on record where even 
a  com bination of camber, hasten ing  cooling and 
m etal m an ipu lation— both of composition and tem 
pe ra tu re—which failed to  give complete satisfaction.

Faulty Repair of Mould and Cores.
W hen w ithdraw ing a p a tte rn  from the sand 

portions of th e  mould are very o ften  broken or dis
tu rbed . E x tra  m etal is added to  the  casting  if 
the rep a irin g  of sand is sh o rt; if th e  rep a ir is too 
full o r proud, the  casting  loses weight, and it  
sometimes happens th a t  m achining allowances are 
robbed or lost a ltogether and portions of the  mould 
cu t th rough  th in  sections. This happens occasion
ally when a section of a mould is stopped off or 
a ltered  to  m eet various changes in design. F au lty  
rep a ir  also may mean pieces of mould o r core 
being moved by the  wash of the  m etal. Blow holes 
and scabbing are  often  due to  fau lty  rep a ir and 
finishing by in troducing  an excess of w a te r ; the 
pasting  of sand over already-sm oothed places and 
the  lack of venting . When a difficult rep a ir is 
needed the p a tte rn  is sometimes re tu rned  to  the 
mould in so doing, especially if the p a tte rn  is 
old, much dam age is done which more th an  
counterbalances the  help given by re tu rn in g  the 
p a tte rn  to  the  mould.
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Failure in General Construction of Mould.
The s tren g th  and construction  of a  mould are  

som etimes fau lty , and  one or more of th e  following 
troubles may a r i s e :—Pieces may drop  from  top 
side of mould due to  insufficient gaggers, o r the  
la t te r  may be so placed th a t  they  add a burden , 
in stead  of helping to  susta in  th e  sand. Sand  m ay 
be detached from  projections and cods of m a te ria l 
in  which th ere  is ind ifferen t re in fo rcem en t; i t  m ay 
be th a t  insufficient rods of m etal have been in tro 
duced to  bolster th e  sand o r too m any rods have 
been placed which causes sand to  b reak  up  and 
sh a tte r . Sand  betw een th e  ru n n in g  g a te  and  th e  
mould cav ity  may b u rs t and  be pushed in to  mould 
—badly-form ed runners  o r th e  ineffective re in 
forcem ent of th e  sand being th e  cause and  th e  
trouble happens mostly in deep moulds. Core 

— - 1  ̂  especially in  leng thy  cast-

h ib ited , th e  core bends, and  if n o t a com plete 
w aster, a th in n in g  and th icken ing  of sections re 
sults, and  perhaps unexpected  d is to rtion . I t  is 
not unusual for a core to  fra c tu re  com pletely when 
m etal exerts pressure, because th e  corem aker has 
forgo tten  to  in sert one or more of th e  s tren g th en 
ing irons.

A case is on record where a heavy casting  which, 
being m ade in  an im provised sand p it , was 
lost because th e  m etal found  its  way across the  
d istance of 12 ft . in to  ano ther p it .

Mistakes in Setting Loose Pieces of Patterns and

Sometimes, in  sp ite  of am ple guides, th e  m oulder 
and  corem aker om it to  position loose pieces of th e  
p a tte rn  according to  in structions. Pieces a re  also 
wrongly located b y :—R am m ing o u t of place, a f te r  
rem oving screws o r p eg s ; insufficient gu ide on th e  
p a tte rn  and  core b o x ; w earing away of th e  guides 
o r if th e  mould has been lace ra ted  by a poor p a t
te rn  draw , perhaps due to  th e  m oulder fo rge t
tin g  to  free th e  loose pieces, he m ay, if th e  mould 
is repairab le , replace th e  loose piece, b u t n o t qu ite  
to  its  correct position. A very im p o rta n t p a r t  
of the  loam m oulder’s work lies in  se ttin g  sweep 
boards and loose pieces, form ing branches, flanges, 
lugs, bosses, etc. Occasionally th e  strick le  board

chaplets o r studs is pro-

Loam Boards,



is not set correctly, which e ither gives a casting  
too th ick  or too th in . Loose pieces are also set 
wrongly when m arks on boards become obscured, 
and perhaps because the m oulder does n o t possess 
th e  sym m etrical eye. W herever possible th e  au thor 
stiongly  advocates the  pa tte rn m ak er overlooking 
th e  se ttin g  of loose pieces in loam moulds.

615

Indifferent Looking Castings.
C astings are  re jected  when they  do no t p resent 

a good finish and regu lar shape and can be a t t r i 
buted  t o : — Swelling on the  mould and cores, per
haps because of the  soft ram m ing of the  sand or 
in  case of loam cores abuse of hay and straw - 
w rapping  o r burn ing  of th e  la t te r  du ring  
d ry in g ; in very heavy castings formed in 
deep moulds, i t  is alm ost impossible to  p re
v en t swelling a t  p a rticu la r p a r ts  of hand-ram 
ming alone, so th a t  th e  moulder reinforces th e  sand 
by laying pieces of w rought iron or p ig  to w ithin 
2 in. of th e  mould face, th is p recaution  is not 
always taken , and a swollen casting  resu lts ; m arks 
showing up due to  the  unskilfu l use of moulders’ 
tools on the  sand, and  many of the  defects such as
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scabbing, lap-jo in ts, b u rn in g  on of sand, etc., as 
explained in  previous sections.

Breaking of Castings.
Thin, and occasionally th ick , castings a re  cracked 

by th e  dresser when he ham m ers the  ou tside of the  
casting  to  d is tu rb  o r e jec t th e  core. The dresser 
b reaks castings also by delivering heavy blows a t 
the wrong angle o r when using  a b lu n t tool. In  
some cases, when clearing  a core, he may drive a 
chisel b ar too heavily  betw een a core iron  and 
casting  b u rs tin g  th e  la tte r . The dresser, a lthough 
no t responsible, in  th e  first place, m ay break  in 
ru n n ers  and  risers, which may be due t o : —D irt 
about the  g a te s ; sponginess, which is qu ite  com
mon ; poorly-formed and  wrong location of g a te s ; 
a f te r  pouring  a casting , detach ing  th e  ru n n e r  and 
riser-heads e ith e r too early  o r too la te , or th e  ru n 
ner and riser may be s tra in ed , due to  resisted  con
trac tio n  in the  mould. These are  m oulding errors.

Miscellaneous and Rare Causes of Defects.
The im proper use of the  feeding rod gives a sub

s ta n tia l w aste. A core is som etimes o m itted  from  
a mould. Bleeding of th e  heavy sections of c a s t
ings m ay happen  if the  mould is released too  early. 
Open sand p lates may n o t be un iform  in  section if 
th e  sand bed is n o t level.

P erhaps some foundrym en a re  able to  give an 
account of defective castings from  ra re  cau se s ; 
th e  au tho r could cite m any. A w aste casting  
appeared to  have scabbed; a closer exam ination  
showed th a t  a seed had germ inated  som etim e a fte r  
mould had been closed pushing before i t  a  portion  
of th e  sand face. I t  is n o t so unusua l to  find in 
sects craw ling o u t of the  face of th e  mould a f te r  
the  p a tte rn  has been w ithdraw n. T here was re 
counted a case of a m oulder w edging down a 
s tra igh t-lim ber gagger instead  of the  chap le t stem 
alongside it. W hen rak in g  o u t th e  core from a 
la rge  jacketed-pipe, the dresser drew the  a tte n tio n  
of th e  forem an to  two holes which he th o u g h t were 
no t qu ite  cen tra l. I t  was soon discovered th a t  th e  
holes referred  to  were n o t requ ired . The m oulder, 
when te s tin g  the  thicknesses had  fo rgo tten  to  tak e  
ou t two pieces of clay. The casting  was so u rgen tly  
requ ired  th a t  i t  was decided to  p lug th e  holes w ith
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studs, and quite a sound job resulted . A fter p a r t
ing the  sink head from the  top of a large hydraulic 
cylinder a large cavity  was disclosed. A fter a 
li tt le  inquiry and though t the foundry forem an re 
membered th a t, desiring  to use the casting p it  for 
ano ther job, the  following m orning, he had caused 
the moulding box con ta in ing  the  casting, which 
had been poured only th ree  hours, to  be lifted 
from  the  p it and placed horizontally on the floor. 
A pparently  the m etal in the  top portion  of the 
casting  and sink head had no t finished freezing, 
and th e  act of laying down in m oulding box had 
allowed some of the still molten m etal to  pour back 
from th e  casting  in to  the cavity which had been 
formed in  the  head. I t  should be pointed  ou t th a t 
m etal was b u rn t in to  th e  defective place and the  
casting  saved. The excellence of the burn  is proved 
by the constan t use of th is particu la r casting over 
a period of years.

Unsuitable Metal.
The percen tage of w aste which can be a ttr ib u ted  

to m etal, especially in grey iron, is no t g reat, 
most of th e  conditions having been s ta ted  under 
preceding sections. I t  only rem ains to  emphasise 
th a t  castings are  re jec ted  in addition  to  the  
reasons m entioned, because m etal may be too hard  
o r soft, or is no t homogeneous, due to  bad coke 
and  m elting practice  and to  incorrect casting 
tem peratures. Grey iron, although a complex 
m ix ture , is com paratively easily dealt w ith  and 
suitable analyses are available for any foundry- 
m an who is able to  use the knowledge.

If  one was to  a rran g e  for all m etals a per
centage of w aste which could be separated  ou t 
and apportioned and sta ted  as foundry technique 
o r m etal the  au tho r would arrange them  in  the  
following order :—

Foundry
Technique. M etal.

Per cent. Per cent.
C ast Iron ... 95 5
M alleable Iron ... 80 20
Steel ... ... 70 30
A lum inium  ... ... 85 15
B rass ... 95 S
Gun M etals ... ... 75 25
Bronzes ... 80 20
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Percentage of Waste.
To s ta te  a  reasonable percen tage of w aste for 

various classes of castings poured  would be indeed 
difficult and could only be com parative. There 
are  m any factors to  consider, such as :—Q uality  
and ava ilab ility  of labour w hich affects c e rta in  
localities and shops more th a n  o thers; systems, as 
determ ined  by th e  economics of th e  p a rticu la r 
business; p roduction  by tim e ra te s  o r paym ent by 
resu lts ; accessibility to  m oulding m ate ria ls  and  
th e ir  quality , also m etals and fuels, etc.

A 6 per cen t, w aste bill in  one locality  or shop 
m ight be a more notew orthy achievem ent th a n  3 
per cent, in ano ther. In  the  form er case, in addi
tion  to  points previously m entioned, th ey  m ay be 
op era ting  -a system  of paym ent by resu lts , or 
labour is n o t so skilled and lo w -ra ted ; w hilst in 
the  la t te r  case tim e-ra ted , and  h igh ly  skilled. 
The availab ility  of h igh ly -tra ined  m oulders is of 
th e  first im portance. Good conditions of employ
m ent a re  n o t inconsistent w ith  cheap and, a t  the  
same tim e, h igh-quality  p roduction .

M achinery w ill help p a rtly  to  fill th e  gap m ade 
by the  dea rth  of moulders, b u t foundrym en will 
still be compelled to  re ly  on th e  hum an elem ent 
for th e  bulk  of th e  w ork done.

B rita in  still possesses th e  finest ty p e  of m oulder 
in the  world, b u t u n fo rtu n a te ly , due to  s ta te  of 
tra d e  and  o ther causes, th e  num ber of good 
moulders has stead ily  dim inished.

Examples of Defects.
F ig . 1 gives a n  exam ple of porosity  due to  gas, 

and  also, as explained under the  section dealing  
w ith abnorm al d is to rtio n  and frac tu re , th e  effect 
of p lacing  a heavy feeder head to  rem edy the  
fau lt which, w hilst help ing to  e lim ina te  th e  gas 
porosity, in troduced a defect q u ite  as serious. I t  
will be no ted  th a t  th e  feeding head is q u ite  close 
to  th e  box bars. The casting , being m uch th in n e r 
th an  th e  feeder, con trac ted  much sooner th a n  the  
huge feeder which was p reven ted  from  following 
the  movem ent of the  casting  and  became slightly  
suspended between the bars. M any castings a re  
lost in  a sim ilar way. D ressers are o ften  blam ed 
for breaking-in  the  gates when th e  m oulding is a t  
fau lt, as explained above.
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Fig. 4 is a sketch of a liner, showing how 
erosion of the  bottom side of a mould occurs when 
drop-gating  from a heigh t of about 10J f t . This, 
of course, is  due e ith e r to soft ram m ing, b u rn t 
mould, w rong m ix tu re  of sand  or loam, or om it
t in g  to  face-sprig these danger spots, which are 
struck  as -with a ham m er blow. Sometimes i t  is 
possible to  allow a sm all am ount of m etal to  
en te r mould by way of a  bottom  gate, 
as shown by do tted  lines in the  sketch. 
This m eta l —- first poured — forms a cushion 
to  receive th e  bulk of th e  m etal delivered by the  
senies of top drop-gates. Such a way of ga ting  
is advisable w ith heavy liners, as the  one shown, 
b u t fo r o rd inary  and m edium  sized liners no fear 
need be felt a t  ru nn ing  th e  whole of the m etal 
th rough  top drop-gates. This example also illus
tra te s  how a  core can swell when hay or straw  
w rapping  is b u rn t when d ry ing , o r the  m aterial 
m entioned is too near surface of core, as dealt 
w ith previously. The erosion of mould has also 
been explained. F ig . 2 illu s tra tes points made 
when dealing w ith scabbing and shows how the 
face of a mould may expand and push a shoulder 
of sand in to  mould or m etal, if th e  sand a t  th is 
p a r t  is n o t sprigged. I t  also shows how a mould 
stra ins . F ig . 5 explains how scabbing can occur, 
as in  the* case of a large jacke tted  gas-engine 
cylinder, w eighing th ree  tons and caused by the  
m etal, which was delivered th rough  top drop- 
gates, im pinging on th e  shoulder of sand. F ig . 3 
is also m entioned in th e  section on scabbing and 
illu s tra tes  how a loam core can scab if last layer 
of loam  is too  th in  and th e  underly ing core has 
not been roughened. The m etal when pouring  
around th e  core causes th e  ou ter sk in  of core to 
expand  and buckle, as previously described.

In  th e  section hearing  th e  caption  scabbing of 
moulds and cores is given an account of how 
cav ity  and porosity are  caused by  sand, etc. The 
sketches, Figs. 6 to  10, show a num ber of ways 
by which castings can be cleanly poured. F ig. 6 
depicts a system for g a ting  'and pouring, horizon
tally , im portan t castings such las steam  cylinders. 
This m ethod proved highly successful, hundreds 
being produced w ithout waste. L e t us follow the  
m ovem ent of the  m etal. A fter placing ball plugs 
in th e  cup-cores, the  runner-basin , which holds



about one-th ird  of th e  to ta l m etal to  be poured, 
is filled; th e  ball stoppers are  lif te d ; th e  m etal 
pours down two 3-in. din. m ain ru n n ers  and drops 
on to  the  dished-out place on th e  bottom  jo in t of 
th e  m ould; th e  scum g a te  quickly fills; th is  is 
helped by cores which have been placed across the 
in term ed ia te  fla t dow n-gates leading from  the

jo in t, which are much less in area  th a n  th e  m ain 
ru n n e rs ; the  m etal th en  passes quietly  in to  mould 
th rough  the in-gate, which is slightly  la rg er th a n  
the  in term ed ia te  runner.

F ig . 10 shows fo rm ation  of pou ring  basin for 
such as flywheels, e tc . ; F ig . 9, a basin for pour
ing cleanly small im portan t work w ithou t th e  aid 
of stoppers or plugs. F ig . 7, shows on th e  le ft 
a very poorly-formed ru n n e r  g a te  which is a lto 
gether too common w ith  indifferent moulders. 
The bottom  of th e  down ru n n e r  is subjected to  
the  erosive action of the  falling  m etal u n ti l th e  
mould is filled. Sometim es th is bottom  portion  
scabs im m ediately m etal falls on i t  and sand 
washes into th e  mould. L a te r , w onder is 
expressed as to  why sand was found in th e  cast
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ing. The running-gato  is quickly disposed of and 
so is the  evidence. The righ t-hand  sketch is a 
safer shape. F ig . 8 depicts on th e  le ft an 
indifferent way of ga ting  pipes and box-like east
ings, and on the r ig h t, a b e tte r  way if a flange is 
no t convenient.

F igs. 11 to  20 illu s tra te  the  various m ethods of 
securing cores to  avoid the  m any defects
described when dealing w ith  core troubles. F ig . 13 
shows how th e  single or double stud  can be sup
ported  by bearers. F ig . 14 is a cast-iron stud  
used in certa in  types of heavy castings w ith
sections rang ing  from  3 to 6 ins. and are  used,
especially if  compelled, to  place them  near th e
wash of th e  incoming metal. F ig. 15 depicts 
ano ther cast-iron s tud  made to  suppo rt a round 
core in  a heavy furnace column, which, due to  its 
length , was m ade in  two pieces, the  section of 
m etal being 2J in. to  4 in. The examples 14 and 
15 show th a t  th e  studs a re  again supported by iron 
bearers. In  F ig . 16 is shown how the  resistance 
of a  na il can  be increased by suitably  placing the  
o rd inary  m oulders’ sprigs. F ig . 20a shows a  
block of wood bedded below the  face of th e  sand 
in to  which is driven the nail. F igs. 17, 18 and 
19 show common methods of securing chaplets. 
In  the  case of F ig . 17 th e  chaple t is secured by 
excavating  a  small am ount of sand from aroiyid 
the top  of chaple t and  under bars of box in which 
is poured molten iron ju s t prior to the pouring 
of th e  casting  and  allowed to set.

In  ra re  cases a  core cannot be secured in 
th e  top  p a r t  of mould by th e  ord inary  studs, 
etc., u n til th e  mould is tu rn ed  over fo r the  
purpose of closing, so th a t  wire and  sometimes a 
bolt is p rojected  th rough  the section of m etal, as 
shown in  Fig. 20b. F ig . 12 shows a t  th e  dotted 
lines, how a  bolt is sometimes placed to hold a 
core down. In  such a  case one need no t be su r
prised if th e  core lifts  by the  ac t of th e  bolt 
s tra igh ten ing  itself somewhat when fluid pressure 
is applied. W ith  certa in  types of castings the  
m ethod outlined  in F ig . 11 proves very satisfac
to ry . The sketch shows how the  jacke t cores in  a  
large tw in  gas-engine cylinder were secured and 
a t  th e  same tim e providing a very safe vent. In  
certa in  classes of castings, th e  use of studs, chap
lets o r nails, are not desirable. Figs. 21 to  25
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il lu s tra te  how to  avoid and m inim ise th e  use of 
chaplets, etc. F ig . 21 is a th in  box-like casting  
subjected to  steam  pressure. F or some tim e 
much troub le  had been experienced w ith  defective 
castings due chiefly to  leaking around chaple ts and  
studs which were placed under a n d  above th e  
core. A rrangem ents were m ade so th a t  th e  cores

could be m ade in  oiKsand and  to  allow 6-in. 
sprigs newly cleaned and  ground  on th e  em ery 
stone and placed in  th e  cores, so th a t  th ey  
s tre tched  th rough  th e  section of m etal and s a t 
astride  th e  sand an d  m etal jo in ts . The method 
was h ighly successful because th e  cores were 
in s tan tly  located when placed in  the  bottom  side 
of th e  mould and  secured w hen the  to p  p a r t  
closed on th e  sp rigs s itt in g  on th e  jo in t. F ig . 23 
is a sim ilar case where a  b a r of w rough t iron is 
stre tched  r ig h t across th e  core. F ig . 22 shows 
tw o castings made from  one p a tte rn  by th e  use of 
the  balanced core. In  special pipes cores can be 
prevented  from  bending by using  lever bars as 
indicated  in F ig . 24. W hen m aking hydrau lic  
ram s of considerable leng th , say  up to  35- f t . ,  
trouble is very often  encountered  by inab ility  to
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keep core cen tra l. Due to its leng th  core bends 
so much th a t  i t  sits on the  bottom  of mould when 
coring up  in th e  horizontal position, and when the 
box is lifted  up  vertically , th e  core fails to  find 
the cen tre  of th e  mould as intended- The au thor 
made ram s tw en ty  years ago and never failed to 
keep th e  core cen tral by adopting  the  method 
depicted in  F ig . 25, which is quite simple. Tem
porary  wooden chaplets are in serted  in and pro
tru d e  th rough  th e  bottom  side of mould, lodging 
on a w 'rought-iron ca rrie r a ttached  to  bottom  of 
m oulding box. In  th e  core iron bearers a re  bu ilt 
to  correspond w ith  th e  wooden chaplets. The 
core is ad justed , th e  box closed and  the  mould 
lifted  to  th e  vertical position. Wooden chaplets 
a re  then  tak en  o u t and th e  holes they  leave 
plugged w ith a piece of core and secured by means 
of th e  ca rrie r again . I t  will be noted th a t  the  
core is bolted down a t  th e  bottom  end, thereby 
allowing th e  core barre l to expand freely through  
top  end of box.

F ig . 26 illu s tra tes , again, gas porosity as 
described early  in th e  P aper, b u t th is  sketch is 
shown chiefly to  exp lain  how shallow cracks are 
form ed when using denseners over a large area. 
The cracks were due to  sp litting  up the  denseners, 
so th a t  1 in. of sand divided them . The trouble 
was overcome by con tinu ing  the denseners, which 
were m ade so th a t  they  could be easily knocked 
o u t of the casting while still hot. The whole of 
the  mould, including th e  denseners, rem ained in 
the  stove u n til ready  for pouring.

I t  is advisable when commencing the  production 
of a new type  of casting , if i t  is com paratively 
small, to  break up the  first or even th e  second and 
th ird  for exam ination .

W hen a  system of moulding produces a  minimum 
of w aste i t  is inadvisable to  a lte r u n til i t  has been 
proved th a t  a d ifferent method is superior, or 
when cost can be reduced by placing fo r mould
ing by m achine. V ery often th e re  is less waste 
from the  moulding m achine th an  from th e  jobbing 
floor.
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Scottish Branch.
FOUNDRY PLANNING FOR ECONOMICAL 

PRODUCTION.

By Evan J. Ross (Associate Member).

Why Planning is Necessary.
In  m any foundries, for general eng ineering  cast

ings, th ere  is a special class of work in  th e  p ro 
duction  of castings, for s tan d a rd  designs of 
m achinery. I t  may n o t be fo r hundreds o r th o u 
sands of castings a t  a tim e, b u t for an in te rm it
te n t supply in batches of much sm aller q u an tities , 
say, from  3 to  12, and a t  tim es, ju s t one, as re 
quired , yet a s tan d ard  product. W hen such cast
ings are  produced in  th e  o rd in ary  way, th e re  are  
m any operations constan tly  recu rrin g , which a 
li tt le  fo resigh t could obviate.

W hen the  o rd in ary  way of m oulding is cited  th e  
constan t use of loose pieces, hand-fille ting  of 
moulds, thicknessing, stam ping, card ing , sp rigg ing , 
e tc., is m ean t. These operations, when studied  
w ith a view to  rap id  and economical production, 
in  s ta n d a rd  work, show them selves in  th e  lig h t of 
unnecessary evils. U nder th is  th e  case of th e  p a t
te rnm aker m aking the  p a tte rn  to  su it him self w ith 
o u t considering th e  foundry  in  an y  way, m ay be 
cited.

F or purely  rep e titio n  work, w here no expense 
is spared  in  the  m anu fac tu re  of m etal p a tte rn s  and 
coreboxes, alm ost all these objectionable foundry  
operations can be elim inated , b u t for w ork which 
canno t stan d  th e  cost of such expensive gear, these 
operations can be considerably m inim ised by p lan 
n ing . U nfo rtuna te ly , foundries a re  a t  th e  mercy 
of the  designing staff and p a tte rn shop , very o ften  
w ithout redress in  any way, an d  more so, if  th e  
foundry is no t a p a r t  of a general eng ineering  
establishm ent.

Origin of Difficulties.
G enerally, in  the  design of a s tan d a rd  product, 

every consideration is given to  a tta in  efficiency in 
the  w orking of th e  m achine; reduction  of w eight



to  .a  m inim um , com patible w ith  s tren g th ; rapid  
production in th e  m achine shops, and  accessibility. 
More o ften  .than not, th e  draughtsm an through a 
lack of knowledge, un in ten tionally  embodies 
pa tte rn -m ak ing  an d  foundry troubles and  diffi
culties.

There are  very few draughtm en who have the 
privilege of studying  these various questions a t 
first hand, yet they  are  generally qu ite  conversant 
w ith a t least th e  first four, th a t  is, efficiency, 
s tren g th , m achining, and accessibility. This know
ledge is assim ilated by th e  draw ing office staff, 
th rough  being in constan t contac t w ith the  per
sonnel in  the  various p a rts  of th e  engineering 
shops, o r by d irec t study.

The designer knows from  te s t resu lts th e  effi- 
. ciency of any complete m achine, and is  always 

hankering  a f te r  a h igher efficiency. Designs are 
carefully  studied, p articu la rly  com petitive designs, 
should these be available. Again, the streng th  of 
m ateria ls  is well known to  the  draughtsm an, 
because he has th e  oppo rtun ity  of studying th is 
p a rticu la r subject, and has th e  resu lt of years 
of experim ent, well tabu la ted , always a t  hand. 
Provision is made to  assist the  production engineer 
in m achining.

The inaccessibility of any p a r t  is b rought to 
notice th rough  th e  difficulties encountered when 
erecting . Difficulties in p a tte rnm ak ing  and  found
ing, li t t le  understood by draughtsm en, a p a rt from 
m etal difficulties, a re  seldom difficulties which can
no t be en tire ly  overcome in th e  patternshop  or 
foundry , as fa r  as tu rn in g  ou t the  casting  is con
cerned. A p a tte rn  can be made to almost any 
design, and th e  m oulder can devise ways and 
m eans of m aking th e  complete mould.

P a tte rn m ak ers  m ay see unnecessary difficulties 
due to  design, which, if altered , would simplify 
th e ir  work, and i t  invariably happens tha t the 
sim pler the pa tterns and coreboxes are , especially 
fo r  an in trica te  casting, the easier will i t  be for 
the foundrym en.

Because a p a tte rn  can be made, little  is heard  of 
the  difficulties in th e  p a tte rn sh o p ; then , in the 
foundry, difficulties are  generally taken  as in
evitable, and th ere  to  be overcome. The pa ttern  
is m ade, and the castings are w anted quickly.
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Occasionally, draughtsm en see a  casting  scrapped 
th rough  draw  o r some o ther defect in  some p a r
tic u la r p a r t ,  which troub le  m ig h t be obviated  by 
a li tt le  a lte ra tio n  in design, b u t i t  is seldom th a t  
th e  ac tua l cause of th e  troub le  is po in ted  ou t, 
which, if done, would help to  educate  th e  d rau g h ts
men for fu tu re  designs.

Emulate Machine Shops.
Foundrym en a re  constantly  being rem inded of 

th e  progress which has been m ade in m achine shops, 
under th e  supervision of th e  p roduction  engineer 
and his staff. C astings a re  now being m achined 
a t  any th ing  from  ha lf to  o ne-fifth  th e  tim e  tak en  
a  few years ago for sim ilar castings.

The production  engineer, no t only calls fo r cas t
ings in g rea te r q u an titie s  w ith in  a given tim e, 
depending on th e  o u tp u t of his m achines, b u t for 
castings w ith  a m inim um  of m achining, and a 
much g rea te r degree of reg u la rity  of contour th an  
was previously considered necessary, or th o u g h t
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possible. Such circum stances make i t  im perative 
fo r foundrym en to  tr y  and m eet th e  increasing 
dem ands for castings.

There a re  various privileges th a t  th e  production 
engineer has been g ran ted  which m ight well be
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em ulated, or taken  advantage of by the  foundry 
side of an engineering  establishm ent. C ertainly, 
every encouragem ent lias been given, and no ex
pense spared, to  a tta in  rap id  production  in  the 
m achine shops. Designs have been a ltered  to  su it 
m achining methods. V ery expensive jigs and tools 
a re  designed and made. The production engineer 
always works on th e  principle, th a t a jig  is only 
made once, then  w hy not m ake i t  perfect?  The 
same argum ent holds good for pa tternshop work,



even more su, as the value o f the jig  really depends 
on how irve  and how near the casting is to the  
detail drawing.

Every operation  in  m achining is carefully  
th o u g h t o u t and p lanned. No doubt, rap id  pro
duction  in  th e  m achine shops has been grea tly  
assisted  by im provem ents in th e  design of 
m achines, and, by th e  use of im proved m aterials. 
One o f the m ain  reasons fo r  m achine shop progress 
is th a t the production engineer takes advantage  
o f all im provem ents, in  m achinery and m aterials. 
Can th e  foundrym an say th a t  he does so? U nfor
tu n a te ly , in  m any cases, economic conditions do 
no t p erm it of in sta lling  th e  most up  to  d a te  app li
ances in th e  foundry , b u t foundries can  be helped 
considerably, w ith a very little  add itional expense 
in  design and p a tte rn m ak in g . The various types 
of m oulding m achines now on th e  m ark e t m ay qu ite  
well be com pared w ith th e  m ost u p  to  da te  shop 
machines, as tim e saving devices.

Jig s are  designed for m achining, sim ilarly , jigs 
may be designed fo r corebuilding and  se tting , 
ensuring  accuracy in  th e  general th ickness of 
m etal and alignm ent in  th e  in te rn a l p a rts  of in t r i 
cate , or very  im p o rtan t castings. The m ain  p r in 
ciple underly ing  p lann ing , fo r any scheme, is th a t  
all operations a re  p redeterm ined , to  be carried  o u t 
in th e  sim plest and su rest form . I f  p lann ing  
m ethods are economical in  th e  m achine shops, 
m ight n o t a sim ilar effect from  p lan n in g  fo r th e  
foundry , be hoped for m ore especially when th e  
use of m achines is involved. U nder o rd inary  con
ditions th ere  are  m any troubles and difficulties in 
th e  m anu factu re  of a mould fo r a casting , and even 
in the casting  itse lf, which can be seen and  coun ter
acted, p rio r to  any tim e being sp en t on th e  p a t
te rn . I f  definite troubles can be provided for, th e  
resu lting  casting  will be more economically pro
duced and n ea re r th e  ideal.

Effective Economies.
The engineer or foundrym an who has realised the 

advantages and  possibilities of m oulding and  core- 
m aking machines, finds i t  possible to  have castings 
produced fa s t enough, and w ith a degree of accu
racy, well nigh m eeting the  p roduction  en g inee r’s 
demands.
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Undoubtedly, w hat strikes one as a most 
extravagant use of tim e, is the tim e taken  to hand 
m an-ram  a  half mould, in  a box, say, 6 f t .  x 6 f t .  
x 2 f t . ,  when the  same mould may be ram m ed, in 
a very few moments, say, on a jo lt machine. N ext, 
in w ithdraw ing th e  p a tte rn  by hand or crane there 
is firstly, th e  tim e  spent in  rapp ing , secondly, the  
a ttach ing  of w ithdraw ing gear, and th ird ly , the 
tim e and exceptional care requ ired  to  w ithdraw  
the  p a tte rn , w ith  as litt le  dam age to th e  mould as 
possible. W ith  a pa ttern -d raw ing  m achine the 
v ib ra ting  and w ithdraw ing of the  p a tte rn  is 
accomplished in  the  m a tte r  of a few moments. 
I f  th e  p a tte rn  is well a rranged  and  m anu
fac tu red , th e  possibilities of dam aging a  mould 
a re  very rem ote, thus elim inating  th e  tim e 
spen t in  rep a irin g  moulds, a fac to r which 
alm ost invariably  occurs when w ithdraw ing 
a p a tte rn  by hand  or crane. In  th is operation , 
th e  m achine n o t only results in an economy in tim e, 
b u t has a much fu r th e r  reaching saving, in  the 
m a tte r  of th e  life of a  p a tte rn . The bill to  m eet 
th e  dam age done to  p a tte rn s  by hand  rapping, 
p a rticu la rly  when a heavy ham m er is used, is an 
expensive item, when converted to  money, for, say, 
a period of a  year, whereas, wood pa tterns which 
are used, on machines, will last fo r m any years, and  
he as good, i f  not better, th a n  on th e  day on which 
these le ft th e  pattern -shop  as new.

The use of loose pieces in m oulding, w ith, in 
m any cases, resu lting  inaccuracies, is to  be much 
deprecated , when in m any instances an a lte ra tion  
in design, o r a simple core, saves tim e and gives 
g rea te r sa tisfaction . In  th e  m a tte r  of m aking 
cores, i t  is very o ften  much more expeditious to  
m ake a core in  two, or three parts, no t only for  
m aking, hut fo r  handling in  the green state, p a r
ticu larly  if the  finished core is of a very irregu la r 
contour, o r has in te rn a l intricacies.

W hen coring an in tric a te  mould in the ordinary 
foundry  m ethod it  often happens th a t  th e  closer 
has to  th in k  all th e  tim e as to  how, and when, the 
cores m ust be placed in th e  mould. There is no 
doubt, th a t such an operation as coring a mould  
m ay he planned,, ensuring th a t uny core goes into  
its correct place in  the correct way and in  its  
proper order , and, once placed in  the mould, need  
not be w ithdraw n.

\
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Foundry Planning.
The following is a  sh o rt descrip tion  of how a 

p lann ing  scheme has been successfully ca rried  out 
fo r th e  speedy and economical p roduction  of c a s t
ings used in  general eng ineering , these  castings 
vary ing  in w eight from  a  few lbs. up to  two tons.

Som e of th e  illu s tra tio n s  w hich a re  shown and 
described are of moulds for iron castings, m ade 
in  accordance w ith  such a scheme. T he moulds, 
m ade on jo lt, roll-over, p a tte rn -d raw in g  machines, 
and  th e  cores—of silica sand—tu rn e d  o u t on to  
flat p lates, w henever possible, e ith e r by hand or 
by m achine w hen too large o r too heavy to  be 
manoeuvred by hand.

Planning Procedure.
W hen a  de ta il of any  s ta n d a rd  piece of 

m achinery—in th e  form  of a casting—is designed, 
a  copy is im m ediately issued to  th e  foundry  
p lann ing  d ep artm en t, fo r th e  consideration  and 
elim ination  of th e  p a tte r  rim a k ing and  foundry  
difficulties which m ay be incorpora ted . The pro
cedure under such circum stances is as fo llow s: — 
(1) C onsideration of th e  various ways of m aking  
the  mould, and  in  con junction  w ith  th is , how th e  
casting  will be cast. (2) C onsideration  of th e  most 
su itable ty p e  of mould, w hether green  sand, d ry  
sand, o r silica sand. W hen considering th e  type  of 
mould i t  m ust always be rem em bered tha.t if a  dry- 
sand  mould is used, th e re  is firstly  th e  expense of 
d ry ing, and secondly, th e  loss of th e  use of th e  box 
while in  th e  d ry ing  stove. This is a  very  serious 
m a tte r  when on production . (3) C onsideration  of 
where and how th e  p a tte rn  will be p a rte d  if a 
sp lit p a tte rn  is necessary. W hen these th ree  
po in ts have been discussed and  se ttled , a  p lan , and 
if necessary, sections, of th e  m ould a re  d raw n out. 
This draw ing, generally  designated a “  M ethod of 
M oulding ” draw ing, perm its one read ily  to 
visualise th e  various p a tte rn m a k in g  and  foundry  
difficulties in  th e  design. (4) Difficulties encoun
te red  due to  design in  re la tion  to  th e  w ithdraw ing 
of the  p a tte rn  from  th e  m o u ld ; also in tricacies 
in th e  corebox m an u fac tu re  and core m aking. (5) 
Probable difficulties due to  design, such as draw , 
contraction , etc. (6) E nsure p roper ven ting , and 
(7) gear required .
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If  any altera tions to  reduce p a tto rn  m aki n g costs 
o r fa c ilita te  moulding a re  considered necessary, 
these a re  m arked on th e  detail draw ing or shown 
on a  special draw ing, and re tu rned  to  th e  design
ing office, where, if possible, these a ltera tions are 
incorporated  in  th e  final design.

W hen th e  final design is issued a complete 
“ M ethod of M oulding ” draw ing ie made embody
ing th e  fo llow ing:— (1) P a tte rn s  required. (2) Size 
and  shape of all core p rin ts . (3) Jo in ts  of cores 
indicated , w here a complete core is m ade in parts . 
(4) A rrange fo r th e  minim um num ber of core
boxes most su itab le  fo r the  expeditious production 
and  hand ling  in th e  foundry . (5) Any exception
ally difficult core-box is detailed and th e  arrange
m en t of any in terchangeable, loose or removable 
pieces cleanly defined. (6) Core-locking and regis
tra tio n  devices a re  arranged . (7) E nsure th a t  all 
cores a re  rig id ly  held in position, and if chaplets 
a re  necessary, th e  num ber and position of same 
a re  fixed. E very chaplet in  a mould, especially a 
stud  chaplet, is a p len tifu l source of danger to 
the production of a perfect casting, therefore too 
m uch stress cannot he laid on the fac t th a t these 
m ust he elim inated wherever possible, particularly  
in  moulds for im portan t castings; and (8) decide 
on how m ould will he cored, carefully  w atching 
core clearances.

W ith  la rge  cores, when special core irons are 
considered desirable, these a re  designed and made 
of steel in place of th e  usual cast-iron grids. This 
ty p e  of oore iron does n o t get broken as th e  cast 
iron does when th e  cores a re  being knocked out. 
Provision is m ade in th e  core-box fo r carry ing  
such core irons, (making th e ir  insertion  th e  simple 
and expeditious operation  of laying the  iron in the 
reg is tra tio n  pockets and on th e  supports. Pro
vision is also made fo r handling large cores.

To explain more fu lly  th e  various points of the  
foregoing procedure a few illu stra tions are  
necessary.

Ways of Making Mould.
In  m any instances th is is governed by the  shape 

of th e  casting , and in others by th e  d u ty  which 
th e  casting  will be called upon to  .perform . The 
mould m ay be made for coring and closing hori
zontally, and arranged  for e ither horizontal or
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vertical pou rin g ; o r again , i t  m ay be m ade for 
coring when in a vertica l position. This, together 
w ith “ type of mould ”  and  “  p a r tin g  of p a t te rn ,” 
will be m ore fu lly  discoursed upon when illu s tra 
tions of moulds a re  detailed .

A nother phase, “ Troubles encountered  w ith 
reg ard  to  draw  of P a tte rn  from  M ould an d  in t r i 
cacies in C ore-m aking,”  calls fo r th e  following 
rem arks : —

Fig. 1 et seq show a  few cases—which a re  fa irly  
general—of difficulties in m oulding and  core
m aking, due to  th e  design, and how these difficul
ties m ay be overcome w ithou t d is tu rb in g  th e  
general design of any  casting .

F ig . l a  shows a  suppo rt hav ing  m achin ing  faces 
which necessita te  e ith e r loose pieces w ith  th e ir  oft- 
tim es irreg u la r effects or cores, b u t m ay be m ade 
flush, as lb , w hich gives an easy draw  w ith  a 
better-looking finish. These faces a re  then  
m achined by a spot facing.

F ig . 2a is of a  sim ilar troub le  inside a  valve 
chest. T his also en ta ils  th e  use of a loose piece, 
som etimes a very delicate piece, especially in a 
th in  section low-pressure R outledge valve, o r  an 
e x tra  core, e ith e r  of which can  be obviated  by 
hav ing  th e  chest designed as a t  2b. T his is a  
serious difficulty in  globe or s tra ig h t-th ro u g h  
valve®.

F ig . 3b shows how a  ra th e r  difficult p iece of 
foundry  work, 2a, is overcome by a lte rin g  design. 
The flat wall, 3b, is b rough t s tra ig h t up  to  th e  o u t
side of th e  flange, th e  inside of th e  flange being 
tak en  o u t w ith  th e  m ain  core. This is a particu
lar case where the d u ty  which the casting is called 
upon to perform  m ust he taken  in to  account, as 
the section  3b is no t hy any m eans as strong as 3a.

F ig . 4a is a  very  common arran g em en t of 
bran dies on any cylindrical casting , and the  
moulding and  coring of th e  angled branch  are 
operations which ta k e  a  considerable tim e. Such 
branches a re  very often  only for p ipe  connections. 
By p o in ting  out th e  difficulties both  in m oulding 
and coring an a lte ra tio n  as shown a t  4b in  all 
p robab ility  m ay he a rranged . W hilst th is  is 
r a th e r  an extrem e case, th e  advan tages gained  in 
th e  foundry  hy th is  a lte ra tio n  a re  very obvious, 
and i t  is  also of g rea t benefit to  th e  m achine shops,
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as th e re  is only one se tting  required  when m achin
ing  th e  faces.

F ig . 5a shows an  a ir  vessel hav ing  a boss fo r an 
a ir  oock. No m a tte r w hat finish is called for on 
a  job, an e x tra  boss, as shown a t  5b, will no t 
spoil th e  look of th e  job  nor w aste an excessive 
am ount of m ateria l, y e t i t  cu ts ou t th e  m aking of 
a ha lf-p a tte rn , i.e ., when the  p a tte rn  is m ounted 
on a  p la te , also e lim inating  th e  necessity of 
changing th e  h a lf-pa tte rn s  when m oulding. I t  is 
also a mo6t su itab le  way of m aking provision for 
jobs which a re  handled.

F ig . oc is an a lte rn a tiv e  arrangem ent requiring  
only one h a lf-p a tte rn  and yet having only one 
boss on th e  casting . The interchangeable pieces 
x and y a re  changed over when one half of th e  
mould is made, which change only necessitates the  
m an ipu lation  of a few screw nails. This m ethod  
can he adopted on innum erable occasions for 
branches, brackets, facings, etc., on pa tterns or 
in  core-boxes, as F ig . 5d.

These sim ple illu s tra tions show various points 
which a re  very often  overlooked and m ight w ith 
advan tage  he embedded in  th e  design of fairly  
la rge  castings.

A lterations to  simplify moulding and core
m ak ing  a re  also a benefit in p a tte rn  m aking, as 
each one decidedly reduces th e  cost of p a tte rn  
m aking.

F ig . 6 shows various a lte ra tio n s which have been 
carried  ou t in  one casting  to  reduce p a tte rn - 
m aking  costs and sim plify moulding. F reehand  
sketches sim ilar to  th e  “ altered  d es ig n s”  were 
subm itted  to  designer and incorporated  in  the  final 
design. T he first a lte ra tio n  reduces p a tte rn - 
m aking  costs by hav ing  a  s tra ig h t wall in  place 
of th ree  changes of contour, and also cuts o u t the 
add itional cores, which involved core-hoxes and 
corem aking or w orking w ith a loose flange in  the 
foundry. The benefit of a  much stronger mould 
and  core is also obtained.

The second a lte ra tio n  cu ts ou t a curve in  a 
very slender d ra in  core. The core is illu stra ted  by 
cross section and “ as designed ” en ta iled  the 
m anu factu re  and w orking w ith an awkward core
box. The a ltered  design is a much more s tra ig h t
forw ard jo b ; also th e  core is stronger when the
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possibilities of bending a re  considered, due to 
w eakening of core by h ea t from  m etal. The th ird  
a lte ra tio n  to  an oil box d ra in  sum p is self- 
explanatory . W hen th e  advantages gained by 
such a ltera tions in design are  onoe pointed  ou t to 
th e  d raw ing office staff they  q u ite  n a tu ra lly  carry  
them  o u t in all work, and  i t  becomes a  m a tte r  of 
course, ye t has very far-reach ing  effects, even in 
jobs which a re  n o t standard .

F ig . 6a shows two cylindrical walls of m etal 
w ith  a boss for a lub rica to r between. This boss, 
very th ick  in comparison w ith th e  ad jo in ing  walls, 
would in all p robability  have shown a considerable 
draw  when drilled, necessita ting  bushing w ith  steel. 
F ig . 6b shows th e  boss cu t o u t and  a steel tu b e  
inserted . In  the  m anu fac tu re  of th e  eore-hox th is  
boss is certa in ly  an additional expense, and again, 
if inclined from  th e  vertical, i.e ., as th e  box draw s 
from  th e  core, i t  is a  very aw kw ard p a r t  in th e  
core m aking. Overcoming these la t te r  two diffi
culties in  them selves quite  w a rra n t th e  a lte rn a tiv e  
m ethod being employed.

F ig . 7a is an exam ple of six walls of m etal m eet
ing a t  one po in t, and  th is  is undoubtedly  a fa irly  
ce rta in  source of draw . I t  is n o t only th e  jo in ing  
of th e  walls of m etal, h u t i t  is th e  fo rm ation  of 
an aggravated T section. To reduce th e  volum e 
of m etal a t  the  junc tion  th e  vertical walls were 
separa ted , as shown a.t F ig . 7b, w here iwall A is 
m ade to  jo in  wall B rad ially .

Q uite a common form  of ju n c tio n  of walls of 
m etal is shown a t  F ig . 8a, also an abnorm ally th ick  
portion . W ith  th e  casting  designed as a t  F ig . 8b 
these sources of draw  are  perhaps n o t en tire ly  
overcome, b u t th e  chances of draw  are  g rea tly  
reduced. W here th e  c ircu la r wall m eets th e  ver
tica l wall tang en tia lly  (Fig. 8a) th e re  is an  exces
sive thickness, which is c u t o u t by th e  a lte ra tio n  
as in F ig . 8b. The u nder side is also reduced in 
m etal.

A nother m ethod of p rev en tin g  draw  n o t very 
often  resorted  to , p a rticu la rly  in cast iron , is in 
ta k in g  th e  corner o u t of a web, as shown in F ig . 9. 
This is seldom if  ever shown on a de ta il draw ing, 
and if used in th e  correct way does n o t weaken 
th e  web. C astings when m achined p rio r to  hav ing  
th is corner taken  o u t showed a considerable draw
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and  were rejected  a t  te s t. This is o ften  carried  
out even before a  t r ia l  casting  has been made.

One reason fo r abnorm al changes of section in 
castings is th a t  th e  d raughtsm an qu ite  overlooks 
th e  add itional m etal requ ired  for m achining. To 
tak e  th e  exam ple of a  cylinder barre l, say 
finished a t  1 in. th ick , hav ing  ports and  a ttach 
m ents, such as supporting  brackets, th e  connecting 
trails tvill generally  be found  to  be about |  in. 
th ick . The v a ria tion  in  m etal thickness does not 
look exceptional as draw n, u n ti l J  in. m achining 
is added, when th e  difference in  m etal thickness 
is increased to  100 per cen t., i.e ., f  in . m etal form
in g  a  T section w ith  1J in . m etal.

These illu s tra tions are  given to  show th e  type  
of troub le  which is generally embodied in  designs 
and to  which th e  d raughtsm an gives e ith e r li tt le  
o r no tho u g h t. When i t  is desirable to alter a 
design i t  is imperative tha t an alternative be 
submitted.  I n  doing so a lead is given, and once 
given, i t  will o ften  be found th a t  the  designer can 
im prove upon it.

Venting.
The p recau tions necessary fo r easy ven tin g  are 

n o t so num erous when cores are  made of silica sand 
in  place of o rd inary  sand. D ue to  its  free  venting  
qualities, i t  is very seldom th a t  an additional core 
v en t hole is found necessary. W ax vents are p rac
tically  elim inated , and  are  only used to ensure th a t  
a ven t reverses, F ig . 10, or, in the  ease of a very 
fine core, th a t  th e  v en t may be k ep t open where 
th e  section of sand is very small and irreg u la r and 
th e  quality  m ust be varied  a little  and strengthened 
bv add itional bond.

Bv c u ttin g  channels in th e  centres of th e  cores 
before pastin g  th e  halves together, a very free 
ven t is obtained. I t  is often  found advantageous 
to  in se rt a  tube  in to  a core centre, as F ig. 11, 
g iving an  easy e x it fo r th e  gas from  a large volume 
of core sand, thereby reducing th e  chances of a 
blown casting.

Gear Required.
On completion of the  M ethod of M oulding D raw 

in g  th ere  is tabu la ted  th e  fo llow ing:—P a tte rn s  
necessary, w hether one-half p a tte rn  o r cope and



638

d rag  p a tte rn s . W hen two half p a tte rn s  a re  neces
sa ry  respective halves are  m arked  cope o r drag. 
In  some cases th is is done w ith  raised  le tte rs  im 
p rin tin g  sam e in  mould, so th a t  no m istake will be 
m ade when closing. W hen only one-half p a tte rn  is 
used th is  is typed  “  cope ”  and  “  d ra g ,”  th u s p re 
ven ting  th e  chance of only m aking  a  h a lf casting .

All core-boxes a re  scheduled and given an  id en ti
fication le tte r , which is im prin ted  on th e  core by a 
raised  le t te r  in the  box. F o r a com plete box th e  
le t te r  is, say, A, b u t if th e  core is m ade up of 
various p a rts , each p a r t  has th e  add ition  of a  
num eral, such as A l, A2, and so on.

A copy of th e  p lann ing  draw ing is now forw arded 
to  th e  p a tte rn  shop, and  is used in  conjunction  w ith  
th e  de ta il draw ing. T his ensures th a t  th e  m anu 
fa c tu re  of the  p a tte rn s  and  core-boxes is m ost 
expeditiously carried  o u t, as th e  p a tte rn m ak e r has 
only to  th in k  on the actua l construction  of p a tte rn s  
and core-boxes.
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Should a jig  for core-building or alignm ent of a 
core in the  mould he considered necessary th is  is 
also arranged  and detailed. Such jigs, m ade of 
wood, a re  constructed  by the  pa tte rn m ak er from  a 
Jig de ta il draw ing. F igs. 12 and  13 will show 
exactly the types of jigs re fe rred  to . F ig . 12 illus
tra te s  an a rrangem ent of jig  for th e  alignm ent of 
a core before p u tt in g  cope mould in  position. The 
th in n e r the  m etal of a casting, th e  more serious 
a re  the  effects of th e  slightest inc lination  of a core 
from  th e  vertical. Such a  ty p e  of jig  m ay be 
prac tica lly  a false cope mould, reg istered  tru ly  by 
th e  locating pins and governing the  exact position 
of various cores. This jig  cu ts o u t th e  necessity of 
try in g  green sand  copes fo r even thicknesses. 
F ig . 13 is an illu s tra tio n  of a jig  fo r positioning 
th e  cores of a tu rb in e  nozzle segm ent. The jig  is 
reg istered  in th e  m aster core by dowel pins, and 
th e  nozzle cores are  positioned, tru ly  vertically  and 
rad ially , also th e  correct he igh t is assured.

On delivery of p a tte rn s , core-boxes, and any 
special gear requ ired  a t the  foundry, there  is fo r
w arded to  th e  superin tenden t all inform ation neces
sary  fo r o rganising  th e  production , which in 
cludes : — (1) The p a tte rn  p la te  on which the  pat
te rn  is to  be m ounted. (2) The moulding box most 
su itab le  fo r th e  mould, and  for which th e  p a tte rn  
p la te  is a rranged . (3) The num ber of cores, or 
p a rts  of cores, requ ired  for one casting . W hen a 
core is m ade in  p a rts , inform ation is given On the  
p a rts  which requ ire  pasting  together, each p a r t 
being easily picked o u t by th e  identification le tte r  
and num eral. I f  i t  is necessary to  file a fillet on 
any  core th is in form ation  is also given, so th a t  
th e  core is finished and ready for th e  mould on 
leaving th e  core room, and (4) the  o rder in  which 
th e  mould m ust be cored. This includes th e  hang
ing of cores in the  cope, a p ractice which is avoided 
if a t all possible.

I f  any casting  has to  w ithstand  an exceptionally 
severe te s t  pressure, say, from 500 to  2,000 lbs. per 
sq. in ., th is  inform ation  is also forw arded to  the  
foundry  superin tenden t.

Pattern Shop Practice.
There are  a few general in structions which the 

p a tte rn  shop m ust work to. The p a tte rn s  and core- 
boxes m ust have a b e tte r  finish th an  for hand
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moulding, p a rticu la rly  as to  jo in ing  of tim ber, 
general finish and p a in tin g . All fillets, when pos-' 
sible, a re  p u t on th e  p a tte rn s  and in  th e  core
boxes, e ith e r cu t o u t of the  solid wood, which is 
expensive, b u t is undoubtedly th e  b e tte r  way, o r 
made up of a  p lastic  m ateria l. F o r a s tan d a rd  p a t
te rn , from which, say, batches of from  12 to  24 
may be m ade, th e  fillets should certa in ly  be cu t ou t, 
bu t where th e  batches a re  sm aller, and perhaps no t 
so o ften  called for, th e  fillets m ay be m ade up. This 
is a  p o in t which can only be decided when design 
and q u an tity  of castings a re  considered together. 
P a tte rn s  need no t always be of heav ie r construc
tion  for use on m achines, b u t th e  in te rn a l con
s truc tion  should be arranged  to  pe rm it of p a tte rn s  
being well secured to  p lates. In  jo ltin g  and v ib ra t
ing they  certa in ly  have to  w ith stand  a  very severe 
s tra in , b u t th is  is evenly d is trib u ted , and  n o t so 
destructive as in  th e  case of h and  m oulding, when 
a ham m er is used on in te rn a l bridges and ends.

. I t  is essential for speed in coring th a t  all core 
p rin ts  fit exactly  in th e  d rag  mould, therefo re  
p a tte rn m ak ers  m ust work w ith a  much g re a te r  
degree of accuracy th a n  is usually  th e  case where 
stam ping, card ing , shaving of moulds and  sp rig 
ging is constan t practice.

F o r o rd inary  foundry  prac tice  p a tte rn m ak ers  
generally  m ake p rin ts  on p a tte rn s  la rg e r  in 
d iam eter than  ac tua l core p r in t, n ecessita ting  th e  
closer ad ju s tin g  th e  core. This m eans stam ping  and 
sprigging, thus tak in g  tim e which is add itiona l on 
th e  p roduction  of th e  casting . A ccurately  f ittin g  
cores p rev en t m etal from  passing over th e  ends of 
cores and stopp ing  venting .

Again, p a tte rn s  very often  show a lack of con
sideration  of th e  foundry , by th e  length  of p rin ts  
on p a tte rn s  for very la rge  cores. These a re  often 
m ade too sh o rt to  give sufficient surface to  tra n sm it 
th e  upw ard pressure to  th e  mould.

On account of the  ligh te r designs now p u t fo r
ward, and  of a reduction  on m achining allowances, 
cores m ust be tru ly  reg istered  and held in  position. 
P a tte rn -m ak in g  costs are, on th e  whole, h igher, b u t 
th e  more in tric a te  a p a tte rn , o r to  ta k e  th e  o th e r 
extrem e, the  sim pler a p a tte rn , the  n ea re r is the 
cost of p lanned  p a tte rn s  to  th a t  of p a tte rn s  for 
o rd inary  methods. T here is a saving in  th e  cost of 
repairs to  p a tte rn s  if used on machines, and th is
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m ust no t be overlooked when in itia l costs are  con
sidered. The quality  and  construction of p a tte rn s  
can be graded for m achine work, depending on the  
num ber off ju s t as p a tte rn s  are  graded fo r o rd inary  
methods. .

The n ex t few figures illu s tra te  a few closing, core- 
locking and reg is tra tion  devices to  fa c ilita te  speedy 
coring and closing of moulds. F ig . 14 shows a c ir
cu lar end p r in t  for a mould when cast horizontally. 
Complete c ircu lar p rin ts  are only made use of when 
th e  core is fa irly  short, in comparison w ith the  
d iam eter. W hen two ha lf-pa tte rn s  are necessary 
the  core fits exactly  in  th e  drag  mould, b u t the  cope 
mould is m ade clear on sides and end to  avoid a 
crush. The cope mould hears on th e  core p r in t for 
abou t one-th ird  of th e  circum ference. This is 
allowed for in th e  construction  of th e  p a tte rn , and 
is worked to  in  all cases w herever possible. W hen 
a c ircu lar core is of considerable length , and the  
upw ard  pressure due to  th e  displacem ent of m etal 
becomes very g rea t, i t  is always b e tte r  to  tran sm it 
same to  mould by a fla t surface. F ig . 15 is of a 
round  core w ith a fla t on the  p rin t. Clearances in 
cope mould as shown are  a rranged  fo r on p a tte rn .

I f  a core has projections, o r m ust be set very 
tru e , i t  becomes necessary to m ake p r in t  as F ig . 16. 
The ta p e r  on th is p r in t  is made such th a t , when 
lowering th e  core in to  mould, th e  p r in t will touch 
the  m ould before any p ro jecting  p a r t  fouls o ther 
cores or side of mould. A p r in t  of th is  type is 
very good practice when an ad jo in ing  core is hidden 
or hung  in  th e  cope, as i t  ensures accurate  m atch
ing. The len g th  of such p rin ts  is usually about 
one-th ird  of th e  b read th  for large cores, b u t in  the 
case of a  small core, say, 1 in. d ia ., th e  length  would 
he 1^ tim es th e  d iam eter, and the d iam eter of p rin t 
would also be enlarged, as shown by F ig . 19 p rin t 
B. This enlargem ent ensures a b e tte r  seating, 
also, when small cores have small p rin ts , th ere  is a 
tendency for the sand to  f r i t te r  o r crum ble away.

F ig . 17 shows how scrap ing  of mould or filing of 
core is elim inated  when coring vertically  o r closing 
over a core. The p r in t fits a t  th e  casting, b u t is 
clear a t  the  end of the  p rin t. W hen a  horizontal 
core has a blind end, F ig . 18, i t  is advisable to  
make sure th a t  the  core cannot be inserted too far. 
This is prevented  by th e  bridge of sand a t  A. In

T



642

some castings, chaple ts a re  not perm issible, and 
when such is the ease the  core p r in t is' m ade heavy 
enough to counterbalance th e  overhang , and p re 
vent th e  core from  tiltin g , th u s  avoiding sprigg ing  
and perhaps a crush, when closing.

To p reven t th e  necessity of thicknessing, and  en
sure proper a lignm ent of in te rn a l ho rizontal cores 
which b u tt, P ig , 19, a keyway and key a re  a rranged  
for, in core-boxes of ad jo in ing  cores. W ith  such a 
reg is tra tio n  device i t  is necessary to  have clearance 
a t  the  ex ternal p r in t in the  d rag  mould, to allow of 
lowering th e  core to  correct the  level before slid ing 
the key in to  key ways.

Fig. 20 is an illu s tra tio n  of how two cores, one 
vertical and  the  o th e r horizontal, a re  tru ly  regis
tered  in  all d irections to  one ano ther. F ig . 21 
illu s tra tes  how a p o rt core for a steam  cylinder cast
ing is reg istered  in to  m ain  b arre l core. This is fo r 
a mould closed horizontally . The p o rt core is of a 
fa irly  narrow  section, b u t the  p r in t  is given ex tra  
w idth, ensuring  b e tte r reg is tra tion , and also a more 
secure anchorage for th e  core iron. E ach  of these 
devices, and  m any o thers a re  used in various forms 
and in various ways, as th e  type  of core or mould 
demands.

Contraction.
When a s tan d a rd  product w a rran ts  th e  add itional 

expense of m etal p a tte rn s  and core-boxes these are 
designed as an o rd inary  eng ineering  job, and 
finished w ith tool room precision. In  figuring up 
the  p a tte rn  details for it , con trac tion  in  th e  cast
ings is allowed for, b u t n o t th e  usual pa ttern -shop  
ru le contraction  for iron , 1/10 o r 3/32 per f t .  all 
over. The contour of th e  casting  and d irection  of 
contraction  is considered. I n  an o rd inary  cylin
drical casting  th e  lineal con trac tion  may be i  per 
f t . ,  b u t in  the  d iam eter only 1/16 per f t .  In  some 
instances i t  is b e tte r  to  neglect con traction , such as 
in a casting  hav ing  th ree  c ircu lar sections con
nected to  one ano ther. E ach  c ircu lar po rtion  con
tra c ts  tow ards its  own cen tre , b u t th e  con traction  
between the  centres is negligible. These centres 
would be made to  s tan d a rd  rule, and the  allowance 
in each circu lar section would be 1/16 per f t .

The various poin ts in  th e  foregoing general 
descrip tion  of the  sm aller de ta ils in p lann ing , along 
w ith points Nos. 1, 2 and 3 can now be m ore fully 
dealt w ith.
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Fig . 22 shows an arrangem ent of a mould for 
cast iron casting. The du ty  of th is casting  is com
paratively  light. The casting  weighs 11.5 cwts. 
Each half m oulding box is 7 ft. x 4 f t .  x 2 f t . 
deep.

As to  th e  “ Ways of m aking the mould ”  there  
a re  obviously two ways, in which th is  may be 
moulded. One is w ith the  open door down, and the 
o ther as shown. The door face is a machined face, 
and generally, machined faces are arranged either 
down or vertical, th u s ensuring a perfectly  clean 
jo in t on m achining. The disadvantage of 
having th is  face up is th e  possibility of d ir t 
floating to  top of the  mould and showing in the 
m achining. To m eet such a contingency the 
m achining allowanoe may be increased by 1/16, £ 
or 3/16 in ., depending on th e  size and shape of 
casting . The more complicated the  inside of a 
mould, the  g rea te r is th e  possibility of d ir t  accu
m ula ting  and rising  to any machined faces, there
fore, any add itional m achining th o u g h t necessary 
is m arked on “  M ethod of M oulding ”  draw ing for 
p a tte rn m ak er. In  a mould such as this, having a 
simple contour and only one in te rn a l core, 1/16 in. 
add ition  m achining on door face is qu ite  sufficient, 
i.e ., \  in. m achining in all.

U ndoubtedly the  g rea test problem w ith th is 
mould is the  floating of th e  core. I f  the  door were 
cast-down, th is  would necessita te anchoring the  core 
from  the  core iron, to  the  underside of the drag  box 
bars, an operation  which takes considerable tim e, 
and for which provision m ust be made when m aking 
th e  core. By m aking th e  mould as shown advantage 
is tak en  of the core in  bearing d irec t on the cope 
mould thus elim inating  the  necessity of anchoring.

In  considering the type  of mould most suitable, 
i.e ., e ither green sand, o r dry sand, the  sim plicity 
of contour and absence of numerous cores lend 
themselves to  th e  advantage of a  green sand mould, 
b u t th is, however, has disadvantages, due to the 
size of mould, shape of casting, and im perfections 
of m achines which outw eigh any advantages.

I t  is evident th a t  there  is only one way of p a r t
ing th is  p a tte rn  no m a tte r  w hether the  mould is 
cast w ith  the  door up or down, and th a t  is longi
tud inally  as shown. An a lte ra tio n  in  design as

y 2
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illu s tra ted  by F ig . 3 was carried  o u t on th is  cast
ing. In  th is  p a rticu la r casting  th ere  a re  no points 
which are  liable to  cause draw , as th e  m etal th ick 
nesses a re  very even all over. V en tin g  is satisfied 
by hav ing  th e  open door up th e  core when the  
gases have a d irec t flow up th ro u g h  th e  cope 
m ould. The gear requ ired  for th is  casting  neces
sita tes  th e  use of two h a lf-p a tte rn s  and  two half- 
coreboxes. A ctually  special core irons were 
designed.

The end p r in t  B (F ig . 22) is m ade rec tan g u la r 
in  th is  case, to  ensure th a t  when th e  com plete core 
is in  position, th e  inside of v ertica l wall of door 
will be paralle l to  th e  outside of th e  wall m ade by 
the  cope mould, th u s  g iv ing an  even m eta l section. 
The cope half e n d -p rin t B is m ade rec tan g u la r to  
obtain  a large fla t surface to  tra n sm it its full 
share of th e  upw ard  force due to  th e  displacem ent 
of m etal. The core is m ade in two p a rts—A1 and 
A2, these p a rts  being tu rn ed  ou t from  coreboxes 
on to  flat p lates on jo in t face w here indicated .

Coring.
In  coring A1 is in serted  in  d rag  mould, th en  A2 

is placed on top, being lined up by edges of halves 
m atching. C learance is allowed fo r on ends and 
sides of cope p a tte rn  p rin ts , th u s  e lim ina ting  the  
necessity of c u ttin g  clearances in  m ould or m ay be 
crushing. The mould is now closed and  ru n n e r 
and rise r boxes arranged  fo r pouring . F o r such a 
casting  as th is  th e  p a tte rn  shop only g e t the  
general outlines of th e  cope and  d rag , and  also 
some general p a rticu la rs  of th e  p rin ts , add itional 
m achining, or any  o ther special fea tu res  th ough t 
necessary. No elaborate  draw ings, however, a re  
necessary.

F ig . 23 is a section of mould for a steam  tu rb in e  
nozzle segm ent cas tin g .' The num ber of nozzles in 
a segm ent m ay vary  from  four to  twelve. This 
casting , th e  m ost im p o rtan t in  th e  m an u fac tu re  of 
a tu rb in e , dem ands the  g rea test care and  precision. 
The reg is tra tio n  and  alignm ent of nozzle cores in 
m aster core is illu s tra ted  by F ig . 13. The casting  
is m ade completely in  th e  d rag  mould, th u s c u ttin g  
o u t any  m inu te  discrepancies which a re  possibly 
due to  inaccuracies of m oulding box pins. The 
contour of the  m aste r core is paralle l w ith  th e  edge
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of the  flange of the  segm ent, except for reg istering  
keys as illu s tra ted . These th ree  keys fit exactly in 
mould, b u t the  mould is otherwise clear of m aster 
core round  th e  edge. This gives the  most accurate 
location, i.e ., a th ree-po in t location. The mould a t 
the ou tle t of the  nozzle is also ample clear to  avoid 
scrap ing  when placing the  m aster core in position, 
the  nozzle cores being entirely  hidden.

Such castings form erly made in dry  sand moulds 
are  now m ade in  green sand moulds, as all th e  
fea tu res which are  liable to  resu lt in inaccuracies

are  controlled. The princip le of th is arrangem ent 
m ay be applied to  tu rb in e  nozzle segm ents cast in 
nickel steel or o ther sheet m etal blades.

F ig . 24 is an arrangem ent of mould for a
cylinder casting , th e  in te rn a l d iam eter of which 
is 16j  in . The walls are  i  in. th ick , and the
w eight 5 cwts. This mould is b u ilt of cores
G, H , H , J ,  and these cores are  made entirely  of 
silica sand. No m oulding boxes are  used in 
m aking th is casting . This type of mould is very 
suitab le  for castings where accuracy and weight 
are  two very im p o rtan t factors, also when more 
th a n  a tw o-part job the  expense of m aking mid 
p a r t boxes is dispensed w ith, which is a considera
tion  when th ere  are  not m any castings to  make.
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The casting  was designed as shown, b u t a ltered  
to  reduce p a tte rn -m ak in g  costs and  fac ilita te  
m oulding. By m aking  th e  w ate r cham ber sym
m etrica l about th e  cen tre  line Y Y only one p a r t  
p a tte rn  is requ ired  for m aking  cores H , H , i.e ., 
th ree  p a r t  p a tte rn s  in  all G, H , J ,  and  i t  also 
cuts o u t th e  m an u fac tu re  of a  h a lf corebox for 
core C. The boss, as ind icated , is dup licated , thus 
p reven ting  hand ling  when m aking  cores H  and  C ; 
also e lim inating  th e  possibility  of e rro r when 
building.

The ex te rn a l cores, all equal in  dep th , are  m ade 
in  a “  U niversal ”  corebox, i.e ., a corebox which 
is designed to  tak e  any  p a tte rn  w ith in  its  range 
of d iam eter and depth . M axim um  dep th  of
p a tte rn  perm issible is dep th  of box, b u t to  accom
m odate shallow er p a tte rn s  a false bottom  is 
inserted . The changing  of a p a r t  p a tte rn  is only 
th e  m a tte r  of a few m om ents, and  does n o t neces
s ita te  d is tu rb in g  th e  box or fasten ings while on 
the  m achine table.

Manufacture of Complete Mould.

All cores a re  tu rn e d  ou t on to  fla t-p lates a t  
jo in ts  of cores, as is ind ica ted  by heavy lines.

E xterna l Cores.—P a r t  p a tte rn  J  is fixed in  the  
un iversal corebox and  one core m a d e ; th e  p a r t  
p a tte rn  H  fixed in  th e  un iversa l corebox and  two 
cores m ade, and finally p a r t  p a tte rn  G fixed in  
un iversal corebox and  one core made.

In te rn a l Cores.—Two half-cores are  m ade from  
corebox A, th e  halves a re  pasted  toge ther, a loose 
dow ngate, and the  run n ers  a re  in  th e  b o x ; two 
half cores a re  m ade from  corebox B, th e  halves 
pasted  together, th e  loose dow ngate being  in  b o x ; 
core B is m a d e ^ in . sho rt to  allow for th e  se ttlin g  
of th e  ex te rna l cores when d ry in g ; two ha lf cores 
are  m ade from  corebox C. They a re  n o t pasted , 
and m ust be p u t in to  th e  mould se p a ra te ly ; fou r 
half-cores from  corebox D , and  th e  halves pasted  
to g e th e r ; e igh t half-cores a re  ram m ed up from  
corebox E , th e  corebox m aking  two halves in 
one operation , i.e ., th e  r ig h t- and left-hand  halves 
which are  pasted  together and then  pasted  in  posi
tion  in  cores C ; two cores are  m ade from  box P  
and pasted  to  core B.
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B uild ing .—Steel channels a re  la id  in  position on 
the floor, and  core A is placed upon them  and 
levelled. Then core J  is placed over A, the  la t te r  
being  reg istered  by th e  extended p rin ts  on th e  
short pipe bend a t  th e  foot of core A. Core H  can 
th en  be placed on J  and registered  by the  align
m en t recesses as shown in  th e  p lan .

One half-core C is now inserted , and  registered  
by p rin ts  in to  core H . Then complete cores D 
are  placed in  position and  registered  by 
p rin ts  in to  cores H  and A. The cen tre  p r in t 
of core D is th e  only one which fits a t  th e  sides, 
thus p e rm ittin g  any sligh t discrepancy in  the  
exac titude  of core ad ju s tin g  itself. The p rin ts  of 
core D, reg is te ring  in  core A, are  clear in  the  
inside as shown.

The second half of core C is now placed in  posi
tion , lin in g  i t  up by th e  m atch ing  of th e  edges 
on th e  lower ha lf of C. The top-core H  is placed 
in  position, and  th en  core G is positioned. The 
com plete core B is now inserted , hav ing  cores F  
a ttached . The top channels are  positioned across 
th e  mould, and  fou r l in . dia. holts a re  tigh tened  
up , th u s  b ind ing  th e  mould together. Loose sand 
is in serted  u nder th e  mould to  p reven t any sagging 
of th e  cores due to  th e  w eight of m etal. The 
ru n n e r and  rise r boxes a re  now placed in  posi
tion , and th e  mould is ready  for pouring. These 
castings a re  ru n  as shown—a m ethod which has 
been found very sa tisfac to ry  for castings of th is 
type.

F ig . 25 is an  illu s tra tio n  of a p a rtly  m achined 
Diesel engine cylinder, and  F ig . 26 is a typ ical 
exam ple of a “  m ethod of m oulding ”  draw ing for 
such a casting . This la t te r  illu s tra tion , to  make 
i t  read ily  understood, is much m ore fully  detailed 
th a n  an ac tu a l d raw ing would he. This casting, 
described in  its  sim plest form, is composed of an 
in te rn a l cylinder jo ined to  th e  ex te rna l casing, 
which is p a rtly  rec tan g u la r in  form , by ribs and 
also by walls of th e  scavenge and exhaust ports. 
D ue to  th e  size and im portance of th is  casting , i t  
is considered advisable to  m ake th is  a dry  sand 
mould. The casting  is ru n  w ith th e  mould in a 
horizontal position. The p a tte rn  is p arted  along 
jo in t of th e  mould. There are  one or two points 
in  th e  design of th is cylinder which necessitated
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special provision for sim plicity  of m anu fac tu re  and 
closing of mould. F ou r oval facings were m ade to 
draw  d irec t from  th e  sand, as illu s tra ted  by sec
tion  I I I ,  I I I ,  otherw ise these facings would have 
been loose on th e  p a tte rn , thereby  ru n n in g  more 
risk  of an im perfect draw .

As i t  is, th e re  are  s till th ree  facings, two circu
la r  and one oval (see section th rough  p a tte rn ) , 
which a re  too large to  pe rm it of s tra ig h ten in g  to  
draw . These a re  checked in to  th e  p a tte rn , as 
shown, allowing th e  p a tte rn  to  draw  clean away, 
a f te r  which th e  facings a re  picked o u t of mould. 
The sand on th e  underside of these facings m ust

be hand  tucked. Section I I ,  I I  shows where the  
cope and d rag  moulds a re  given clearance for 
closing from  th e  extrem e poin ts of cores C l and  C2. 
This is the  p o in t which governs the  ta p e r  of the  
end p rin ts , as shown by th e  end view of the  
p a tte rn . The rec tan g u la r p r in t  also ensures 
cores C l and  C2 m atch ing  w ith C3, which a re  blind 
for coring and closing. The in te rn a l leng th  of 
core C3 is governed by th e  in te rn a l rad iu s of the  
casting , as illu s tra ted  by long itud inal section 
through V I, V I. To hold securely th e  various very 
irreg u la r shaped cores, fo rm ing  th e  w ate r jacke t, 
and to  ensure the  speedy coring of th e  m ould, th e  
in te rn a l keys and  ex te rna l p rin ts  are  a rran g ed  as 
the  illu stra tions indicate. C haplets in  th is m ould  
are en tirely  dispensed w ith , as the cores cannot 
move in  any d irection; also thiclcnessing is quite
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unnecessary. The gear necessary and the order of 
coring mould is fully detailed  on the  illu stra tion . 
The various core boxes for th is  job were illu stra ted  
by draw ings showing arrangem ents of removable 
and loose pieces, which draw ings were issued to 
the  p a tte rn  shop. The dim ension lines on the 
draw ing are  dim ensions which are fixed for the 
p atternm akers. The overall length  and m aximum 
bread th  of p a tte rn  over p rin ts  are  controlled. 
L ength  of all p rin ts  are  fixed. The dimensions on 
left-hand end of th e  plan  controls th e  position of 
the  p a tte rn  in th e  m oulding box to su it th e  ribs. 
The dep th  of th e  core F  is m ade to  su it th e  m axi
mum depth  of th e  p a tte rn  perm issible in the 
m oulding box. The clearance in the  cope mould 
is provided on the  cope p a tte rn , on end, and the 
sides of all p rin ts , h u t the mould is made to  bear 
on top  of core p rin ts .

As cores F  a re  fixed in position in the  drag  and 
cope moulds and i- in . clearance is allowed between 
the  cores F  and th e  m ain core A to  prevent scrap
ing  when closing, th e  m ain core is positioned 
longitud inally  by the  p ro jecting  p rin ts  a t the 
righ t-hand  end where m arked “ F IT ,” and is posi
tioned  transversely  by th e  end p rin ts . The m anu
fac tu re  of cores for th is mould is as follows: — 
H alf cores, A1 and A2, which are  tu rn ed  out on 
to  fla t p lates on the  jo in t-line faces are  made from 
one corebox, hav ing  p rin ts  interchangeable for 
hand ing , also hav ing  vertical pins m aking the  
bolt holes.

Core B, which is p ractically  circular, is tu rned  
ou t on a sand bed, the  open side of the  corebox 
being the  in te rn a l face of core, which face is 
striekled , the  alignm ent of strickle being governed 
bv a cen tra l ru n n e r fixed on the  box, ensuring  a 
tru e  surface. The open sides of coreboxes C l and 
C2 are  in  th is  case the  ex ternal faces which are 
striekled  and cores tu rn ed  out on sand beds.

Cores C3 are tu rn ed  out on the  larger flat face : 
core D, made in two parts , T)1 and T>2, both of 
which are  tu rn ed  out on flat faces of jo in t as showTn 
in the  plan  and  are  pasted to g e th e r; core E is 
tu rn ed  out on the  left-hand side, looking on plan of 
m ould: core F , of which there  are two parts , one 
being in the  d rag  and one in the  cope, is tu rned  
ou t on the  end fla t face.
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W hen th e  various cores a re  hung  on th e  m ain 
core A in the  order given on the  illu s tra tio n , the 
eye bolts are  screwed on th e  two end bolts which 
hold th e  halves of core together. Slings are 
slipped th rough  th e  eyebolts and  over th e  ends of 
the  moulding-box lifting-beam . The assembled 
cores, when suspended, are  levelled and then  
lowered in to  the  d rag  mould. The cope mould is
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F i g . 25.— P a r t l y  M a c h in e d  D i e s e l  E n g i n e  
C y l i n d e r .

now lowered on, guided by accura te ly  fittin g  locat
ing pins. The ru n n e r and  rise r boxes are  arranged  
thus, m aking th e  mould ready  for pouring .

F ig . 27 illu s tra tes  two a rrangem ents of a mould 
for a cylindrical casting . This casting  has an 
opening a t  each end, set eccentrically  to  th e  cen tre  
line of the  m ain  body. A casting  of th is  design, 
say 4 or 5 f t . d ia. and  4 or 5 f t . long, in  a m ould
ing box or p it  would requ ire  to  be ru n  as moulded. 
In  th e  top view th e  jo in t of mould and p a rtin g  
of p a tte rn s , if  p arted , lie on line A.B. This is 
the  sim plest way to  m ake th is  mould, b u t from  a 
consideration of foundry  fac ts i t  is no t by any  
•means the correct way. W hen th e  m etal is ru n  
in to  th e  mould, th e  core on floating has a  ro ta 
tional d irection  as ind icated  by th e  arrow  Y, the  
cen tre  of ro ta tio n  being the  cen tre  of th e  opening,



i.e ., the  po in t of in tersec tion  of cen tre  lines A.B. 
and C.D. To hold the  core in  position by chap
lets or o ther m eans is a m ost unsatisfactory  
arrangem ent, th e  upw ard force n o t being d irect 
b u t hav ing  a  tendency to  displace the  fixtures. 
The th ick er th e  m etal the  g rea te r is th is  tendency. 
In  coring th e re  is also th e  difficulty to  he overcome 
of th e  heavy side of the  core drooping. In  the 
bottom  illu s tra tion , th e  jo in t of th e  mould lies 
along line E .F . W ith  th e  cen tre  of th e  opening 
and  cen tre  of th e  m ain  body of th e  casting  in  a 
vertical line, th e  upw ard  force is d irect as is ind i
cated  by arrow  Z—a force which can be readily  
controlled a t  end of the  core by p rin ts  or bar. 
This a rrangem en t certa in ly  takes more tim e to 
m ake th e  mould, due to  th e  difference of levels 
betw een cen tre  of th e  opening and cen tre  of the 
m ain body, b u t th e  core is much more easily 
handled  and  more quickly positioned. An even 
thickness of m etal may reasonably be expected.

Advantages of the System Outlined.
T here a re  a few o u ts tand ing  advantages which 

foundry  work carried  ou t in  th e  m anner described 
has over the  o rd inary  m ethods: —

(1) F rom  th e  “  M ethod of M oulding ”  draw ing, 
a  very accu ra te  estim ate  of the  pattern -m ak ing  
costs is obtained, as each p a tte rn  and corebox can 
be visualised and th e  necessary tim ber and  tim e 
of construction  readily  ca lcu la ted ; (2) the  tim e 
requ ired  to  m ake moulds and cores, th e  tim e of 
closing, and th e  am ount of sand used can he 
accurately  e s tim a te d ; (3) very m any castings, both 
simple and  in tric a te , which were form erly made in 
d rvsand moulds, can be made in  greensand moulds ; 
(4) dressing costs are  reduced to  a minim um , due 
to  the  accuracy w ith which moulds come from the 
m achines and  accurately  fittin g  co res; (5) the  tim e 
of production  shows a considerable reduction when 
compared w ith the  tim e for sim ilar castings pro
duced in the  o rd inary  way, which induces quicker 
deliveries. This is a po in t which becomes more 
ev ident every day and m ay he s ta ted  th u s : The 
more in tric a te  th e  castiug . the  g rea te r is the 
difference in tim e of production between ordinary  
foundry  m ethods and planned m ethods: (6) the 
weight of the castings tu rn ed  out is the  correct
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w eight and n o t from  5 to  15 per cent, too heavy, 
as w ith  o rd inary  foundry  m ethods. E ngineers are 
always com plaining about th e  excess of w eight by 
which castings exceed th e  calculated w eight. If  
quo tations for castings a re  based on calculated 
weights and these w eights a re  exceeded, th e re  is a 
d irect loss equal to  th e  excess of m etal in  the 
casting—m etal which the  engineer does n o t w a n t;

(7) economy is no t all en tire ly  on th e  foundry  side, 
as m any ports and passages form erly necessita ting  
m achining are  cast w ith  an accuracy which eli
m inates m achining operations, thus p e rm ittin g  of 
rap id  production  in the  m achine shops ; and (8) the  
reg u la rity  of contour and  very tru e  a lignm en t of 
the  castings allow jigg ing  for m achining. I f  th e  
castings a re  m achined w ithou t jigs or, if m arked 
off on the  surface table, th ere  is a considerable 
reduction  in th e  tim e of se tting .



Conclusion.
I f  foundrym en wish to  have the  various troubles 

and difficulties due to  design overcome, they  m ust 
b ring  every one of them  to  the  notice of the 
designing staff e ither by d irect explanation  or 
sketches showing a lte rna tive  methods, the  la tte r  
being undoubtedly the  b e tte r way. This entails 
th a t  foundrym en m ust be able to read  draw ings 
and m ake sketches.

The designing staff will always give fu ll con
sidera tion  to  any a lte ra tion  tow ards cheapening 
production  or m aking a good job b e tte r. T ha t is 
th e ir  business, and they  are  always anxious and 
w illing to learn , th e ir  tra in in g  m aking th is a kind 
of second n a tu re . For a considerable, tim e now 
there has been a persistent call fo r co-operation 
between th e  drawing office, the p a ttern  shop, and  
the foundry , and th is scheme, as outlined, is a t 
least one way of accomplishing th is end.

One of th e  essential features for the  successful 
ca rry ing  ou t of th is work is a fa irly  extensive 
general engineering  t r a in in g ; th a t  is, a general 
knowledge of th e  technical side of design and a 
knowledge of the  duties for which castings are 
designed. A knowledge of m achining methods is 
also a g re a t asset.

In  concluding, the  au thor desires sincerely to 
th an k  the  d irectors of th e  Argus Foundry, Lim ited, 
for k indly  g ran tin g  him  the  privilege of describ
ing  th e ir  m ethods, also to  th an k  Messrs. G. & J . 
W eir for allowing him  to  use draw ings of the ir 
products as illu s tra tions—kindnesses gran ted  in the 
in te re s t of general foundry  progress.

DISCUSSION.
M r . L o n g d e n  said M r. Ross’s P ap e r certa in ly  

con tained  a g re a t deal of inform ation which 
represen ted  first-class foundry  practice. W ith  re
gard  to  F ig . 9, however, M r. Ross said th a t  tak in g  
th e  corner o u t of a web was no t very often  done 
in cast iron. To his own knowledge, Mr. Longden 
said th a t  was done tw enty  years ago by cylinder 
m akers n ear M anchester. They placed these cores 
in th e  cylinders they  made a t  th a t  tim e. N ever
theless i t  was very valuable, and well w orthy of 
study. F ig . 17 showed the  core engaging the  
mould a t  th e  bottom  line of the  casting. I t
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occurred to him  th a t  if th a t  was green  sand work, 
i t  was a very  bad m ethod indeed, fo r th e  sim ple 
reason th a t  probably o r occasionally th e  core would 
ge t o u t of the  cen tre . T here was one o ther illus
tra tio n  to  which he would like to  draw  a tten tio n . 
In  connection w ith  F ig . 22 M r. Longden asked 
how th e  w eight of th e  core was ca rr ied . H e p re
sumed th a t  i t  was a dry  sand  mould, and he 
th o u g h t th a t  th e  li tt le  p r in t  a t  th e  o u te r end  of 
th e  casting  had to  ta k e  up a g re a t deal of th e  
w eight of th e  core, and  th a t  th e re  was very  li t t le  
bearing  fo r th e  core a t  th e  end. The tendency 
would therefo re  be fo r i t  to  sag in  th e  cen tre . H e 
would m uch p re fe r to  m ake th a t  th e  o th e r way up. 
H e would like to  ask M r. Ross how th e  p lan n in g  
d ep a rtm en t of th e  foundry  was organised . W ere 
all these  contrivances worked by very  ex p e rt 
m oulders or by th e  found ry  forem en, o r, a lte r
natively , had  i t  a  staff of d raugh tsm en  to  itse lf?  
I f  i t  were n o t done by th e  forem an he had  to get 
th e  work laid  down and  th e  p a tte rn s  p lanned  by 
a dep a rtm en t over which he had  no con tro l. I t  
seemed to  him  th a t  th e re  was n o t m uch room fo r 
a new dep a rtm en t fo r th a t  so rt of work, b u t still 
i t  was very advantageous to  have th e  th in k in g  out 
of th e  work done before th e  job was s ta r te d . I t  
was really  th e  app lica tion  of commonsense to  
foundry  practice , and  i t  seemed to  be w ork th a t  
could n o t be done ou tside th e  foundry  m anager’s 
office.

M e . R o s s , in  reply, said he d id  no t th in k  th a t  
th e  system  was an y th in g  abnorm al, b u t he did 
say th a t  they  knew w hat would be done in  th e  
foundry  once th e  w ork was p lanned . They knew 
also very closely th e  cost apd  tim e  to  m ake cores 
and  moulds. I t  had been sa id  th a t  F ig . 9 rep re 
sented  a p rac tice  th a t  had  been ca rried  o u t for 
20 years. H e had  done so him self fo r a consider
able tim e, and  he had  also done so in  th e  design 
of steel castings. H e th o u g h t he was safe in  say
ing th a t  few d raughtsm en realised  th e  value  of 
ta k in g  o u t the  corners of a section of th a t  kind. 
W ith  regard  to  F ig . 17, he m ig h t say th a t  p r in ts  
of th is ty p e  were used in green sand m oulds; they  
found  th a t  they  fitted  very well, as good as sand  
would allow. T he clearance a t  th e  bottom  allowed 
fo r any li tt le  grip  of th e  mould, and they  worked 
them  every day like th a t .  R eferrin g  to* F ig . 22,
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he had  poin ted  o u t th a t  th e re  was a li tt le  neck of 
sand a t  th e  r ig h t hand  end of th e  core. There 
was an opening n earer to  th e  le ft hand  end which 
helped to  suppo rt th e  core, also a  chaple t imme
diately  under the  door opening, th is  casting  being 
only a lig h t du ty  casting. The m anner in which 
p lann ing  was carried  o u t he had s ta ted  in the 
P ap e r he read . T he foundry  superin tenden t was 
consulted, and th e  forem an m ight he consulted if 
requ ired . G enerally speaking th e  du ty  and 
qua lity  of th e  casting  was first considered. The 
foundry  forem an had  to  work w ith  th e  patterns 
as a rran g ed  when p lanned  and all arrangem ents 
were m ade fo r m achine m oulding. In  th a t  way 
m a tte rs  w orked smoothly, and  they  had  few com
pla in ts .

M r .  C h a r t e r i 8  said  w hat he desired to  know 
was w h a t was done to  b rin g  o u t th e  capabilities of 
th e  h ighly skilled tradesm an. W as th e  p lanning 
stafi able to  lim it th e  am ount of work expected 
from  th e  m an who was industrious, en thusiastic  
and  highly  skilled?

The C h a i r m a n  explained th a t  th e  p lanning 
d ep artm en t had  no th ing  to  do w ith labour or 
appren ticesh ip  questions, b u t was concerned only 
w ith  th e  actual developm ent of methods.

M r. M a r s h a l l , re fe rrin g  to  F ig . 1 9 , said he 
supposed th a t  was an  exam ple of foundry  p lan 
n ing  work. There were th ere  two cores, and the 
one on th e  r ig h t hand  side of th e  figure had 
a n o th e r core in serted  in to  it . H e was inclined 
to  th in k  th a t  th e  p ressure of the  m etal would 
press th e  core back o u t of its  place.

Mr . R oss pointed  ou t th a t  th ere  was a clear
ance a t  B in  d rag  mould. The clearance m ight 
be | ,  |  o r 1 in ., depending on th e  length of key 
a t  o ther end. The core was laid in and the  key 
could then  be slipped in to  th e  keyway. The 
clearance in  th e  d rag  mould could be filled in 
w ith  greensand. The cope mould had a  clear
ance of about ¿ -in . and th ere  was no fear th a t  
th e  core would come back. The force was up
w ards and had a tendency  to  lif t  th e  core. He 
used th a t  method very often  and there  was no 
tendency for a cere to  come back.

M r .  L a t j r i e  said they  were all indebted to Mr. 
Ross for his Paper. The one th ing  th a t  
seemed clear was th a t  th e re  was an intelligence



dep artm en t in  Messrs. G. and J .  W eir’s. The 
P ap e r showed them  w hat th ey  were tip against 
when they  received p a tte rn s  from  th e  general 
engineer, who seldom considered th e  difficulties 
which had been re fe rred  to . M any jobs came 
in to  the  foundry  which were no t ju s t w hat the 
foundrym an would like, and he had  to  form  him 
self in to  a ways and m eans d ep a rtm en t in o rder 
to  m ake th a t  p a r tic u la r  casting . There i t  was, 
and he was allowed no la titu d e  h u t to  m ake i t  as 
the  p a tte rn  had come to  him. I t  was a p ity  th a t  
th e re  was n o t someone a t  the  elbow of th e  
designer to  p resen t th e  fou n d ry m an ’s p o in t of 
view. M r. Boss had  an excellent grip  of th e  
foundry trad e , and he knew w hat th e  foundry  
m anager tr ie d  to  embody in  his work. B u t in 
tim e, he had  no doubt, th e  foundrym an would 
get hold of th a t  end of the  stick  which was his 
due. In  speaking of th e  bad design of a p a tte rn , 
he said, th ey  had to  keep in  m ind th e  fac t th a t  
th e  pattern-shop  belonged to  th e  eng ineering  side 
of the business. One th in g  he m igh t add was 
th a t  where th ey  got p roper designs they  could 
usually get th e  costs a good deal cheaper.

Me. P r i m r o s e  said  they  had  listened  to  an 
excellent P ap er, and h is only hope, as he listened 
to  Mr. Boss, was th a t  th e  P ap e r would get in to  
th e  hands of th e  engineers. M r Boss had the  
advantage of hav ing  a. foundry  and an eng inee r
ing  works combined. B u t in m ost foundries they  
were never allowed to  touch a p a tte rn , and in 
m any cases they  did n o t know w hat th e  castings 
were for. An in te restin g  case had  come under 
his own observation. H is firm’s trav e lle r in th e  
W est of E ngland  w rote saying he could get an 
o rder for a  large q u an tity  of conveyor drum s 
which were w anted  a t  a ce rta in  price. H e said 
th a t  th e  com pany w an ting  these drum s had  tr ied  
several foundries and they  had  found porosity in 
th e  m etal. I f  his firm w anted th e  work they  
could get i t  a t a ce rta in  figure. In  his view, 
w ith th e  p a tte rn  in  question, M r. P rim rose could 
get no th ing  b u t porosity . So he w ro te  to  th e  
company suggesting  th a t  the p a tte rn  m ight be 
altered , b u t he got a cu rt note in  reply saving 
th a t  th a t  could not he done. H e took th e  work 
and altered  th e  p a tte rn , and ju s t th a t  m orning

C 62
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he had received a le tte r  from the company say
ing they were the finest castings they had ever 
had.

The C h a i r m a n  in closing th e  discussion said th a t  
th e  p lann ing  scheme as outlined in M r. Ross’s 
P ap e r was obviously designed for a num ber of 
d ifferent classes of castings. I t  had clearly cer
ta in  lim itations when viewed from th a t  stan d 
poin t. M r. Ross did no t p u t it  forw ard as a 
“ cure a l l ” nor in any generalised sense, hu t 
merely as a way ot hand ling  certa in  problems. 
H e (M r. Affleck) could say, as one who had been 
associated w ith M r. Ross in th is class of work, 
th a t  p lann ing  had solved these problems, and th a t  
i t  was a success from the  im p o rtan t po in t of 
view of £  s. d. H e could assure Mr. C harters 
th a t the  P lann ing  D epartm ent was under the 
control of the  foundry  m anager, who also con
tro lled  th e  p a tte rn  shop. E very a tten tio n  is 
p a id  to  th e  po in t of view7 of th e  p ractical m an, 
and th is  was really th e  secret of M r. Ross’s suc
cess, as all along he had kep t in close touch with 
the  m an hand ling  th e  work in th e  foundry. The 
effect of th is  was very much g rea te r th an  one 
would th in k . On the  engineering  side, th e  cast
ings were u tilised  in a scheme organised more or 
less for mass production. J ig s  were m ade for 
m achining work, and accordingly the  castings 
were required  to  be tru e  to  form so th a t  they 
would drop easily in to  th e  jigs on th e  machines. 
A detailed  study of costs previous to the in s titu 
tion  of foundry p lanning  showed th a t  in some 
cases foundry costs represented  about 60 to 70 per 
cent, of the  to ta l cost. This was p artly  due to  
excessive weights and to th e  production of cast
ings in excess of draw ing thicknesses. The 
system of foundry p lanning  not only led to  a 
d is tinc t im provem ent in form of castings, but 
also to  rem arkable reductions in w'eight. I f  one 
could get £ of an inch o r even of an inch of 
m etal off the surface of a casting  all over, the 
w eight was m ateria lly  affected and also th e  cost. 
M r. Ross has also shown very clearly the 
im p o rtan t effect of foundry p lanning  on the 
design departm en t of th e  engineering side. W ith 
regard  to  p a tte rn s , he added, p a tte rn  m akers 
were not in th e  hab it of being instructed  as to
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th e  exact m ethod in which a p a tte rn  was to  be 
m ade. The usual m ethod was to  hand  th e  p a tte rn  
m aker th e  job and  le t him  m ake th e  p a tte rn  
according to  his own ideas, b u t in  work of th e  
class dealt w ith by M r. Ross i t  was obviously no t 
advisable to  give th e  p a tte rn  m aker full powers 
of th is  so rt. One m ust consult w ith  th e  m oulder, 
w ith th e  engineer and w ith th e  designer, and  th e  
p a tte rn  m ust be m ade to  su it  th e  requ irem ents of 
all as f a r  as possible. M r. Ross had  m ost ably 
and most completely described a p lann ing  system  
as applied to  a definite class of work, b u t i t  was 
clear th a t  a  sim ilar system  w ith  m odifications 
could be applied to  o th e r classes of work.

A vote of th an k s  was accorded to  Mr. Ross for 
his P aper.
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Newcastle Branch.
THE USE OF CHILLS IN MARINE ENGINE 

CASTINGS.

By J. W. Frier (Associate Member).
Of the  problems confronting  th e  engineer and 

the  foundrym an a t  the  present day th e  m anu
fac tu re  of sound cylinders and cylindrical cast
ings is possibly th e  most pressing.

F au lty  cylinders a re  responsible for the  
heaviest losses in  both th e  foundry  and  the  
m achine shop, and m any foundries have been 
financially em barrassed in a ttem p ting  m anu
fac tu re  a t th e  presen t tim e. The num ber capable 
of producing sound cylindrical castings is very 
lim ited.

Since s ta r tin g  to  w rite  th is Paper, the  au thor 
has endeavoured to find some inform ation and 
opinions in  th e  p rin ted  Proceedings of th e  In s ti
tu te , b u t has only been able to  find two Papers 
dealing  w ith chills o r denseners. The la te  Mr. 
E . H . B roughall, M .I.M .E ., in  a  P aper given a t 
B irm ingham , said : “ I t  is to  be reg re tted  th a t  
foundrym en have given th is  most im portan t sub
je c t such scan t a tten tio n , th e  m ajo rity  satisfying 
them selves by using denseners on th e  most simple 
castings. I t  is a subject which has huge pos
sib ilities and opens up a way whereby fa r be tter 
p roducts from th e  foundry  can be ob ta ined .”

F u r th e r  on, he says, “ As regards th e  use of 
o rd inary  denseners, i t  is, of course, understood 
th a t  th e  necessity for denseners is caused through 
th e  uneven ra te  of cooling of th ick  and  th in  
p a rts  ad jacen t to  each other. Moreover, a th in  
p a r t  ad jacen t to  a th ick  p a r t  will, under ordinary  
circum stances, draw  m etal from th e  th ick  p a rt 
owing to  th e  quicker cooling of th e  th in  p a rt, 
leaving a spongy place a t  the  junction  of th e  two 
p a rts . This, in  my opinion, is the  cause of many 
castings fa iling  under w ater te s t .”

I t  is no t every forem an moulder who has the  
oppo rtun ity  of seeing th e  pig-iron come in by
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ra il and, after the  castings leave his hands, to 
follow them  through  the  various departm ents, 
u n til he sees them  pu t into the ship, a finished 
enajine.

Tn passing through the  shop he looks for the 
castings which give the most trouble  and anxiety,

F i g . 2 . — M a r i n e  E n g i n e  C y l i n d e r  i n  t h e  
B o r i n g  M a c h i n e .

namely, cylinders. If , when the casting is p u t 
on the marking-off tab le  in the machine shop, it 
is all righ t, he does not hear anything. H e waits, 
therefore, un til th e  machine man has had his tu rn  
a t  i t  and th a t  is where trouble may be expected.

F ig . 1 shows a num ber of cylinders a t various 
stages of m achining, and F ig . 2 an L.P. 
cylinder, 72-in bore, on th e  boring machine.



W hen one first exam ines th e  bore of a  cylinder 
i t  m ay be th o u g h t to  be perfec t, b u t, on closer 
inspection, i t  m ay he found th a t  th e  m eta l is 
more open-grained in some p a rts  th a n  in  others. 
A search for th e  cause is liable to  cen tre  round
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F i g . 3 . — M o u l d  f o r  H .P . C y l i n d e r  s h o w 
i n g  P o s i t i o n  o f  S t e e l  T u b e  a n d  C h i l l s .

th e  outside of th e  cylinder, - th e  feet, b rackets, 
and ind ica to r bosses, and  th e  question arises 
“ Are these th e  cause of th e  troub le?  I f  so,
w hat can be done to  overcome i t?  ”  In  th e
erecting  shop, th e  casting  is d rilled , fitted , closed 
up and  tes ted  u nder w ater pressure, and again  
one m ay look for troub le  and  perhaps find i t  in 
th e  shape of “ w eep ing .”
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M any foundrym en, when v isiting  the  N orth  
E aste rn  M arine E ngineering  Company’s foundry 
in 1922, saw an H .P . cylinder-mould, finished in

F i g . 4 . — G r o u p  o p  C h i l l s  f o r  C y l i n d e r  
C o r e s  a n d  th e  M o u l d .

F i g . 5 . — S e t  o f  C o r e s  f o r  a  H .P . C y l i n d e r , 
w i t h  C h i l l s  i n  P o s i t i o n  i n  t h e  C e n t r e  
C o r e .

th e  p it, w ith  a  steel tube  in  th e  indicator boss, 
in stead  of a  core. Some asked why i t  was there  
—m any passed i t  by. The men concerned have 
s ta ted  th a t  i t  saved both tim e and trouble, and,
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consequently, money, by casting  i t  in th a t  p a r t  of 
the cy linder; so much so th a t  th e  au th o r has 
orders to use them  w herever possible. The bore 
of th e  tube , being the  size of th e  requ ired  hole, 
does no t need to  be drilled  in to  th e  th ick  sections

F i g . 6 .— M .P .  C y l in d e r  M o u l d  s h o w in g  
t h e  S q u a r e  F o o t  C o r e  i n  P o s i t i o n .

jo in ing  th e  body of th e  cylinder—where troub le  
is met. A fter seeing some hundreds of m arine 
cylinders pass th rough  th e  shops, th e  au th o r has 
found most of th e  troub le m et w ith  is where the  
body joins th e  crown and  th e  column fee t jo in  
the  bo«ly. All th is  may be p reven ted  by m aking 
th e  castings crown-down, bu t, as th is  is a ques
tion  for th e  engineer, w ith  regard  to  cost and



tim e, th is  m ethod is only carried out under 
special arrangem ent. O ther methods of dealing 
w ith these troubles is the  subject of the Paper.

These are  some of the troubles, th a t  every 
foundrym an is up against, which the au thor has
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F i g . 7 . — M . P .  C y l i n d e r  M o u l d  s h o w i n g

t h e  B l a n k  C h e s t  w i t h  C h i l l  M a r k e d  
i n  W h i t e .

tr ie d  in some sm all way, and, he th inks, with 
some success, to  overcome. I t  was during a v isit 
to a foundry in B irm ingham  some years ago th a t 
he noticed pieces of p lates on the  faces of some 
small cylinder cores, and , n o t w anting  to  show 
his ignorance, he kep t his eyes open to follow 
them . The men were seen closing a mould and 
the au thor noticed th a t  these plates were set in



th e  cores to m eet any cross-section.s and th icker 
p a rts  connecting th e  barre l of th e  cylinder w ith  
th e  o ther p a rts  of th e  casting . A gain, in going 
th ro u g h  th e  m achine shop, sim ilar castings were 
seen in th e  finished sta te , an d  w ith  a  perfect
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F i g . 8 .— M . P .  C y l in d e r  M o u l d , w i t h  t h e  
F oot  C o r e  i n  P o s i t i o n .

bore. The castings w ere for high-speed engines. 
They had had  troub le w ith  open patches in  th e  
bore and th a t  was how they  overcame it.

The problem  was, however, th e  em ploym ent of 
sim ilar m ethods b u t th e  high-speed engine cast
ings w ere much sm aller th a n  m arine  engines and 
all cores were ram m ed up  in  core boxes. 
A pparently  i t  presented  a difficult proposition  to
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apply i t  to cores bu ilt up  w ith  bricks and loam 
and a sweeping board and, therefore , i t  was 
decided to  tackle the  job from the  outside of the  
casting.

The first a ttem p t was an H .P . cylinder, and the 
au tho r inform ed the two men m aking it  w hat he 
w anted  to  do, and aroused th e ir  in te rest in the  * 
experim ent. The first chills used were pieces of 
broken g ra te s ; som ething like the  fillet required 
w here the  cylinder foot joins the  body. These 
w ere placed in  position w ith  each ram m ing of 
sand, and, when th e  mould was being finished,

F i g . 9 . — M . P .  C y l i n d e r  M o u l d  v i e w e d  f r o m  
R e v e r s e  P o s i t i o n  t o  F i g s . 6  a n d  7 .

they w ere shaped off. As i t  was necessary to  w ait 
some tim e to  see th e  effect of th is, th e  foundry 
continued w ith the  o ther cylinders and waited 
for results.

A tten tion  was then  given to  the cores to  see 
where a chill would be of some use, and, as the 
sea t of th e  liner is th e  heaviest p a rt , i t  was 
th o u g h t advisable to tr y  chills in  the  cores to  
m eet those on th e  outside. These core chills are 
m ade so th a t  they  can be bu ilt up w ith th e  core.

In  F ig . 3 is seen th e  mould of an H  P. cylinder, 
showing th e  position of chills and steel tube, 
m entioned earlie r in the  Paper, while F ig . 4 
shows a  group of chills for cylinder cores and 
th e  mould.

z
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I t  was th e n  'decided to  have some p a tte rn s  
m ade for the  chills requ ired  for th e  o ther 
cylinder moulds. These should he of a fa irly  
s tan d a rd  size, if possible, and always k ep t in 
stock, so th a t  th e  m oulders can ju s t stam p a  few 
in th e  bed along w ith  th e ir  g ra tes. F ig . 5 is a

F i g . 1 0 .— S t e a m  C h e s t  C o r f , b e i n g  L o w e r e d  
i n t o  t h e  M o u l d .

view of a se t of cores for an H .P . cylinder w ith  
chills in position  in  th e  cen tre  core.

The M.P. aild L .P . cylinders may be tre a te d  in 
a sim ilar m anner on th e  outside of th e  casting , 
bu t w ith a d ifferen t chill for the  cen tre  core.

F igs. 6 to  9 are  photographs of M .P. cylinder 
moulds, in which can be seen th e  steel tubes.
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F ig . 6 shows th e  square foot core in  p o sitio n ; 
F ig . 7, tiie  b lank  chest w ith  chill m arked  in 
w h ite ; and F igs. 8 and  9 a re  of th e  o ther side of 
th e  cylinder, showing round  foot cores in  place.

A fte r a tim e a m arked im provem ent was found 
on the  outside of th e  feet jo in ing  th e  cylinder, 
b u t, as th e  inside of th e  fee t was n o t w hat it  
should have been, some s tra ig h t bars were cast

F ig . 12.— S e c t io n  o f  M .P . C y l in d e r  s h o w 
i n g  P o s i t i o n  o f  C h i l l s  at  X.

and  these were w ired on to  th e  g ra tes  for the 
foot cores and  le ft bare  except for a  coat of 
blacking. These answered the  purpose very well, 
and now th e  fe ttle rs  seldom, if over, have to  p u t 
a ham m er on to  such p a rts .

In  F igs. 10 and  11 a re  seen, respectively, the  
steam  chest core being lowered in to  th e  mould and 
a complete set of cores for M .P . cylinder w ith  
chills in  position in  cen tre  core and  in  fee t cores.

F ig . 12 is a section of an  M .P . cylinder taken  
im m ediately under the  crown, th e  poin ts m arked
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X  ” being those where the chills are used to 
coun terac t the  effect of the thickness of m etal a t 
the junctions, and  F ig . 13 shows the top p a r t  of 
an M .P . cylinder mould.

Of course, i t  is no t claimed th a t , even w ith these 
methods, perfect castings are  made, b u t they are 
undoubtedly b e tte r th an  they ever were before. 
W ith th e  use of chills or denseners many failures

F i g . 13.—C o p e  f o r  M .P. C y l in d e r  M o u l d .

and difficulties m et w ith  in the  foundry can be 
overcome.

A nother casting  on which to  use chills is a very 
im p o rtan t p a r t  of an oil engine, namely, the  
exhaust valve.’ These castings, when in the 
cylinder head, are  subject to  the  full tem pera tu re  
of th e  exhaust gas, w hilst having cooling w ater 
c ircu la ting  th rough  a t  the  same tim e. There is a 
chance of the w ater coming th rough  the  th in  wall 
of m etal in to  th e  spindle chamber. This, of 
course, is bad and m ust be prevented, and, a fte r  
cu ttin g  up a casting, i t  was found th a t  the  th in n e r 
p a rts  were pulling  the m etal away a t  the  heavy
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flange, m aking  i t  too open to  res ist th e  w ater 
pressure.

I t  was decided, therefo re , to  tr y  w hat effect 
chills would have upon th a t  p a rt . A p las te r of 
p aris  p a tte rn  was first m ade o u t of th e  half-core 
box, w ith  allowance for half-an-inch of sand  
between th e  two chills, b u t i t  was found th a t ,  to  
get them  out, they  would have to  be cu t in to  
sections. In  th e  complete core th e re  a re  six pieces 
of chills. These a re  placed in  th e  core box and  
ram m ed up w ith  th e  core, leaving a sm all portion  
of sand between each chill. W hen d ry , a single 
wire is fastened  round  them  for safety .

F i g . 1 4  s h o w s  t h e  P a t t e r n , C o r e s  a n d  
C h i l l s  f o r  a n  E x h a u s t  V a l v e .

F ig . 14 shows th e  p a tte rn , cores and  chills for 
an  exhaust valve, and  F ig . 15 a m ould w ith  core 
in position, which illu s tra tes  th e  considerable 
differences in  thickness of the  various p a rts  of 
the  casting.

I t  was also found th a t  th e  n ip  on th e  top and 
bottom  of th e  chills m ade i t  very  difficult to  get 
them  ou t, so a groove was cu t in  th e  p a tte rn  to  
allow them  to  be broken ou t. The chills qu ite  
overcame th e  troub le  on th a t  p a r tic u la r  p a rt , b u t 
i t  was found in  ano ther p a rt , nam ely, on top  of 
the  flange, so i t  was decided to  chill th a t  as well.

The first chills on th a t  p a r t  w ere m ade 1 fn. 
th ick , b u t the  castings were .too h a rd  to  m achine. 
I t  had” to  be m achined behind th e  chilled m etal 
and broken off. The chills were then  reduced down 
to !  in ., and th is  had th e  desired effect. They
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were qu ite  m achineable and perfect under w ater 
pressure. The foundry  now makes large num bers 
w ithout any trouble, and the  cost of the  chills is 
no th ing  compared w ith  th a t  of a replace casting.

F i g .  1 5 .— M o u l d ,  w i t h  C o r e  i n  P o s i t i o n ,  
I l l u s t r a t i n g  t h e  L a r g e  V a r i a t i o n  i n  
M e t a l  T h i c k n e s s e s .

Only the  p rac tica l side of th is sub ject and th a t  
w ith in  th e  au th o r’s own experiences has been 
d ea lt w ith. F rom  w hat has been done, the  au thor 
is convinced th a t if foundrym en had the  chance
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requ ired  of them , m any fa ilu res could be saved 
w ith little , if any, e x tra  cost.

In  conclusion, th e  au th o r desires to  th an k  the  
N o rth -E aste rn  M arine  E ng ineering  Com pany for 
allowing him  to  give th is  P ap er, and also M r.
H . J .  Young, F .I .C ., for his assistance in  p re 
p a rin g  the  illu s tra tions and  slides.

DISCUSSION.

M r . H e r b s t  opened th e  discussion, say ing  th a t  
they  had  listened to  M r. F r ie r ’s P a p e r w ith  g rea t 
profit. H e was of th e  opinion th a t  chills would 
not have been required  in  th e  first place had  th e  
engineer n o t been a t  fau lt. The engineer o ften  
gave the  foundrym an a draw ing in  which th e  sec
tions were n o t sym m etrical, and  in  th a t  case chills 
had to  be used. A t his firm th ey  had  found  th a t  
chills were n o t effective in  places where th e re  were 
jo in ts .

W ith  regard  to  th e  head on a  casting , his 
experience was th a t  a head of abou t 3 in . was 
equally as good as one of, say, 1 f t .

M r. E d w a r d  S m i t h  th o u g h t th a t ,  as a ru le, 
m etals could be m ixed in  such a  way th a t  chills 
were unnecessary. There was no doubt, however, 
th a t  chills would be an  advantage, probably, where 
there  were large fillets.

The lec tu re r had  shown a photograph  of th e  core 
of an H .P . cylinder where th e re  were th ree  or four 
chills round  th e  top , and he w ondered w hat effect 
those chills would have upon th e  m achin ing  quali
ties of th e  m etal. In  th e  m a jo rity  of cases if, 
when th e  casting  was sen t in to  th e  f ittin g  shop, 
there  was any difficulty w ith  th e  tool jum p ing  a 
little , th e  foundry  heard  abou t it.

In  reply, M r . F r i e r  said th a t  th e re  were no 
chills on the  p a rts  of th e  cylinder which had  to  
be m achined. The effect of a chill depended upon 
its thickness, i.e ., th e  th ick er the  chill th e  deeper 
its effect. The m etal round- about th e  chill was 
sometimes about 5 in. th ick , w hilst th e  chill a t  
th a t  p a r t  was only, say, § in ., so th a t  th e  effect, 
upon m achining would hard ly  be fe lt and  th e  chill 
would m erely close up th e  g ra in  of th e  iron  a t  
th a t  point. The chill was n o t carried  r ig h t down 
to the  bottom , as th ere  is a recess for th e  liner.
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Mr . E dward Sm ith  asked if the  effect of the 
chills upon th e  iron was to  cause whiteness.

Mr . F rier  explained th a t  in the  pa rticu la r case 
in question the  casting  was m ade of special close- 
g rained iron, and the effect of chilling was g rea te r 
th a n  in  th e  case of an  o rd inary  open-grained iron.

Casting Cylinders Crown-down.
M r . J ames Sm ith  rem arked th a t  he had listened 

very carefully  to  th e  P aper, and he could no t help 
feeling som ewhat surprised  to  find th a t  M r. F rie r  
was using  chills. Y ears ago, of course, they had 
never th o u g h t of using them  in  certain  classes of 
castings, and  one would n a tu ra lly  th in k  th a t  the 
science which had  come to  th e  fore in  th e  las t few 
years would be sufficient rem edy. The lec tu rer had 
m entioned th a t  they  m ight cast th e  cylinders 
crown down, b u t th a t  i t  would be an expensive 
procedure. In  his (M r. S m ith ’s) opinion, to  cast 
a cylinder crown down was undoubtedly th e  correct 
m ethod, and  he was no t so sure th a t  i t  was the  
most costly one in the  long ru n , because if, when 
a cylinder a rrived  in  th e  fittin g  shop, there  was 
trouble , i t  sometimes cost more to  p u t r ig h t than  
i t  would have cost to  mould i t  crown down.

D u rin g  th e  p a s t 15J years his firm had made 
castings for about 250 engines, and each H .P . 
cylinder had been cast crown down, w ith a head 
according to  th e  size of th e  casting , say from 
15 in . to  2 f t .  6 in ., and  he could say, w ithout 
fear of con trad iction , th a t  they  had never had a 
fa ilu re  w ith  one of those cylinders. In  his opinion, 
the  proper way to  m ake a cylinder, even when 
using chills, was to  cast i t  crown down and to  p u t 
a sufficient head on i t  to  feed the casting. I f  there  
was a leakage in  th e  cylinder i t  was e ither a t  the 
feet, th e  ind ica to r boss or th e  crown. I t  was pres
sure  th a t  was w anted, and i t  was pressure th a t  
the  cylinder received when cast crown down. He 
fe lt confident th a t , ra th e r  th a n  have to  ru n  risks, 
i t  was much sim pler for the  foundry, and more 
accurate , to  make th e  castings by th a t  method, 
and  i t  was th e  only way to  overcome the  trouble.

Mr . F rier  agreed w ith M r. Sm ith th a t  the 
perfec t way to  m ake a cylinder was to  cast i t  
crown down. Since he had been w ith his present 
firm they  had  made castings for about 2,000
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engines, and although they  them selves m ade all 
th e  cylinders crown up, i t  d id  n o t a lte r  th e  fac t 
th a t  th e  o ther m ethod was th e  more perfec t one. 
Of course, he was n o t able to  speak upon the  
ex tra  work and expense en ta iled . In  th e ir  p resen t 
m ethod they  used chills, and  he th o u g h t i t  was 
qu ite  evident, from  w hat o ther speakers had said, 
th a t  they  m et th e  same troub le  w here th e re  were 
junc tions of m etal.

The cost of m aking chills was prac tica lly  nil, 
as they  did n o t have to  a lte r  th e  design of th e  
cylinder, and they  had  certa in ly  proved th e  benefit 
of them .

M b . J a m e s  S m i t h  p o i n t e d  o u t  t h a t ,  w h e n  h e  
h a d  r e f e r r e d  t o  e x p e n s e ,  h e  h a d  n o t  m e a n t  t h e  
c o s t  o f  t h e  c h i l l s ,  b u t  t h a t ,  w h e n  t h e  c a s t i n g  
a r r i v e d  i n  t h e  f i t t i n g  s h o p ,  a  t r e m e n d o u s  a m o u n t  
o f  e x p e n s e  w a s  o f t e n  i n c u r r e d  i n  p a t c h i n g  i t  u p .  
W o u ld  i t  n o t  p a y  t o  c a s t  t h e  c y l i n d e r  c r o w n  d o w n , 
a n d  so  g e t  a  s o u n d  c a s t i n g  i n  t h e  f i r s t  p l a c e ?

M b . E .  W o o d , B .S c .,  said th a t  they  had  already 
considered th e  question of casting  cylinders crown 
down, b u t th a t  i t  m ean t scrapp ing  th e ir  p a tte rn s , 
which was a considerable item . T h a t was probably 
the  only th in g  which preven ted  them  from  m aking 
the  castings by th a t  m ethod.

Choice of Chills.
Mb. H . F . C l e m e n t s  drew a tte n tio n  to  th e  fac t 

th a t  the  lec tu re r had n o t m entioned w hat dep th  
of chill he used on the  p a rtic u la r  p a r ts  of the  
cylinders. H e, personally, would im agine th a t  the  
deeper th e  chill th e  g rea te r would be th e  am oun t 
of hea t ex trac ted  from th a t  p a rt ic u la r  p a rt . H e 
inquired  how M r. F r ie r  decided upon th e  dep th  
of the  chill, and w hether i t  was simply by experi
ence or by some m ore definite m ethod. H e asked 
if the  lec tu re r had experienced any  ill-effects from 
s tra in , due to  using  too large a chill on one p a r t  
of the  casting , and  th u s  g e ttin g  an adverse effect 
to  th a t  desired, causing th e  casting  to  crack d u rin g  
m achining. F o r instance, if  th e re  was a heavy 
chill on th e  core and a heavy chill on th e  mould, 
th e  re s t of th e  mould would cool m ore slowly and 
the  m etal would be draw n from  th a t  section. W hen 
the whole of the  casting  had  cooled down th ere  
would be a s tra in  there , a lthough th e re  was 
probably no th ing  to  see.
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In  reply, the  L e c t u r e r  stated th a t the  effect o f  
the chill depended upon its thickness. I t  was 
hardly possible to  see the effect of the chill upon 
the metal unless it was c-ni into sections. He did 
not see how there could he any strain , as the chill 
was quite free; also the amount of heat in  th e  
mould would prevent a stra in  tak ing  place, as 
before very long the  chill would be a t the same 
tem perature as the casting. One m ight get a bad 
effect, however, by using a chill too many times, 
in which case a certain amount of gas arose from 
the chill, due to  its having been heated too many 
times. For the  outside of the casting a chill can 
be used a good many times, but for a part which 
has to be machined a chill should not be used 
more than  three or four times. When the chill 
commences to  crack i t  should be scrapped.

Scientific Aspect of Chills.
M b. H. J .  Y o t t sg , F.I.C ., said th a t many people 

did not seem to quite understand what they were 
doing when they were chilling metal, and seemed 
to look upon it  as a kind of practical th ing  about 
which the chemist knew nothing. Also they 
seemed to  th ink  th a t if a foundry had a chemist 
they should not be using chills. He did not think 
th a t there was anything unscientific in a chill. 
Whichever way the cylinder was cast, if there were 
different thicknesses of metal, how was the 
foundrvm an to  get them alike? There were only 
two ways of doing it, and one was by using 
denseners. I f  chills were not used where there 
were different sections of metal, the iron would 
vary considerably when solidified. He supposed 
founders would say th a t the chemist should make 
his iron hard enough to  get over the difficulty, but 
even if the iron was very hard  there would still 
be variations in strength and hardness where there 
were different thicknesses of casting.

He had consolation in the fact th a t he had seen 
many castings made by other foundries, and found 
th a t they all suffered from the same troubles. I t  
seemed to  be only a t meetings th a t people made 
all good ones.

He was in entire agreement with Mr. Smith 
about casting a cylinder crown down, but a t the 
same tim e the  use of chills applied to  tha t method 
as well as to  the  other.
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In  th e  m odern engine i t  was essential to  get 
every ' p a r t  of th e  eastings alike. T he G erm ans 
had discovered a w onderful process for accomplish
ing th a t  very th in g ,' nam ely, th e  m aking  of all 
sections of ,a easting  exactly  th e  sam e. I t  was 
impossible to  do i t  by m eta l alone, and  th e re 
fore th e  only a lte rn a tiv e  was to  use chills or else 
th is  G erm an process, and  chills had  very g re a t 
lim itations and d isadvantages.

Some of th e  members had been ta lk in g  about 
porosity and blow-holes in  castings, w hilst others 
had  re fe rred  to  th e  density  of th e  m etal. I f  th e  
cylinder was cast crown up th e re  was bound to  be 
trouble w ith blow-holes and  a t  th e  im p o rtan t p a rts  
of the  casting  a t  th e  top of th e  m ould. Chills 
would do no good in  these respects. W hen cast 
crown down th e  gases and d ir t  rose to  th e  top of 
the mould, nam ely, to  th e  u n im p o rtan t p a r t  of 
the  cylinder. Also th e  im p o rtan t p a rts  were 
“  fed ”  by th e  m etal above ac tin g  as a “  h ead .”

M r. J a m b s  S m i t h  said he would like to  know 
why M r. F r ie r  had  used chills in  th e  first instance.

R esponding, M r . F r i e r  said th a t  a f te r  the  
castings had been m achined he had the  oppor
tu n ity  of seeing th a t  th e re  were d ifferen t sections 
of m etal, and  th a t  th e  g ra in  was n o t all th e  same. 
I t  was to  overcome th is and to  close up th e  g ra in  
of th e  m etal a t  these sections th a t  he had  tr ie d  the  
effect of chills. The chilling m igh t n o t close up 
the g ra in  of th e  iron  on th e  inside as m uch as 
desired, b u t if i t  closed up th e  g ra in  on th e  o u t
side i t  would give some benefit, and  i t  had  done 
so. The chills had certa in ly  served th e ir  purpose. 
H e had knowledge of m any castings w here they 
had effected a g rea t im provem ent.

M r . J a m e s  S m i t h  said th a t  h is p o in t was th a t  
if i t  were possible to  get a sound cylinder by 
casting  i t  crown down, why bo ther w ith  th e  use of 
chills a t  all?  M r. Wood had  s ta ted  th a t  casting  
cylinders crown down m ean t scrapp ing  th e  
pa tte rn s . H e (M r. Sm ith) did no t th in k  th a t  th is 
was a t  all necessary.

T h e  L e c t u r e r  said th a t  they  were all of the  
same opinion as M r. Sm ith , nam ely, th a t  to  cast 
a cylinder crown down was th e  m ore perfec t 
m ethod, b u t nevertheless i t  was n o t th e  one they 
were using, and  w hat he was try in g  to  do was to
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rem edy the  difficulties in  th e ir  p resent method. 
Everyone knew th a t  th e  bottom  p a r t  of a casting 
was always th e  soundest p a rt, and i t  was only 
n a tu ra l therefo re  th a t  to  make a cylinder crown 
down was going to  give a b e tte r casting.

Object of Chills.
M r . W .  J .  P a u l in  said they  all rem em bered the  

lecture M. R oneeray gave to  th e  Newcastle 
B ranch. In  th is lectu re i t  had  been poin ted  out 
th a t , if g rea te r a tten tio n  were paid  to  the  methods 
and  ra te  of pouring, very much sounder castings 
would be obtained, and  th a t  the  use of chills could 
be done aw ay w ith. H e (M r. P au lin ) could hardly  
agree w ith  M. R onceray on th is point, because, as 
M r. Young had  pointed  out, th e re  was the  diffi
culty  of the  d ifferent sections of m etal to contend 
w ith . I t  was impossible to  get these different 
sections th e  same when cooled unless chills were 
resorted  to . One experienced th e  same th in g  in 
tem pering  tool steel.

H e would hard ly  p u t i t  as M r. F r ie r  had, 
nam ely, th a t  th e  chill was used to  close up the 
porosity  of the  m etal, because he th ough t th a t  it  
was more to  hasten  the  period of cooling in a p a r
tic u la r place th a t  really m attered . W hen defects 
were p resen t in  a casting  they  were generally 
found a t  the  junction  of sections where the  m etal 
was th ick , and, consequently, took longer to  cool. 
I f  one could get uniform  cooling conditions of both 
th in  and  th ick  sections, th en  the  dem and of the 
th in  section for more m etal from  the  th ick  section 
ceased.

There were m any advantages in the  use of chills, 
and  these had  been touched upon by M r. F rie r. 
The lec tu re r had  shown a  section of a cylinder 
where the  junction  took place between two sections 
ru n n in g  tow ards th e  cylinder bore. C are had  been 
taken  by the  engineer to  separa te  these two sec
tions and to  form  a fillet, bu t, as M r. F r ie r  had 
qu ite  righ tly  pointed  out, such a fillet was very 
difficult to  m ain ta in  in  sand. By chilling he had 
no t only produced a very uniform  section, b u t he 
had  got more uniform  cooling, which m eant th a t  
th e  junc tion  was m ade perfectly  sound. W hat he 
(M r. P au lin ) liked about chills was th a t  they 
provided a m arg in  of safety.
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î l e  had had  th e  sam e experience as M r. T rie r , 
only w ith sm aller castings, and  they  had had ample 
evidence th a t  chills overcam e th e  trouble en tire ly . 
They had  first tr ie d  to  a lte r  th e  m ix tu re  by reduc
ing th e  silicon, and  although they  got a very 
close-grained iron  th e re  was s till a leakage in  the  
cylinder, b u t th e  app lication  of chills had  removed 
th a t  en tire ly . Chills d id  no t produce th e  effect 
th a t  m any people th o u g h t th ey  m igh t, nam ely, 
produce h a rd  spots. I f  th e  thickness of chill was 
carefully  determ ined beforehand i t  b rough t about 
all th a t  was desired in  th e  way of h u rry in g  up th e  
cooling w ithou t a lte rin g  th e  m achin ing  qualities 
of the  iron.

M r. F rie r  was correct in m ention ing  th a t  a chill 
should no t he used too m any tim es. A lthough 
there  was no th ing  visible in  th e  chill to  show th a t  
i t  was defective, if i t  had  been used too o ften  i t  
would give off gases. T h a t was alm ost th e  only 
po in t which he th ough t required  w atching, and  i t  
was qu ite  a separa te  question from  th a t  of undue 
thickness of chill.

M b . W ood  s a i d  t h a t  t h e  a r g u m e n t  s e e m e d  t o  h a v e  
b e e n  r a i s e d  a g a i n s t  t h e  l e c t u r e r  t h a t  h e  w a s  u s i n g  
c h i l l s  t o  s a v e  c a s t i n g s  f r o m  t h e  s c r a p  h e a p .  M r .  
S m i t h  h a d  o v e r lo o k e d  o n e  f a c t ,  h o w e v e r ,  a n d  t h a t  
w a s  t h a t  t h e  l e c t u r e r  h a d  s h o w n  o n  t h e  s c r e e n  a t  
l e a s t  o n e  c o r e  w h e r e  t h e  c h i l l s  h a d  n o t  b e e n  u s e d  
to  r e s i s t  p o r o s i t y ,  a n d  h e  w o u ld  l i k e  t o  h e a r  t h e  
l e c t u r e r  e x p r e s s  h i s  o p i n i o n  u p o n  t h o s e  c h i l l s .

M b . F r i e b  explained th a t  in  th e  p a rtic u la r  cas t
ing  which M r. Wood re fe rred  to  th ey  had  gained 
experience from the  troub le  which o th e r people had 
had, th e  casting  no t being  one of th e ir  own 
m aking, b u t from  ano ther firm . They had  cu t it  
up, and had been able to  overcome th e  trouble 
successfully by applying chills.
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Wales and Monmouth Branch.
SEMI-STEEL.

By H. Field (Member).
No apology is needed for adhering  to  the  name 

by which every foundrym an and  most engineers 
still call th is  p a rticu la r type of iron. T ha t the 
nam e is indefensible on technical or m etallurgical 
g rounds is readily  adm itted , b u t i t  is nevertheless 
b e tte r  th a n  some of the  complex and  compound 
a lte rna tives suggested. If  i t  gives no idea of the 
u ltim a te  p roperties of th e  m etal i t  does a t  least 
give a tru th fu l p ic tu re  of th e  component elements 
of th e  m ix tu re , and  th e  tim e has long passed by 
when any b u t th e  very simple m ight buy i t  under 
the  im pression th a t  they  purchased a ductile 
m etal.

The m ateria l semi-steel is in  fac t a cast iron 
m ade by m elting  together o rd inary  pig-iron and 
steel in  vary ing  proportions according to th e  work 
to  be cast. The object of m aking th is  m ix tu re  is 
to produce from  cheap pig-iron  a final m ateria l 
w ith  some or all th e  v irtues of more expensive pig- 
iron  m ix tures, and inasm uch as these la t te r  never 
give any du c tility  w orth m easurem ent, foundry- 
men n e ith e r expect nor obtain  duc tility  in semi
steel. W hat is obtained is a very close-grained 
iron, w ith  tensile s tren g th  im proved in varying 
degree up to  50 per cent, increase, and transverse 
s tren g th  also im proved in a lesser b u t nevertheless 
a  valuable degree. The increased closeness of 
g ra in  also gives to  some ex ten t an iron more 
capable of w ithstand ing  hydraulic or pneum atic 
pressure and  the  action  of acids and heat. A con
sidera tion  of these benefits enables it  to  be confi
dently  s ta ted  th a t  semi-steel is a valuable addition  
to  the  m ateria ls available to both engineer and 
ironfounder.

I t  has been frequently  s ta ted  th a t  there  is no 
difficulty in  m aking semi-steel, and while th is is 
in  the  m ain  tru e , there  m ust be difficulties, since 
all who a ttem p t do not succeed. I t  is not 
unknow n to  hear of engineers who will have no



more to  do w ith th is m ateria l because in past 
tr ia ls  they  have found hard  spots, even w hite  
sections and  blow-holes. These a re  ju s t as much 
the  possible resu lts of im proper choice of m ateria ls 
and  defective m elting  p rac tice  as they  are  
acknowledged to  be w ith o rd inary  iron.

The most ready  m ethod which suggests itself for 
m aking semi-steel is to  m ix together m olten steel

F i g . 1 .— M i l d  S t e e l  ( C  =  0 .2 8  p e r  C e n t .)
U s e d  f o r  t h e  E x p e r i m e n t s  x  1 0 0
D IA S .

and m olten cast iron, h u t such a m ethod can only 
be prac tised  where the  m ateria ls  a re  available. I t
m igh t be supposed th a t  under such conditions the
ductile p roperties of th e  steel would be re ta ined , 
since i t  has no t been passed th rough  th e  cupola, 
b u t such is no t th e  case. Even if a soft g rey  iron 
be used, th e  re su lta n t m etal tends to  be w hite  in 
frac tu re  if any  considerable proportion  of steel is 
used. I t  is, however, an  excellent m ethod for 
m aking strong, close-grained cast iron.

This m ethod, however, ev idently  appeals to  m any 
foundrym en, and they  use th e  n eares t approach 
possible by add ing  solid steel to  molten cast iron 
in the  ladle, a m ethod to  be strongly  condemned. 
The only q u an tity  of solid m etal which a given



q u an tity  of liquid m etal can raise to  m elting point 
and convert in to  liquid is so small as to be w ithout 
influence on properties. Should an a ttem p t he 
made to use a larger q u an tity , say 10 to  20 per 
cent., th e  fluid m etal is robbed of so much heat 
as to become useless, and is also filled w ith shots 
of p artly  m elted steel. Scientific m elting practice, 
i.e., practice which seeks to  do the  th in g  rightly

F id . 2 .— M i l d  S t e e l  R e c o v e r e d  f r o m  
t h e  C u p o l a . T h e  P i e c e  w a s  j u s t  o n  
t h e  P o i n t  o f  M e l t i n g . ( C  =  0 .2 6  
p e r  C e n t . )  x  1 0 0  d i a s .

and  to  follow th e  same course from day to  day, 
m ust look askance on the  add ition  of solid m etal 
to well-melted m etal in the  ladle. I t  is rarely  
th a t  any m olten m etal has any surplus heat 
available for such work.

The air-fu rnace  offers the  best medium for 
m elting  semi-steel, because there  the  desired 
m aterials may be thoroughly mixed and melted and 
the m ix tu re  tes ted  to  ascerta in  if  suitable for the 
work in  hand. By th is type of furnace a tru e  low- 
carbon m etal can be obtained, a difficult fea t in 
cupola practice. This is an ideal m etal when so 
melted for the  purpose of chilled castings, rolls, 
etc.
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Semi-steel m elting  on a large scale has been 
adopted by some m akers of so-called refined and 
special pig-irons. The steel in  th is  case acts as 
a d iluen t, proportionally  reducing  th e  quan titie s  
of phosphorus and  m anganese and  to  a sligh t 
ex ten t in good practice  th e  carbon, b u t as to 
w hether or no t a really  im proved m etal for foundry  
p ractice is obtained by such a process depends on 
one im p o rtan t question—Do the  im proved p roper
ties ob tained  by m elting  steel w ith  cast iron 
persist on re-m elting?

Cupola not a Mixer.
Semi-steel, like cast iron , is generally  m ade in  

the cupola. W hilst i t  m ay he tru e  to  say th a t  no 
special form  of cupola is necessary, th is  s ta tem en t 
is correct only because of th e  m odifications w rought 
in cupola practice du rin g  recen t years. The old- 
fashioned cupola, w ith  its  sm all-area tuyeres and 
hurricane  b last, would indeed have produced a 
m ate ria l h a rd  and full of blow-holes had our fore
fa thers used i t  for m elting  h igh steel-m ixtures. I f  
we accep t'p resen t-day  conditions of m elting  good 
iron, namely, a tuyere  area  abou t one-fourth  the  
area  of m elting  zone and a b last pressure of 12 ozs. 
per sq. in ., w ith  th e  requ isite  volume of a ir , th en  
semi-steel may be safely m elted u nder sim ilar 
conditions. The h ea rth  of th e  fu rnace  should in 
all cases be sufficiently large to  accom m odate a 
complete charge when m elted, as th is  m ix tu re  
should no t be ru n  ou t a t  the  spout u n ti l i t  has had 
some chance to  become uniform . The cupola is no t 
a m etal m ixer, and  such m ix tu res as p ig-iron  and 
steel, high- and low-phosphorus pigs, or p ig-iron 
w ith rich ferro-alloys, should no t be cast u n ti l they 
have had  every fac ility  for m ixing both  w ith in  and 
w ithout the  cupola. A very convenient m ethod 
for small foundries is to  m ount a 5-cwt. shank on 
trestles before th e  cupola spou t and  ru n  the  
m etal from  th e  fu rnace  in to  the  shank, and  thence 
in to  the  o rd inary  hand  ladles, so using  th e  shank 
as a receiver. A com parison betw een sam ples taken  
a t in tervals d u ring  a ru n  u nder these conditions 
will show th a t  successive casts are  much more 
uniform  th a n  when tak en  d irec t from  th e  cupola 
w ith hand  ladles.

S tr ic t a tte n tio n  m ust be paid  to  th e  choice of 
m aterials in  m aking  sem i-steel. A comparison
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between th e  relationship  of chemical and physical 
p roperties in  a s tra ig h t grey iron  and a semi-steel 
shows th a t  a t  once the  increased physical qualities 
of the la t te r  are  due to  some o ther influence 
besides th a t  of" th e  a lte ra tion  in  composition caused 
by th e  steel additions. Even so, the re  are  two 
elements which m ust be ad justed  on the  same 
principles and  w ith the  same care as in  ordinary

F i g .  3 .— S i m i l a r  t o  F i g .  2 , s h o w i n g  t h e  
D e c a r b u r i s e d  a n d  O x i d i s e d  E d g e  
( B o t t o m )  x  1 0 0  d i a s .

iron. The influence of silicon on hardness and its 
regu lation  according to  section undergoes no 
change because of the  steel present, and the  same 
is tru e  of phosphorus and its  re la tion  to  fluidity. 
L ight castings in semi-steel m ust have high silicon 
and  phosphorus as in  grey iron, and th e  reverse is 
tru e  for heavy work. I t  is therefore  necessary to  
s ta r t  w ith  a pig-iron which contains a g rea te r 
q u an tity  of each of these elem ents th an  is finally 
required, since they will both suffer a reduction 
in precisely the same proportion  in  which steel is 
added, for the  la t te r  contains only a negligible 
am ount of each. W ith  high percentages of steel, 
it  will be necessary to  commence w ith a soft open- 
grained  pig of high silicon-content, if the product



is to  be of m achinable quality  in o rd inary  sections 
and if th e  phosphorus is to  be of th e  order of 
0.8 per cent, in  th e  finished m etal, th e re  will need 
to be over 1 per cent, in th e  p ig-iron. I t  is also 
advisable to  keep a fa ir  percen tage of m anganese, 
say 0.6 per cen t., in  th e  finished semi-steel, b u t 
since m ost m ild steel con tains th is  am ount, the  
steel add ition  will no t rob the  p ig-iron, and  an 
in itia l con ten t of 0.6 per cen t, m anganese in  the  
la t te r  will be qu ite  su itable.

To a large ex ten t th e  increased physical 
properties a re  due to  a reduction  in  to ta l carbon, 
which is reflected in  a decreased co n ten t of 
g raph itic  carbon, th e  m ost w eakening constituen t 
of cast iron. I n  fac t, i t  is only by m odifying 
e ith e r the  q u an tity  or qua lity  of th e  carbon th a t  
any considerable im provem ent in  cast iron  can be 
obtained. To th is end i t  is well to  begin w ith  a 
pig-iron low in  carbon, and  certa in ly  n o t w ith 
hem atite  p ig-iron, which is am ongst th e  h ighest 
in  th is respect. The high-phosphorus pig-irons, 
which the  au th o r uses and recommends for th is  
work, a re  generally  lower in  carbon th a n  most 
o ther irons, a lthough no t lower th a n  special 
cylinder pigs, them selves o ften  m ade by steel 
additions. This reduction  in  to ta l carbon is essen
tia l if th e  best physical qualities a re  to  be obtained, 
bu t i t  often does n o t tak e  place, and th e re  is, in 
fact, an increase when th e  m elting  p rac tice  is not 
good. F or th is  purpose i t  is necessary to  keep the  
coke a t  a m inim um , which in  its  tu rn  can  only be 
accomplished when th e  a ir  supply is regu la ted , for 
excess a ir  e ith e r dem ands excess coke or resu lts in 
oxidised iron. I t  should be possible to  m elt w ith 
10 per cent, of coke, exclusive of bed, and  if th is  
be much exceeded i t  will be difficult to  effect a 
reduction  in  carbon and ob tain  strongest m etal. 
The s tren g th  of semi-steel is very largely  dependan t 
upon th e  percen tage of g rap h ite , b u t th is  p o in t 
is common also to  o rd in ary  i r o n ; betw een 3.2 
and 2.7 per cent, of th is  co n stitu en t i t  has 
been found th a t  each 0.1 per cen t, reduction  is 
worth an increase in  s tren g th  of one ton  tensile.

Character of Steel Additions.

The quality  of steel to  he used calls fo r a tten tio n . 
In  his ea rlie s t experim ents, th e  au th o r found th a t
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th in  m ateria l, th e  waste from m achine presses, is 
no t su itab le  to  use, for i t  suffers heavy oxidisation 
due to  its  relatively  large surface, and to  the 
rap id ity  w ith which i t  reaches an oxidising tem 
p era tu re . Foundries working in  conjunction  w ith 
engineering shops are  often  p u t under pressure to 
use th is steel, b u t will be well advised to  resist, or 
trouble will be encountered. This same m ateria l 
is, however, sometimes available in tig h tly  com
pressed bundles, about 30 in. long and 6 in. square, 
sim ilar to  pig-iron in  shape and w eighing roughly 
J cw t., and  is th en  very suitable for th e  work.

W hilst superin tend ing  cupola work, the  au thor 
has seen th is  very ligh t steel become very highly 
oxidised, even before i t  d isappears from  view 
below th e  charg ing  door, and on such occasions 
the  slag will be black, th e  cupola lin ing  very 
severely a ttacked , and the m etal little , if any, 
be tte r for its  quota  of steel. I t  is from  such m elt
ing  th a t  castings spoiled by blow-holes are 
obtained, and  only na tu ra lly  so when the condi
tions in  th e  cupola hea rth  are considered. Very 
sm all m ateria l, such as boiler punchings, is also 
condemned for semi-steel work. The least harm  
th a t  i t  can do is to  slip down through  its com
panions of th e  charge, and so cause unequal pro
portions of steel a t  different points, whilst there 
is a possibility of a quick descent rig h t through 
in to  the  m olten b a th  before complete carburisation  
is accomplished. In  such cases the  pieces are often 
only p a rtly  dissolved by the  m olten m etal, and 
hard  spots r e s u l t ; th is  again  being a frequent 
cause of com plaint against semi-steel. The ideal 
form  of steel for general work in cupolas up to 
40 in . dia. is th e  scrap from  constructional work, 
p lates, angles, etc., of about f  in. thickness, and 
th is steel can  usually be relied on as regards com
position. F o r la rger cupolas, rail ends, etc., are 
used w ith success, b u t are  not, in the  au th o r’s 
opinion, so good as the  constructional steel. The 
use of tool steel, files, etc., is usually condemned, 
b u t th ere  seems no leg itim ate  reason for so doing 
except the  fac t th a t  such higher carbon m aterial 
will have a lower m elting  po in t than  mild steel. 
A t any ra te , i t  is evident th a t  a t  some stage 
between charging and tap p in g  the mild steel itself 
m ust contain  ju s t th a t  proportion of carbon which 
is in tool s te e l; and, furtherm ore, w hat of the
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3 per cen t, of carbon in p ig-iron P M oldenke4 
condemns the  use of such steel on the  ground  th a t  
i t  gives trouble  when exposed to  h igh  tem pera tu res  
w ith only a li tt le  oxygen.

V arious workers have s tip u la ted  th a t  fo r hest 
results th e  steel should have some definite position 
in the  charge— above th e  coke, below the  coke, or 
between pig  and  scrap. The experim ents now to

F i g . 4 . — M i c r o s t r u c t u r e  o f  a  S m a l l  
S a m p l e  o f  M o l t e n  S t e e l  R e c o v e r e d  
a t  t h e  T u y e r e s  w i t h  a S p o o n  (CC =
0 .8 2  p e r  C e n t . )  x 1 0 0  d i a s .

be described a ttem p t to  show w hat happens to  steel 
in  the  cupola, and will have a bearing  on th e  
order of charging. P rio r to  these experim ents, the  
au th o r had  held th e  view th a t  th e  steel, g radually  
descending in  th e  cupola shaft, was rap id ly  car- 
burised on its  surface in  th e  solid s ta te  hy gases 
or by solid carbon, and  th a t  when i t  reached a 
zone w ith a tem p era tu re  corresponding to  th e  
m elting  po in t of such a high carbon m etal, m elting  
took place. Thus, w ith  1 per cent, carbon absorbed, 
m elting  would tak e  place a t  1,450 deg. C., w ith  
2 per cent, a t  1,380 deg. C., w ith  3 per cent, a t  
1,300 deg. C., as shown in  th e  equilibrium  d iag ram  
for th e  iron-carbon alloys.



Cupola Experiments with all Steel.
The au thor, hav ing  a small drop-bottom  cupola 

a t his disposal, charged i t  w ith  steel only, sepa
ra ted  by small coke charges. M etal appeared a t 
the tap  hole in norm al tim e, accompanied by a wild 
firework display, and the  iron when cast was found 
to be hard , w hite in frac tu re , and full of blow
holes. The tap  hole was kept open, so th a t  the
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F i g . 5 .— C a s t  I k o n  a t  t h e  T a p p i n g  S p o u t  
( 0 0  2 .9 0  p e r  C e n t . ) .  I t  i s  t h e

R e s u l t  o f  M e l t i n g  S t e e l  i n  t h e

C u p o l a .

m etal ra n  ou t as quickly as i t  melted, and did not
lie in th e  fu rnace  bottom . I t  showed an analysis
2 .8  to  2 .9  per cent, of carbon, all combined, and 
when annealed in a malleable oven, gave a reason
able ductile m etal. No doubt the  blow-holes could 
be elim inated  by a deoxidiser such as alum inium . 
About half-w ay th rough  the  heat the furnace was 
dra ined  and  th e  bottom  dropped, so as to  obtain 
the  rem ainder of the  steel in the  unm elted and 
p a rtly  m elted condition. The m etal so recovered 
in  the  form  of p lates 6 in . round, § in. d iam eter, 
showed a th in  scape of oxide, probably formed in 
the  h igher regions around the  charging door, and 
when broken had  th e  typical large crystalline frac
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tu re  of b u rn t steel, a lthough still qu ite  tough and 
ductile . Samples were taken  for carbon, h u t no 
increase was shown over th e  o rig inal am oun t in 
the  steel, viz., 0.28 per cent. ; th is  being tru e  even 
of spongy pieces which were ac tua lly  p a rtly  
m elted. Sections u nder th e  microscope showed 
instead  th e  fa in t  beginnings of ox idation  a t  the  
edges, and beneath  th e  oxide th e  carbon still 
rem ained a t  its  o rig inal figure. Steel can  he 
m elted in  th e  cupola, and  du rin g  its  descent from 
m elting  zone to  h ea rth  th e re  is absorbed 3.0 per 
cent, of carbon.

This experim ent was repeated , b u t a rrangem ents 
were m ade to  catch fa lling  drops a t  the  tuyere. 
F o r th is purpose a small iron spoon lined w ith  sand 
being used and  pushed th rough  th e  tuyeres. F o u r 
samples were tak en  progressively th rough  th e  
h e a t : th e  first two were h a rd  and b rittle , showing 
respectively 2.65 and  1.86 per cent, of carbon, the  
th ird  was slightly  m alleable w ith  1.35 per cen t., 
and the  la s t qu ite  ductile  and  soft w ith  0.82 per 
cent, carbon. These resu lts suggest th a t  th e  m elt
ing zone had  g radually  fallen du rin g  th e  h ea t, so 
th a t  the  m etal was m elting  a t  a less h e ig h t above 
the  tuyeres, and  in  fa lling  th rough  a sm aller 
range of incandescent coke, had absorbed less 
carbon. The au tho r, like m any o ther w orkers, has 
in  view th e  production  of m alleable m etal d irec t 
from  th e  cupola, and  if  iron  w ith  0.8 per cent, of 
carbon, which is certa in ly  m alleable, can  he w ith 
draw n a t  th e  tuyere  level, i t  m ay be possible in  a 
cupola w ith  very shallow h e a rth  to  ta p  off a m etal 
which is still sufficiently low in  carbon to  he of 
some service as a m alleable product. I t  is of 
in te re s t to  note th a t  th e  m elting  p o in t of a pu re  
iron-carbon alloy w ith  0.8 per cent, carbon is no t 
much below 1,500 deg. C., and  an  ind ica tion  of 
the tem p era tu re  a t  tuyeres in  cupola is th u s  given. 
In  the  first experim en t the  slag fro thed  up, and 
was ju s t in to  th e  tuyeres when th e  cupola bottom  
was d ropped ; i t  showed S i0 2, 45; FeO, 30; and 
CaO, 17 per cen t. In  the  second experim ent, drops 
of slag caugh t a t  the  tuyeres were found to  con
ta in  S i0 2, 47: FeO, 33; and  CaO, 10 per cen t., 
w hilst th a t  tapped  ou t a f te r  m elting  was much 
more norm al w ith  S i0 2, 55; FeO, 7 .5; and  CaO, 
22 per cent. All these ind ica te  th e  heavy risks of
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m elting  high-steel percentages, and show the  neces
sity  ot avoiding an oxidising atm osphere. The 
resu lts of the  experim ent are  shown in  Tables I 
and I I .

The au th o r has two samples of m etal 
showing th e  resu lt of m elting  ligh t steel 
in a cupola, w ithou t any p a rticu la r precau
tions being tak en . They show 1.53 per cent, and 
1.93 per cent, of carbon respectively, and consti
tu te  th e  lowest carbon cuppla m elted m etal of 
which he is aw are. E xperim ents a re  now in  hand 
to  im prove upon these figures, and a t  the  same 
tim e to  obtain  sound m etal of commercial value.

T a b l e  I .— Chemical History of the Carbon Content.
Carbon. 
Per cent.

Original steel ... 0.28
Molten metal a t tuyeres 1 . . 2.65

2 .......................... 1.86
3 .......................... 1.35
■ i .......................... 0.82

Metal a t spout 2.90
Partly  melted steel, spongy 0.26
Steel from top charge, no signs of fusion 0.28

These experim ents very closely confirm those of 
C am eron1, who found onlv very low carbon-absorp- 
tion  in sem i-m elted m etal. On th e  o ther hand, 
J .  G rennan, of U .S .A .2, concludes th a t  steel when 
m elting  in th e  cupola contains a t  least 1.25 to
1.35 p er cent, carbon, w ith  which the  au th o r’s 
resu lts do not agree, fo r some of th e  steel obtained 
by dropping  bottom  was clearly caught ju s t a t 
m elting-po in t and shows no increase of carbon 
except on an  edge of microscopic thickness. 
M oldenke3 claims to ' have m elted many tons of 
steel for castings in a cupola, using two to four 
tim es th e  usual am ount of coke, a precaution 
neoessajy to  avoid scaffolding through  solidifica
tio n  of low-earbon m ateria l. I t  is doubtful if such 
m etal can  be cast free  from  blowholes w ithout 
using a  deoxidiser, such as alum inium .

Since, then , steel m elts w ith the  absorption of 
li tt le  o r no carbon in  th e  cupola, th e re  is no need 
to  place i t  e ith e r above or below the coke in order
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to b ring  i t  in  con tac t w ith  the  solid carbon. In  
fact, th e  carbon which .may be absorbed in its solid 
s ta te  is certa in ly  th e  resu lt of con tac t w ith gasei 
ra th e r  th an  w ith  coke o r solid carbon. T hin steel, 
provided i t  is n o t oxidised in descent, w ill m elt 
quicker th a n  grey p ig-iron, and th is  is probably 
tru e  of any steel under 1 in. in  th ickness. The 
order of charg ing  may be determ ined as in 
s tra ig h t pig-scrap m ix tu res w ith th is  proviso, th a t  
steel over 1 in. to  1^ in. th ick  be tre a te d  as pig- 
iron and charged w ith it, w hilst in th in n e r  sec
tions i t  should be above th e  pig-iron e ith e r second 
or th ird  in o rder, according to its  re la tion  to  th e  
scrap.

T a b l e  I I .— Slag CoJiditimis.
FeO.

Per cent.

Slag—frothed over into belt 30
,, caught a t tuyeres 33
,, tapped a t spout 7 .5

In  casting  seani-steel, provision m ust he m ade 
for an increased sh rinkage over grey iron. This 
applies to  both liquid and solid shrinkage, for 
semi-steel is m ore prone to  those defects know n as 
“ draw s and shrinkages ” th an  is s tra ig h t grey 
iron. L arger feeding heads a re  requ ired  and 
increased fillets in angles, and i t  m ust be adm itted  
th a t  th is  tendency to d raw  is one of th e  most 
serious troubles w ith  these m ix tures.

The analysis and physical p roperties of a series 
of sem i-steels a re  shown in Table I I I ,  th e  am ounts 
of steel used being 10, 20, 35, and 50 per cent, 
respectively, and th e  p ig-iron, No. 3 Sheepbridge, 
which m ay be regarded as a  norm al foundry  iron. 
The au th o r’s purpose in using steel has always 
been to  im prove th e  p roperties of the cheaper pig- 
irons and b ring  them  up to th e  level of th e  b e tte r  
class irons, th u s  producing  a h igh-grade m a te ria l 
a t  lowest cost. Steel can be bought a.t q u ite  as 
low a price as N ortham pton  o r D erbyshire pig- 
iron, and  by th e  production  of such m ix tu res as 
those now outlined  an  iron of excellent physical 
p roperties costs Jess th a n  £5 p e r ton . N ot only 
so, b u t th e  im provem ents obtained  w ith high-class
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iron as a base are  much less noticeable th an  with 
cheap irons, and high steel-percentages canno t be 
used w ith low-silicon irons.

The m ix tures consisted oi steel, pig-iron, and 
o rd inary  foundry scrap in th e  proportions shown 
in Table I I I ,  th e  scrap con tain ing  a large propor
tion  of Sheepbridge iron and  showing about 2.8 
silicon and 1.4 per cent, phosphorus. The silicon 
was k ep t as nearly  constan t as possible, w ith in  the

T a b l e  I I I .— Analysis and Properties of Semi-Steel.
Pig-iron 65 55 45 35
Steel .......................... 10 20 35 50
Scrap 25 25 20 15

Analysis :
Silicon 2.65 2.25 2.20 2.0
Sulphur All under 0.08%
Phosphorus 1.38 1.14 1.01 0.91
Manganese 0.63 0.51 0.57 0.51
Combined carbon 0.33 0.35 0.37 0.57
Graphitic carbon 2.92 2.72 2.53 2.13
Total carbon 3.25 3.07 2.90 2.70

Physical Properties :
Tensile strength

tons 11.9 14.4 16.0 18.3
Transverse ,,

lbs. 2.600 3.025 3.360 3.640
Deflection ins. 0.090 0.106 0.119 0.110

lim its allowed by th e  th ree  m aterials chosen. M an
ganese is fa irly  constan t, and phosphorus drops 
regu larly  in proportion  to  the d ilu ting  effect of 
th e  steel. The percentage of to ta l carbon also 
shows a continual decrease, and these m ixtures 
m ay on th is  account claim to  be well m elted and 
to  "be tru e  semi-steel, for w ith indifferent m elting 
the  high-steel m ix tures m ight easily show' no reduc
tion in carbon and  give consequently lower tests. 
The combined carbon shows a  gradual increase 
more pronounced in the 50 p er cent, m ix ture, but 
the  combined effect of th is  increase taken  together 
w ith th e  fa lling  to ta l carbon is to give a  very 
rap id ly  d im inishing g rap h ite  content, am ounting 
to  27 per cent, in the  50 per cent, steel m ixture. 
This is a most im portan t factor in th e  improve
m en t o f-th e  m etal,
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The physical p roperties im prove stead ily  w ith 
the  increase in  steel, th e  increase  in tensile being 
54 per cent, and  in  tran sv e rse  40 p er cen t. I t  is 
particu la rly  noticeable w ith w hat reg u la rity  the  
im provem ent takes place, and i t  does n o t seem 
th a t  th e re  is an a b ru p t lim it to  th e  am oun t of 
steel which can be usefully added, and  certa in ly  
no t w ith  th is  p a rticu la r p ig-iron. T he tensile  
bars a re  oast f  in. dia. an d  m achined to  0.564 in ., 
th e  transverse  bars 12 in. by 1 in. by 1 in. I t  is 
adm itted  th a t  tes ts  on th is  size of b ar give a  false 
idea of th e  value of th is  m eta l fo r heav ie r work, 
b u t they  a re  com parative, and  a re  of a section 
equal to  th a t  of th e  general ru n  of eastings a t  
th e  a u th o r ’s foundry . The im provem ent in  tr a n s 
verse stren g th  is d is tinc tly  encouraging, as i t  is 
often  s ta ted  th a t th e re  is  no im provem ent in  th is 
test, b lit i t  is conceded th a t  such im provem ent 
m ay be largely due to  th e  g radual reduction  in 
phosphorus, and would ta k e  place in  some degree 
if th is  elem ent were sim ilarly  reduced in any 
m anner o ther th an  by steel additions.

All irons were readily  machined a t  norm al speeds 
in the  |- in .  size, and the  m ach in is t was unable to 
detect any hardness g rea te r th a n  in  th e  o rd inary  
grey irons which he regu larly  works upon, excep t 
in th e  case of t<he 50 per cen t, one, w hich was 
(rather hard . T here is no difficulty in  m aking  
50 per cent, sem i-steel, w ith  high-phosphorus and 
low-carbon, su itab le  fo r lig h t castings and easily 
m achinable, provided th a t  th e  silicon is k ep t a t  a 
sufficiently h igh figure. This is th e  obstacle over 
which m any foundrym en s tu m b le ; a  pig-iron of 
close g ra in  and low-silioon is chosen for m ix ing  
with steel in  th e  belief th a t  th is  is th e  best basis 
for th e  p roduction  of a s trong  m ateria l, and  th e  
final m etal w ith  its  silicon reduced more or less 
by steel add ition  is consequently too low to give 
softness, w ith  th e  resu lt th a t  th e  m ix tu res a re  con
demned as im practicable. The p ig-iron, on th e  
contrary , m ust be of a m uch so fter an d  more open 
grade  th an  would o rd inarily  be used for th e  work 
in  hand, and if over 25 p e r cen t, steel is to  be 
used th ere  should a t  least be 1 p er cent, silicon 
in th e  pig-iron. This, of course, refers to  heavy 
work.

T here is no th ing  difficult about th e  law  govern
ing th is  p o in t; i t  is sim ply a case of th e  laws of
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proportion  and average. Steel con tains no silicon, 
or, a t  any ra te , an inconsiderable am ount, and it 
reduces th e  silicon in th e  m ix ture , over and above 
th e  o rd in ary  m elting  losses, by precisely th e  pro
portion  in which i t  is added thereto . Some 
w orkers have concluded th a t  high-phosphorus pig- 
irons a re  unsuitable fo r using in  semi-steel mix
tu res , and the  au th o r has therefo re  especially chosen

F i g .  6 . — S e m i - S t e e l  x  1 0 0  d i a s . ,  h i g h l y  
E t c h e d  t o  R e v e a l  G r a p h i t e .

th is  series, m ade from  such a pig-iron, for detailed 
consideration. I t  is difficult to  see w hat g rea te r 
im provem ent could be expected if hem atite  iron 
w ere used, b u t, so fa r  as th e  a u th o r’s foundry 
requirem ents are  concerned, the  m etal would then  
be unsuitab le , as i t  is th e re  often  used for th e  
lig h tes t types of casting  of th e  o rder of one or 
two ounces in  w eight and j  in. thickness. For 
such work th e re  m ust be a final phosphorus con
te n t  near 1 per cen t, to  give necessary fluidity  and 
life, and the  silicon m ust always be over 2 per 
cent. I t  has no t y e t been possible to  use 50 par
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oent. steel in such work owing to h igh ocwnbined- 
carbon and consequent hardness. This difficulty 
can  be easily  understood when i t  is seen th a t  in  a 
J-in. te s t b a r th e  average combined carbon reaches 
0.57 p er cen t., and would be considerably h igher 
on th e  skin.

Physical Properties of Semi-Steel.
The physical p ropertie s recorded show im prove

m ents on m ate ria ls  of sim ilar analysis m ade w ith 
ou t steel, excep t th a t  i t  would be difficult in  a 
cupola to  produce fo r com parison a  low-oarbon 
m ateria l like  th e  50 p er cent, sam ple by any 
m ethod o ther th an  steel add ition  and  give th e  
requ ired  softness. Carbon reduction  alone is no t 
responsible for th e  increase  in p ro p e rtie s ; th e  
au th o r daily  m elts on th e  sam e cupola first of all 
several tons of 10 p er cen t, sem i-steel, which gives 
14 to  16 tons tensile, and  afte rw ards a  q u a n tity  of 
grey iron w hich shows about 11 to  12 tons. The 
pig-irons are  th e  same, a lthough  ra th e r  m ore pig 
and less scrap a re  used w ith  th e  steel, and  the 
final analyses, including both to ta l and combined 
carbon, are  also th e  sam e w ith in  o rd in ary  w orking 
lim its, and ye t th e  steel m ix tu re  shows always 
from  3 to  4 tons added s tren g th . R everting  to 
th e  series shown in Table I I I ,  th e  only constituen t 
o ther th an  carbon which varies to  any e x te n t is 
phosphorus, which i t  has a lready  been adm itted  
may in  p a r t  be responsible for th e  im provem ent 
in transverse  s tren g th . The sam e does n o t hold 
tru e  fo r tensile  s tren g th , which w ith in  th e  a u th o r’s 
experience is no t influenced in  any  m arked 
m anner by rise o r fall in  phosphorus, and  in  his 
opinion i t  is possible to  o b ta in  equal tensile 
streng th  no tw ithstand ing  th e  phosphorus.

Figs. 1 et seq. show th e  s tru c tu re s  of th e  
20 and 50 per oent. m ix tu re , and a s tra ig h t 
grey iron m ix tu re  of approx im ately  sim ilar 
analysis for comparison. This series ta k e n  a t  100 
m agnifications p resents a range  from  12 to 18 tons 
tensile. T here is  no g rea tly  m arked difference in 
th e  size of g rap h ite , a lthough in th e  stro n g er bar 
th is  is indeed a li t t le  sm alle r; on th e  o ther hand, 
th e re  is a noticeable decrease in  its q u a n tity  as 
steel increases, and also in th e  general ooimpact- 
hes-s of s tru c tu re  and  netw ork effect of th e  phos
phide eutec tic . These sections were only very
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lightly  etched in order to  leave th e  graphitte 
p ro m in en t; th e  arrangem ent of phosphide eutec tic  
is m ore olearly shoavn in  a fu r th e r  etching (F ig. 7), 
which depicts th e  50 p er cen t, m ixtures.

W hilst m ost workers have agreed th a t  th e  fine 
g rap h ite  is  a necessary constituen t of strong semi
steel, th e  E d ito r of T h e  F o u n d r y  T r a d e  J o u r n a l  
has gone fu r th e r  in using th is characteristic  as a

F i g . 7 .— 5 0  p e r  C e n t . S e m i - s t e e l  H e a t - t r e a t e d  
FO R  1 2  H O U R S  AT 8 0 0  DF.G. C . .X 1 0 0  D IA S .

basis fo r  his definition of semi-steel. H e subm its 
th e  fo llow ing:— “ Semi-steel is a cast iron which 
has had  its g rap h itic  s tru c tu re  modified—th a t  is, 
m ade finer—by th e  incorporation of steel into the 
charge du ring  its m anu fac tu re .”  This would be 
an excellent definition, inasm uch as i t  would p re 
clude th e  p u tt in g  forw ard of m ixtures contain ing 
only very low percentages of steel or of cold cast 
m etal w hich does not show such fine g raphite , but 
th e  au th o r questions w hether i t  is a t  all workable. 
Irom founding has no t y e t reached the stage a t which 
its products may be e ither accepted or re jected  
by a misoroscope test, although th e  advent of Lanz 
pearlitic  cas t iron m ay be one more step towards 
such an end, and, furtherm ore, 110 such definition
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a l th e  above could be adopted w ithou t s tan d a rd is
ing th e  term s fine and coarse g rap h ite . I t  does 
not seem necessary to  so define sem i-steel o r to 
insist on th e  modified g rap h ite , so long as th e  
required im provem ent in physical p ropertie s is 
obtained and if both tran sverse  and tensile  
stren g th  show increases of 25 per cen t, over th e  
same m ix tu re  w ith o u t steel, th e n  genu ine  sem i
steel has undoubtedly  been produced.

T a b l e  IV.—-Re-melting of Semi-Steel.

—
Semi-
Steel.

Grey
Iron.

Sheep-
bridge
and

Semi-
steel.

Sheep-
bridge
and
Grey
Iron.

Silicon . .  . . 2.60 2.97 2.86 3.22
Sulphur 0.072 0.086 0.065 0.070
Phosphorus 1.44 1.63 . 1.47 1.61
Manganese 0.59 0.67 0.61 0.70
Combined carbon 0.35 0.30 0.30 0.30
Graphitic carbon 2.49 2.87 2.78 3.0
Total carbon 2.84 3.17 3.08 3.30
Tensile strength, tons 14.5 12.5 12.0 11.7
Transverse strength,lbs. 2.860 2.410 2.700 2.600
Deflection, ins. 0.100 0.117 0.099 0.110

F o r heavier work such as th a t  fam ilia r  in  South  
Wales th e  lower steel-m ixtures are n o t su itab le , as 
the ir g ra in  woujd be too open in  th ick er sections. 
The stronger m ix tu res are, however, used very 
largely in  these cases. This is especially so in 
U .S.A., and foundrym en a re  fam iliar th rough  
th e ir  li te ra tu re  w ith  th e  b read th  of adap ta tion  
which ifoundrymen th e re  have found  for semi-steel. 
I t  is used for all th e ir  large m achinery, agricu l
tu ra l  work, and  fo r chilled car wheels and chilled 
rolls.

T he h igh steel-m ixtures respond well to  hea t 
tre a tm e n t, of th e  o rd e r of 12 hours a t  800 deg. C., 
and  produce an  iron which takes a  perm anent set 
under th e  bending te s t and oan be qu ite  easily 
riveted. F ig . 7 shows suoh a bar from  a 50 p er 
cent, steel m ix tu re  which gave 14.1 tons tensile 
s tren g th  and 3,250 lbs. transverse a f te r  12 hou rs’ 
annealing . The pearlite  has all disappeared, and 
th e  whole a rea  is occupied by fe rrite  and g raph ite ,
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th e  la tte r  being of much g rea te r size th a n  in the  
“  as oast ”  condition. Such a m aterial is often 
very useful in ligh t engineering  and  electrical 
work.

Casting Temperature.
I t  is well known th a t  all classes of cast iron give 

best te s t resu lts when cas t hot, b u t these steel 
m ix tures are particu larly  sensitive to  tem pera tu re , 
and cold m etal will cause all th e  beneficial results 
of th e  steel to  be lost. Iro n  which gives 14 to  16 
tons tensile when properly cast, will yield only 12 
tons a t  lower tem pera tu re , and th is is due to a 
grow th both in th e  size of g raph ite  and in the 
general g ra in  stru c tu re .

Remelting Semi-Steel.
In  m aking high steel-m ixtures, th e  resu lt of a 

first m elting of steel and pig-iron is often  p u t 
through th e  cupola to  m ake a more uniform  
m ateria l, or a very high-steel pig is dilu ted  with 
fu r th e r pig-iron to  the required degree. S im ilar 
procedure is adopted when “ refined ” pig-irons, 
which a re  actually  no th ing  b u t common pig-iron 
w ith steel, are  purchased and used for the best 
classes of castings. If  th e  most im portan t con
s titu e n t of good semi-steel is th e  fine g raph ite  
induced by th e  in troduction  of steel into the  
cupola charge, then  on w hat ground can i t  be 
claimed th a t  pig-irons above referred  to  will re ta in  
th e ir  m axim um  properties a fte r th a t  rem elting 
which is necessary to  convert them  to  castings? 
Any increased value due to  low silicon, low phos
phorus, o r even low carbon m ay be re ta ined  and 
reproduced a f te r  rem elting, although in th e  case 
of carbon th e re  will be an increase if th e  per
centage is less th an  th a t  norm ally found in cupola- 
melted m ateria ls , b u t a  claim  th a t  fine g raph ite  
could he reproduced would be re fu ted  by th e  
general belief th a t  all carbon in molten iron is in 
solution, and even if  th a t  he n o t th e  oase, i t  has 
been seen in  th e  p arag raph  on h ea t tre a tm e n t th a t  
rap id  .growth in g rap h ite  takes place w ith a tem 
p e ra tu re  much lower th an  th a t  to  which th e  iron 
will be exposed in its  descent of th e  oupola. The 
au th o r is n o t qu ite  clear how the  fine g raph ite  is 
o rig inally  produced— it appears to  be th e  resu lt of 
breakdow n of fine s tru c tu re  cem entite and eutectic

2 A
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in the just-solidified m ateria l—b u t certa in ly  th e  
conditions on rem elting  a re  q u ite  d ifferent, for 
th e re  is then  no steel as such p resen t in  th e  
charge. E xperim en ts seem to  show a  balance of 
evidence aga in s t th e  re ten tio n  of e ith e r  fine 
g raph ite  o r m axim um  physical p ro p ertie s  a f te r  
rem elting , and  th e  resu lt of one such experim en t 
is ou tlined  in Table IV . Sem i-steel and grey  iron 
of known physical p ropertie s were carefully  oast 
in to  p ig  form , and  each was th en  rem elted w ith 
pig-iron under conditions as nearly  iden tica l as 
works prac tice  would allow. The resu lts  on th e  
two new m ateria ls  so obtained are  very nearly  
equal, and it  is constan tly  observed in  works p rac
tice th a t  foundry  scrap  from  castings in  e ither 
grey iron or semi-steel may be ind iscrim inately  
mixed and again  used in th e  production  of e ither 
m ix tu re  w ithout p re jud ic ing  th e  resu lts  in any 
way. I t  would be u n fa ir  to c ritic ise  on these 
grounds all so-called “ refined p ig -iro n ,”  h u t it  is 
perfectly  leg itim ate  to  issue a w arn ing  no te  
aga in s t any which owe th e ir  enhanced properties 
to  steel additions alone.

The au th o r desires to  th a n k  Messrs. Jo h n  
H arp e r & Company, L im ited , W illenhall, Staffs, 
for perm ission to  publish th e  resu lts of experi
m ents m ade a t  th e ir  works.
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Birmingham Branch.
THE FORMATION OF GRAPHITE IN CAST IRON.

By J. E. Hurst (Member).
The most im p o rtan t constitu tional fea tu re  in all 

forms of cast-iron  alloys is the  form ation of 
g raph ite . This fundam enta l fea tu re  is often 
spoken of as th e  “ g raph itisa tion  phenom enon.” 
\ \  hen we consider th a t  all experience, investiga
tion  and discussion of all th e  factors controlling 
th e  physical and  m echanical properties of castings 
lead us to th e  one conclusion th a t  these properties 
are  u ltim ate ly  controlled by th is g raph itisa tion  
phenomenon, we a t  once realise the im portance of 
th is subject.

The exact n a tu re  of the  mechanism of the  form a
tion  of g rap h ite  in  cast iron has long been a m atte r 
of considerable complexity, and even to-day has 
not been completely elucidated. The m any and 
various views as to th e  n a tu re  of th is phenomenon 
which have been expressed from  tim e to  tim e by 
investigato rs are  often  conflicting to such an 
ex ten t th a t  i t  is difficult for th e  foundrym an to 
form  any reasonable w orking hypothesis to  guide 
him in his rou tine  work.

The only way of clearing up the  p resen t con
flicting and  confusing position is by fu r th e r re 
search and  d irec t experim ent, and those who have 
considered th is phenomenon a t  all deeply will 
realise th e  stupendous difficulties which are  in 
volved in fu r th e r  d irec t experim ent.

I t  is th e  au th o r’s in ten tion  in  th is note to 
endeavour to  review the  whole subject of g raph i
tisa tio n  in  cast iron, and if possible to present 
th e  s itu a tio n  in such a  way as to enable the 
reader to obtain  a sa tisfactory  working hypothesis 
of the  n a tu re  of th is  phenomenon in so fa r  as 
the  facts as we know them  will perm it.

In  considering the  g raph itisa tion  phenomenon 
in cast iron i t  is convenient to  divide the  subject 
u nder four headings, which are  the principal 
fea tu res in the  phenomenon with which we are 
concerned as follow s:— (a) The actua l form ation
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of the  g ra p h ite ; (b) th e  q u an tity  of th e  g ra p h ite ; 
(c) th e  size of th e  g rap h ite , and  (d ) th e  d is tr i
bu tion  of th e  g raph ite .

These fea tu res  s tr ic tly  re la te  to  th e  g rap h itisa 
tion  phenom enon, and  are  adm itted ly  th e  fea tu res 
contro lling  th e  physical and m echanical properties 
of cast iron.

The Formation of the Graphite-
I t  is necessary in  view of the  com plications 

in troduced  by the  various elem ents p resen t in com
m ercial cast iron  to  consider in th e  first place the 
fo rm ation  of g rap h ite  in  th e  pu re  iron-carbon 
alloys, neglec ting  th e  influence of any of the 
add itiona l elem ents above re fe rred  to. I t  will be 
clearly understood th a t  unless otherwise referred  
to  th e  following considerations a re  confined te  the 
fundam en ta l pu re  iron-carbon alloys.

B roadly speaking, th ere  are  two modern views 
held on the  m echanism  of th e  graph itisa tion  
phenom ena. The older of these two views con
siders the  iron-carbon alloys as capable of solidify
ing when cooling down from  the  molten s ta te  along



two distinctly  different lines. U nder ideal con
ditions principally  slow cooling, d u ring  which 
am ple tim e is allowed for the various constitu 
tional changes to  tak e  place to completion, the 
solid alloys a t  th e  tem pera tu re  of the  completion 
of the  solidification consist of two constituents,

P ic . 2.—S t r u c t u r e  of S w e d is h  
I r o n  h a v i n g  t iîe  A ppe a r a n c e  
o f  Gr a p h it e  —  A u s t e n it e  
E u t e c t ic .

nam ely g rap h ite  and a solid solution of g raph ite  
in iron, which is well known as A ustenite. U nder 
conditions of com paratively rap id  cooling the  con
s titu e n ts  ex isting  in the  solid alloys im mediately 
a f te r  the  completion of th e  solidification period 
are  th e  solid solution austen ite  and the carbide 
of iron known as cem entite. This conception, 
known as th e  dual conception of a stable and 
m eta-stable (or sem i-stable) system of constitu 
tion , is embodied in the  well-known constitu tional 
d iagram . (F ig. 1.) In  th is d iagram , dotted  lines 
rep resen t the  stab le  conditions in which solid 
alloys a t the  eutectoid tem pera tu re  consist of
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austen ite  and austen ite -g rap h ite  eu tec tic  and the 
m eta-stable conditions a re  rep resen ted  by th e  
continuous lines in which th e  constituen ts a t  the  
eu tec tic  tem p era tu re  consist of au s ten ite  and 
austen ite-cem entite  eu tectic.

Condition of Carbon in Solution in the Liquid Alloys-

The assum ption of a complete stab le  system  of 
iron and g rap h ite  in accordance w ith  th e  above 
dem ands the  conditions th a t  th e  carbon is in  solu
tion  as g rap h ite  and  n o t necessarily  as th e  
carbide. This was p ractically  th e  o rig inal sugges
tion  of Roozeboom.1 Roozeboom finally aban 
doned his fu r th e r  suggestion th a t  th e  form ation 
of the carbide of iron resu lted  from  a reac tion  
between th e  solid solution and th e  g rap h ite  a t  a 
period subsequent to  th e  form ation  of th e  eu tec tic , 
and agpeed w ith the  dual conception substan tia lly  
as above.

Up to  th e  presen t no a tte m p t to  re ta in  the  
stable s ta te  a t  th e  eu tec tic  tem p e ra tu re  by th e  
m ethod of rap id  quenching of th e  alloys has been 
successful in  re ta in in g  th e  au sten ite -g rap h ite  
eutec tic . In  all cases th e  two phases sepa
ra tin g  o u t under these conditions have  been
found to  be au s ten ite  and  cem entite  the  
carbide of iron. These a re  th e  constituen ts
of th e  eu tec tic  of th e  m eta-stable system. 
The exp lana tion  of th is  by C ontinen tal
workers is th a t  undercooling always takes place 
a t  least down to  the  eu tec tic  tem p era tu res  resu lt
ing  in  solidification according to  th e  m eta-stable 
conditions, and  th e  g rap h ite  found in  cast iron 
resu lts from  th e  dissociation of th is  p rim arily  
form ed carbide.

The im possibility of th e  existence of an 
austen ite -g rap h ite  eu tec tic  has n o t yet been 
finally disposed of. A usten ite -g raph ite  s tru c tu res
are  frequen tly  m et w ith  hav ing  all th e  appear
ances of a charac te ris tic  eu tec tic  s tru c tu re . A 
case has been repo rted  by Levy and a photograph 
of such a s tru c tu re  m et w ith  in one of the  
a u th o r’s own experim ents on a hypo-eutectic 
Swedish iron of th e  following composition is 
given in F ig. 2 :—Tot.C ., 3 .40 : G r., n il; Si, 0.37; 
M n .,‘0.30; S., 0.65 p er cen t., and P-, nil.

1 J .I .S .I . ,  1900, No. 2, p age  311.



The s tru c tu re  shown in F ig . 2 was obtained in 
a sam ple of th is m ateria l m elted a t  a very high 
tem p era tu re  in th e  muffle of a Brayshaw  injector 
furnace, and allowed to  cool slowly in the crucible 
in th e  atm osphere. The mass of th e  sample was 
300 gram mes.

F u r th e r  evidence on which th e  dual conception 
is based is to  be found in  th e  fac t th a t  the  hvper- 
eu tec tic  alloys con ta in ing  carbon in excess of the

eutec tic  percen tage deposit g raph ite , which rises 
to th e  surface of the  m olten m etal im m ediately 
on commencing to  solidify, producing the  well- 
known “ K is h ”  phenom ena. These phenomena 
have been amply su b stan tia ted , and superficially 
would appear to  support the  belief th a t  the  carbon 
is dissolved in th e  m olten iron as g raphite .

I t  has a lready been m entioned th a t  the  rap id  
quenching of the  m olten alloys from all tem pera
tu res  down to  the  final solidification poin t results 
in th e  p roduction  of austen ite , austenite- 
eem entite s tru c tu res  vrith no free carbon. This 
fac t is in te rp re ted  as ind ica ting  th a t  the  carbon 
is in solution in the  liquid alloys as the carbide 
of iron nrobably identical w ith cem entite, and 
th a t  its form ation  in  the  quenched alloys is the 
norm al s ta te  of affairs and no t necessarily the



resu lt of undercooling. M ost B ritish  m eta llu r
gists have adopted th is view, and i t  has been 
confirmed recen tly  by H onda2 and  Cesaro. 
U nder th is  conception the  carb ide of iron is the 
stable phase down to  tem p era tu res  slightly  below 
the  final solidification range, and  th e  subsequent 
appearance of g rap h ite  is due to  th e  breakdow n 
of these austen ite , au sten ite-cem en tite  s truc tu res  
a t lower tem pera tu res.

The exp lana tion  of th e  fo rm ation  of kish in 
the  liquid  hyper-eu tectic  alloys u nder these con
ditions is m et in several ways. I t  is p rim arily  
suggested th a t  th is  m ay be due to  th e  presence 
of such elem ents as silicon.

This is adm itted ly  qu ite  a plausible exp lana tion , 
as alm ost all th e  alloys which have been used in 
investigations contained a t  least traces of such 
im purities. This suggestion has been largely  
made by H atfield . I t  m ust be rem em bered, how
ever, th a t  Professor Howe called a tte n tio n  to  th e  
difficulty of p reserving the  hyper-eu tectic  carbide 
in alloys w ithou t a t  least a trace  of m anganese. 
D r. H atfield agreed w ith  th is, and  th e  w rite r  has 
never had th e  o p po rtun ity  of ob ta in ing  hyper
eutec tic  cem entite  in  alloys free from  m anganese.

A som ewhat d ifferen t suggestion has been m ade 
by E dw ards,4 G onterm an, A ndrews5 and  others. 
These workers assume th a t  cem entite  is th e  stable 
phase down to  tem p era tu res  som ewhat below the 
eu tec tic  tem p era tu re , approxim ately  1,100 deg. C., 
according to Andrews. This is il lu s tra ted  in  th e  
d iagram , F ig . 3, in which th e  lower lim it of 
stab ility  is ind ica ted  by th e  line B .D . The form a
tion  of kish has been m et by E dw ards by the  
assum ption of an upper lim it of s tab ility  of the  
carbide, as ind icated  by th e  line  C .E. in the 
d iagram , F ig . 3.

According to  th is assum ption, a t  tem pera tu res 
and concentrations b u t li t t le  in  excess of those 
of th e  eu tec tic  alloy, th e  cem entite  carbide is 
stable, and  crystallise from  th e  m olten liquor. 
The break  a t  th e  p o in t in  th e  liquidus curve would 
under these circum stances ind ica te  a reaction  of

7)2

2 N o . 2, 1920.
3 J.I.S.I., N o. 1, 1919.
4 P h ysico-ch em istry  o f S teel, L ondon, 1914.
5 C arn egie M em oirs, J .I .S .I . ,  1917.



th e  type  F e3C ^.g rapH ite  and molten liquid 
according as to  w hether the  alloy is being heated 
or cooled.

The existence of such an  upper lim it has not 
yet been dem onstrated  by experim ent, and in fact 
the  experim ents of Ruff and Goecke and H anne- 
m ann  in to  the  hyper-eutectic regions of these 
alloys have shown no break in the  liquidus curve 
corresponding to  such a reaction .

The stupendous difficulties involved in  experi
m ents in th is  region, however, have so fa r  pro
h ib ited  th e  use of sufficiently sensitive and 
accurate  methods necessary to  detec t such a point.

The d iagram  propounded by U pton6 has often 
been referred  to , and is ano ther case which has the 
m erit of avoiding th e  dual conception referred  
to earlie r. W hilst th is  d iagram  involves fu rth e r 
com plexities and  postu lates the  existence of 
ce rta in  complex carbides o ther th an  F e3C, the 
m ethod of dealing  w ith the  alloys a t  the  solidifi
cation  p o in t is w orthy of reference here. In  this 
conception the  phases separa ting  out from the 
hyper-eutectic alloys u nder stable conditions are 
considered to  be austen ite  and graph ite . In  the 
ligh t of th is  d iagram  the  s truc tu res  of w hite cast 
iron  and  quenched cast iron a re  due to  under
cooling, and  consist of au sten ite  and under-cooled 
liquid. The production  of free  carbon during  
subsequent annealing  is presum ed to  be due to 
reactions which were otherwise suppressed during  
solidification.

There is no doubt th a t  the  w eight of the 
evidence is in  th e  favour of regard ing  the  carbon 
as ex is ting  in th e  liquid iron as the  carbide of 
iron, and for th is reason the  omission of the lines 
ind ica ting  the  g raph ite-austen ite  equilibrium  
from  th e  upper portion  of the  d iagram  is the 
most ra tiona l way of in te rp re tin g  the facts as we 
now know them .

The possibility of th e  existence of free graphite , 
e ith e r suspended in  the  m olten iron or in some 
colloidal form , as has been frequently  s ta ted  by 
recen t w orkers, m ust be dismissed as en tire ly  
w ithout proof, evidence or foundation . In  fact, 
th e  whole mass of evidence plainly negatives such 
suggestions.

6 J .  P hys. Chem., 1-908-12 an d  1909-13.
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Temperature at which Graphite Commences to Form.
The fac t th a t  no well-defined a rre s t p o in t corre

sponding to  th e  p rec ip ita tio n  of g rap h ite  is to 
be found in th e  cooling curves of th e  iron-carbon 
alloys is in a large m easure responsible for th e  
conflicting views as to  its  fo rm ation . E xperience 
conclusively dem onstrates th a t  th e  fo rm ation  of

F i g . I .— S w e d i s h  I r o n , s h o w in g  
Oe v ik n t it e  N e e d l e s  D e p o s it e d  
f r o m  S o l id  S o l u t io n .

g rap h ite  is continuous for a considerable tem pera
tu re  range  below th e  solidification, which a t  once 
explains the  absence of any th in g  in  th e  n a tu re  
of a definite a rre s t p o in t on th e  cooling curves.

By m eans of quenching experim ents th e  tem 
p e ra tu re  of th e  comm encement of g rap h itisa tio n  
has been shown by various investigators. F rom  
such experim ents Andrews concluded th a t  
g rap h itisa tio n  commenced a f te r  th e  final solidifi
cation  p o in t a t  tem pera tu res  betw een 1,150 and
1,100 deg. C. H o n d a ,7 placed th is  tem p era tu re  
somewhat lower between 1,130 and 1,050 deg. C.

7 J.X .S .I., No. 2 , 1920.



The recent experim ents of N orthcott* w ith 
o rd inary  grey irons place the tem p era tu re  a t 
1,145 to  1,000 deg. C. These observations are  in 
agreem ent w ith the  d iagram  of the  G onterm an- 
Edw ards type, and th e  conclusions of Cesaro9 
from  certa in  m athem atical considerations.

E xperim ental evidence definitely places the 
commencement of g raph itisa tion  and the  stab ility
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F i g .  5 — A u s t e n i t i c  S t r u c t u r e  in  
Q u e n c h e d  G r e y  O a s t  I r o n .

of the  carbide a t  some distance below the solidifi
cation  po in t a t  least 5 or 10 deg. C.

The Formation of Graphite from the Primarily 
Formed Carbide.

There is now to  consider the  form ation of 
g rap h ite  as found in all commercial grey cast irons 
from  th e  stab le  s tru c tu re  au sten ite  and cem entite. 
The general view is th a t  th e  g rap h ite  arises from  
th e  dissociation of th is prim arily  formed carbide 
according to  the  ra te  of cooling in these lower 
ranges of tem pera tu res.

8 I .B .F . Pro«., 1924.
8 J .I .S .I . ,  N o. 1, 1919.



H ere, again , th e re  are  various opinions as to  
th e  exact n a tu re  of th is dissociation. The sim plest 
case is th e  assum ption of th e  d irec t dissociation 
of the  carbide in to  fe rrite  and  g rap h ite  in  accord
ance w ith the eq u a tio n : —

F e3C =  3Fe +  C.
An a lte rn a tiv e  suggestion has been m ade th a t  

the  cem entite  carbide dissociates in to  g rap h ite , 
and th e  solid solution of carbon in  iron  as rep re 
sented by th e  eq u a tio n : —

F e3C =  O +  solid solution of C in  Fe.
A to ta lly  d ifferen t suggestion has been p u t fo r

w ard  by H onda and his various Jap an ese  col
laborators in which th e  dissociation of th e  carbide 
is th e  resu lt of a reaction betw een the  dissolved 
C 0 2 gas and  th e  carbide. This suggestion will be 
dealt w ith  under a  separa te  heading.

The two form er views arise o u t of th e  difficulty 
of explain ing  th e  presence o r absence of fre e  fe r
rite . I f  th e  form er view is accepted  i t  would 
appear inevitable th a t  a ll alloys co n ta in in g  free 
g rap h ite  m ust contain  fre e  fe rrite . I t  is known 
from  experience th a t  th is  is n o t th e  case, and  for 
th is  reason the  second view more nearly  fits in  w ith 
th e  facts as they  are  known. U nder these circum 
stances free fe r r ite  arises from  the  secondary p re 
c ip ita tion  of g rap h ite  from  the  sa tu ra te d  solid 
solution. «

A very brief p ic tu re  of th e  sequence of events in 
the  solidification of liquid  cast iron  can now be 
m ade. The liquid alloy, consisting of a solution of 
carbide of iron in iron solidifies as a stable m ix
tu re  of th e  au sten ite  solid solution and  the 
austen ite  carb ide eu tectic. This condition  is 
stable a t  least down to  a  te m p e ra tu re  in  the  
region of 1,100 deg. C. Then, according to  th e  ra te  
of cooling, the  free  carbide of th e  eu tec tic  dis
sociates in to  g rap h ite  and a  fu r th e r  q u a n ti ty  of 
the  solid solution.

We have now to  consider w hat happens to  the  
solid solution, o r a u s ten ite ,' in cooling down from  
th e  eutec tic  tem p era tu re . As th e  tem p e ra tu re  
g radually  falls, th e  solid solution becomes 
sa tu ra te d  w ith  respect to  carbon, and  th e  line SE 
in th e  d iagram , F ig . 1, shows th e  e x te n t of 
th e  decrease in concentration  of th e  sa tu ra te d  
solid solutions w ith a deorease in  tem pera
tu re . T he excess carbon in  solution in
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pu re  iron carbon alloys is deposited in the  
form of, carbide needles which are very fam iliar 
in case-hardened steel sam ples, and are  readily 
seen in  th e  p rim ary  austen ite  areas of hypo- 
eu tec tic  w hite irons. An example of th is is illus
tra te d  in F ig . 4, showing th e  cem entite needles in 
a slowly cooled pig-iron. I t  is quite ra tio n a l to 
assume th a t  the secondary carbide deposited by the 
solid solution decomposes in a like m anner to  the  
p rim ary  carbide already  referred  to. This does 
no t help to  explain the form ation of free fe rrite , 
as under these circum stances it  will be appreciated  
a t  once th a t  the  s tru c tu re  a t  th e  p earlite  change 
po in t would consist of purely graph ite  and 
pearlite .

I f  th e  reverse process of heating  up specimens 
of grey cast iron is considered, i t  has been fre 
quently  shown th a t  the  free g raph ite  redissolves 
in th e  cast iron. This phenomenon was shown 
by M r., now S ir R obert, H adfield10 in connection 
with malleable cast iron, and  fu r th e r amplified by 
D r. H atfield11 and the  w rite r .12 D etails of a 
fu r th e r  experim ent on th is  subject, conducted by 
the w riter, are w orthy of reference here. In  this 
experim en t small ^ in. square by 3 in. long bars 
of a grey hem atite  were heated  to a  tem pera tu re  
of 1,015 to  1,025 deg. C. in an exhausted tube. 
The photograph, F ig . 5, shows th e  m icrostructure 
of the  bar quenched in w ater from 1,025 deg. O., 
a fte r  m a in ta in in g  a t  th is  tem p era tu re  for one 
hour, and one a f te r  slaw cooling w ithout quench
ing. The analyses of th e  various specimens are 
given in th e  following tab le : —

Original. Quenched.
Slow
cooled.

Per cent. Per cent. Per cent.
cc . 0.17 0.90 —
Gr. 2.93 2.20 —
Tot. C ... 3.10 3.16 3.15
Si 1.18 — —.
Mn 0.26 — _
S 0.077 — —
P. 0.04 — —

i°  J .Ï .S .I . ,  1894, N o . 1, p a g e  156. 
11 J .I .S .I .,  1906, N o. 2, p age 162. 

T .I .S .I ., 1917, N o. 2, p a g e  125.



The quenched sam ple showed a d is tinc tly  austen i- 
tic  s tru c tu re  composed of polygonal au sten ite  
g ra ins w ith th e  u-ndissolved g rap h ite  presum ably 
existing  round the  g ra in  boundaries. The ex ten t 
of the  re-absorption  of th e  g ra p h ite  in th is case 
am ounts to  0.73 per cen t., and in  a fu r th e r  experi
m ent of 6 hours du ra tio n  th e  combined carbon 
figure in th e  quenched sam ple was 1.02 per cent, 
in d ica ting  a re-absorption  of g ra p h ite  to  th e  
ex ten t of 0.85 per cent.. Prolonged h e a t t r e a t 
m ent experim ents a t tem pera tu res  in th e  neigh
bourhood of 1,000 deg. C. have failed  to  b ring  
about th e  absorption  of g rap h ite  in am ounts 
exceeding th e  am ount requ ired  to  sa tisfy  the  
sa tu ra te d  solid solution a t  th is  p a rtic u la r  tem p era 
tu re , and such experim ents have failed to  b ring  
about th e  reproduction  of th e  free  cem entite  ca r
bide. Such experim ents have been repeated ly  con
firmed, particu la rly  recen tly  by A m erican workers, 
notably  R . S. A rcher13 and  M erica ,11 and  they  
serve to  dem onstra te  th a t  a  portion  of th e  g rap h itic  
carbon (not necessarily in the  so-called tem per- 
carbon form ) is d irectly  soluble, w ithou t the 
in te rven tion  of th e  fre e  carbide s tage  fa rm ing  
presum ably th e  au sten ite  solid solution.

From  experim ents of th is  n a tu re  i t  is therefo re  
qu ite  ra tio n a l to conclude th a t  th e  solid solu tion  
is capable of depositing  g ra p h ite  d irectly  w ithou t 
th e  in te rven tion  of th e  in te rm ed ia te  stage  free 
carbide. This being th e  case th e  presence of free  
fe rrite  is capable of simple exp lana tion  as re su lt
ing from  th e  reduction  in  concen tra tion  of th e  
solid solution due to  th e  d irec t deposition of g ra 
ph ite , the  solid solution a f te r  passing th e  p ea rlite  
tran sfo rm ation  resolving itself in to  fe r r i te  and 
pearlite .

A m erican workers ap p aren tly  still lean tow ards 
th e  dual conception of th e  co n stitu tion  of these 
alloys previously re fe rred  to , and  consider th a t  th e  
solid solution resu lting  from  th e  re-absorp tion  of 
th e  g rap h ite  is d ifferen t in cha rac te r to  th e  norm al 
au sten ite  solid solution, which has been regarded  
as th e  solid solution of carb ide of iron  in  iron . To 
such an ex ten t is th is  view held in A m erica th a t  
they  have suggested th e  ti t le  B oydenite fo r th e

13 Amer. M in in g  and M et E n g s., F ebruary , 1920.
14 Amer. B ureau of S tand ard s, N o . L29.
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form er solid solution. I t  is only r ig h t to s ta te  
here th a t  recent American work leads to  the 
assum ption th a t  “  th e  presence of silicon is a re 
qu irem ent of B oydenite,”  Schwartz, Payne & 
G orton ,15 and, indeed, the  w rite r’s experim ents and 
most o thers have been conducted on irons con tain
ing a t  least small quan tities of silicon. In  the  
first place i t  does n o t appear necessary to  postu
la te  th e  existence of two solid solutions, for if 
cem entite carbide is unstable in the  free  sta te , it 
m ight be expected to  be equally if no t more un 
stable in  solution. Secondly, in  so fa r  as foundry- 
men a re  concerned, as silicon is invariably p resen t 
in th e  alloys w ith which they  are called upon to 
deal th e  necessity of the  presence of silicon to 
ensure the p rec ip ita tion  of g rap h ite  in th is  m anner 
w ith the  concurren t form ation  of fe rrite  is not of 
much im portance.

Before leading th is section of the subject we 
have to  consider the  recen t suggestion of H onda 
th a t the  production  of g raph itic  carbon is due to 
th e  ca ta ly tic  action of th e  dissolved gases on the 
free carbide. The mechanism of th is suggested 
action is briefly s ta ted  as follow s:—As the  tem 
p e ra tu re  of th e  specimen falls below th e  m elting 
po in t a m inute q u an tity  of free CO, co-existing 
with CO soon reacts on th e  free cem entite and 
produces CO by th e  equa tion : —

F eaC +  CO =  2CO +  3Fe
The a lte ra tio n  in equilibrium  conditions by the 

d isappearance of free  C 0 2 as a com ponent causes 
fu r th e r  dissociation of CO in accordance w ith the  
equation  : —

2CO =  C 0 2 +  C. 
reproducing th e  C 02 which again  reacts w ith the 
cem entite, thus m ain ta in ing  th e  con tinu ity  of 
events.

The cata ly tic  action of th is n a tu re  is adm ittedly  
only a  suggestion, and w hether o r not it  is a cor
rec t p ic tu re  of the  actual mechanism of g raph itisa 
tion  d irect experim ent only can decide.

On consideration i t  will be seen a t  once th a t  th is 
suggestion refers solely to  the  m anner of the dis
sociation of the  free carbide, and even th is sug
gestion is open to  th e  difficulty of explaining the
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presence of free  g rap h ite  in th e  presence or 
absence of free  fe rrite .

A p a rt from  th is , th e  suggestion of th is  ca ta ly tic  
action is open to  th e  serious objection th a t  fo r its  
reception and con tinuation  i t  requ ires c e rta in  well 
defined lim its of tem p e ra tu re  and  ra tio  between 
th e  am ount of CO, and  CO p resen t in  th e  iron. 
I t  does n o t seem reasonable to  expect th a t  th e  
ra tio  of C 0 2 to  CO presen t in these iron-carbon 
alloys p repared  in all v arie ties of m ethods should 
be invariab ly  w ith in  these lim its, and  y e t under 
correct cooling conditions g rap h ite  is invariab ly  
produced, w hatever th e  source of th e  iron-carbon 
alloy.

The form ation of g rap h ite  by th e  in te rven tion  
of these ca ta ly tic  actions is m erely a suggestion, 
and has no t been definitely proved. I n  th e  
a u th o r’s opinion it  is very unlikely  th a t  th is  is a 
reasonable exp lana tion  and u n til fu r th e r  evidence 
e ith e r way is forthcom ing  i t  does n o t affect th e  
conception we have tr ie d  to  draiy from  th e  fac ts  
as we know them  a t  p resen t.

Sum m arising these facts, wo m ust ad m it th a t  
the  evidence is in favour of regard ing  th e  carbon 
in solution in th e  liquid m etal as th e  carb ide of 
iron. This carbide of iron is th e  stab le  phase 
deposited on passing th e  tem p e ra tu re  of th e  final 
solidification p o in t and  form ing a con stitu en t 
along w ith the  solid solution of th e  eu tec tic . On 
fu r th e r  cooling down th e  carbide dissociates in to  
g rap h ite  and the  solid solu tion , which in its  tu rn  
is capable of depositing  g rap h ite  d irectly .

On passing th e  eu tec to id  po in t th e  solid solution 
resolves itself in to  pea rlite  fe r r ite  and  g rap h ite  
according to  th e  ex te n t of th e  dissociation of both 
the  carbide and  th e  solid solution, which, of course, 
depends upon th e  ra te  of cooling.

DISCUSSION.
The P r e s id e n t  said th e  m eeting  of th e  B ranch 

was held in conjunction  w ith th e  S taffordsh ire  
Iro n  and Steel In s titu te , and he hoped th a t  if any 
members of th e  Iron  and Steel In s t i tu te  w ere p re 
sen t they  would tak e  p a r t  in  th e  -discussion as 
freely as th e  mem bers of th e  looal B ranch of th e  
Foundrym en’s In s titu te . The problem  w ith  which 
M r. H u rs t had d ea lt was one which had  exercised
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th e  m inds of m etallurgists in  th is  country and in 
Am erica, and h is con tribu tion  would he read  w ith 
in te rest and appreciation . There was no doubt 
m any would' not agree w ith some of the argum ents 
advanced, and healthy  criticism  would be 
welcomed.

M r . A r t h u r  M a r k s  described the  P ap e r as an 
excellent exp lana tion  of th e  modern work con
nected w ith th e  g raph itisa tion  of cast iron. As 
to  the  explana tion  w ith regard  to  free fe rrite , he 
did no t see any need for worry about free carbon 
being form ed p rio r to  th e  form ation of F e3C. In  
his opinion th e  am ount of carbon present, 4.3 per 
cent., was insufficient to s a tu ra te  all th e  iron, and 
therefo re  th e  possibility of free fe r rite  being p re
sen t was qu ite  explicable from a chemical po in t of 
view. The question of th e  decomposition of car
bide by 0 0  „ and  CXI was bound up w ith th e  ques
tion  of th e  dissociation of CO., into CO. He had 
not th e  figures by him, but, speaking from memory, 
he th o u g h t th e  percen tage of CO, which was pre
sen t a t  th e  tem p era tu re  of th e  reactions, 1,150 to
1,100 deg., was no t sufficient to  account for the 
reaction  F e3C +C O  = 2CO-|-3Fe. H e though t the 
degree of dissociation of the  C 0 2 to  CO would be 
too high, and th a t  th e  excess CO would not 
render th a t  .reaction so com fortable as i t  could be 
w ritten  on th e  blackboard. To-day th e re  were 
very few castings which were m ade w ith g raph ite  
as high as 4.3 per cent. ; in p ractice one would be 
im m ediately in trouble  in various directions. W ith 
regard  to  cen trifuga l cast iron, he did no t th ink  
th e  speeds of ro ta tio n  were sufficiently high to  give 
th e  separa tion  in view of th e  thicknesses involved 
and th e  rap id ity  of cooling. As a  m a tte r of p rac
tica l politics he considered th e re  could be no p rac
tica l separa tion  of the  g rap h ite  under the  speeds 
used and the  rap id  cooling when casting  under 
these conditions. No doubt i t  was a  m a tte r  for ex 
perim en t ; he was only giving his own personal 
view of th e  case.

M r. E. L o n g d e n  said Mr. H u rs t had referred  to 
th e  quenching of a  stream  of molten iron by 
im mersion in iced brine, and had pointed o u t th a t  
no g rap h ite  was discovered in th a t  metaJl. To his 
m ind th a t  was no proof th a t  g raph ite  did no t exist 
in  th e  molten iron before solidification. H e



th o ugh t i t  did, and th a t  by quenching th e  iron 
from  a high tem p e ra tu re  they  exerted  a  pressure, 
preven ting  the  fo rm ation  of g rap h ite . In  th e  case 
of m ottled  iron, which was on th e  border line of 
w hite iron and  grey  iron, th ey  ag a in  saw two con
flicting forces. The g rap h ite  was a tte m p tin g  to 
expand , and th e  w hite iron, th e  w h ite  m a trix , 
refused to  allow th e  g ra p h ite  to  expand. H e  asked 
Mr. H u rs t w hether he would th in k  i t  possible to  
produce a casting  w eighing abou t 8 ciwt., 17 in. or 
18 in. in d iam eter and 13 in . or 14 in. deep, 'with
out any a ttem p t to feed it. I f  he inform ed th e  lec
tu re r  th a t  he (M r. Longden) h ad  been able to 
secure th a t  mass of iron absolutely solid w ithou t 
a ttem p t to feed, how would he explain  th a t  con
trad ic to ry  conclusion, because th ey  were given to 
understand  th a t  th e re  was liquid sh rinkage in grey  
iron. In  his (the .speaker’s) opinion th e re  was 
none. W hat sh rinkage  th e re  was was due to 
gases. The question of th e  form ation  of k ish  w ent 
some way, in his opinion, to  prove th e  theo ry  th a t  
g rap h ite  was p resen t in iron in th e  m olten s ta te . 
All th e  g rap h ite  did not come to  th e  top . There 
were all sorts of pressures and tensions which p re
vented  its  doing so. H is view was th a t  k ish  in a 
very high silicon iron was being form ed all th e  
tim e and th e  m etal was not solidified. T ake acid- 
resisting  m eta l w ith a silicon co n ten t of about 
15 per cent. In  th a t  case they  found th e  cupola 
a f te r  blowing down, a mass of g ra p h ite  flakes which 
were being form ed while th e  m etal was m olten.

M e . J .  B . J o h n s o n  proposed a  vo te  of th an k s  
to M r. H u rs t for h is address, and M e . F . C .  
E d w a r d s , in seconding, con tended  th a t  carbon 
dissolved in iron in the  sam e way as sa lt o r sugar 
dissolved in w ater. T here w ere good grounds fo r 
holding th a t  a t  a high tem p e ra tu re  th e  carbon in 
cast iron was in  solution. I t  was n o t suspended, 
it  was dissolved, and  as they  lowered th e  tem p era
tu re  th e  carbon was throw n ou t. The P ap e r w ent 
a long w ay tow ards popularising  th e  most advanced 
knowledge, and anyone s tr iv in g  to  popularise  
advanced knowledge was perform ing  a  g re a t work.

The P r e s id e n t  hav ing  added an expression of 
his apprecia tion  of th e  P ap er th e  resolution  was 
h eartily  agreed to.

722
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The Author’s Reply.
R eplying upon th e  discussion, Me . H t j e s T  

referred  to  th e  suggestion made by M r. M arks 
th a t  th e  speed of cen trifuga l casting  was hardly  
sufficient to  separa te  the  graph ite . Mr. M arks 
r a th e r  implied th a t  th e  casting  was th in , b u t he 
(the lec tu rer) had dealt w ith cen trifugal castings 
which could no t be so desoribed. F o r example, a 
casting  w ith a rad ia l thickness of, say, 12 in ., was 
hard ly  th in , and a good m any castings had been 
m ade w ith th a t  thickness in w'hioh there  had been 
no g rap h ite  separation . The rem arkable th in g  
was th a t  th ere  had been a considerable am ount of 
su lphide separa tion , practically  th e  whole of th e  sul
phide segregating  to  th e  inside surface of th e  cast
ing . The difference in  the  specific g rav ities of 
m anganese sulphide and g raph ite  is so g rea t th a t  
one would expect g rap h ite  freely to  separate 
before th e  sulphide. This is not th e  case. 
All varie ties of grey pig-iron in  G reat 
B rita in  had  been used in the  production of these 
cen trifugal castings, and they had never y e t found 
a pig-iron which was of suoli a  n a tu re  th a t  the 
g rap h ite  would separa te  ou t in the cen trifuga l p ro
cess. H e was inclined to  th in k  th a t  th e  struc tu res 
which appeared to be A usten ite  g raph ite  eutectic 
stru c tu res  were no t eutec tic  stru c tu res  a t  all, but 
were s tructu res b rough t abou t by a s ta te  of affairs 
in th e  cooling down, in  which th e  g rap h ite  was 
deposited from  th e  solid solution in th is  very finely 
divided form . The ra te  of cooling had been such 
th a t  th e re  had been very li tt le  o p po rtun ity  for any 
of th e  g rap h ite  p lates to  congregate together and 
to  p resen t them selves more o r less in  th e  charac
te r is tic  form  of g rap h ite  p lates. In  o ther words 
they  should be regarded as tran s itio n  stages. 
They did n o t know ju s t how much excess over the 
eu tec tic  percentage of carbon was necessary to  
b ring  about th e  phenomenon of kish. They did 
not notice th e  phenomenon of kish in  any ordinary  
commercial foundry  iron, except th e  silicious irons. 
I t  was only when carbon was in  excess of 
the  eu tectic percentage th a t  th is phenomenon 
was observed. Mr. Longden 's supposition th a t  
g rap h ite  may ex ist as such in the  liquid iron be
fore solidifioation is answered in a  very practical 
m anner by the  experience w ith cen trifugal castings.

i
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Mr. Longden’s o ther po in t is ra th e r  outside the  
scope of th e  paper. There is no doub t th a t  such 
a casting can be produced perfectly  sound w ithou t 
any a ttem p t to  feed it. P resum ing th a t  the  
casting  is cylindrical th e  best way is to  cast i t  
cen trifugally . The o th e r common way is to  p ro
vide a shrinkage head. All th e  o th e r a lte rn a tiv e  
methods can probably be sum m arised in  th e  follow
ing words : to  pour th e  casting  in such a m anner 
th a t  th e  m ajo rity  of th e  liqu id  shrinkage of any 
portion of th e  m etal already  in th e  mould has 
taken  place before th e  n ex t portion  of m etal 
en ters th e  mould.
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Lancashire Branch
(BURNLEY SECTION).

CASTINGS FOR MACHINE TOOLS.

By H. Jowett (Associate Member).
I t  may! be of in te re s t to  describe why a holding 

down p lan t is essential, and to illu stra te  
one installed  by the  au tho r a t his works. 
I t  is su rp ris ing  the  large num ber of foundries 
which are  m aking castings up to  10  tons 
in w eight and still rely on th e  old-fashioned 
way of w eighting the  moulds. There has to 
be only one mishap from a mould top -part 
liftin g  and  causing a w aster casting  to  be pro
duced, and  th e  price of an adequate p lan t is lost. 
Obviously, such a  p lan t is no t an expensive propo
sition. There a re  foundries specialising in certain  
classes of m achine tools which make complete boxes, 
drags, special grids and copes to mould the 
m ajo rity  of th e ir  castings, b u t such a firm m aking 
a varie ty  of m achine tools and special machines is 
a t  a d isadvantage in th a t  respect. F o r  a m oulding 
box 20 f t . x 8 f t . i t  requires th a t  first of all the 
moulder m ust dig ou t th e  hole the  dep th  and w idth 
required  for th e  largest casting. Then th e  long 
bars, which are  10  f t . 6 in. long x 6 in. wide x 
7 in . deep, m ust be fixed in  position a t  the  bottom 
of th e  hole. These a re  fixed 6 f t . a p a rt from  centre 
one from  th e  o ther, and  i t  is essential to  have 
them  level, one w ith  another. The hooks, which 
are  2 in. sq. and m ade of steel or w rought iron, 
are  th en  fixed under the  w eights, yet wedged to 
th e ir  sides. These are 5 ft. 6 in. long, which fixes 
th e  dep th  of th e  hole. The moulder m ust give a 
thorough good ram m ing of sand all round to  the 
top of the  bars, so th a t  th ere  is a s tra ig h t and level 
surface. Then the grids, which are of cast iron, 
are  fixed from  one bar to  th e  o ther. The pillars 
a re  placed d irectly  on the surface of the  bars. These 
p illars are  4 f t . 6 in. long and 6 in. d ia ., w ith a 
10 -in. d ia. flange 1 J in. thickness and 1 -in. m etal 
in thickness in the  d iam eter of the  p illar. Every
th in g  being fixed, i t  is .advisable to  ram  a smal/



layer of sand to  the  top of the  grids or to  the  \ 
he igh t th a t  is chosen for the  position  of th e  coke 
bed. The coke bed is d irectly  on th e  sm all layer 
of sand which covers th e  grids. I t  is p u t over 
the fu ll surface of th e  hole, and  is 6 in . deep.

V ent pipes, a t  each side of th e  p lan t, a re  
placed in  the  cen tre  of the  holding-dow n hooks, 
about 1  f t . away from  th e  outside, so th a t  when 
th e  top box is in position, th e re  is no difficulty 
in finding the  hooks. A gain, i t  gives room to  p u t 
down broad bars sim ilar to  th e  hearers to  stop 
in the  box and  to  p reven t ru n  outs. H av ing
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F ig . 1.

made th e  coke bed, i t  is essential to  cover th e  coke 
w ith  a good layer of hay, straw  or shavings, so as 
to  p reven t th e  sand from  g e ttin g  in ter-m ixed  
w ith  th e  bed, because i t  is necessary th a t  th e  a ir  
should have a clear course in to  th e  pipes, as qu ite  
o ften  th is  bed is called upon to  b rin g  a ir  away 
from  cores in  th e  mould. I t  m ay be th o u g h t th a t  
the re  should be cast-iron  p lates round  th e  sides 
and ends of th e  hole, b u t the  au th o r only uses 
such plates fixed in  c e rta in  moulds th a t  requ ire  
re inforcem ent in  p a rts  where th e  s tra in  applies 
most— in fact, he has had  1 -ton w eights a t  p a rts  
of the  moulds, and ram m ed round them  and th en  
staked  behind them . I f  i t  is n o t desired to  have 
the  floor level on th e  top of th e  pillars, packings
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or 56-lb. weights on the  p illars can he fixed, but 
i t  is essential th a t  th e  top  box touches the 
packings, if no t they  m ust be wedged w ith wrought 
iron.

This done, bars a re  fixed on the  top box 
sim ilar to  those actually  in  th e  p lan t. They are 
a rranged  on a 56-lb. w eight opposite th e  2-in. sq. 
w rought-iron  hook. Then an endless chain is fixed 
th rough  the  hook on to  the  top of the  bar and 
wedged up between the  bottom  of the  b ar and the 
top of the  56-lb. w eight, th e  crane tak in g  care of 
the  b ar w ith a hook in the  centre. H aving 
wedged up, the  crane lowers off, b u t all then  is

F ig . 2.

t ig h t ;  th e  links of these chains are  § in. in th ick 
ness. F ig . 9 shows such a mould ready for cast
ing. H av ing  seen tu»o or th ree  of these bars break 
w ith the  crane lif tin g  the  hook in the  centre, it 
is b e tte r  to  use a chain round the  bar. The hooks 
cast in  these bars are  handy for liftin g  purposes. 
A nother design of a holding-down p lan t comprises 
a cast-iron s tay  4 x 12 in. and is 4 f t . in depth 
x 7ft. wide. This p lan t compels one to use same 
top box, no m a tte r  w hat k ind  of a p a tte rn  there  
is in th e  p lan t, causing more ram m ing th an  neces
sary  a t  tim es, where, as w ith  the o ther design, 
one can use any top p a r t  necessary, as the  pillars 
can be fixed in  th e  hole to su it any box. B ut 
care m ust be taken  to  see th a t  the  pillars or stands 
are  always fixed below the  p a tte rn .
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Lathe Bed Mould.
Fig. 1 shows bed mould for an 11-in. tu r r e t  com

bination  la the, the  length  of the  p a tte rn  being 
20 ft. 9 in ., 12 in. wide, and 19 in. deep. P r i 
m arily  a hole is p repared  and the  coke bed placed 
in position. Black sand is th en  ram m ed to  about 
2 in. from  the  face of th e  mould. F rom  the  
bottom  of th e  slides of th e  mould i t  is best to 
fix two s tra ig h t edges the  full leng th  of th e

F ig . 3.

p a tte rn  and give th e  necessary cam ber, which in 
th is case ^ in. was allowed. Then th e  facing  sand 
is p repared  1  in. above th e  s tra ig h t edges and  a 
good ven tin g  in to  th e  coke bed is given. The v en t 
holes have to  be m ade up and  th e  sand  m ade firm, 
in order th a t  th e  m oulder can  strick le  off the  
whole surface ready  for fixing th e  p a tte rn  in 
position. Two lif tin g  p lates were m ade to  l i f t  out 
the  inside of th e  mould, shown in F ig . 1. A ddition
ally, grids were m ade to bed on the  top of th e  l i f t 
ing  p la te  over the  inside of the  slides, as th ey  form  
a superior support in  b ind ing  th e  sand  together
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th an  rely ing solely on loose irons. The p lates are  • 
only 4 in. wide and are  bedded in the mould, so 
th a t  the  top of the  liftin g  p la te  is a litt le  below 
the bottom  of the  slide. These plates were
ram m ed up in suitable sand, so th a t  when they 
were finished and wet blacked, they were removed 
to the  core stove and dried. .The weights shown 
in  F ig . 3 are  cast “ open-sand,”  and ju s t allow for 
a wedge a t  each side of the  liftin g  p la te  which 
holds them  in  position e ither on the outside of 
the  mould or on the  stove carriage. Then, again, 
they fill th e  purpose of w eighting small moulds 
when no t in use for th is practice. The slides are

F i g . 4 .

2 j- in. th ick , 6 in. wide, and are  the full length 
of th e  p a tte rn . The sides of the  mould are  § in. 
th ick  w ith a f- in . facing 1  in. deep the  full length. 
The inside of the  mould is well strengthened , as 
there  is 1 | in. bar of m etal every 13 in., and the 
space seen a t  each end is p la ted  a t th e  bottom, 
th e  core being fixed on doulble studs a t the bottom 
and then  wedged w ith  them  on each side of the 
mould. The bottom  is ram m ed up to  the  top of 
the  slide, th en  a row of irons laid  on slide to hold 
in  position a f te r  th e  w ithdraw al of the p a tte rn . 
F ig . 2 shows th e  top p a r t used for th is  m ou ld ; 
there  is a 6-in. lift, except a t  each end, which is 
about 11 in. The box is a fast-barred  one, being 
23 ft. long, 3 f t .  3 in. broad, and 8 in. deep. 
F ig . 3 shows the  mould w ith the  inside set in



• position ready for top p a r t to be re tu rn ed . The 
weight of th is  casting  is 35 cwts. and is p rac
tically  s tra ig h t.

Foundation Plate for Heavy Lathe.
F ig . 4 illu stra tes the  construction  of a mould of 

a foundation  p la te  for a heavy la the. The p a tte rn  
which formed the  mould is 13 f t . 9 in . long, 
7 ft. 6 in. broad, 9 in. deep, w ith a 3-in. broad
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F i g . 5.

flange all round, 1J in . in thickness. This p a tte rn  
was placed on a sim ilarly  prepared  bed, h u t where 
facings a re  seen, was cu t out, and th en  bedded 
on the  surface to  su it the  p a tte rn . F o u r 2-in. sq. 
runners and two oblong run n ers  (3 in. by f in .) 
were th en  ram m ed up to  the  jo in t. G rids were 
made to  li f t  th e  sections o u t of th e  top, and  to 
save a ce rta in  am ount of liftin g  or gaggering , as 
i t  is sometimes called. F ig . 5 illu s tra te s  the  grid  
section and the  bars which form  it  in th e  top of 
the  mould. I t  also shows a 4-in. broad flange in
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th e  cen tre  rib , b u t loose cores were made w ith the 
flange fixed in  position and  m ade the  dep th  of 
the p a tte rn . These were dried, p u t in the p a tte rn  
and bolted up in the  top p a r t w ith the  other 
grids. If  th is  had no t been done, i t  would have 
en tailed  more work, as the grids would have had 
to he ram m ed up and a jo in t made over the whole

F i g . 6 .

surface, then  the top p a r t  would have had to  be 
ram m ed up and lifted  off, th e  flange draw n out, 
and finished off and blacked, then  the  top would 
have had to  be p u t back again  and the  grids 
bolted to  th e  top and finished off. This top was 
wet-blacked and fixed on stands, fires were p u t 
beneath  it . A 5 /16  in. camber was allowed and 
the w eight of the casting  was 55 cwt.

Slotting Machine Cross Slide.
Fig. 6 relates to  a cross slide p a tte rn  

for a loco-frame p la te  slo tting  machine. The
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length  of the  p a tte rn  is 12 f t . 3 in ., th e  w idth 
3 f t ., and the  dep th  3 ft. 7 in. The dim ensions 
of the  slide on th e  side of the  p a tte rn  a re  4 in. 
by 7 in. on the  extrem e bottom . F rom  th is  slide 
run  ribs up to  the  o ther slide, which is 3 in . sq. ; 
all these are  m ade in  sho rt leng ths and  given 
p lenty  of taper, which is of considerable assistance 
to  th e  m oulder, as all these pieces have to  draw  
tow ards th e  mould. F ig . 6 il lu s tra tes  th e  bottom  
p a r t  of th e  mould ; the  side where th e  pieces have 
been draw n from  th e  m ould can he seen. On the  
opposite side a t  th e  extrem e ends of th e  mould

F ig . 7.

the  tops of cores a re  shown. These have been 
fixed in  core p r in ts  and  held in th a t  position w ith 
two hooks from  the  cores to  th e  back of stakes, 
w ith a fish p la te  across th e  stakes, as abou t 8 in. 
of core comes forw ard  and  projects in to  th e  mould. 
The runners, 3 in . by 2 in ., a re  fixed a t  the  
bottom  of the  slide, and a re  ironed down th e  sides 
and on th e  top , down gates connected to  them , 
and  bushes ram m ed round to  th e  top  of th e  jo in t, 
except for about 3 in ., to  enable th e  m oulder to  
cu t channels to  th e  down runners. The co re-prin t 
a t  th e  bottom  of mould is 23 in. wide, 12 in. deep, 
and m ade in  six cores. They a re  ven ted  in to  the  
coke bed w ith 2-in. tubes ram m ed round  th e  cen tre  
of core, and  m ade up on th e  top surface and
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dried. This method prevents m etal ge ttin g  into 
vents, except, of course, if th e  cores lift, which 
is prevented , as double studs are  required  on these 
cores. These studs are  th e  thickness of m etal 
between the  barrel core and th e  top of th e  core 
where the  double studs are  nailed on. The half- 
round core-prin t is to  hold a  barrel core, 15 in.

F i g . 8 .

in  d iam eter, w ith  a swell on 22 J in. d iam eter, and 
a 2 |-in . flange in  dep th  of core every 23 in. in 
length . U nder th is core-prin t, a  p illar-stand  is 
ram m ed in  position, which is fixed 6 in. below the 
dep th  of the  p a tte rn . This is to  prevent any sign 
of a crush.

F ig . 7 illu stra tes th e  core which was used in 
th is m ould; th e  core barre l was 13 f t .  6 in. long 
and  11 in. in  diam eter. S traw  ropes, clay and 
loam were used, also a num ber of s tra ig h t irons in 
between th e  flanges, which were wired round the
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barrel for support. To p reven t the  core barre l 
from lifting , six 3-in. sq. packings were placed 
in equal d istances on the  barrel to  th e  surface 
of the  core, and  the  chap le t sta lks in  th e  top  box 
are  placed to  be cen tra l w ith  these packings. 
They were wedged to  th e  bearers which hold the  
top box in  position. Each end of th e  b a rre l is 
wedged sim ilarly . The gas was b rough t away 
from  each end of th e  core, b u t i t  is essen tial to  
wedge loose barrels in  th e  ex is ting  barre l, as i t  
was short of length . T he bottom  p a r t  of th is

F ig . 9.

mould was m ade in  green sand, and  required  
n either fires nor m ould-driers. F ig . 8 illu s tra tes  
the  top p a r t  of th e  m ou ld ; the  box is 15 f t . long, 
5 f t . 2 in. wide, and  8 in. deep. G rids were m ade 
to p u t on th e  jo in t for th is  lift, w ith  prongs cast 
on, and  2-in. sq. prongs were p repared  to  wedge 
to  the  bottom  bars of th e  top box to  keep i t  from  
slipping or g iving way. The deepest p a r t  of th is  
lif t was 24 in. L ifte rs  were also used over th e  
top of th e  grids and  hooked on to  th e  hox-bars to  
help to  bind and hold th e  sand  together, as a 
few flanges had to be w ithdraw n from  th e  mould 
d u ring  th e  finishing operation . The sand used 
to line th e  face of th e  p a tte rn  was made up of



equal p a rts  of facing  sand and core sand. I t  was 
wet-blacked and finished, and F ig . 8 shows the 
p a r t ready for tu rn in g  over and fixing on stands 
to  he dried. F ig . 9 illu stra tes th e  mould p u t 
together and  practically  ready for casting. F ig.

F i g . 10.

10  is a  view of the  casting  in the machine shop', 
where it  has been m arked ou t and is ready for 
p laning. The w eight of th is  casting  was 85 cwt.

Loco-Frame-Plate Slotter-Bed.
F ig . 12 is a view of p a tte rn  of a bed for a 

loco-fram e-plate slo tter, th e  leng th  of which is 
20 ft . 3 in ., th e  w idth 6 f t .  and the  depth  19 in. 
The p a tte rn  is in one whole length, which is sa tis
factory  from the  foundry business standpoin t. I t
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is a d ifferent proposition w hen' th e re  is only a 
h a lf-p a tte rn  delivered to  the  foundry , especially 
for beds th a t  reach 30 ft. in  leng th . E ngineers 
also re s tr ic t the  m achining allowance to  too fine a 
lim it for the  length  of such castings. L im itin g  the  
foundry  to  a 5-in. m achining allowance is too little

F i g . 1 1 .

when it  is realised th a t  th ere  exists no hard -and- 
fa s t ru le for th e  se ttin g  of cam ber. This is gained 
by experience and by m aking  a study  of section 
and design. This p a tte rn , too, was placed in  th e  
p lan t described, th e  advan tage  being th a t  th e  coke 
bed was fixed. The hole was dug ou t and  s tra ig h t
edges were set th e  whole leng th  of th e  p a tte rn . 
The straigh t-edges hav ing  been bedded down and 
the requ ired  cam ber arranged  (in  th is  case f  in. 
was allowed). This can he obtained by holding a 
line-band the  full length  of the  stra igh t-edge and
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then  set down by a gauge. H aving  set these, the 
moulder- fixes th e  facing sand and vents the  face 
° ™ou|d- H e then  strickles off the  whole surface, 
ready for bedding th e  p a tte rn  in  position. The 
p a tte rn  is fixed on the bed, the  core-prints are 
m arked and cu t out, and the p a tte rn s  re-bedded on 
the surface. W eights are  p u t on the  cen tre  of 
p a tte rn , and care m ust be taken  to  see th a t  the 
p a tte rn  is pressed on the sand bed. The line- 
band is used on top of the  p a tte rn  to ascertain  
th a t  th e  cam ber is the  same as the bed. Then

F ig . 12.

th e  runners can be fixed and the job ram med up 
to th e  jo in t. The sides of the mould are vented 
in to  th e  coke bed, or ashes a re  fixed half-w ay the 
dep th  of mould, to  b ring  gas away from  the sides 
of th e  mould. F ig. 11 illu stra tes the mould, which 
shows on one side th a t  the  cores are fixed in 
position to  shorten  th e  w idth of the  bed. These 
cores were held by spikes, and studs fixed to the 
body cores. T heir size was 5 . f t . 8 in. broad, 
3 f t . 3 in. wide, and 15 in. deep. Six of them  
filled th e  whole mould, leaving 1 1  in. b ar between 
each core. The thickness beneath  them  varied 
from 1 |  in. to  3j  in. ; th e  chaplets shown set in 
position, hold the  cores and give the thickness
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referred  to. A t the  end of mould th e  run n ers  are  
set a t  th e  bottom . A t th e  opposite- end the  
ru nners a re  12  in. from  th e  surface, as i t  proves 
to  be th e  most effective course to  a rran g e  th e  
se ttin g  of th e  runners, owing to  pouring  w ith  two 
ladles. G enerally th e  foundry  commences pouring  
where th e  la rgest runners  are , and  has th e

Fro . 13.

requ ired  w eight of m etal in  th e  mould before i t  
s ta r ts  pouring , w ith  th e  second ladle a t  the  o ther 
end of mould. F ig . 12 is a view of th is  mould 
closed, and  ready  for casting . Two m oulding-box 
to p -p arts  were used, one being 22 f t . by 8 f t . ,  and 
th e  o ther 12 ft . by 6 f t . The la rgest box is 
clam ped w ith  the  chain round  th e  hearers, and  the  
small box is shown ready  for w eights to  be placed 
on th e  bars. P lugs a re  always fixed in  th e  ru n n e r 
basins, as they  can be regu la ted  to  su it ind iv idual 
ideas of teem ing speeds. The w eight of th e  cast
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ing is 8 tons 15 cwt., and showed only a i- in . 
in varia tion  w ith  line band, which is satisfactory 
xrom the  foundry  po in t of view.

Cheek for Milling Machine.
An u p rig h t or cheek for a p lain  m illing m achine 

presents several fea tu res of in terest. The p a tte rn

F ig . 14.

is 7 f t . 3 in. long, 4 f t . 2 in. wide, and 3 ft . 2 in. 
deep. F ig . 13 illu stra tes the  mould, w ith the 
cores set in  position a t  the  deep end of mould, 
and one side core in  position on the  slide p a r t  of 
the  casting. The core on the  slide overhangs in 
the  mould from  the  core-prin t, and is fastened 
back by hooks in  the  core, and bolted th rough  a 
fishplate and screwed up, so th a t  the  core will 
no t overbalance. The m ain body core rests on 
chaplets on the  bottom  mould, only f  in. m etal

2 8 2
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being allowed. I t  also rests on th e  bo ttom  eore 
a t  th e  deep end. This core is narrow  betw een 
the  slide core and th e  panel in  th e  mould. I t  is 
too narrow  to  ru n  a thickness of cast-iron  core
grid . Two pieces of |  in . w rought iron were cast 
in  the  core-grids, and  loose irons were la id  in 
between for support. They ac t as b inders, so 
th a t  the  pressure of m etal will n o t break  th e  core.

F ig . 15.

A small layer of fine ashes was la id  betw een the  
irons and a few w ax ven ts to  ensure th e  gas 
g e ttin g  away from  th e  core a t  th a t  p a r tic u la r  
point. F ig . 14 shows th e  core ready  fo r low ering 
in to  position in  th e  mould. Owing to  th e  leng th  
and  to  th e  ven t hav ing  to  come aw ay from  the  
bottom  p rin t, i t  is essential to  have two 2-in. 
pipes to  assist g e ttin g  th e  gas quickly from  th e  
core. These holes also help th e  dresser to  b reak  
the  core-grid w ith  a long chisel. A fterw ards they  
&re plugged. The depth  of th is  core is I I  in . and
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the  w idth 11 in. in the narrow  p a rt. The th ick
ness of m etal round th is core averages about f- in.

Cheek for Milling Machine.
Fig. 15 shows the  top p a r t  and the p a tte rn , which 

illu stra tes the  depth of the  foot (3 ft. 2 in .). The

F ig . 16.

bottom  p a r t of the  mould was cast green-sand, 
bu t the  top was dried, as it  is advisable when the 
num ber of chaplet stalks th a t have to  be fastened 
are  considered. They num bered seventeen in all, 
as there  are  two loose cores, in addition  to the 
body core, to be held down. The chaplets are 
wedged under bars th a t  are across the  moulding 
box. W eights are  placed on the  bars to hold the
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box from  liftin g . F ig. 16 shows th e  finished cast
ing, two of which are  required  for th e  actua l 
machine. The flange on the  side of th e  casting , as 
shown, was dovetailed on to  th e  p a tte rn , to  allow 
the moulders to  draw  forw ard a f te r  th e  p a tte rn  
had heen w ithdraw n. The c ircu la r holes on the

F i g . 17.

side of casting  are  those re fe rred  to  as being  neces
sary  for g e ttin g  th e  gas aw ay from  th e  m ain  core. 
The two holes aga in s t th e  flange were th e  only 
outlets, except for th e  holes opposite. This core 
is 20 in. deep, 13 in. wide, and 18 in. in  b read th , 
and was made in oil sand, as also were th e  cores 
on the  side of th e  slide. The opposite core was 
2 ft. 5 in . by 22 in. by 18 in ., and is ra th e r  deeper, 
The w eight of the  casting  is 36 cwt.
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Cross^Slide Head.
-Fig. 17 illu s tra tes a head th a t  is fixed on a cross 

slide. This p a tte rn  is of ra th e r  peculiar design 
rom a m oulder’s standpo in t, especially when i t  is 

realised th ere  is no m oulding box to  tu rn  or roll 
over in  a top and  bottom  box p a rt. This makes it  
worse to  bed-in, owing to  the  vee-shaped appear-

F ig . 18.

ance a t  the  en tire  bottom of the  p a tte rn . The 
dep th  of th is p a tte rn  is 4 f t . 2 in ., th e  length 
6 f t .  1 in ., and  the  w idth 3 f t . 10 in. I t  was 
bedded-in the floor and ram m ed to  the top of the 
tapered  p a rt, th en  lifted  out and the surface made 
hard  and vented. I t  was finished off, as i t  is 
undoubtedly very aw kward to  finish if i t  is left 
over u n til th e  p a tte rn  has been ram m ed up to  the 
jo in t, because, underneath  it, the  slide-part has
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to have a layer of ashes fixed for tak in g  gas away 
from  the cores a t  the  side. However, by finishing 
the bottom  first, th e  m oulder gained th e  advan
tage  of room, and i t  was b e tte r  for him  to  fix the 
bearings under th e  core-prin ts. The half-round  
core in  th e  illu s tra tio n  is n o t in  position in  the  
cen tre  of mould, b u t F ig . 18 shows th a t  p a r t  w ith  
the  core in  position, and  illu s tra tes  th e  top half

of the  mould. The top box is 8 f t . sq., 9 in. 
deep, and is a fa s t-barred  box. The li f t  was 
2C> in ., and  grids were m ade to  save lifte rs  being 
used, as th e  au th o r insists th a t  a  g rid  is fa r  
b e tte r  if packings a re  ram m ed on th e  top of i t  
and a re  wedged u n d ern ea th  th e  box-bar. They 
can th en  be hooked and  bolted to  th e  top of th e  
box. I f  they  a re  screwed up tig h tly , i t  is then  
impossible for them  to  give or overhang. A t the  
fro n t of F ig . 18 a re  a few of th e  core boxe~_
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which formed the  cores shown fixed in the mould 
in Fig. 17. The chaple t stalks are  fixed in  the 
top half, to prevent the cores from lifting . The 
bottom  p a r t of th is  mould was cast greeu-sand, 
but the  top was dried . The weight of the finished 
casting  was 29 cwt.

F i g . 20.

Plano-Milling Machine»
Fig. 19 illu stra tes the mould for a cross slide 

for a piano-m illing machine, the length being 
13 f t., th e  w idth 25 in ., and th e  depth  18 in. I t  is 
flanged on each side of the  mould and underneath  
the  flanges there  are  slides 3 in. sq. the full 
length of the  casting. The mould is cored up 
ready for the  top p a r t being lowered in  position.
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There is a lif t  in  th e  top p a r t  of 10 in. The size 
of the  cores u nder th e  ones shown are 17 in . wide, 
5 in . deep. They a re  bracketed  round  th e  corners 
for s tren g th , and the  gas is sen t in to  th e  coke bed. 
The cores shown are  placed on l j - in .  double studs, 
th is being th e  thickness of the  flange on each side 
of the  mould. All round  th e  cores th e re  was a 
thickness 1 { in ., except w here th e  7-in. diam eter 
core is shown. This la t te r  cu ts th rough  on the  
top, th e  a ir  coming aw ay from  tubes ram m ed 
through  th e  top p a r t  a f te r  being lowered in  posi
tion . The p lates, J in . th ick , a re  galvanised, and

F i g . 21.

a f-in . iron  sta lk  in  th e  top p a r t  rests  on th e  
cen tre  of th e  p la te  to  hold the  core in  position. 
I t  is wedged u nder th e  w eights on th e  m oulding 
box to  p reven t them  from  lif tin g . These cores 
a re  2 f t . 6 in. long, 18 in. wide, 10  in . deep, and 
a re  all m ade in  oil sand, which gives a h a rd e r 
core and saves dressing. The w eight of th is  cast
ing was 39 cwt.

Bed for a Plano-Milling Machine.
Fig . 20 illu stra tes th e  m aking  of a bed fo r a 

p iano-m illing m achine. The leng th  of th is  mould 
is 26 ft . 6 in ., 5 f t . 3 in. wide, and 2 f t .  3 in. 
deep ; w hilst th e  p a tte rn  was only 14 f t . long, it  
en ta iled  double work for th e  foundrym an. In  the 
first place, i t  is necessary to  level a  bed fo r th«
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whole leng th  of th e  mould, and allow the am ount 
of cam ber requ ired , which was § in. in th is case. 
The p a tte rn  was p u t on th e  bed, ram m ed up and 
w ithdraw n. Two wings were fixed on each side of 
the  p a tte rn , and  then  the  p a tte rn  was p u t on bed 
again , checked for length , and ram m ed up again. 
The outside slides on the  bottom  are  9 in. wide, 
4 in . th ick , and on the  inside are  7 in. wide, 
3g in. th ick . The small oblong cores are  oil wells 
on th e  slide. The w ing cores on the  side are 
4 f t . 4 in. long, 16 in . deep, and 7 in . wide, and 
a re  bolted back and  th en  wedged on th e  inside 
to  m ain  cores w ith double studs and chaplets on 
th e  top . U nderneath  th e  cores there  was only 
2 in . of sand, which was very awkward for ironing, 
and good, long, loose irons had to  be used both 
ways to  stop th e  sand from  washing. R ound the 
sides of th is  mould a layer of small ashes was 
laid  about th e  centre, to  help to  get the  gas away 
b e tte r. F o u r runners were placed about 2 in. 
from  th e  bottom  of th e  mould, 5 in. long, 1 in. 
th ick , w ith  down runners to  correspond. A t the 
o ther end of th e  mould there  were two sim ilar 
runners 15 in . from  th e  bottom  of mould. The 
reason for runners being in these positions was 
to  allow for one ladle to  ge t a ce rta in  am ount of 
m etal in  th e  mould before th e  o ther ladle com
menced to  pour. I f  both runners were p u t a t  the  
bottom , i t  would involve both ladles commencing 
to  pour mould sim ultaneously. This would have 
p u t more s tra in  on mould. F ig . 20 shows the 
m ould p a rtly  cored up ; th e  thickness of m etal on 
th e  outside was 1  in ., and  § in. was th e  thickness 
of the  cen tre  bars, which were flanged all round 
th e  top  of th e  cores. The arch  core also has a 
1-in. flange, 4 in. broad, on every section of core. 
S lot cores 14 in . by 12 in. by 3 in. were fixed in 
p rin ts  to  allow for flanges on th e  bottom  of mould. 
The a ir  from  these cores was led ou t th rough  the 
top box, w hilst tubes were ram m ed up to  prevent 
m etal from  g e ttin g  in to  th e  vent. Two top parts , 
20 f t .  by 8 f t . ,  and 10 f t .  by 8 f t .  by 9 in. deep, 
covered th is  mould. The bottom  p a r t  of mould 
was m ade in green-sand, b u t the  top p a r t was 
dried . F ig . 21 shows a full view of th e  casting 
in  th e  dressing shop ; its  w eight was 10 tons 15 cwt., 
and i t  was practically  stra ig h t. In  conclusion, the
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au tho r would like to express his sincere th an k s ¡kj 
his employers, Messrs. John  H olroyd & Company, 
L im ited , M achine Tool M akers, M ilnrow , for 
assistance given, and  especially in  the  p repara tion  
of the  illu stra tions.

DISCUSSION.
M r. J .  H o g g  said one of the  lan te rn

slides showed the  bed for a P lano-m illing
machine, the  length  of th e  mould being 
26 ft. 6 in. H e observed th a t  while the
top p a r t  was cast in dry  sand th e  bottom  p a r t
was in green sand. T ha t led him  to  w onder to 
w hat lengths Mr. Jo w e tt would go in casting  in 
green sand, because he recollected th a t  Professor 
R head, a t  M anchester, some years ago, s ta ted  th a t  
green sand  m oulding was th e  cheapest if i t  could 
be carried  ou t successfully. Obviously M r. Jo w e tt’s 
experience was th a t  he could do i t  successfully, so 
i t  was no use to  p u t  it to  him  th a t  i t  was b e tte r  
to  use dry sand for these heavy jobs. In  ce rta in  
p a rts  of Y orkshire, where they  had m any cast
ings of th is  n a tu re , green sand was used, and the  
p ractice had  evidently  ex tended  to  Rochdale, b u t 
he had no t observed th a t  foundrym en elsewhere 
were p repared  to go to  the  same ex ten t. P e r
haps M r. Jo w e tt would explain  his reason for 
adopting th e  p ractice. W as it  because i t  was the 
cheapest m ethod, or w as i t  because he had con
fidence in h is ab ility  to  do i t  successfully ?

M r. Jo w e tt had  m entioned th a t  th e  am oun t of 
cam ber requ ired  in  th is  case was £ in ., and  it  
came o u t correct w ith in  J  in. H is  own experience 
was th a t  the re  was no hard  and fa s t ru le  for 
camber, w hether side cam ber o r bottom  cam ber, 
and he th ough t th e re  were foundrym en who had 
had to m ake these big castings and who- would 
agree w ith him  on th a t . B u t M r. Jo w e tt had  cer
ta in ly  solved th e  problem very nicely.

One very significant rem ark  deserved to  be 
emphasised. M r. Jow ett said before lie s ta r te d  
on a, ce rta in  job he looked a t  the. s tru c tu re  of th e  
casting. T h a t was very necessary. The s tru c tu re  
had much association w ith the  cam ber.

Then th e re  was th e  s ta tem en t th a t  in m any of 
these jobs the  d raugh tsm an  did no t allow enough 
m achining to  the foundrym en. H e q u ite  agreed
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enable them  to  get the beautifu l highly-finished 
eastings which the  engineer demanded to-day. 
N othing had been said about te s t bars in the 
casting  of these jobs. Perhaps Mr. Jow ett would 
say w hat lie considered to be a  fa ir  tensile or 
transverse  te s t in  such cases.

M r . J o w e t t  replied th a t  green sand was the 
cheapest. I t  was used in the Yorkshire d is tric t 
for castings weighing as m uch as 30 tons. I t  was 
a  question of tra in in g . H aving  been tra in ed  to 
i t  one n a tu ra lly  adopted  it. They got a good skin 
for th e  green sand castings. Two jobs, an in te r
nal g rinder and an ex ternal grinder, were so cast, 
and were very favourably reported  upon. Camber, 
on odd occasions, they did no t ge t quite correctly. 
I t  was only fa ir  to  say th a t. B ut, tak in g  the 
num ber th a t  they  made of different design, he 
though t they  were successful.

They had tes t bars on some jobs th a t  were 
coming along now. U sually they  had 28 to 30 
cwt. on a transverse  te s t, and sometimes as much 
as 32 cwt. The bars were 14 in. long. They 
generally  used Glazebrook, hem atite  and Thornhill. 
All th e  pig-iron was tes ted  by a laboratory chemist 
before i t  w ent in to  the  furnace. They had tr ied  
semi-steel, b u t i t  was never a  success.

M r . M e V ie  observed  th a t  he  h a d  g o t 33 and  
34 cw t. on  a 1-in. b a r.

M r . W ilso n  sa id  he was to ld  by th e  chem ist 
t h a t  30 cw t. w as o b ta in e d  on a  b a r  1 by 1, 12-in. 
c en tres .

M r . J .  P e l l  said the  foundries in the Burnley 
d is tr ic t were m ainly concerned w ith tex tile  m achi
nery work, and did n o t m ake jobs sim ilar to  those 
M r. Jo w e tt had described. Possibly for th a t  
reason th e  discussion would be restric ted . There 
were ce rta in  jobs in the engineering line, such as 
valves for pumps, etc., which could be cast in 
green sand, if one chose to  do so, b u t for which 
he should p refer to  adopt dry sand as being fa r 
safer. The ex tra  cost of dry ing  i t  was small. 
A nother po in t which a ttra c ted  his a tten tio n  was 
the  facing sand. There m ust be a  special class 
of facing sand w ith  m any sprigs, and a special 
p repara tion  of the face of th e  mould, particu larly  
where th e  runners were. M uch depended on the 
tem pera tu re  a t  which th e  m etal was poured in.
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I t  was liable to  b u rn  th e  sand and cause a 
collapse. T h a t was due to  the  sand n o t being 
sufficiently refrac to ry . H e  would like  M r. Jo w e tt 
to  give th e  m ixing of th e  sand he used for heavy 
castings in green sand.

Facing Sands.

Mb. J o w e t t  said fo r facing sand th ey  used a  
m ix tu re  of th ree  barrow s of black sand, one barrow  
of red  sand, and  one bucket of coal dust. I t  
gave a very porous sand. 'Sprigs w ere placed 
prac tica lly  flush w ith th e  m etal w here th ere  was 
any rea l w eight of m etal an d  up  th e  sides as well. 
The core sand was composed of : — 8 p a r ts  of black 
sand, 4 o f red  sand, 2 of m anure, and 2 of coal 
dust. H e also used m anure in the  o rd in a ry  facing 
sand, using about a bucket where th e re  was a  good 
thickness of m etal. F o r loam sand he used a m ix. 
tu re  of 8 p a rts  of red  sand, 2 of m anure, 2  of 
coal dust, and 1 of sea sand. F o r sm all shops 
he used a yellow re frac to ry  sand. They always 
ordered No. 1 o r No. 2 yellow sand . The m ix tu re  
was one barrow  of yellow sand w ith  one barrow  
of superfine coal dust and one spade of o rn am en ta l 
blacking. They ob ta ined  a  very good skin on th e ir  
castings. They did n o t dry  th e  sm all ones.

M r  P e l l  a s k e d  f o r  i n f o r m a t i o n  a s  t o  Mr. 
J e w e tt’s p r a c t i c e  i n  t h e  u s e  o f  o i l - s a n d  c o r e s .

M r . J o w e t t  s t a t e d  h e  p u t  a s h e s  i n  o i l - s a n d  c o r e s .  
T h e  h e a v i e s t  c o r e  h e  h a d  m a d e  w a s  8 |  o w t.

A vote of thanks was accorded th e  lec tu rer.



Sheffield Branch.
GATES AND RISERS.

By F. C. Edwards (Associate Member).
G ates and risers m ay be placed in  th a t  category 

of th ings which one would gladly do w ithout, b u t 
w ith which i t  pays to  cu ltivate  a very close 
acquaintance.

I t  pays—technically, as well as commercially. 
F or although th e  mould itself may be perfect, and 
the  m etal composition and tem pera tu re  every
th in g  th a t  could be desired, it  is by these factors 
—th e ir  design, num ber and location—th a t  the 
production of good or bad castings is u ltim ately  
determ ined.

The function of the  ga te  is to in troduce the  
molten m etal in to  th e  mould. To employ m etal 
in  gates, therefore , beyond th a t  required  for the 
fulfilm ent of th is  object is no t econom ical; for 
re-m elting  en ta ils  expense and loss of m etal. The 
riser fa c ilita te s  th e  escape of gas from the  mould, 
and takes charge of the  dross. I t  may he re
garded  as an insurance. H ere, again , where no 
risk  is ac tua lly  incurred , such insurance obviously 
spells unnecessary expense. I t  consequently fol
lows—since, in  selling castings, one cannot in 
elude th e  w eight of those accom panim ents of pro
duction—th a t  th e  foundry in  which they  are  cuf 
down to  th e  lowest efficient lim its has a definite 
advan tage  over its less scientific com petitors.

Now, while th e re  a re  certa in  general principles 
which govern th e  efficient employment of gates 
and risers, th e ir  correct design is largely a  ques
tion  of individual consideration. Sometimes, in
deed, a varie ty  of methods have to  he actually 
tried  o u t before satisfac to ry  results can be 
a tta in ed . A system  of g a ting  which is found to 
answer very well in one case m ay prove, in 
ano ther, to  be a ltogether inapplicable.

H ence the  fu tility  of such argum ents as to 
w hether th is  or th a t  p a rticu la r type  of ga te  (con
sidered by itself) is best, w hether slow or quick 
ru nn ing  is preferable, or w hether the rise r makes
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fo r econom y o r is a  w a n to n  w aste  of m eta l. A nd

Such questions a re  no t am enable to  any stereo
typed  ru le . J u s t  as castings vary  in  w eight 
and innum erable details of form , so  ̂ m ust appro
p ria te  g a tin g  ever vary  likewise. In  short, every 
casting  has its  own peculiar gates.
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Fundamental Principles.

F or instance, the o u te r orifice of th e  pouring gate 
should be s itua ted  above th e  level of th e  highest 
po in t of the  mould. Otherwise the  la t te r  could 
n o t be filled w ith fluid m etal. Generally, of 
course, th is is completely assured by the  addition



of th e  g a te  box to  th e  top*of th e  cope. The pour
ing gate , again , should have a la rg er cross-section 
area  th an  th a t  of th e  in g a te—o r  of th e  combined 
ingates. This ensures th e  pou ring  basin  being 
k ep t full du rin g  th e  process of casting , and, by 
th ro tt lin g  th e  flood, allows tim e  for th e  ligh te r 
soum to  float to  th e  top of th e  m etal in th e  basin 
in stead  of passing in to  th e  m ould; th u s  prom oting 
clean m etal. Inc iden ta lly , th is  explains how a 
reduction  e ither in th e  num ber of ind iv idual area 
of the  ingates often proves a successful remedy 
in th e  case of d ir ty  castings—-the dross has more 
tim e  to  escape.

I t  is also essential th a t  th e  pouring  ga te—or 
gates (for th e  larger castings are  poured from  one 
or more w idely-separated ladles)—should be so 
arranged  as to  deliver th e  m etal to  all p a r ts  of 
th e  mould a t th e  sam e tim e. W ith  lig h t work 
especially, th is  is v ita l. I t s  neglect m ay lead to  
a “  m is-run ,”  o r to  th e  less obvious b u t equally  
fa ta l form of the  la t te r , known as a  “  cold sh u t .” 
I t  can easily be understood th a t  when a th in  
stream  of m etal is m ade to  trav e rse  a large a rea  
of mould i t  quickly becomes chilled. W here two 
such stream s m eet th e re  is a p robability  th a t  the  
re su lt will be sim ilar to  th a t  shown in  F ig . 1. 
Junc tion  m ay taken  place— b u t n o t coalescence.

H ence the  extrem e desirab ility  of a rran g in g  th e  
ru n n e r gates so as to  re s tr ic t w ith in  narrow  
lim its—depending, of course, upon th e  th ickness 
of m etal—th e  area  of mould served by any  single 
gate . A good exam ple of th is  is illu s tra ted  in 
Fig. 2, which shows th e  g a tin g  of a g rey-iron base 
of very ligh t section.

The job is poured from  a cen tra l dow ngate (A), 
1  in. in  d iam eter. Seven sp ray  gates o r sprues 
(B) are so arranged  as to  conduct th e  m etal im me
diately  to  all p a r ts  of th e  mould. The sprues are  
“  knife-edged ”— i.e.,  a t  th e ir  junc tion  w ith  th e  
casting  th ey  a re  less th a n  in. th ick . These
fine apertu res serve as s tra iners . They also enable 
the sprues to  be n ea tly  broken off w ithou t in ju rin g  
the  casting . Since all p a r ts  of th e  mould a re  
sim ultaneously flooded w ith  m etal, i t  follows— 
w ith a uniform  section—th a t  cooling in every p a r t  
commences a t  th e  sam e m om ent, and proceeds a t  
th e  sam e ra te . Uneven shrinkage stresses a re



thus obviated , and maximum efficiency secured 
from  th e  m etal employed.

A somewhat sim ilar exam ple is shown in F ig . 3. 
H ere, again , th e  thickness of m etal is b u t 5 in. 
In  tb is  case, however, in  order to  fu rn ish  the  
requisite supply of hot m etal to  all p a rts  of the  
mould, two dow ngates (C) are  employed. The 
knife-edged sprues a re  also placed closer together 
th a n  in th e  previous example. The pouring  basin 
has a com paratively large area, which enables 
dross to  be accommodated on the top of the  m etal 
in th e  basin instead  of passing down in to  the  
mould. The job is poured sim ultaneously from 
two shanks—one a t  each side.

Downgates.
D owngates should be circular in cross section, 

as th is form  presents th e  least re frig e ra tin g  su r
face for a given area. They will vary in d iam ete ri 
of course, w ith  th e  n a tu re  of the job; th e  g rea te r 
th e  cooling su rface  of th e  mould relatively  to  the  
w eight of th e  casting  th e  larger m ust be the 
d iam eter of th e  gate . This p o in t may be best 
illu s tra ted , perhaps, by a  comparison of two 
ra th e r  extrem e cases, in  which satisfactory  results 
were only ob tained  a f te r  much carefu l experim ent.

F ig . 4 rep resen ts a p la te  casting, 14 in. by 
10  in. by in . in thickness, w ith  a  shallow rib 
round  th e  o u te r edge. I t  will be noted  th a ï  the 
sprue (D) extends across th e  full w idth of the  
p late . I t  is b u t -fr in. in thickness a t its 
juno tion  w ith  th e  casting. Two sprues, each about 

in . wide, were, in  th e  first place, tr ied  with 
tb is  job. These -were placed a t each side of the  
p la te  (as shown dotted). I t  was found, however, 
th a t  th e  castings w ere m ore o r less “ channelled ” 
from  th e  sprue end to  abou t half-w ay along the 
surface of th e  p la te , on th e  bottom side, as 
moulded, and in a line w ith th e  centre of each 
sprue. V arious experim ents were m ade before a 
perfectly  smooth surface was obtained. I t  was 
proved, by th e  way, th a t  the  evil was accentuated 
by h a rd  ram m ing. The channelling was finally 
overcome by ex tending  th e  sprue rig h t across the 
p late , as shown. The w eight of th is  p la te  is about 
5 lbs., and th e  d iam eter of th e  ga te  a t  its junc
tu re  w ith  the  sp rue  is 1 J  in.
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C om paring th e  above w ith th e  g a tin g  of a  56-lb. 
w eight, as shown in F ig . 5. In  this, case a c en tra l 
inga te  was first tr ied . This was abandoned la te r  
in  favour of th e  tw o sprues E . T here is here  a 
cross g a te  (F)—which also serves as a  skim m ing 
g a te  (which will be referred  to  la ter). The down- 
g a te  is 1 in. in  d iam eter. Thus a lig h t p la te  
w eighing 5 lbs. requires a dow ngate of 1^ in. in 
d iam eter (1 .2 2  sq. in. a re a ) ; w hilst a com pact 
block, te n  tim es th e  w eigh t of th e  p la te , is poured 
from a dow ngate' 1 in. d iam eter (0.78 sq. in. area).

A nother p o in t of in te re s t is th e  w ay in  which 
both these exam ples conform  to  a  p rinc ip le  p re
viously enuncia ted—nam ely, th a t  the  a rea  of an 
inga te  should be less th a n  th a t  of its  respective 
pouring  gate . In  th e  case of th e  w eight, each 
ingate , a t  its  junc tion  w ith  th e  mould is § in. 
wide by 1  in. deep, which gives a combined in g a te  
area  of 0.65 sq. in .. aga in s t a  pouring  ga te  area  
of 0.78 sq. in. The g a tin g  of th e  p la te  shows a 
still g rea te r difference. The in g a te , a t  its  ju n c 
tion  w ith  th e  mould is 9 in. by ^  in ., an  area 
of 0.56 sq. in .—or less th a n  ha lf th a t  of th e  p ou r
ing  gate, which is 1.2 2  sq. in.

I t  may be m entioned th a t  these castings a re  
made in  la rge  qu an titie s , and m ust be definitely 
perfect. W ith  th e  w eights especially, th e  sm allest 
pinhole leads to th e ir  rejection .

In  heavy work dow ngates should be placed 
several inches from both th e  mould and  th e  side 
of th e  box. I t  is also advisable to  re in fo rce  th e  
mould around th e  g a te  so as to  g uard  aga in s t th e  
possibility of th e  m etal b reak ing  th rough  th e  walls 
of th e  gate . F o r th is  purpose a t ie r  of small box 
p a rts  is som etimes ram m ed u p  in  th e  mould w ith 
th e  g a te  p a tte rn  in  th e  centre.

A b e tte r  m ethod, however—since i t  obviates the 
risk  o f th e  mould peeling  away from  th e  fla t walls 
of th e  small box p a rts , and fac ilita te s  th e  escape 
of gas—is to  ram  up  th e  dow ngate p a tte rn  in  th e  
cen tre  of rough  cast-iron  prodded rings, say, 6 
or 7 in. in  d iam eter, as shown in  F ig . 6 . The 
la rger space between th e  prods a t  G enables th e  
rin g  to  be placed over th e  in g a te  core, to  which 
i t  affords a ce rta in  support. These rin g s  a re  
b u ilt up, one above th e  o ther, to  su it th e  heigh t 
of th e  job.
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Yet another, and still more reliable, method is 
to  employ sleeves of loam cores, i o r  instance,

if th e  ga te  is to  be, say, 1 £ in. in diam eter, the 
core would be spun u p  on a barrel 1  in. in 
d iam eter, over a  th in  layer of hay band. When



758

dry th e  core is sawn round in to , say, 12 -in. 
lengths and slipped off th e  barrel. These sleeve 
cores are  ram m ed up inside the  prodded rings 
(Fig. 6). The g a te  stick  is n o t th en  required . 
W hilst ram m ing up each sleeve, however, th e
m oulder plugs th e  to p  of th e  hole w ith  hemp or 
cotton  w aste to  keep sand o u t of th e  gate. 
A rrangem ents a re  m ade, of course, to  lead  th e  
m etal ia to  th e  mould th ro u g h  channels form ed 
in sep ara te  cores. To p rev en t the  fa lling  m etal 
from  digging u p  ttye bottom  of th e  g a te  a blacked 
brick is sometimes employed. In  th e  case of 
moulds for heavy steel castings, firebrick gates are  
employed.

The necessity for th e  above p recau tio n ary
measures can be realised when i t  is  rem em bered :
(1) T ha t th e  dow ngate is subjected to  h igher tem 
p e ra tu re  m etal th a n  any o ther p a r t  of th e  mould ;
(2) th e  high tem p e ra tu re  is continuously m ain
ta in ed  as long as pou ring  lasts— i.e., d u rin g  th e  
passage th rough  th e  g a te  of (in some oases)
several tons of m e ta l; (3) th e re  is m ore risk  of
a ttr i tio n  here  consequent upon th e  v io lent m otion 
of th e  falling  m eta l; (4) an in te rn a l p ressure is 
set up  owing to the  th ro tt lin g  of th e  stream  a t 
th e  ingate, and, to  some sligh t ex ten t, to  th e  head 
of m etal. Among o ther th ings th e re  is always a  
possibility of th e  m etal b u rs tin g  th ro u g h  th e  jo in t 
of th e  box. This is known as a  ‘‘ ru n -o u t.”  
Should th is  occur, though  i t  m ay be p rom ptly  
arrested , sufficient tim e m ay have elapsed to  p ro
duce solidification of th e  sprues before th e  mould 
is filled— and the  re su lt is a  “  m is-run .”

Impact effect of Metal on Mould.

A prolific source of scrap  is th a t  a rising  from  
the under-estim ation  of th e  im pact effect on th e  
mould, o r cores, of th e  incom ing stream  of m etal. 
This im pact effect is g rea test, of course, in  th e  
case of d irec t runn ing . And, in order to  obviate 
scabbing, th e  carefu l m oulder will see to  i t  th a t  
th e  region of th e  mould upon which th e  fa lling  
m etal im pinges is well studded  w ith  sprigs or 
otherw ise reinforced. T here are  moulds, however, 
such as those for fine fluted p lates, w here sprigs 
cannot be used. In  such cases scabbing can be 
preven ted  by using  more th a n  th e  usual am oun t
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of coal d u s t  in  th e  fac in g  sand , and  g iv in g  g re a te r  
a t te n tio n  to  v e n tin g . H e re , th e  old m axim  th a t

“ one ven t is w orth a  dozen sprigs ” is peculiarly 
applicable.

Sim ilarly w ith regard  to  cores. These should 
be made so th a t the risk of w ashing  or displace
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m ent by th e  incom ing m etal is reduced to  a m ini
mum. Moreover, i t  is sometimes necessary to  lea/d 
the  m etal th rough  one or more of th e  cores in 
th e  mould. F or these and o ther reasons efficient 
g a tin g  calls for th e  closest collaboration between 
moulder and corem aker. Obviously, th e  core
m aker can ren d er th e  best service only if he is 
perfectly  clear as to  th e  line which the  m oulder 
in tends to  ta k e  on any given job.

I t  may here be of in te res t to re fe r to an actual 
case in po in t, w here an in ad v e rten t lack of the  
above-m entioned co-operation produced, among 
o ther th ings, one of those well-known pyrotechnic 
displays which usually  follows when m olten m etal 
finds its  way in to  a  core barrel.

Briefly, th e  mould for a cast-iron flanged pillar. 
5 f t . h igh and 9 in. in d iam eter (shown in  F ig . 7), 
was being poured. J u s t  as th e  appearance  of th e  
m etal in th e  rise r ind ica ted  th a t  th e  mould was 
full an explosion took place. M olten m etal shot 
upw ards from  th e  core barre l to  the  foundry  roof. 
The heavily-w eighted cope was d is tinc tly  seen to  
heave up  a t  one side. F o rtu n a te ly , however, for 
those s tand ing  around i t  im m ediately recovered 
its equilibrium .

S'trange to  say, when the  casting  was s trip p ed  
i t  was found to  have suffered no p erm an en t ill- 
effects from its storm y b irth . Subsequent inquiry  
proved p re tty  conclusively th a t  th e  cause of th e  
explosion was as follows.

(1) On account of th e  com paratively  sm all 
d iam eter of th e  neck (H) a t  th e  bottom  of th e  
core, and th e  need for em ploying a s trong  core 
barrel th e  loam here was necessarily very th in .
(2) The m oulder had in ad v erten tly  placed the  
in ga te  so th a t  the  incom ing m etal was led d irectly  
on to  th is  weak neck. As a consequence th e  con
tinuously  im pinging m olten m etal upon th is  p a r t  
g radually  wore away th e  loam. The hay band  
would im m ediately be consumed, and th e  e n try  
of th e  m olten m etal th rough  th e  v en t holes in to  
the  core barre l would inev itab ly  fellow.

The core barre l was found firmly a tta ch ed  to 
th e  neck of the  casting , and some of th e  hay 
hand had been converted  in to  b eau tifu l cast-iron 
spirals. Subsequent castings were gated  a li tt le  
h igher up  th e  core, as a t  J ,  w here th e  loam was 
th icker, and, therefo re , b e tte r  able, to  w ithstand
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the  im pact of the  incom ing m etal. The coremaker 
also employed s trin g  instead of hay band a t  th is  
neck, th u s  allowing for more loam.

Direct Gating.
W ith  shallow work—such as p lates of large area 

—direct ga ting  is found to give th e  best results. 
P ig. 8 rep resen ts a section th rough  the  gate box 
for casting  a p la te  8 f t . by 9 ft., and f-in . in  
thickness, w ith J-in. deep chequering on the 
bottom  side, as moulded. I t  will be seen th a t  
six downgates, each f-in ., a re  employed to 
ru n  th is  p late. In  order to  obviate wash
ing, th e  mould, d irec tly  under each downgate, is 
well studded  w ith  sprigs. As the  m etal is literally  
throw n from th e  ladle into the pouring basin 
(so as to  ru n  th e  job as quickly as possible), the  
basin is formed w ith  overhanging lips (II), which 
p reven t th e  overflow of the m etal. In  order to 
ensure clean castings, “  run-offs ”  (not shown) are 
resorted  to— one a t  each corner of the  p late. A 
“ run-off,”  i t  m ay be observed, is a form of riser 
whose ou ter orifice (contrary  to  th e  general rule) 
is below th a t  of the  pouring gate. Each run-off 
ap e rtu re  is stoppered, i.e.,  sealed w ith a brick, 
u n til th e  mould is filled w ith m etal. The brick 
is then  rem oved, and from  2 to  3 cwt. of m etal 
allowed to  escape. In  th is way s tray  scum— 
besides th a t  collected by the  m etal as i t  passes 
over the mould—is elim inated. A t the  junction  
of each ga te  w ith th e  mould a small fillet is 
form ed, which prevents th e  gate  from  “ breaking 
in to  ”  th e  casting  as it  is being knocked off.

Combined Top and Bottom Gating.

F or m any k inds of deep work a combination of 
top and bottom  ga tin g  is advisable. Figs. 9 and 
10  show plan and side elevation respectively of a 
case in  point. The casting  is 11 f t . long, 4 ft. 
wide, and  3 ft. deep. I t  is cored out to leave 
in ternal ribs and bosses (not shown). The general 
thickness of m etal is 1 in. All ex ternal faces are 
machined. I t  will be seen from F ig. 9 th a t  bottom 
and top  downgates (L and  M respectively) are 
employed a t  each side of th e  job. The gates are 
“ b ro k e n ” on th e  cope jo in t (Fig. 10) to  reduce 
th e  dep th  of th e  fall. In  order to  exclude the
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scum from  th e  mould all ga tes are  stoppered  a t 
th e  comm encement of pouring. Two k inds of 
stoppers a re  shown—th e  plug (N) and  th e  block 
(0). The rem oval of th e  block is n o t so likely 
to  d is tu rb  th e  sand  a t  th e  top  of th e  g a te  as is

F i g .  9 . — P l a n  o f  G a t e s  a n d  R i s e r s .

F i g . 1 0 .— S i d e  E l e v a t io n  o f  
F i g . 9.

th e  w ithdraw al of the  p lug ; though i t  offers, of 
course, g rea te r resistance to  rem oval on account 
of its  la rg er a rea . The stoppers a re  well blacked 
and dried  before using, to  shield them  from th e  
action of th e  m olten m etal to  which they  are  
exposed. Fusib le stoppers a re  sometimes used. 
The block of tin , for instance (m elting  po in t 232 
deg. C., exposed to  m olten cast iron, say, a t  1,330
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deg. C.)> preven ts th e  m etal from en te rin g  the 
gate  a sufficient length  of tim e before m elting away 
to  enable the  basin to  be well filled.

The job is poured as follows-..—W hen th e  pour
ing basin is nearly  filled, plugs N are  w ithdraw n

to  allow the m etal to en te r th e  dow ngates L  
F rom  thence i t  flows th rough  bottom ingates, P, 
in to  the  mould. W hen the  mould is judged to 
be about th ree-parts  filled w ith m etal stoppers 0  
are removed. This adm its th e  m etal to down- 
g a te  M, and  thence to  th e  top  of ingates 
Q. This fresh stream  of hot m etal breaks up the 
CTust on th e  top of th e  m etal rising  in th e  mould
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and p reven ts lodgm ent of dross n ear the to p  of 
th e  job.

In  th e  above exam ple in g a te s  P and Q w ere 
formed by cores, th is  method being sa fe r th a n  
th a t  of ram m ing up tap e red  ga te  plugs and w ith 
draw ing a fte r  the  p a tte rn  is removed. Two risers 
were employed over heavy sections in th e  cen tre  
of the  job, and th ree  “ blind  ” risers, 3 in. high, 
•formed a t  each encl to take  care  of the  scum.

Tangential Gating.
W ith  cylindrical work i t  is generally  th e  best 

practice to in troduce the  m etal a t  a ta n g e n t to  
the  circum ference. The ingate  is then  arranged  
as a t  R , F ig . 11. This m ethod has a t  leas t two 
advantages over th a t  w here th e  m etal im pinges 
d irectly  on a core. There is less risk  of mould 
d isturbance, and, if th e re  is any dross presen t, i t  
is no t so likely to  become a ttached  to  th e  sides of 
the  mould, h u t is carried  upw ards by th e  sw irling  
motion of th e  m etal.

Stepped Downgates.
In  ga tin g  deep moulds i t  is advisable to  form  

the dow ngate by steps, a f te r  the  m anner shown 
in F ig. 12. The u pper section of th e  g a te  is 
a rranged  so as no t to  come d irectly  over th e  n ex t 
lower section, hu t, say, several inches to  one side 
of it. By b reak ing  th e  fall of th e  m etal in th is  
way th ere  is less likelihood of th e  fo rm ation  of 
hard  shots, or of th e  digging up of th e  mould 
a t  th e  bottom  of th e  gate. In  order to  break  up 
the  scum crust on th e  ris in g  m eta l i t  is usual to  
employ several pouring  gates in th e  sam e gate  
box. These gates a re  separa te ly  plugged a t  th e  
commencement of pouring . W hen th e  basin  is 
nearly  full, th e  p lug leading to  th e  lowest in g a te  
is w ithdraw n. And, as the  m etal rises in  th e  
mould, the  o ther plugs, in  th e ir  o rder of ascent, 
a re  successively draw n. In  th is  w ay fresh  ho t 
m etal is in troduced a t  inereasdng heights.

Skimming Gates.
Skim m ing gates are  employed to  tr a p  scum 

which would otherw ise e n te r  th e  mould. They are  
formed upon two m ain princip les—specific g rav ity  
and cen trifugal force. In  th e  case of specific
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F i g .  12.



grav ity , th e  ex te rio r portion  of th e  pouring  ga te  
is m ade of a m uch la rger a rea  th a n  would be 
necessary if i t  were employed m erely as a pouring  
gate . I t s  function  is, then , th a t  of a reservoir, 
from which the  mould is supplied w ith clean m etal. 
The in te rio r po rtion  of th e  g a te —th e  passage 
leading to  th e  mould— is no la rg er th a n  would 
o rd in arily  be requ ired . The supply  of m eta l 
being g rea te r th an  th e  dem and, therefo re , the
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ligh te r scum is given tim e to  asoend to  th e  top  of 
th e  gate , w hilst th e  heavier, i.e ., th e  cleaner, m eta l 
passes on to  th e  mould. An exam ple of th e  
g rav ity  form  of sfeimm-ing ga te  is shown a t  F, 
F ig. 5.

TTie princip le  of cen trifuga l force may be applied 
by fo rm ing  a  spherical cham ber betw een th e  
mould and  th e  pouring  gate , th e  cham ber being 
su itab ly  connected to  each by sprues. The sprue 
from  th e  pou ring  ga te  is led in to  th e  cham ber a t 
a ta n g e n t to  th e  o u te r edge. T he sp rue  to  th e  
mould is tak en  o u t rad ia lly  from  th e  axis. The 
ro ta ry  m otion which is th u s  given to  th e  incom ing 
m et ai causes th e  heavier (clean) m etal to  fly to  the  
outside of th e  spherical cav ity , and  from  thence
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into th e  rad ia l sprue leading to  th e  mould. The 
sprue to  th e  mould should be placed a t th e  back 
of th e  pouring-gate  sprue. This ensures th a t  the  
m etal is given a t  least one tu rn  round the  sphere 
before i t  can  e n te r th e  mould. The ligh ter scum 
is thus trap p ed  in  th e  cen tre  of th e  skim m ing gate.

A nother k ind  of skim m ing gate , formed on the  
cen trifuga l force princip le, is seen in F ig . 13. 
H ere  a cylindrical “ sp in n er,”  about tw ice the  
d iam eter of th a t  of the  pouring gate, effectually 
trap's any dross en route  to  th e  mould.

Risers.
A riser is an a ir gate, or opening placed a t the 

highest p o in t of a mould to  fac ilita te  the  escape 
of gas and dross as th e  m etal fills th e  mould. In  
th is way i t  prevents th e  s tra in in g  of the mould 
and  th e  form ation  of blow holes in th e  casting. 
Inc iden tally , i t  indicates when the  mould is full. 
The sectional area  of th e  rise r should be g rea te r 
th a n  th a t  of th e  ru n n e r  gate. The riser box 
should also be deeper th an  th e  pouring  basin.

An exam ple of th e  em ploym ent of risers is 
shown in  F ig . 14. These castings a re  machined 
all over. O rig inally  they  were gated  in  the  web 
(the boss being considered ra th e r  small fo r th is 
purpose). W hen th e  castings were machined, 
however, about 30 per cent, were rejected  on 
account of d ir t  in the  rim . F inally , th e  castings



were obtained perfectly  clean by g a tin g  a t  the bosS> 
as a t  S, and placing tw o risers (Tj a t  opposite 
po in ts of th e  rim . The em ploym ent of denseners 
(U) was found necessary in  order to  obviate 
“  draw ing ’’ in th e  fillet where th e  bottom  boss 
adjoins the  p late.

In  green-sand moulds—p articu la rly  w here th e  
upper in te rn a l surface of the  cope is exposed to 
th e  h ea t of th e  rising  m eta l—th e  rise r should be 
stoppered down. This is effected by p lacing, say, 
a piece of p ap er o r  an iron  p la te  over th e  ap er
tu re  and add ing  a su itab le  w eight, such as a ball 
of sand or a  brick. T he w eight is removed as th e  
m etal ascends th e  neck of th e  rise r. I f  th e  rise r 
is not stoppered, or if th e  w eight is in adverten tly  
removed before th e  mould is full, th e  top  of the  
mould is likely to  fall in , i.e., to  peel off in 
patches, and th e  resu lt will be a scabbed casting.

'The exp lana tion  would appear to  be as fol
low s:—In  a  green-sand mould w ith  a fla t upper 
surface the suspension of th e  sand below th e  box 
bars depends upon th e  m u tua l cohesion ex isting  
between i t  and the sand th a t  is tig h tly  wedged 
between th e  box bars. This cohesive power of 
th e  sand is largely a function  of its  m oisture  con
ten t. Now, when th e  ceiling of a mould is sub
jected  to  th e  fierce desiccating h ea t of m olten 
m etal im m ediately below, i t  rap id ly  becomes de
nuded of its  m oisture. As a consequence, th e re  is 
a general shrinkage of th e  su rface  layer, i.e., th e  
th in  s tra tu m  hang ing  below th e  bars. There 
would be a tendency fo r th is layer to  peel off. 
And, in th e  absence o f ,o th e r  su s ta in ing  forces, 
patches of the mould become loosened and may 
fall away owing to  th e  influence of g rav ity .

A coun terac ting  force, however, is norm ally 
available. The ra p id  displacem ent of a ir  in  th e  
mould by th e  e n try  of th e  m etal—in  add ition  to 
gases carried  in to  th e  mould along w ith  the  m etal 
—and th e  evolution of im mense volumes of gas by 
the  action of th e  molten m etal on th e  combustible 
constituen ts of the  mould, sets up an in te rn a l 
p ressure which is usually  sufficient to  n eu tra lise  
th e  influence of g rav ity . The stopped rise r m ay 
be regarded, therefore , as a k ind  of safe ty  valve, 
which m ust be loaded sufficiently to  p reven t th e  
easy e x it of gas th rough  th e  top  p a r t  before th e  
mould is filled w ith m etal.
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Whistlers.
The sm allest risers are  commonly referred  to  as 

“ w histlers ” —¡from th e  hissing sound which 
usually accom panies th e  ex it of gas under pressure 
as th e  job  is being poured. Examples of these 
d im inutive, b u t very useful, risers a re  shown in 
F ig . 15. H ere  th e  w histlers (V) a re  shown on 
th e  casting  as i t  is tak en  from  th e  mould. The 
job is cast w ith  th e  bearings upw ards, in order to
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F i g . 1 5 .— C a s t in g  w it h  W h is t l e r s
(V )  A t t a c h e d .

ensure a perfectly  clean  surface on the  plate. 
The m oulder forms th e  w histler apertu res by 
pushing a large v en t w ire r ig h t th rough  th e  cope 
a t  th e  highest points. This p reven ts th e  form a
tion  of gas pockets, and thus secures sound bear
ings. I f  th e  top  edges of th e  casting from which, 
th e  w histlers p ro ject are  very th in , a small cleaner 
Isay , ^ -in .) is used to p ierce th e  cope.

Feeding Heads.
A t the o ther extrem e there  are the massive feed

ing heads, as employed on large cylinders, rolls, 
et-o. The head serves as a reservoir of m etal upon 
which th e  casting  may draw  to  make up for liquid

2 c
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shrinkage. The d iam eter of th e  head should 
increase from  th a t  of th e  casting  upw ards. The 
dep th  varies w ith  th e  job, and may be from  3 in. 
to 12 in ., o r more. In  th e  “  fe e d in g ”  of a  chilled 
roll, fo r instance, such as th a t  shown in F ig . 16—

which m ay occupy a  dozen hours of continuous 
work—the choked up head mould (W ) is from  tim e 
to  tim e  replaced by a new one. These head moulds 
a re  usually m ade in  loam. Inciden ta lly , a  sm all 
cupola is generally  employed to  keep up  th e  
supply of hot, fresh m etal.

How Gating May Cause or Correct Camber.
Inco rrec t location of ga tes sometimes produces 

camber troubles in an otherw ise w ell-propor



tioned casting . Conversely, castings th a t  a re  in 
clined to  w arp m ay be kep t t r u e  by suitably 
a rran g in g  th e  gates. An exam ple is shown in 
F ig . 17. The p a tte rn  for th is  ligh t, narrow  
fram e was m ade s tra ig h t. The job was gated  a t 
th e  end, as shown dotted  a t  X. The castings 
came out ra th e r  badly cambered. The flange side 
being hollow, of course. By gating  a t  th e  side 
w ith several sprues, as a t Y, instead  of a t  th e  
end, and by em ploying “  dummy ” sprues on the 
opposite side, as a t  Z, perfectly  s tra ig h t castings 
were obtained. The m ethod, of course, is

p rep a ra tio n  of a m etal p a tte rn  w ith th e  sides 
cam bered ju s t sufficiently to  b ring  th e  casting  
s tra ig h t. The case, however, strik ing ly  illustrates 
the  im portance of correctly  positioning th e  gates 
to  su it th e  job. I t  also ind ica tes how th e  ga te  
m ay be in s tru m en ta r in se ttin g  up or in  nullifying 
contraction  stress according to its location. The 
ga te  im parts h ea t to  th a t  region of th e  casting  to  
which i t  is connected. Such h ea t may be utilised 
to  correct th e  effect of differing m etal sections in 
a casting  of uneven design. By placing th e  gate  
on th e  th in n e r section a more uniform  ra te  of 
cooling is induced th roughou t th e  casting, which 
tends to  elim inate  th e  possibility of contraction 
stress.

From  th e  foregoing examples i t  will easily he 
realised how indispensable is th e  study of gates

2 c 2
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and risers to  those who desire to  become au fa i t  
in foundry  technique. The young s tu d e n t will 
find th a t  th is  branch  of h is cu rricu lum  teem s 
w ith  in te rest, and  th a t  ju s t as th e  g a te  leads the 
m etal to  the m ould, so will a clear u n d e rs tan d in g  
of its  functions and p o ten tia litie s  pave  th e  way 
to  a sound grasp of foundry  phenom ena in general; 
Then th e  m oulder, by acqu iring  clear views on th e  
subject, will be enabled th e  b e tte r  to  an tic ip a te  
his share  of th a t  large percen tage of scrap  for 
which bad g a tin g  is notoriously responsib le ; he 
will find, by ac ting  on th e  sound old m axim  th a t  
“ p revention is b e tte r  th a n  cu re ,’* th a t  h is pay 
envelope will insensibly grow, vrh ils t th e  occasions 
for cursing  h is ill-luck will increasingly dim inish.

DISCUSSION.

D r. D esch , a t  the  conclusion of M r. E dw ards’ 
address, said th ere  was no doubt i t  was a  very 
prac tica l one and one which he was sure appealed 
to  m any of those p resen t. H e th en  in v ited  th e  
members p resen t to  discuss th e  po in ts which had  
arisen  in  th e ir  minds.

M a j o r  R h y d d e r c h , in  open ing  th e  discussion, 
said th ere  was no doubt th e  P a p e r had  been a 
very in te restin g  one, and  a large num ber of po in ts 
had  been raised  of in te re s t to  every m oulder, b u t 
more particu la rly  he th o u g h t to  th e  cast-iron 
m oulder. The sub ject of gates being constructed  so 
to  avoid the  sm ashing up of th e  m ould because of 
a big drop was being overdone, because th e re  was 
no reason for i t  if a  fine oil-sand core were used, 
and i t  would n o t be necessary to  have th ree  or 
four separa te  drops. H e  agreed, however, th a t  
one or two m igh t be useful. W ith  reg ard  to  the  
example given in  F ig . 7, i t  appeared  to  h im  th a t  
th a t  figure was cast upside down. H e believed 
th a t  if th a t  casting  was tu rn e d  th e  o ther way th e  
trouble m entioned by M r. E dw ards would have 
been avoided a ltogether. W ith  reg ard  to  th e  use 
of risers to  ta k e  aw ay scum, he was of the  
opinion th a t  i t  took a very large rise r to  
tak e  away th e  scum which form ed. H e did not 
th in k  skim m ing gates were very effective. W ith  
regard  to  F ig . 14, he was ra th e r  in terested  
in w hat M r. E dw ards had  to  say, and  i t
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rem inded him of the cffet Leonard , th a t  is 
the defect was not due to  shrinkage b u t 
to  trap p ed  a ir . The reason why th e  dry  sand 
a t th e  top did no t break down was simply due to  
the fac t th a t  th ere  was rap id  heating  and they 
expanded so rap id ly  th a t  they  ru p tu red  and were 
held by th e  clay bond. W hen ru nn ing  in  from 
the  bottom  th ere  was always a fine, th in  channel 
going up in  the  middle—it  was always fluid in 
the  middle, and therefo re  th e  centre of the  mould 
would always show a pipe and  be full of segregate.

M r . E d g in t o n  said he did not like the  idea of 
ribb ing  th e  core on th e  barre l and using i t  as a 
ru n n er, because obviously one got a d irty  m etal 
and  th a t  would n o t be for the  good of th e  casting 
as i t  escaped out. In  a previous lecture they had 
th e re  they  had  had an in te resting  discussion on 
gates and  risers and  about gates being smaller 
th a n  th e  down riser. M r. Edw ards had  shown 
them  gates w ith  a bigger area  th an  th e  riser, and 
he also spoke of throw ing coal dust a t  th e  fron t 
of th e  g a te  to  p reven t scabbing. H e (speaker! 
d id  n o t th in k  th e  use of more coal dust would 
preven t scabbing. W ith  regard  to  F ig. 6, he cer
ta in ly  th o u g h t i t  should be made the  o ther way 
up, because he could im agine the  trouble  which 
would arise w ith  th e  m etal going in  on th a t  narrow  
neck a t  the bottom . H e th o u g h t th a t  would be 
ask ing  for trouble to  p u t a ru n n er in  where the  
narrow  neck was. H e agreed w ith th e  last speaker 
th a t  risers would no t tak e  scum off, and neither 
did he see th e  use for b lind  risers.

M r. J .  S h a w  said he, too, was in agreem ent 
w ith  th e  previous speakers th a t  risers were not of 
much use in  ta k in g  away sullage. They cleaned 
local spots, b u t beyond th a t  they  were of no use. 
H e was also fa irly  in agreem ent w ith the  other 
speakers about th e  F ig . 7 being cast th e  other 
way up. There were tim es, of course, when the 
small bottle-neck was bound to  be cast a t  the 
bottom  and one had to  m ake provision for it. 
H e agreed w ith  M r. E dg in ton  on the  question of 
the cores. H e saw no benefit to  be derived by 
stepping. There were a num ber of o ther points in  
reference to which he was a fra id  M r. Edw ards 
would come off badly if they  were discussed fully. 
W ith  regard  to  th e  question M r. E dginton had
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m entioned about the  d iam eter on th e  end of the 
down ru n n er, he th o u g h t th a t  depended en tire ly  
on the  type  of ru n n e r used. F ran k ly , he d id  not, 
see why one should he an  inch and  an o th er an 
inch and a q u a rte r . G ates and  risers were verv 
im p o rtan t th ings and  had heen realised  to  he such 
especially by rep e titio n  people, who have special 
designing departm en ts for th e ir  p a tte rn s . They 
should, in  fact, he on th e  p a tte rn s  them selves for 
such work, say, as ty p ew rite r p a rts  and  o ther small 
work, and no t le ft to  th e  m oulder, however experi
enced he m igh t be. A m an m ay be skilled enough, 
b u t in  rep e titio n  work he m igh t easily have 
varia tion . There should be special designs on the  
p a tte rn .

M e . O l l e b e n s h a w  expressed th e  opinion t h a t  
too much coal dust was used sometimes in moulds. 
H e though t i t  would he b e tte r  to  use less coal 
du s t and m ake fu r th e r  use of coke dust. Coal 
dust created  too much gas.
*M e. P . G been said i t  could n o t he definitely 

s ta ted  th a t  th e  size of th e  in  ga te  should he la r g e r  
th an  th e  down gate, for w hilst th is  was desirable 
for some castings i t  was d isastrous for others.

Me . W. H . Bowe th o u g h t th e re  was some differ
ence in  the  view point of M r. E dw ards and  th e  
previous speakers. Some were ta lk in g  from  th e  
angle of th e  steel m oulder, and  o thers w ere ta lk 
ing  from  the  cast-iron  p o in t of view. The resu lt 
was ra th e r  confusing. In  one i t  was advisable to  
have th e  ru n n e r from  th e  bottom  and  in  th e  o ther 
from  th e  to p . T here were tim es when risers were 
essential. W ith  regard  to  th e  F ig . 7, i t  m igh t 
have been for th e  sake of economy th a t  it 
was done th e  way M r. E dw ards had ind icated , 
especially if m achin ing  was to  tak e  place a t  the  
bottom  where th e  collar was. H e had  heen 
in terested  to  hear of a blow being covered and 
regain ing  itself. H e had  never heard  of such a 
th in g  before and  i t  had g rea tly  in te rested  him .

Mb. W . C o w l e y  also expressed th e  belief th a t  
F ig . 7 should be th e  o ther way round.

M b . H o y l a n d  said i t  appeared  to  him  th a t  in  
green-sand castings b lind  risers were useful. In  
th in  sections, if a w histler were used th e re  was a 
tendency to  blow th rough  them . I t  was very 
handy  to  have a blind rise r or w histler. W ith



regard  to the  position and uses of gates, a round 
dow nright was preferable in steel, though they 
used skim m ing runners on a heavy job. D r. 
Moldenke, he though t, advised top pouring to  get 
castings which would machine up properly.

The Author’s Reply.
Me . E d w a r d s ,  in  th e  course o f  his reply, said he 

was glad to  see th a t  his P ap er had evoked so 
much discussion, which he hoped wopld do good. 
W hat he had had  to  say was based chiefly on actual 
experience of works practice, and  though some 
could no t agree w ith  him  on some points, he could 
assure them  the  results were satisfactory . He 
noticed th a t  opinion was fa irly  divided in  refer
ence to  F ig . 7. W h a t had been said for and 
ag a in s t m ay he said to  have cancelled each other. 
On th e  sub ject of b reak ing  the  jo in t, he would 
like to  p o in t ou t th a t  w ith m etal dropping down 
several fee t th e re  was th e  probability  of little  
pieces of shot flying up and they  would find them  
in  the  casting . The break  of th e  jo in t depended 
on the  drop. W ith  reference to  th e  rem arks th a t 
in  sp inn ing  gates th ere  was a lo t of waste metal, 
he could only say th a t  in  practice th e  method 
answ ered very well. In  general he though t th a t 
each casting  m ust be dealt w ith on its m erits. 
E ach  had its own peculiarities which should be 
considered. The cases he had cited were those in 
ac tua l p ractice. W ith  reference to  th e  chills on 
wheels, all he had  to  say was th a t  the chills were 
placed on th e  bottom  and they  worked satisfac
to rily . A dry-sand top would fall in  like green 
sand. On th e  sub ject of coal dust, he would like 
to po in t ou t th a t  the  m om ent i t  was brought into 
contac t w ith m olten m etal combustion took place. 
This p revented  th e  m etal from  eating  in to  the 
sand. F o r ligh t jobs or very th in  work one did 
n o t w ant very much coal dust. There could not 
be one definite specification for all jobs. H is 
experience of dumm y risers was th a t  they gave 
clean castings and were economical, and did not 
le t the  foundry  profits go to  th e  machine shop. 
W ith  reference to the  large gates, the  advantage 
was when you had  to  get th in  m e ta l: th ere  was 
an inner core of ho t m etal. The prodded ring  
gave th e  gas a b e tte r  chance of escape th an  the  
bush. One reason why F ig . 7 was ru n  from the
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bottom  was because they  w anted th e  m etal a t  the  
bottom  to  he th e  best. ' H e th o u g h t 12 hours for 
chilling  some rolls was n o t ou t of the  way.

On the  proposal of D r . D esch , a vote of th an k s  
was passed to  the  lec tu re r.
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Newcastle Branch.
THE ELECTRIC FURNACE IN THE 

IRON FOUNDRY.

By Victor Stobie (Member).
As a foreword to  th is  Paper, it  should be sta ted  

th a t  much of its contents is of the  n a tu re  of sug
gestions ; much is based on purely experim ental 
work, and the  balance is fact. As, however, the 
whole of i t  is based on m any years’ experience 
w ith  electric furnaces in  steelworks, i t  will 
probably give some food for reflection.

Among the  facts which will be presented  are 
d a ta , which have been culled from  th e  au th o r’s 
w orks’ record books, in  the  m anufactu re  of syn
th e tic  pig-iron, th e  refining of o rd inary  pig-iron, 
and  the  m anu factu re  of some small and large 
castings from both the above kinds of irons.

Maximum Carbon Content in Synthetic Iron.
I t  will he of in te rest, firstly, to  consider the 

question of th e  carbon con ten t of some irons. 
The h ighest combined carbon m et w ith in  a ' com
m ercial way is 4.6 per cent. I t  may be th a t  a 
s till h igher carbon could be obtained experi
m entally  in  commercial p lan t, and i t  is known 
th a t  a h igher carbon con ten t is present in 
cem entite. Perhaps a rec ita l of the  circumstances 
u nder which th e  4.6 per cent, carbon iron was pro
duced will he of in te rest. Some 15 years ago in a 
Sheffield steelworks an electric furnace (not of 
the  au th o r’s system) in  which the whole of the  
cu rren t used for m elting  passed th rough  th e  lin ing  
of th e  h earth  of the  furnace gave much trouble in 
consequence of the  cu rren t overheating  and soften
ing the  h earth . The people responsible for the  
furnace, being a t  th e ir w its’ ends in consequence 
of the  con tinual loss of steel th rough  its finding 
its  way th rough  the  softened hearth , called in a 
ce rta in  consulting m eta llu rg ist to  see if he could 
make suggestions to avoid a repetition  of th e ir 
troubles.
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The consulting  m e ta llu rg is t decided th a t  the 
difficulty would be overcome if  th e  h e a rth  were 
m ade of a m ateria l which would n o t soften a t  any 
tem p era tu re  to  which th e  p la n t m igh t he sub
jected . Looking around, m entally , he found th a t  
carbon was in  no way affected in  solid ity , all 
o ther m atte rs  being constan t, by any tem p era tu re  
which could occur in  th e  fu rnace , so he decided 
to m ake th e  h ea rth  of th e  fu rnace  of carbon. H e 
also realised, w ith  undoubted ly  g re a t pleasure, 
th a t  carbon offered li tt le  resistance to  th e  passage 
of c u rren t and th a t  a h ea rth  b u ilt of i t  would not, 
therefore, ten d  to  overheat as a  re su lt of th e  
cu rren t passing th rough  it.

Carbon Hearth Used.

The h ea rth  was u ltim ate ly  constructed  of 
g rap h ite  m ixed in to  a paste  w ith  anhydrous ta r .  
The h ea rth  was shaped by m eans of ram m ers, and 
th en  the  whole was heated  up in order to  drive 
off the  volatiles from  the  t a r  and leave the  h ea rth  
in a solid condition.

W hen th e  furnace was ready  th e  steel scrap 
was charged in to  i t  fo r m elting  down in  th e  
o rd inary  way. W hen scrap  is m elted in  an 
ord inary  electric fu rnace  some of its  im purities 
are  oxidised ou t by th e  add ition  of iron-ore or 
rolling mill scale. There is a slag on the  m ateria l 
which takes up the  im purities as they  rise ou t of 
th e  m olten steel, and i t  is necessary fo r th is 
purpose th a t  the  slag be in  a fluid condition. In  
the  p resen t case, however, th e  slag would not 
rem ain  fluid, and  considerable q u an titie s  of mill 
scale, iron ore, and  sand  were added to  t r y  to  
m ain ta in  liqu id ity . Almost as quickly as th e  mill 
scale m elted and  fluxed the  slag the  la t te r  w ould’ 
re tu rn  to  its previous condition of so lid ity . This 
ba ttle  w ent on between th e  fu rnace  and th e  m eta l
lu rg is t for about an  hour a f te r  th e  steel was 
melted.

U ltim ately , a sam ple was tak en  from  th e  fu rnace  
and poured in to  th e  usual sm all te s t mould. On 
pouring  the  sam ple i t  was found to  shoot s ta rs  of 
m etal in  every d irection , and  i t  was ap p a ren t 
th a t  the conditions were by no m eans those norm al 
a t  such a p o in t in electric steel m aking.



The laboratory  repo rt was th a t  the  sample con
ta in ed  l i  per cent, of carbon. A t th is period in 
a norm al way there  would be n earer 0.15 per cent, 
carbon.

In s tead  of realising  w hat several onlookers had 
seen, th e  consulting m etallu rg ist concluded th a t 
some of the  g raph ite  used in  m aking the  hea rth  
had been le f t loose on th e  bottom  of th e  furnace 
and, being absorbed by the  steel, had  upset the  
norm al conditions, so he added a cargo of iron- 
ore to  th e  b a th . M atte rs  did not progress and, 
a f te r  add ing  ano ther shipload or two of iron-ore 
to th e  furnace, a laboratory  report gave th e  steel 
as hav ing  reached som ething over 2 per cent, of 
carbon. F rom  th a t  po in t no fu rth e r m aterials 
were added to  th e  furnace, and the  consultant 
w ent in to  th e  laboratory  to  check over for him 
self the  m ethod for determ in ing  the  carbon. H e 
found th e  m ethod was, of course, quite a correct 
one, b u t ano ther sample had to  be tak en  ou t of 
the  fu rnace  and  p u t through  to  satisfy  him  th a t  
he was no t being misled. By the tim e th a t  sample 
had been analysed, i t  showed a carbon conten t of 
about 3 per cent. The n ex t te s t gave over 4 per 
cent, carbon, and  th e  ladle was called up to  the 
furnace. The ladle took about a q u arte r of an 
hour to  p repare, and the  fu rnace was tapped  into 
i t  as soon as i t  arrived . The final sample taken 
of th a t  steel showed i t  to  con tain  4.6 per cent, of 
carbon. The steel and no t th e  furnace now con
ta in ed  most of th e  h ea rth  !

One often  learns by o thers’ failures, and from 
th is the  au tho r le a rn t to  w hat ex ten t combined 
carbon could exist in  syn thetic  cast iron.

M any heats of syn thetic  pig-iron have been 
m ade since in  electric furnaces in  the a u th o r’s 
works, b u t a h igher carbon con ten t th a n  about 
3J per cent, has not usually been obtained. A 
h igher percentage could regularly  be produced if 
the  cost of ra is ing  the  carbon by such a method 
were no t prohibitive. The commercial range of 
carbon in  synthetic pig-iron is from  about 2-\ to 
3 per cent. In  all cases, th is  carbon was com
bined, b u t grey iron can be produced if required. 
The reason for the  carbon being combined will 
easily be appreciated  from  the fac t th a t  all o ther 
non-ferrous contents of the m etal were kep t low.
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Alternative Methods of Producing Synthetic Cast Iron.
Two m ethods of producing  syn thetic  pig-iron 

have been worked o u t by th e  au thor, one consisting 
in m elting  and  refin ing steel scrap  and  then , a f te r  
the  slag has been ru n  off th e  m etal, add ing  a n th ra 
c ite  to  the  bath . The o th e r m ethod consists of 
m elting  and refining th e  steel scrap  in  one elec
tr ic  fu rnace, filling an o th er e lectric fu rn ace  w ith 
the  an th ra c ite  and g e ttin g  th e  la t te r  red  hot, 
th en  tak in g  th e  refined m etal from  th e  first fu r 
nace and  pou ring  i t  over th e  red -ho t an th ra c ite  
in  th e  second fu rnace . B oth  these m ethods give 
an u ltim a te  p roduct which is exceptionally  strong  
and un iform  in  physical qualities. I t  is in te res t
ing to  know th a t  to  ob tain  3^ per cen t, carbon in 
such p ig-iron en ta ils  50 per cen t, more c u rre n t 
being used th a n  to  o b ta in  per cent, carbon iron. 
T his is because th e  absorption  of carbon by iron 
becomes slower th e  h igher th e  carbon co n ten t of 
th e  iron, and, as c u rre n t m ust be m ain ta in ed  
th roughou t th e  whole of th e  process, th e  cost of 
producing syn thetic  p ig-iron co n ta in ing  m ore th an  
3 per cent, carbon is uncom m ercial.

Oxygen in Cast Iron.
I t  will be rem em bered th a t  d u rin g  th e  discus

sion of M r. L ogan’s P ap e r th e  au th o r s ta te d  th a t  
experience in th e  m an u fac tu rin g  of syn thetic  pig- 
iron led one to  th e  very definite conclusion th a t  
oxygen could easily ex is t in  high carbon m etals. 
W hether th a t  oxygen is in  com bination o r in solu
tion  in th e  m eta l perhaps can n o t definitely he 
s ta ted , b u t i t  would seem th a t  as oxygen in  com
b ination  could (if a t  all) ex is t in  iron  in  much 
g re a te r  q u an tities  th a n  oxygen in  solution, th e  
probability  is th a t  oxygen exists as iron  oxide in 
high carbon m etal. W hen th e  syn thetic  p ig-iron 
was m ade by adding an th rac ite  to  th e  refined 
m etal, th e  resu ltin g  m ate ria l con tained  w hat is 
usually b u t, in  th is  case, would be erroneously 
called blow-holes. By add ing  a very sm all quan
t i ty  of alum inium  to  th e  b a th , th e  so-called blow
holes d isappeared , and  the  m eta l becam e close 
grained . This closing of th e  g ra in  d id  n o t resu lt, 
in  all probability , from  any' alloying of th e  a lu 
m inium  w ith th e  m etal as only th e  sligh test traces 
of alum inium  were found  in th e  finished product,



781

practically  all hav ing  been oxidised in decom
posing th e  iron oxide which was previously in the  
m etal.

The synthetic  p ig-iron  produced by th e  method 
of pouring  th e  refined m etal on to th e  top of the  
I’ed-hot an th rac ite  in a second furnace contained 
few er blow-holes and required less alum inium  to  
absorb th e  oxygen and close up th e  grain .

The iron produced by both these processes gave, 
in  every case where i t  was tested , between 20 and 
30 tons tensile on te s t pieces, cast in  sand, having 
a cross-sectional area  of  ̂ sq. in. tu rn ed  from 
about 1-in. diam eter.

Using up Burnt Metal.
F or the  purpose of m aking some special iron 

castings w eighing each six or seven tons, the 
au th o r has m elted scrap cast iron in  an electric 
fu rnace  w ith  a good m easure of success.

The charge for these castings consisted of a 
m ix tu re  which would probably, make m any iron 
foundrym en sh iv e r; i t  consisted of a little  
o rd in ary  m achinery scrap, a q u an tity  of b u rn t 
m etal and  old ingot moulds. I f  i t  had not been 
th a t  qu ite  a lo t of m achinery scrap was a t hand, 
th e  charge would have consisted en tirely  of the 
poorer cast-iron scrap  and a few old ingot moulds. 
The reason for deciding on using the  b u rn t m etal 
was purely  the  commercial one of w anting  to 
m ake as much profit as possible. The reasoning 
was as follows. The au tho r never had any pre
judice against w hat is called b u rn t m etal. B u rn t 
m etal sim ply m eans cast iron which had been 
exposed in a solid s ta te  a t red hea t to oxidising 
influences. B u rn t m etal, when molten, appears to 
be ju s t th e  sam e as any o ther m etal of the same 
composition except th a t  i t  is accompanied by a 
g rea te r loss of w eight in m elting. Any shortage 
of silicon in th a t  m etal can be replaced on rem elt
ing  by adding  high silicon scrap to  the  charge, 
and any shortage of carbon can equally easily be 
made up. However, the proof of the pudding is 
in the  eating , and those im portan t castings made 
ou t of a m ajor portion  of b u rn t m etal came out 
tru e  to  the  required  severe m echanical and 
physical tests.
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Practical Difficulties.
The m elting  of oast iron in  an  electric fu rnace  

is d ifferent from  th e  m elting  of steel in such a 
furnace in  several ways. P erhaps th e  m ost 
noticeable is th a t  re su ltin g  from  th e  stillness of 
oast iron in th e  fu rnace  as com pared w ith th e  
liveliness of steel d u ring  all th e  stages of th e  p ro 
cess. This re su lts  from  iron being chem ically 
much more stable when m olten th a n  is steel, p r in 
cipally due to  th e  oxygen con ten t of th e  iron  being 
in equilibrium  in  th e  m olten mass, w hereas in 
m olten steel oxygen is only in equilib rium  when 
p resen t in th e  m ost m in u te  q u an tity . This s ta te 
m ent is d iam etrically  opposed to  th e  generally  
held belief in  regard  to  th e  effect of residen t 
oxygen in  such m olten m ateria ls , h u t th e  m any 
oppo rtun ities afforded of w atching a t  g rea t ease 
th e  behaviour of m olten baths of oast iron and 
baths of steel in electric fu rnaces m ake th e  au tho r 
assert th e  fa c t very dogm atically.

R esu lting  from  th e  stillness of cast iron in th e  
e lectric  furnace, g rea te r effort lias to  be made 
th an  w ith  a  ha th  of m olten steel in o rder to  get 
th e  g rea te st h ea t into th e  m olten mass. T his will 
easily be understood because in a fu rnace  filled 
w ith m olten steel th e  m ovem ent in  th e  steel re su lt
ing  from  th e  ohemioal activ ity  of th e  oxygen 
th ere in  causes fresh  p a rts  of "the h a th  always to 
he b rough t n e a r th e  source of h ea t, w hereas w ith 
the  qu iet ¡molten cast iron one would have very 
highly heated  iron  n ea r th e  arcs and  rela tive ly  
cold m etal a t  a  distance from  them  unless th e  fu r 
nace were efficiently s tirred  by rabbling, so as to 
bring  all p a r ts  of th e  bath  in  tu rn  n ea r th e  arcs. 
I f  sufficient rabbling  is n o t effected, th e  c u rren t 
consum ption for m elting  cast iron will be as high 
as th a t  required  fo r m elting  steel, no tw ith stan d 
ing th a t  th e  form er m elts a t  a m uch lower 
tem pera tu re .

Diesel Engine Iron.

In  add ition  to  th e  elec tric  fu rnace  being th e  
only p la n t w hich can produce very h igh tensile 
syn thetic  pig-iron, th e  p la n t has m any possibili
ties in  an iron  found ry  for im proving th e  quality  
of o rd inary  pig-irons.
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For ce rta in  purposes, such as special Diesel 
eng ine castings', some m etallurgists believe in 
using cast iron w ith  a louver su lphur con ten t th an  
is norm ally available. I t  is realised th a t  o ther 
and equally  em inent m etallu rg ists believe the 
exact reverse. I t  is not proposed to  step in where 
doctors disagree, but for those who desire a low- 
su lphur iron th is  can be produced by using the  
electric  fu rnace  as an aux iliary  to  th e  cupola. 
The m etal can be m elted in  a  cupola in th e  usual 
way and then  poured in to  an electric furnace. 
U nder th e  influence of the  electric arcs and a 
high lime slag, th e  su lphur can be considerably 
reduced in  th e  irop. A t th e  same tim e, the  
oxygen con ten t of th e  iron  can be reduced and 
th e  re su ltin g  product made to  give a d istinctly  
h igher tensile  resu lt.

F o r th e  m eta llu rg ist who does not require to 
reduce bis su lphur o r may even desire to  increase 
it, th e  e lectric fu rn ace  used along w ith  the  cupola 
will enable him  very conveniently to  increase his 
su lphur by add itions of sulphurous m aterials to 
th e  iron a f te r  i t  is poured in to  the  electric fu r 
nace, and a t  th e  sam e tim e he will have available 
th e  m eans of degasifying th e  cast iron and so con
siderably im proving i t  p rio r to filling his moulds.

Melting Cast-Iron Borings.
A nother direction  in which th e  electric furnace 

should be of g re a t help in  iron  foundries, especi
ally those a ttached  to large engineering works, is 
in re-m elting  cast iron borings. The au thor is 
not aw are of th e  m ark e t position of cast iron 
borings on th e  N orth -E ast Coast, bu t he was told 
by th e  head of one of th e  largest B ritish  engineer
ing concerns a few years ago th a t  borings were 
such a g lu t in his d is tric t th a t  he was actually 
disposing of as much as he could for nothing and 
th a t  i t  was being used for th e  m aking of country 
lanes and roads. In  any d is tric t where th is condi
tion  does no t obtain , these observations will, of 
course, have to  be viewed according to  th e  cir
cum stances ;

To m elt cast iron borings in an electric furnace 
would requ ire  abou t 500 u n its  of electric ity  per 
ton. W ith  cu rren t a t  about £ d .p e r  un it, th e  cost 
of the  m elting  medium would be, approxim ately,
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£1. On th e  surface, th is  would seem to  be a  very 
good comm ercial proposition.

Making True Semi-Steel.
The sub ject of sem i-steel is highly in te re s tin g  in 

connection w ith  elec tric  fu rnaces. I t  will he 
a p p aren t, from  w hat has so f a r  been said , th a t  
any in te rm ed ia te  com position between th e  usual 
steel and  cast iron ones can read ily  be obtained 
by m eans of th e  e lec tric  fu rnace . I t  would seem 
difficult when m aking  semi-steel in  a cupola so to  
o pera te  th e  p la n t as to  ob ta in  a  reasonable degree 
of reg u la rity  in  th e  m olten m ateria l delivered by 
th e  cupola. By add ing  cast iron, m elted in a 
cupola, and  steel scrap  to g e th e r in  an  electric 
fu rnace , one can be su re  of homogeneous m etal 
being available for th e  foundry , and, if considered 
necessary, an analysis can be m ade of th e  m ateria l 
before th e  elec tric  fu rnace  is tap p ed  so as to  
assure th e  desired composition of tru e  sem i-steel 
being obtained. Should th e  analysis when re 
ceived from  th e  labora to ry  n o t be th a t  desired, i t  
is th e  sim plest m a tte r  to  add e ith e r a  li tt le  more 
steel o r a li t t le  m ore oast iron  to  th e  fu rn ace  in  
o rder to  ad ju s t th e  com position. This m ay seem 
much e x tra  work, b u t i t  m ust be realised  th a t  it  
is only by such control of m etal th a t  a thoroughly  
reg u la r re su lt can he obtained from  a  foundry 
The cost of m aking  th e  necessary analyses is indeed 
very small when one considers th e  enorm ous advan 
tag e  to  a foundry  of know ing w hat th e  m etal 
actually  is and, if  necessary, ad ju s tin g  i t  before 
th e  moulds are  filled.

Better Control Instituted.
When m elting  cast iron in  th e  e lec tric  fu rnace  

the  foundrvm an is able to  control th e  dep th  of chill 
which will be ob tained  in ibis tnetal when he is 
using chills in  his moulds. This control is o b ta in 
able by ta k in g  o u t sm all sam ples of th e  m olten 
m etal from  th e  fu rnace  and  casting  them  in small 
chill moulds. I f  th e  desired dep th  of chill is no t 
obtained, small add itions of known m ateria ls  to  
th e  bath  will quickly give th e  requ ired  chilling 
results. This would seem to  be a  m ost im p o rtan t 
m a tte r  in large castings when chills m igh t have to  
be used a t  or n ear places where th e  castings have 
to  be m achined.



A nother u ti li tj7 of the  electric furnace in the 
iron foundry is where i t  is desired to  m ake a 
heavy add ition  to  th e  iron of some alloy such as 
chrom ium , silicon, m anganese, etc. Adding such 
alloys to  a cupola is most inconvenient, because 
one is never sure of th e  ex ten t to  which th e  alloys 
will he oxidised and slag off; also th e re  is the  loss 
of money which results from  such slagging out of 
added alloys I t  m ust also he rem embered th a t  
th e  cupola cannot deliver cast iron alloys having 
th e  reg u la r composition which the  electric fu rnace 
product will give.

A nother advan tage , of an electric furnace to  an  
iron  foundrym an is th a t  he will have a t hand 
ap p ara tu s  which enables him , if he so desires, of 
tu rn in g  his a tten tio n  a t any tim e to  steel foundry 
work, which probably is a b e tte r paying proposi
tion  th an  iron foundry  work !
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IMPORTANCE OF VENTING, WITH SPECIAL 
REFERENCE TO DEFECTIVE CASTINGS.

By E. Lcngden (Associate Member).
In  th is P ap e r a  li tt le  in fo rm ation  will be given 

w ith  a view to focussing a tte n tio n  on th e  effect of 
gases, especially those given off from  th e  mould 
during  pouring , on th e  soundness of g rey  iron  
castings. Personally th e  au th o r is convinced th a t  
mould gases are  responsible for a fa r  g rea te r p er
centage of th e  defective casting  troub le  th a n  has 
been generally recognised.

The conclusions a re  based on a num ber of simple 
experim ents and a very fo r tu n a te  and exceptional 
experience w ith small and large castings of sim ple 
and in tric a te  designs. F rom  th e  evidence so col
lected the  au th o r has been forced to  associate the  
defects which are  usually  described as liquid  
shrinkage cavity  and porosity to  gases generated  
in th e  mould and those occluded by th e  m eta l d u r
ing cooling. In te rac tio n  betw een m ould and  
occluded gases is very probable, and  if i t  were pos
sible to  elim inate  mould gases th e  am oun t of 
liquid sh rinkage in grey iron would be negligible, 
and the  problems which beset th e  m eta l founder 
would be very considerably reduced.

Soundness increases progressively w ith  a reduc
tion  in mould gases. From  such deductions i t  
would follow th a t , if we cannot a ltoge ther elim i
n a te  these gases, provision m ust be m ade fo r th e ir  
speedy evacuation th rough  th e  pores of th e  sand 
and vents.

W hen molten m etal en ters a sand mould large 
volumes of gases a re  form ed, genera ted  from  com
bustible m ateria ls  and chemical decom position of 
substances composing th e  mould, to  which can be 
added gas occluded by the  cooling m etal. To m in i
mise th e  effect of such gases on th e  soundness of 
castings form s a very im p o rtan t p a r t  of th e  
m oulder’s work. G rea t care and ingenu ity  is ex er
cised in conducting gas away from  cores and 
moulds.

Defects Attributable to Gases.
D efects which could be a ttr ib u te d  to  gases are 

very num erous, and could be said to be caused b y :
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Insufficiently dried cores and moulds when dry-sand 
and loam m oulding is a tte m p te d ; excessively hard- 
ram m ed cores and m oulds; in some instances lack 
of ram m ing locally, because a pocket of loosely- 
ram m ed sand provides an easy ex it for the  gases 
generated  in the h ard er surrounding  sand, so 
th a t  the  gas easily flows forw ard in to  the  mould 
cavity  and m e ta l; abuse of the  swab locally or too 
much m oisture in  th e  sand generally, especially 
when green sand m oulding; lack of th e  n a tu ra l 
ven ting  properties of moulding sand ; om itting  a r t i
ficial v en tin g ; im proper use of th e  vent wire,

V___________•_____ J
F i g . 1 .— V a r i o u s  S e c t i o n s  s h o w i n g  

P o r o s i t y .

because if deeply probed it  will be found th a t  quite 
an appreciable percentage of blow holes are due to 
the  over sharp  ven t w ire which is so often th ru s t 
th rough  th e  sand and penetra tes the  p a t te r n ; th e  
fine holes so formed are  easily passed over bv 
the moulder, and when th e  m etal enters the  mould 
th e  genera ting  gases blow through in to  the  mould 
cavity and la te r  th e  m e ta l; incorrect sand mix
tu res  for th e  p a rticu la r type  of casting ; fau lty  
sand m ix in g ; fau lty  and wrong m ixtures of mould 
dressing; allowing m etal to  pen e tra te  subsidiary 
and m ain ven ts in core or mould , choking of vents 
by sand due to  unskilfu l m an ip u la tio n ; blow holes 
from  inserted  solid m etal which has n o t received 
correct tre a tm e n t such as, denseners, chills, nails, 
studs or chaplets, also these pieces of m etal in spite 
of much care a t t r a c t  and condense steam  created
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iu a green  sand  mould in which has been placed a 
warm  core, o r from  an im perfectly  d ried  mould, 
closed warm  and then  allowed to  stand  so tn a t  it 
cools before receiv ing th e  m e ta l; blow holes from  
wet loam stam ps which a re  placed on cores to  m ake 
up the common errors in  size between core and 
mould p r i n t ; absence of openings o r rise rs  fo r ex
hausting  mould gases quickly, p a rticu la rly  in con
fined sections of th e  mould and  especially if  th e  
n a tu re  of casting  compels rap id  p o u rin g ; insuffi
c ien t fluid head p ressu re ; escape of m eta l from  
mould w ith  th e  consequent a rre s t o r ebb and  flow 
of the  m olten iro n ; inco rrec t ga tin g  so th a t  m etal 
en te rs  m ould wildly, o r too slowly, perhaps the  
m etal en ters and im pinges on the  mould or cores 
eddying and churn ing  so th a t  a ir  and  o ther gases 
are  m echanically mixed w ith th e  m etal, o r i t  may 
be th a t  th e  ga te  is so concentrated  on one portion  
th a t  sand becomes overheated and th e  gases escape 
from  th e  mould face in to  th e  m etal r a th e r  th an  
th rough  th e  back sand which has become unduly  
overburdened w ith gas genera ted  a t  very h igh  pres
sure ; i t  may he th a t  m etal has such a to rtu o u s 
passage due perhaps to- wrong location o r insuffi
cient g it th a t  i t  becomes lifeless and unable  to  
expel collected gases, for it  m igh t be said th a t  the 
very ac t of pou ring  tends to  c rea te  blow holes 
because of a g ita tio n ; o m ittin g  to  feed m etal 
th rough  rise r gates to  replace escaping gases and 
badly located fe e d e rs ; dull iron because th e re  is 
always much m ore difficulty in  ob ta in in g  castings 
free  from  blow holes when th e  moulds a re  poured 
w ith sluggish iron for w hatever m ight be the  cause 
the gas cannot find its  way o u t if th e  m etal is 
viscous—good hot iron hides much fau lty  ven ting , 
e tc . ; wrong m ix tu re  of m etal fo r th e  p a rtic u la r  
ty p e  of casting  and las t b u t n o t leas t th e  difficult, 
and very often  absurd, design of casting  which 
makes i t  p rac tica lly  impossible to- conduct gases 
rap id ly  enough away from  th e  mould o r core.

Mould Gas and Moulding Sands.

The moulding m ateria l from  which gases are  
generated  is w orth  a l i t t le  a tten tio n . W h a t are  
term ed “  n a tu ra l m oulding sands ”  consist of, 
before p rep a ra tio n , substances in  som ething like 
the following p ro p o r tio n s :—Silica 73 to 92, clayey
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m atte r 6 to 14, oxide of iron 2 to  5, lime 4, to 2.5, 
m agnesia up to  1, and w ater up to  10 per cent.

Sands a re  specially p repared  fo r facing the  
m etal. W hen m ixing facing sands o ther m aterials 
are added depending on the class of mould or core 
such a s :—Coal dust, m anure, saw dust, h a ir and 
artific ia l h inders like core gum, molasses, flour, 
sugar, resin , vegetable and  m ineral oils, etc. Then 
th ere  are  th e  various refrac to ry  m ateria ls which are 
applied to  p ro tec t the  face of the  mould and give

a good looking finish to  th e  casting  which a re : — 
Plum bago, charcoal, and m ineral blackings, ground 
silica, core gum, etc.

Each of these m ateria ls have special v irtues 
when rig h tly  used, and give a com bination of pro
perties required  in moulding m aterials, the  desir
ables b e in g :—R efractoriness, porosity, plasticity , 
adhesiveness, cohesiveness, power of tak in g  up 
w ater to  ahout 6 per cent, by weight, and resist
ance to  d is to rtion  a t high tem pera tu res.

The m ost successful sands and refrac to ries are 
those which give above properties w ith th e  m axi
mum connected pore spaces around the  sand grains 
for gas e x it when m etal enters the  mould. A large
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average porosity could be ob ta ined  by a num ber 
of la rg e  unconnected pore spaces.

Sands and re frac to ries  may lose as much as 15 
per cent, of w eight when subjected to m olten m etal 
tem pera tu res  and  th e  facing  sand  for a consider
able dep th  from  th e  su rface is very much changed 
in  physical p ropertie s chiefly due to  ig n ition  and 
burn ing  of coal dust and o rgan ic  m a tte r  and  de
hydration  o f th e  iron oxide and clay bond. W ate r 
(m echanically mixed) is dried  o u t a t  a low h ea t 
and  th e  w ater of com bination lost a t  a tem p era
tu re  of dull red  heat.

F i g .  2 . — T h e  L e f t - h a n d  F r a c t u r e  i s  f r o m  
a  G r e e n - S a n d  M o u l d ,  a n d  t h e  R i g h t  
D r y  S a n d .

These chemical changes a re  accom panied w ith  
the form ation of large volumes of gas although 
infinitesim al in w eight. An idea of th e  space these 
gases occupy can be gauged by considering several 
substances. A t a tem p e ra tu re  of abou t 880 deg.
C., the  aqueous bond (w ater) is broken up in to  its 
constituen ts hydrogen and oxygen, and  if  allowed 
to  expand freely would occupy about 9,000 tim es its  
o rig inal volume. Much of the  w ater is, of course, 
only converted in to  steam , even so th e  steam  
occupies about 1.440 tim es th e  space as th e  w ate r 
from  which i t  is form ed. Coal d u st when heated  
may give a gas volume, chiefly hydrocarbons, of 
som ething like 400 tim es its  bulk, and  expand con 
siderably more a t  h igh tem p era tu res . Gases ex
pand  very much m ore th a n  liquids o r solids w ithin
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very wide ranges of tem pera tu res and w ith very 
uniform  expansions; also changes of pressure 
which have p ractically  no effect on th e  volume of 
liquids and solids have an enorm ous effect on the 
volumes of gases. I f  th e  gas be confined, and is 
prevented  from  expanding a trem endous pressure 
is possible, and when ign ition  takes place violent 
explosions may occur especially if gas is contained 
in a closed vessel.

H ydrocarbons are  decomposed by the  hot m etal 
and g raph ite  deposited on the  face of th e  sand. 
I t  is considered th a t  th is  change is not quite  the

F i g . 3 . — F r a c t u r e s  f r o m  M o u l d s  C a s t  i n  
G a n i s t e r  ( L e f t )  a n d  P l u m b a g o  
( B i g h t ) .

sam e if th e  sand is too damp and g raph ite  is not 
deposited. This would account in  some instances 
fo r th e  burning-on of sand as in the  case of loam 
and  dry-sand moulds which have been insufficiently 
dried . S team  is discharged from the surface of 
th e  mould and is decomposed by the  ho t m etal, and 
probably the  oxygen combines w ith the g raph ite  a t 
its ign ition  tem p era tu re , thereby robbing the  mould 
surface of its refrac to ry  cover, resulting  in the  
grev burnt-on sand  appearance. W ith  green sand 
in the  o rd inary  way carbon from th e  coal dust 
would appear to  combine w ith the  oxygen which 
is liberated  when w ater is sp lit up in to  its 
elem ents and also w ith  the  oxygen in  the  pore 
spaces of th e  sand, th e  pore spaces in good mould
ing  sand being about 25 per cent, of the  bulk and
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in cores about 40 per cent. A dditionally , the  com
bustible substances m ay burn  in the  a ir  contained 
in th e  pore spaces, and  under c e rta in  conditions 
p reven t burning-on of sand. The coal gas forms a 
film on which th e  m etal flows, thereby  p ro tec ting  
th e  sand.

W hen considering th e  volumes of gases generated  
in  dry- and green-sand moulds th e  au th o r is 
inclined, when exam ining superficially, to  s ta te

F i g . 4 .— F r a c t u r e s  o f  S p h e r e s , t h e  L e f t  
b e i n g  P o u r e d  i n  G r e e n  S a n d  a n d  t h e  
E i g h t  i n  D r y  S a n d . T h e  T o p  o f  t h e  
L a t t e r  i s  M a r k e d  w i t h  a  X .

th a t  g rea te r volumes of gas would be form ed in 
the  green-sand mould th a n  th e  dry-sand mould, bu t 
th is  m ust be modified, because th e  cooling effect of 
the  damp backing sand in  a green-sand mould will 
tend  to  reduce th e  volume som ewhat. The heat 
from  th e  m etal which volatilises the  coal dust and 
converts th e  w ater to  steam  absorbs h ea t for th e  
tim e being, thereby  cooling the  sand and  p reven t
ing burning-on of sand.

Gases occluded by m etals a re  s ta te d  to  be:-— 
H ydrogen, n itrogen , carbon monoxide and carbon 
dioxide. Gases can be noticed escaping during  
feeding operations, b u t a re  m ainly  mould gases.
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Instances are  011 record where gas em anating 
from pig-iron a fte r  d rilling  am ounted to  75 per 
cent, in  volume of th e  m etal removed and when 
a flat d rill was used, thus crushing th e  m etal 
thoroughly in  rem oving it, th e  volume rose to 
600 per cent, of the  m etal removed.

Combustion is defined as vigorous chemical com
bination  a ttended  w ith light, and th a t  chemical 
com bination is often a ttended  w ith evolution of 
heat.

In  therm al chem istry it  is laid  down th a t :  Every 
chemical change w ithout the  in terven tion  of

F ig  . 5 .— F r a c t u r e s  o f  S p h e r e s . '1 h e  
L e f t  h a s  b e e n  C a s t  i n  P l u m b a g o  a n d  
t h e  R i g h t  i n  C a n i s t e r .

extraneous force tends to  produce those bodies the 
form ation of which will evolve most lieat.^ This is 
called law of g rea test energy, and is considered of 
g rea t im portance. From  i t  it  follow:s th a t  reac
tions which are exothermic tend  to tak e  place more 
readily  th a n  those which are  endotherm ie, and 
also th a t  bodies which are formed w ith th e  absorp
tion  of hea t are usually less stable th a n  those in 
the form ation of which hea t is evolved and th a t  
hea t of reaction  depends on tem pera tu re .

I t  is considered impossible for two different 
gases to  rem ain  in separa te  layers however much 
th e ir  densities differ, and th a t  diffusion takes 
place rap id ly . One only needs to th in k  of the 
im possibility of life w ith ‘industry  if th is were not 
so. The a ir in ind u stria l d is tric ts  would soon be
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displaced by th e  heavier gases. A gitation  assists 
diffusion.

The ag ita tio n  which occurs a t  th e  overheated 
sections of a mould or core due to  gas blowing in to  
the m etal assists in  diffusion of gas in to  th e  m etal. 
Gases have th e  power both of d iffusing th rough  
and of being re ta in ed  by solid substances. 
H ydrogen can be read ily  diffused th rough  cold 
cast iron.

B earing  these po in ts in  m ind, one would be bold 
to  s ta te  th a t  i t  is n o t possible fo r reactions to  
tak e  place between carbon in  th e  m etal and oxygen 
from  th e  mould which m igh t be blowing in to  the  
m etal a t  g re a t pressure. O ther heat-form ing  
reactions are  possible w ith  o ther gases. A k ind  of 
local Bessem erising is possible. I f  such changes 
tak e  place i t  would account fo r th e  sponginess and 
cavity  in  certa in  sections of grey iron.

One need n o t be su rp rised  a t  th e  feasib ility  of 
such reactions m entioned when considering th e  
p rac ticab ility  of p a rtly  desu lphurising  a ladle of 
m olten cast iron  by m erely p lacing soda ash or 
sodium  carbonate  on th e  su rface  of th e  m etal. I t  
does appear th a t  th e  supposed liquid  shrinkage in

Sound C astings in  
Planto-go or Cantator Lined Moulds

Ft«. Ja.



795

grey iron could alm ost he ignored if mould gases 
could he elim inated. G rapb itisa tion  of carbon in 
iron is m ainly responsible for th e  low shrinkage 
compared w ith o ther m etals. Elem ents in grey 
iron such as silicon tend  to reduce the  effect of 
gases.

I t  is not impossible th a t  g raph ite  is p resent in 
grey iron a little  before solidification. The au thor 
is aw are th a t  he is ploughing a lone furrow  when 
he makes such a sta tem en t, and  th a t  he will be 
rem inded of th e  “ common sa lt in  w ate r ”  d ia
gram s ; b u t cast iron is not a simple solution like 
sa lt in w ater, and conditions may obtain  in a 
complex m ix tu re  like grey iron which are  not 
explained by th e  iron-carbon equilibrium  diagram s. 
Grey iron consists of, in addition  to  iron, an 
average of 1 \  per cent, by w eight of im purities 
m ade up of carbon, silicon, manganese, phos
phorus, sulphur, traces of o ther im purities and 
gases. These elem ents can be tw isted and altered 
in so m any ways th a t  grey iron is still insuffi
ciently understood. O thers, again, will recall the 
very m eagre experim ents carried  o u t whereby 
a th in  s treak  of m olten grey iron lias been 
suddenly cooled from  a very high tem perature 
by allowing to pour in iced w ater, and th a t  all 
carbon was obtained in  com bination w ith  the  iron. 
Possibly th is  is n o t sufficient proof, because by 
suddenly chilling an enormous pressure is applied 
by th e  envelope of th e  m etal con tracting  in s tan 
taneously and  p reven ting  deposition or growth of 
g raph ite . I t  is a well-established ru le th a t  pres
sure  in  and by itself favours the form ation of the 
less bulky of th e  possible conditions, or s ta te , or 
phases.

I t  is most likely th a t  carbon is in solution with 
iron a t  the  high' tem pera tu re  of m elting, b u t it 
is also possible th a t  a~ certa in  am ount of g raph ite  
is formed or p rec ip ita ted  during  the tem pera tu re  
in terval between the highest and the  po in t of 
freezing a t  som ething like 1,130 deg. C. I f  grey 
iron m elts a t 1,500 deg. C. there  is som ething like 
a fall of 370 deg. C. of hea t before s e t t in g ; th is 
m eans th a t  grey iron freezes a t  a lower tem pera
tu re  th a n  its m elting point, because the  carbon 
m ust first be dissolved before the  m etal will melt. 
So th a t  th e  dissociation of carbide is accompanied
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by ail evolution of heat, i.e ., is exotherm ic. This 
dissociation can be recorded a f te r  solidification, 
showing several volumes changes, b u t dissociation 
before solidification is much m ore difficult to  
record, and c ritica l solution tem p era tu res  a t  which 
a special form  of g rap h ite  is deposited is possible 
before solidification as well as a f te r  solidification.

K ish is described as excess carbon, and  is due 
to  certa in  forms of carbide. H ere  is an  instance

F i g . 6 .— C a s t  i n  G r e e n  S a n d ,  x  2 5 0  d i a s .

where proof is given th a t  u nder c e rta in  conditions 
g rap h ite  is form ed before solidification. The 
grow th and p rec ip ita tio n  of g rap h ite  on th e  coob 
ing  m eta l envelope exerts a p ressure in te rna lly , 
thereby  com pensating for liquid  sh rinkage.

In  a P ap e r read  before th e  F a ra d a y  Society on 
November 12, 1918, on th e  “  Occlusion of Gases 
by M eta l,”  S ir Charles Parsons, F .R .S ., sa id  : —■

“ I f  a small crucible con ta in ing  o rd in a ry  cast 
iron is in tensely heated  in th e  electric fu rnace and 
th en  quickly placed while m olten u nder hydrogen 
a t  2 tons pressure per sq. in. a  very large  am oun t 
of g rap h ite  is ejected in a dense layer below the
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m etal, which wells up and overflows the  crucible. 
F inally , th e  iron is w hite and hard , contain ing 
much combined carbon. If , on the  o ther hand, 
carbonic oxide is sim ilarly  adm itted  instead of 
hydrogen, no layer of g raph ite  is formed, and the 
m etal rem ains grey cast iro n .”

“ D r. H atfield  undertook the  analysis of the  
samples of th e  m etal so tre a ted , and he tells me 
th a t  both  contained about 4 to 5 c.c. of occluded 
gases per g ra in  of ir o n ; in  the  one case almost 
wholly hydrogen, and in  the  other almost wholly 
CO.

“ I  have noticed th e  rem arkable difficulty w ith 
w hich gases pass out of molten cast iron under a 
h igh vacuum .”

P ro f. A rm strong then  s ta ted  : “  The idea is grow
ing in  S ir Charles P arsons’ m ind th a t  hydrogen 
has som ething to  do w ith th e  production of 
g raph ite . I  ven tu re  to say th a t  g raph ite  is not 
a form  of carbon, and th a t there  is bu t one form 
of carbon, viz., d iam ond; g raph ite  and the various 
charcoals are, in  my opinion, probably compounds 
of carbon w ith a very small proportion  of 
hydrogen.”

Now as cast iron contains much hydrogen i t  is 
possible th a t  g raph ite  m ay be p rec ip ita ted  a little  

before solidification due to  th e  presence of 
hydrogen.

D uring  th e  last fo rty  years our scientists have 
discovered and revealed m any w onderful things. 
M any a re  fam iliar w ith  the  gas discoveries made 
d u ring  th e  la t te r  p a r t  of th e  w ar, b u t they are not 
so sensational as th e  discoveries made by such 
m en as S ir W illiam  Ramsey, Professor Soddy and 
collaborators, commencing the  year 1894, which 
gave th e  very rem arkable inform ation th a t  the 
a ir  contains, in  m inu te  am ounts true , in addition 
to  oxygen and n itrogen, six  gases, which were 
nam ed H elium , Neon, Argon, K ryp ton , Xenon, 
N iton .

Venting Green Sand, Dry Sand and Loam.

The practice  of ven ting  varies somewhat in 
d ifferent p a rts  of th e  country, th e  varia tion  being 
due, in  th e  m ain, to  th e  quality  and availability  
of sands, as also does th e  determ ination  of w hether 
to  mould in d ry  sand or green sand. Although
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such a s ta tem en t m ust he modified considerably 
because th e  ab ility  of moulders in ce rta in  d is tric ts  
and  shops to  produce castings in  green sand which 
would in the  m ajo rity  of places he m ade in dry  
sand is very evident. Again, c e rta in  firms dem and 
h igher quality  castings th a n  o thers. So th a t  w ith 
special castings which m ust s tan d  a h igh  finish 
th e  bias m ust be in  favour of a dry-sand m ould.

A correctly m ade dry-sand mould will produce a 
high quality  casting , both in  looks and soundness, 
th an  a green-sand mould, and w ith  less risk  of 
w aste ; also a correctly  m ade loam mould will give 
b e tte r resu lts  th a n  e ith e r. I t  does n o t always fol
low th a t  th e  loam  or d ry  sand will be m ore costly 
to  produce. 'Inhere a re  m any instances w hereby a 
loam mould o r dry-sand m ould can be m ade m uch 
lhore quickly th a n  one in  green  sand.

T he n a tu re  of m oulding determ ines th a t  a dry- 
sand or loam mould, especially th e  la t te r , will be 
free r ven tin g  and w ith  less gases p resen t th an  
green sand. T h a t is th e  reason th a t  one can ex
pect w ith  a dried  m ould g re a te r  freedom  from  
those em barrassing  defects which a re  disclosed 
a f te r  m achining im p o rtan t castings.

The rem oval of m oisture  in  dry  sand  and  loam 
creates porosity, as does also th e  expansion of 
g ra in s of sand  when heated , because they  do no t 
qu ite  re tu rn  to  th e ir  orig inal position.

Loam when dried  is very  porous, less artific ial 
ven ting  being needed. E xcept when bu ild ing  loam 
around a p a tte rn , only a th in  layer is s tru ck  up 
on brickwork. The loam is n o t compressed by 
ram m ing, as is th e  case w ith  o rd in a ry  sands, and 
for th a t  reason is m ore open. C inders a re  in tro 
duced in to  a  loam bu ild ing  when necessary, bu t 
sometimes th e  use of such m ate ria l is m uch abused. 
In  m any instances i t  is fa r  b e tte r  to  in troduce  dry  
sand and loam w aste in to  cods and  betw een the  
brickwork. D oubt can ex is t as to  th e  beneficial 
use of cinders when loam -m oulding ce rta in  types 
of castings, because one cannot always account for 
th e  poorly dried  moulds w hen using cinders. The 
d ry ing  of loam is hastened  very m ate ria lly  by p e r
fo ra ting  w ith th e  v en t w ire so th a t  steam  can 
quickly pass out. T he holes so form ed can he 
stopped up a fte r  drying.
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M any more ven t holes a re  made in dry-sand 
moulds th an  would apparen tly  be needed ju s t to 
help drying. W hen m oulding large castings in the 
floor, and which are to  be dried w ith open fires 
o r p a te n t driers, these holes become still more 
valuable.

V enting  can be m ateria lly  helped if, when ram 
m ing  sand in  th e  bottom  boxes of large moulds, 
sand is fed in, a f te r  th e  first ram  p as t the  p a tte rn , 
which is only so damp th a t  i t  will barely hold

together, and finish the last ram  w ith  the normal 
green sand.

V enting  in green or in dried  moulds is usually 
more thorough th an  when w orking in loam or dry 
sand. Any neglect may prove disastrous b e c a u s e  
th e  gases a re  generated  in g rea te r volumes, the 
sand is w eaker in bond, and the rapidly-expanding 
gases push off a portion  of th e  face of th e  sand. 
I f  th e  sand face is no t so detached the  gas may 
flow in to  the m etal and cause, if not d is tinc t blow
holes, porosity. Unequal d is tribu tion  of moisture 
in green sand may prove fa ta l to  th e  casting. 
Gases may pass through  conrectlymiixed facing 
sand to  encounter w et places in the  backing sand,
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and then  re tu rn  again  to  find lodgm ent in  the  
m etal or blow off th e  surface of th e  mould.

The q u an tity  of gas given off by cores and  cer
ta in  portions of th e  mould is m uch g rea te r th a n  
in  a sim ilar am ount of sand form ing p a r t  of th e  
mould generally, and  proves very ex ac tin g  on th e  
vents. In  th e  mould, th e  gas which has been 
liberated  and expanded by th e  h ea t of th e  m etal, is 
cooled som ewhat when passing  th rough  th e  back

F i g . 7 .— 'O a s t  i n  G a n i s t e r .  x  2 5 0  d i a s .

sand, b u t w ith  cores th e  h ea tin g  up is m ore rap id  
and  in tense, and  gases continue to genera te  and 
expand, and th e  core, if of com paratively  small 
a rea, may be heated  up to  th e  tem p e ra tu re  of th e  
m etal ju s t  before se tting .

The average voids form ed around  th e  sand  gra ins 
is s ta ted  to  be about 40 p e r cent, of th e  bulk. 
T his m eans th a t  th e  a ir  in th e  pores of th e  sand  
is also expanded, b u t m uch of i t  begins early  to  
pass out th rough  th e  vents. L a te r reactions ta k e  
place between the oxygen in  th e  sand  void and 
oxygen libera ted  from  th e  iron oxide in th e  sand 
w ith gases from decomposition of the  carbonaceous
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m ateria ls. The bu rn ing  out of such m aterials 
makes th e  sand more porous.

V ents as large as p racticable should be provided 
to  allow th e  gases to  pass o u t quickly instead  of 
blowing ou t th rough  th e  skin of the  core in to  the  
mould. The sm oothing of th e  surface of th e  sand 
and  application  of re frac to ry  wash or powder helps 
to  close up th e  surface pores and p rev en t th is  
happening.

M oulders and  coreonalcers often pay  scan t a tte n 
tion  to  vents. They w ill place cinders in various 
pairts of th e  core or mould and leave them  uncon
nected and isolated w ithout sep ara te  ex its fo r gas. 
V en t pipes and  holes in  cores, although ample in 
th e  first place, a re  very often  seriously reduced in 
a rea  when th e  m oulder is providing a passage for 
th e  core v en t th rough  th e  mould.

Venting Green Sand, Dry Sand and Loam.
Small th in  cores are  vented  by form ing a simple 

passage th rough  the centre. Medium-sized cores 
may be ven tila ted  by a m ain  passage augm ented 
by holes m ade w ith the  ven t wire e ither outw ard 
from  th e  passage or by th ru s tin g  the ven t wire in 
the  d irection  of the  m ain  passage before ex tra c t
ing the  m ain  ven t rod. L arge cores are  vented by 
cinders and  holes form ed by the  ven t wire and 
connected to large open vents through  the prin ts. 
The gas from  loam  cores pass from  the face to 
the  straw  w rapping, and then  through  perfora
tions in  the  core barrel. O ther loam cores are 
vented  in  the same m anner as w ith ordinary  sand. 
W ax wire vents are  also used in  all grades of sand 
to  advan tage  except oil-sand. The venting  in  oil- 
sand cores is very often  neglected, both corem aker 
and m oulder tru s t too much to  the excellent free- 
ven ting  n a tu re  of th is  type of core. Pounders 
cannot do w ithout vents even w ith oil-sand cores.

Above are only very general sta tem en ts; special 
cases call for much ingenu ity  on the p a r t of the 
w orkm an.

The moulder should use as small a q uan tity  of 
w ater as possible. The large foundries w ith which 
the au tho r is connected have provided m any amus
ing instances of the inab ility  of some moulders to 
understand , even in a smail way, w hat happens 
when too much m oisture and gas is p resen t in

2 D
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th e  mould. I t  is the p ractice  in  these shops when 
m aking green-sand moulds to  use a m ix tu re  m ade 
by boiling linseed m eal in  w ater for the  purpose 
of dam ping, where necessary, portions of the  
mould, in stead  of ju s t w ater, th e  ob ject being 
th a t  th is  m ix tu re  preven ts scabbing. T his solu
tion , when used in s tead  of w ater alone fo r the  
purpose of rep a irin g  a  m ould, or to  stiffen a  weak 
u pstand ing  piece of sand, does reduce a li tt le  the  
tendency  to  scab, b u t the  idea had  so gained 
prom inence th a t  they  called the  so lu tion  a non
scab m ix tu re , and  consequently ce rta in  m oulders 
would sometimes be caugh t w ashing over the  whole 
of th e  face 'of a mould w ith  the  m ix. I t  was cer
ta in ly  ridiculous, as was proved in  m any instances 
where castings exhib ited  signs of vein m arks, blow
holes and  scab, which were traced  to  th e  abuse of 
th is non-scab m ix tu re . T his custom  was not 
easily broken down.

B irm ingham  (B unter) red sand  is the  best a ll
round  sand  th a t  the  au th o r has encountered . I t  
possesses good bond and  is very porous. M any 
castings can be m ade in  green sand  w hich in  L an 
cashire, when using R unco rn  (B un ter) sapd, would 
be m ade in  dry  sand. R uncorn  sand  is very  free 
ven ting  b u t weak in  bond, and  consequently for 
heavy work and  dry  sand  m uch m illing  of the  
sand takes p lace ; also fo r green-sand work. I n  
the Newcastle and  London d is tr ic t, E r ith  (yellow-) 
and  sim ilar sands a re  chiefly used, and  m uch d ry 
ing is p rac tised  because th e  sand  is close and  con
ta in s  much w ater in  com bination.

Oxide of iron  constitu tes th e  red  and  yellow- 
colouring m a tte r  of sand. The red  cxide con
ta in s  litt le  or 110 wmter in  com bination ; yellow may 
contain  up to  20 per cent, of its  w-eight, which is 
d riven off when heated .

T his would explain  to  some ex te n t why th e  p rac
tice varies. A lthough possessing much more bond 
th a n  red  sand, yellow is no t so successful for 
green-sand work.

F rom  a group of draw ings, which th e  a u th o r 
showed in a previous com m unication,* illu s tra tin g  
certa in  sections commonly experienced w-ith defects 
w hich are  usually  explained as liqu id  shrinkage

* R elative V alues of Feeders or D enseners in  Grey Iro n  and  
M alleable Iron, F ig s. 20 to  40, “ F .T .J .,” V ol. X X I X , pages :S0-31.
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holes or cavities, i t  is suggested th a t  they are, 
w ith grey iron, in  every case gas defects.

Fig. 2 6 a  describes a die casting  about 8  c w t s .  
Oast in the o rd inary  way in a  loam  or sand mould, 
porosity occurs as shown in  the section AA. To 
rem edy th is defect, denseners were introduced 
leaving 1 in. of sand dividing them . A fter m achin
ing h a ir  cracks were disclosed opposite the places 
which corresponded w ith  the  sand between the 
denseners. This fu r th e r  com plication was over
come when denseners were continued over the 
whole surface.

Surely  no one would describe the  defects as 
shrinkage porosity, especially in th e  position 
shown. Surely they  are gas porosity. F ig. 1 
shows a  num ber of sections of castings which 
exhib it gas cavity and porosity.

Experiments to Eliminate Cavities and Porosity.
Some tim e ago th e  au th o r carried  ou t a num ber 

of experim ents on block castings designed to give 
the m axim um  of gas or liquid shrinkage cavity 
w ith a  view to  discovering th e  cause and  the  best 
way to  e lim inate the defects found.

These experim ents have been described and illus
tra te d  in  a  previous com m unication to  the  In s ti
tu te , and  reference should be m ade to  it, as the 
experim ents to  be described a re  b u t supplem entary 
thereto.*

F ig . 1 a  illu s tra tes th e  design of th e  nex t experi
m ental casting  chosen, which weighed 72 lbs.

F ig . 2 a  shows cross section of th e  first casting 
made in  th e  ord inary  way w ithout feeding, only 
a sm all relief riser being .provided on the  boss. 
As would be expected, considerable cavity  was 
disclosed.

The nex t sketch, F ig . 3 a , depicts the  cavity 
which form ed, again  when made in  a green-sand 
mould and poured th rough  a very th in  gate, ¿ i n .  
deep, completely encircling th e  12-in. dia. p late 
which surrounds the boss. I t  will be noted th a t  
th e  cav ity  is not so g reat. I t  was not poured 
slowly, because the in le t gate, although th in , was 
equal to  an area of 2.36 sq. in. The g rea te r sound
ness could be a ttr ib u te d  partly  to  the  sieving of

* See “ Foundry Trade Journal," issue January 10, 1924.
2 D 2
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t h e  m e t a l  w h e n  p a s s i n g  t h r o u g h  t h e  v e r y  t h i n  
r u n n e r .

P ig . 4 a s h o w s  t h e  a m o u n t  o f  c a v i t y  r e s u l t i n g  
f r o m  a  d r y - s a n d  m o u ld ,  b u t  is  le s s  t h a n  t h e  o n e  
c a s t  i n  g r e e n  s a n d .

Fig . 5 a describes th e  n ex t two castings, which 
were poured in  g an is te r and plum bago m oulds re
spectively. A bsolute soundness was ob tained .

The n ex t te s t  was m ade on a  9-in. d ia . sphere 
casting  w eighing abou t 84 lbs., p a rticu la rs  of which

are  given in  P ig . 6 a . C onsiderable cav ity  was dis
closed when poured, as described in  P ig . 7a. 
F ig . 8 a  shows slightly  less cav ity  when poured in 
dry sand, and  F ig . 9a gives p a rticu la rs  of th e  n ex t 
two castings m ade which w ere poured in to  
thoroughly dried  g an is te r  and plum bago m oulds 
respectively. T he castings again  w ere absolutely 
free from  defects.

F ig . 2 shows on th e  r ig h t th e  broken section of 
the  casting  m ade in a  green sand mould, and the 
one cast in dry sand is shown on th e  left. These
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castings were dealt w ith when describing F ig . 3 a 
and F ig. 4a. Fig. 3 shows sections poured in  
g an is te r (righ t), and plum bago (left), which were 
definitely free  from cavity as previously sta ted .

Broken sections of th e  sphere castings are  shown 
in Figs. 4 and 5. F ig . 4 shows on the  rig h t the  one 
poured in  green sand, on th e  le f t th e  one cast in 
d ry  sand. F ig . 5 shows on th e  le ft th e  one cast in 
gan is te r and on the  r ig h t the one poured in plum 
bago. A gain i t  shows perfectly  sound castings.

T a b l e  I.— Tests of a Cast Iron Cast under various con
ditions.

Analysis. %
Mould

material.

Ten
sile 

Tons 
sq. in.

Trans
verse 

3' by 2" 
by 1"

De
flec
tion.

Total carbon .. 
Graph, carbon..

3.11
•2.86

\  Green 
J  sand 10 25.2 0.37

Comb, carbon .. 
Silicon

0.25
3.20

\D r y  
f  sand 10 24.8 0.38

Phosphorus
Manganese

1.38
3.36

\P lu m - 
J bago 9.6 24 0.39

Sulphur
Total impurities

0.09
8.14

\  Ganis- 
/  ter 10.2 25.4 0.38

A com paratively poor m etal was used to  obtain  
the  w orst results. Physical and chemical tes ts  were 
obtained of the  m etal poured in to  the  experim ental 
castings and a re  se t ou t in  Table I.

F o u r transverse  and four tensile  bars were made 
in  green sand, d ry  sand, plum bago and ganister 
moulds respectively. The four transverse bars were 
poured toge ther in  one box and th e  tensile bars 
again  together in  ano ther box. This insured th a t  
the bars should he poured w ith exactly the  same 
m etal and a t  the  same tem pera tu re . Ample space 
was allowed between each b a r when moulding. The 
moulds were poured a t  atm ospheric tem pera tu re .

Photom icrographs were obtained of, as near as 
possible, the  cen tre  of the  four transverse te s t bars. 
Photom icrograph (Fig. 6) refers to  a casting  made 
in green sand. I ts  ground mass is of th e  pearlitic  
ty p e ; th e  g raph ite  is no t relatively well developed,
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w hilst the  phosphide eutec tic  is no t very prom inent. 
F ig . 7 was cast in  a  g an is te r mould. 'The pea rlite  
is ivell developed, and th e  g ra p h ite  p la tes a re  also 
well developed.

If  some of th e  common defects found in  o rd inary  
and  im p o rtan t castings a re  exam ined, w hether 
poured in  iron low o r h igh in those elem ents or 
im purities which co n stitu te  cast iron, much will be 
le a rn t from  th e  experim ents described in th is  
paper. W ith  a  progressive reduction  of mould 
gases soundness increases p roportionate ly .

This is th e  a u th o r’s case, and u n ti l i t  is ex
plained to  him how i t  isp o ssib le  for him  to  secure 
castings free from  defects o th e r th a n  has been 
previously ou tlined , he will con tinue to  hold the  
views outlined.

In  conclusion he wishes to acknowledge indebted
ness to M r. A. H orn , th e  m alleable iron-foundry  
forem an, for assistance rendered , in th e  p re p a ra 
tion  of a section of th is  P aper.
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Lancashire Branch.
THE MAKING OF THIN SECTION PATTERNS.

By T. W. Markland (Member).

Making Pattern First in Plaster of Paris.
F o r th in  work a p rim ary  p a tte rn  is made in 

p las te r of paris . F o r th is  purpose a  piece of sheet 
zinc is form ed in to  a  strick le  th e  design of the  
p a tte rn  required , th e  first one rep resen ting  the

F ig . 1.

shape of th e  back of th e  p a tte rn . The second 
strickle, of course, w ill be larger, in proportion 
to  th e  thickness of th e  castings required. These 
strickles a re  then  screwed to  a  strong  piece of 
wood fo r reinforcing. Then a  board is procured 
(Fig. 1) and th e  strick le  m ade to  slide along the 
edge of th e  board to  keep i t  in th e  same position 
all th e  tim e  of using. P las te r of paris  is then 
m ixed w ith  w a te r to  a  su itab le  consistency and 
placed on th e  board to  the  required height. The
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first strick le  is now b rough t in to  action  w hilst 
the  p las te r is soft, being draw n along th e  board, 
leaving th e  requ ired  design in  p la s te r  for the  
p a tte rn . This is allowed to  h arden  and d ry . The 
surface is varn ished  w ith  shellac, and  allowed to  
dry. A fterw ards i t  is covered w ith a  th in  coating  
of tallow.

M ore p las te r is m ixed and  la id  on to  th e  p re 
sen t d ry  and varn ished  portion . T hen th e  second 
strick le  is draw n along th e  board , an d  leaves

F i g . 2 .

behind i t  o n ly 'th e  p las te r th a t  gives a  p a tte rn  of 
the requ ired  thickness. A fte r harden ing , th e  top  
portion  m ay be lifted  off, leav ing  th e  p la s te r  
p a tte rn  required  (F ig . 2). F rom  th is  a  “ t i n ” 
or iron p a tte rn  is p repared . F o r  th e  “  t i n  ” 
p a tte rn  an  alloy m ade up  of th re e  of lead to  one 
of t in  is used. T he t in  sections (F ig . 3) a re  m ade 
in  lengths convenient fo r m oulding purposes, and  
are soldered to g e th e r and  th e n  m itred  to  form  
the  w orking p a tte rn . The p a tte rn  is placed upon 
a board in such a  w ay th a t  th e  m oulder, when 
ram m ing up th e  bottom' box co n ta in in g  th e  
p a tte rn , will no t in  any w ay a lte r  th e  shape. T he 
tin  alloy is used because th in  section castings a re  
very troublesom e on account of th e  cam ber needed 
for s tra igh ten ing , an d  th e  t in  alloy allows the
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p a t t e r n - m a k e r  t o  i n t r o d u c e  t h e  c o r r e c t  camber 
( F i g .  4 ) .

O ther advantages of tin-alloy p a tte rn s  are th a t 
they can be chased up  qu ite  smoothly, th u s  ensur
ing a smooth iron p a tte rn , and  th a t  they  can 
e ith e r be cu t down to  sm aller dimensions or 
increased in size by soldering a piece to  the  
orig inal p a tte rn .

F i g . 3 .

Reversing Thin Section Patterns.
Fig . 5 shows th e  p a tte rn  for a  model of a liver. 

This was first made by a  sculptor and received in 
th e  form  of p la s te r of paris. This p laster p a tte rn  is 
1 in . th ick , fla t on th e  back side, and the  liver 
p a tte rn  on th e  fron t, b u t fo r use in the  foundry  
i t  has to  be 3 /16 in . th ick . The moulding box 
used for th is  purpose is p laned  on th e  edges of 
the  top and bottom  p a r t  so as to  give a  close and 
exact fittin g  of the  m oulding box. A tu rn ing - 
over board, which m ust be level and  o u t of tw ist, 
is requ ired . The p laster p a tte rn  is placed on th e
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board and se t betw een sm all pieces of wood so 
th a t  th e  p a tte rn  can be placed exactly  in  th e  sam e 
position every tim e, as shown in  F ig . 6. The 
bottom  box is th en  placed over th e  p a tte rn  on 
the  board, and a t  each corner of th e  box pieces 
of wood a re  screwed on to  th e  board to  p rev en t 
th e  box from  g e ttin g  o u t of position, th u s  enabling  
the  operator to replace th e  box in  th e  sam e posi
tion  each tim e required .

A thickness piece is in serted  betw een th e  box 
and th e  board of th e  necessary th ickness of the

F i g . 4 .

casting. The p las te r being 1 in. th ick , pieces 
1 3 /16 in. th ick  a re  placed under th e  box edge. 
Sand is sieved on to  th e  p a tte rn , an d  -the box filled 
w ith  sand in  th e  usual way, b u t th e  sand  m ust be 
ram m ed h a rd  so as to  g e t a h a rd  su rface  n ear 
th e  p a tte rn . A fte r clam ping th e  box and  board 
together, they  a re  tu rn e d  over on  to  a definitely 
level bed, b u t before rem oving th e  board th e  box 
is tw isted  about from  rig h t to  le f t to  en su re  th a t  
i t  is qu ite  solid on th e  sand floor. Then all clamps 
are  removed, and th e  box is lifted  off the  board.

All th e  sand  is levelled to  th e  edge of th e  box 
and th e  p la s te r p a tte rn , m ak ing  su re  th e re  are  
no so ft places. A fte r sm oothing w ith  a  trow el, 
the  p laster p a tte rn  is w ithdraw n (F ig . 7). Using
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fine p a r t in g  sand or foundry  p a rtin g , th e  mould 
is dusted  th rough  a fine bag on to  the  jo in t. The 
top  box is then  placed on to  th e  bottom  p a r t  and 
the  down ga te  fixed in position. A fter sieving on 
the  facing  sand, th e  box is filled up to  th e  required 
h e igh t w ith black s a n d ; when th e  box has been 
ram m ed ■ up, the  top is cleaned and th e  down 
g a te  removed. The top box, which will now have 
an im pression of th e  bottom  p a r t  of th e  mould, is 
rem oved and placed on one side, the  mould being 
finished in  th e  usual way.

F i g . 5.

A fter rem oving all the  sand from the  bottom 
box, the  tu rn ing-over board is placed in position 
as in  th e  first process (Fig. 6), placing th e  p a tte rn  
on the  board  between th e  tem plates. The bottom  
box is p u t on th e  board exactly in th e  same posi
tio n  as before, b u t instead  of placing 1 3 /16-in. 
th ickness pieces under th e  box edge, 1-in. th ick 
ness pieces a re  used, th u s  giving a casting  3/16 in. 
thick.

F ac ing  sand having been sieved on and the  
mould filled up w ith  black sand, th e  box is 
ram m ed up in  th e  usual way. All loose sand is 
scraped off, th e  box and board a re  clamped
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together, and tu rn ed  over on to  a  level bed, tw is t
ing th e  box about as in th e  previous case. The 
excess sand  is reanoved down to  th e  level of th e  
box edge, and the jo in t  is sm oothed. Then th e  
p las te r p a tte rn  is w ithdraw n in  th e  o rd in a ry  way. 
This gives a  ifront and  back im pression (F ig . 8), 
and th e  gates can be cu t and  th e  mould finished 
off. The top  box is replaced on to  the  bottom , 
and when cast i t  w ill give a casting  3 /16  in. th ick .

Making a Plate Pattern.
F o r th is purpose a box sufficiently large to  m ake 

a jo in t round th e  p la te  fram e is used, and spaced

F i g . 6.

to make th e  gates. The top  and  bottom  boxes 
m ust have planed edges so as to  give a close and  
level jo in ting . W ell f ittin g  box p ins a re  essen
tia l. They m ust be s tra ig h t, so as to  give no 
tw ist in  th e  box.

The top  box is placed on th e  floor w ith th e  
p laned edges upperm ost. The box is ram m ed up 
w ith black sand, levelled w ith  th e  box edge, 
th u s  ensuring  a level surface, or, a lte rna tive ly , 
tu rn ing -over board m ust be used.

The p a tte rn  to  be p la ted  is placed in  position, 
using th e  fram e as a guide. Any p ro jection  which 
may be on the  p a tte rn  m ust n o t come in  contac t



813

w ith th e  box bars. This, un fo rtuna te ly , has 
happened, and plates have had  to  be rem ade.

Once the  p a tte rn  is in  position the  facing sand 
is sieved on th e  bottom  box, th en  placed on, and 
th e  mould is ram m ed up in the  usual way. All loose 
sand having  been scraped off level w ith  bottom  of 
th e  box, th e  job is well vented  all over the  bottom 
p a rt.

Then a level bed is made on the  sand  floor, the 
box is well clamped together, and tu rn ed  over on 
to  it. The clamps are  removed and the  top box 
or board lifted  off. Then th e  jo in t of th e  mould

F i g . 7 .

round th e  edge of th e  p a tte rn  can be commenced. 
This is probably th e  most im portan t p a r t  of the 
job.

In  m aking th e  jo in t, care m ust be exercised 
th a t  where the  fram e has to  lie on the  mould, it 
m ust be perfectly  level and out of tw ist, o ther
wise trouble may arise when th e  p a tte rn  filers 
have to  do th e ir  p a r t  of the  work. H aving  made 
a good jo in t and ascertained th a t  the p late fram e 
fits exactly, th e  sand is smoothed w ith a trowel, 
brushed and  covered w ith p a rtin g  sand.

F acing  sand and black sand are sieved over the 
p a tte rn  and jo in t to  such a thickness th a t  when 
the top box is placed on, th e  bars of the  box will



press in to  th e  sand  and  p reven t any  soft places 
u nder th e  bars.

The em pty top box is re tu rn ed , ascerta in ing  
th a t  all th e  down gates are  in position. I t  then

814

F i g . 9 .

rem ains to  fill up w ith black sand, to  ram  up in 
the  usual way, to  scrape off all sand level w ith 
the  bars, to clean round  all gates and  risers, to  
ven t well, and  finally to  lif t  off th e  top  box.
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Before rem oving the p a tte rn  in  th e  bottom  box 
the fram e which has formed th e  p late  (F ig. 9) is 
placed firmly on the  jo in t of the  mould in its 
correct position.

The jo in t is m ade all round th e  fram e to  its 
frame thickness. As th e  sand is now § in. higher 
than  th e  box edge, th e re  is a danger th a t  when 
the job is cast the  m etal may b u rs t out a t  the 
sides. To p reven t th is , th in  pieces of sheet iron 
1^ in. deep are inserted  round th e  inside of the 
box and allowed to  stand  up ju s t the thickness of 
the p late-fram e.

F i g . 1 0 .

W hen the  jo in t has been m ade all round the 
frame and to the  box edge, ascerta in ing  by means 
of a s tra ig h t edge all is level, the  top box is 
replaced. The box is th en  ram m ed all round
where th e  p late  fram e is to ensure a close jo in t.
After rem oving th e  top box, all gates and risers
are cu t to  the  p late. The risers serve the  dual
purpose of carry ing  away any d ir t th a t  m ight be 
flowing about and allev iating  the  s tra in . Addi
tionally, all gates to  the  p a tte rn  lying in  the  
bottom box m ust be cut. The fram e is th en  w ith
draw n and chipping pieces inserted  in the mould 
ju s t where th e  p late  rests on th e  edges of the



m oulding box. These chipping-pieces a re  to  fac ili
ta te  th e  chipp ing  of th e  p la te  in to  th e  box by th e  
p a tte rn  filer. Then th e  p a tte rn  is w ithd raw n  and 
finished w ith  as li tt le  tooling  as possible.

The mould is dusted  over w ith  good plum bago, 
and  th e  p a tte rn  is then  replaced in  th e  mould to  
make firm th e  plum bago and  give the  mould a 
sm ooth surface  a f te r  th e  p a tte rn  is w ithdraw n ; 
no tools a re  used, which prom otes a perfec t mould.

Before rep lacing  th e  top box 011 to  th e  bottom  
box f-in . pieces a re  placed on th e  corners of th e  
box, so th a t  when the  boxes a re  b rough t toge ther

F iu . 11.

and clam ped up th e re  is no fea r of th e  p la te  being 
th ick  and  th in .  Before finally closing th e  mould 
a ho t p la te  is held over th e  bottom  p a r t  of th e  
mould to  give i t  a li tt le  sk in -c ry in g ; th is  is to  
give th e  delicate p ro jections a b e tte r  chance of 
w ith s tand ing  th e  action  of th e  m olten m eta l when 
flowing over them . This p a rt-d ry in g  is done ju s t 
before th e  tim e  for c a s tin g ; th e  mould is th en  
closed, th e  box clam ped toge ther and  cast a t  once.

The tem p e ra tu re  of th e  m olten iron should be 
a t  th e  h ea t which will ru n  th e  finest p a rts  of th e  
mould sharp . A fte r casting  some li tt le  tim e is 
allowed to  elapse, a f te r  which the  box is tu rn ed
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up on its side w hilst rem ain ing  clamped together 
(F ig. 10). Then th a t  p a r t  of the p a tte rn  plate 
which has th e  th ickest portion  on i t  is m ade bare 
by rem oving all sand w ith  a scraper, and  leaving 
all o ther portions of th e  p la te  covered w ith sand. 
All is le ft t i ll th e  following m orning to  cool 
(Fig. 11). F o r th is  p a rticu la r job eleven m inutes 
is allowed from  casting  to  baring .

A Few Hints on C am ber.
In  m aking a s tan d a rd  p a tte rn  and a working 

p a tte rn , and  a casting  from the  working p a tte rn , 
i t  should be done by the  sam e moulder, and as fa r  
as possible when th e  job Is cast the  m etal should 
be of th e  same h ea t every tim e, or different results 
will be given.

W hen a p a tte rn  has been plated and i t  is ready 
to be p u t in to  service every moulder will no t give 
the same results, because no m an ram s w ith the  
same pressure, and therefore  more or less camber 
is needed.

The runners on th in  section cartings make a 
g rea t difference respecting camber. A m antel leg 
run  on the sides causes the  leg to  camber side
ways. To overcome th is, th e  stan d ard  p a tte rn  is 
run  on one side and the  p late  casting  on the 
opposite side, thus ensuring a s tra ig h t leg.
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T H E  I N S T I T U T E  O F  
B R I T I S H  F O U N D R Y M E N .

LIST OF MEMBERS.
September, 1926.

B.— Birmingham anjl W est Mid- W .B . of Y .— W est B id in g  of 
lands Branch. Yorkshire Branch.

p-M. East M idlands Branch. W. &  M.— Wales and Monmouth
Lncs.— Lancashire Branch. Branch.
L.— London Branch. S.— Sheffield Branch.
M• M iddlesbrough Branch. Sc.— Scottish  Branch.
Y .— Y ew castle-on-Tyne Branch.

— General or unattached to  a Branch.

Year
B ’nch. of MEMBERS.

Election.
Lncs. 1926. A ckroyd. A. H ., W hite  C ottage, P a rk  

R oad , T im perley .
E.M. 1908. A iton , J .  A. (A iton & Com pany), 

D erby .
S. 1924. A lder, A. J . ,  106, Sincil B ank , L incoln.
X. 1924. A llan , F ., 7, D ene S tree t, Sunderland .
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 & C om pany, E d g a r (Subscribing

F irm ), Im peria l S teel W orks, 
Sheffield.

E.M . 1924. Allin, G. E ., 21, D airy  H ouse R oad , 
D erby .

Sc. 1920. A ndrew , J .  H ., D .Sc., R oya l T echnical 
College, Glasgow.

Lncs. 1919. A ndrew , J .  W ., 964, O ldham  R oad , 
T h o m h am , R o y to n , O ldham .

X . 1925. A ppleyard , K . C., B irtley  Springs
H ouse , B irtley , Co. D urham .

B. 1925. A rdem , W . J .  A ., 23, S t. Michaels
H ill, H an d sw o rth , B irm ingham .
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Year 1
B ’nch . of M EM BERS.

E lection .

N . 1921. A rm stro n g -W h itw o rth  & Co., L td .,  Sir 
W . G. (S ubscrib ing  F irm ), Close 
W orks, G ateshead-on-T yne.

M. 1926. A rm stro n g , H ., 20, S h a fte sb u ry
S tree t, S tock ton-on-T ees.

N . 1920. A rrow sm ith , J .  K ., 4, D ean  R o ad , 
S o u th  Shields.

L ncs. 1924. A rsta ll, J . ,  “ K en m arlean ,”  B ack ,
B ow e, H y d e , C heshire.

L . 1925. A shw ell, E . C., “  K en w y n ,” S tafford  
R o ad , W ad d o n , C roydon.

B . 1924. A sto n , A ., “ H o lly  B a n k ,”  Sedgley
R o ad , W est Tipton^, S taffs.

L . 1911. A ston , W . H ., 46, E ag le  W h arf R o ad , 
L ondon , N .

B. 1921. A they  (M ajor), J .  W ., F o rd a th  E ng .
Co., L td ., H a m b le t W orks , W est 
B rom w ich.

N . 1918. A ynsley , W . B ., 62, B a th  L ane,
N ew castle  -on -T yne.

L. 1925. B agshaw e, A. W . G., K in g sb u ry ,
D u n stab le .

B . 1920. B all, F . A ., c/o B all B ro s., S tra tfo rd -  
on-A von.

Sc. 1923. B a llan ty n e , H . D ., 91, D ru m o v e r 
D rive , P a rk h e a d , G lasgow.

M. 1926. B arb o u r, A. R ., B on  L ea  H ouse ,
T h o rnaby -on  -Tees.

L . 1923. B argellesi, G ., Casella 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 . 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 r tra m , J . ,  369, G rove G reen R o ad , 
L ey to n sto n e , E . l l .

M. 1926. B ash fo rd , T . E ., “ H illin g d o n ,” Sou th  
R o ad , N orton-on-T ees.

E .M . 1921. B a tes , W . R ., U n ited  S teel C om panies, 
L im ited , I r th lin g b o ro ’ Iro n  W orks, 
W ellingboro’.

—  1926. B ax te r, J .  P ., M orro V elho, E .F .C .,
R aposos M inas, B razil, S. A m erica.
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W. & 1922. B ayley , J .  P ., “ T y-gw yn ,” C lytha
M- P a rk , N ew port, Mon.

L. 1920. B eech,A . S .,97, Q ueen V ictoria  S tree t, 
L ondon , E.C.

Sc. 1910. Bell, W ., 1, George S tree t, A irdrie.
1922. Bell, W m . D ixon , 72, R ad sto ck  R oad , 

I tch en , S ou tham pton .
L. 1919. B enbow , M., “ O m bersley,” C arring 

to n  R oad , D a rtfo rd , K en t.
Lncs. 1925. B en n e tt, A ., 112, Old R oad , F low ery  

F ie ld , H yde, Cheshire.
L. 1926. B en n e tt, F . H ., “ H oly rood ,” 12,

K ilm arton  R oad , G oodm ayes, 
E ssex .

S. 1920. B enson, E . C., 303, Fulw ood R oad , 
Sheffield.

.R. 1922. B entley , J .  N ., 6, Cocklington Terrace,
of Y. H u ll R oad , Y ork.
Lncs. 1922. B en tley , L. A., W ood E nd , B rom ley 

Cross, B olton .
B. 1924. B ethell, R . P ., 51, S u tto n  R oad ,

W alsall, Staffs.
B. 1925. B e ttin son , C. L ., H all Green, B irm ing

ham .
E.M . 1915. Bigg, C. W ., Som eries, D arley  Lane, 

A llestree, n r. D erby.
S. 1918. Biggin, F ran k , R ye Lodge, A shland 

R oad , Sheffield.
S. 1921. B irchall, T .,L a teb rook  H ouse,G olden- 

hill, S toke-on-T ren t.
B. 1920. B irk e tt, W ., 11, R aleigh R oad ,

C oventry .
N. 1921. B irtley  Iro n  C om pany (Subscribing 

F irm ), B irtley , Co. D urham .
B. 1922. B lackburn , W . A., “ W y n sty ,” L ich 

field R oad , R ushall, Staffs.
—  1919. B lair, A ., 7, D erryvolgie A venue,

B elfast.
B. 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 u rn 

ham -on-C rouch .

T ear
B’nch. oi MEMBERS.

Election.
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E.M . 1919. B o o th , J .  H ., F le t to n  Spring H ouse, 
P e te rb o ro u g h .

L . 1920. B o o th , P . M., 4, E rch in g h a m  P a rk  
R o ad , C hurch  E n d , F inch ley , N .3 .

W .R . 1922. B oyle, J . ,  Sw ann & D av idson , L td .,
of Y. C arrick  F o u n d ry , S tann ing ley ,

L eeds.
N . 1922. B ra ilsfo rd , A ., 18, E lsw ick  R ow ,

N ew castle  -on -T yne.
S. 1921. B reak ey , J .  E ., A bbeydale  H a ll,

D ore, n r . Sheffield.
L. 1926. B rend le , T . F ., B u rm a  R a ilw ay

Q trs ., In se in , L ow er B u rm a.
L ncs. 1914. B ridge, W ., 199, D rak e  S tree t, R o c h 

da le , L ancs.
S. 1922. B rig h ts id e  F o u n d ry  E ng ineering

Co., L td . (Subscrib ing  F irm ), 
W icker W orks, Sheffield.

M. 1926. B ritish  Chilled R o ll E ng ineering  Co., 
L td . (Subscrib ing  F irm ), E m p ire  
W orks, H a v e rto n  H ill, M iddles
brough .

L ncs. 1919. B road , W ., 230, D um ers L ane, R ad - 
cliffe, L ancs.

S. 1922. B row n, E . J . ,  11, N ew lyn  P lace, 
W oodseats, Sheffield.

W .R . 1917. B row n, P ., P a rk  W orks , L ockw ood,
of Y . H uddersfield .
S. 1919. B row n, P . B ., 12, G ladstone  R o ad , 

Sheffield.
Lncs. 1924. B ruce, A ., “ R ose B a n k ,” Sw anpool 

L ane, A ugh ton , O rm sk irk , L ancs.
B . 1926. B u ch an an , G ., “ T he W h im ,” W ilk in 

son  A venue, B rad ley , B ilston .
—  1922. B ull, R . A ., 541, D iversey  P a rk w ay ,

Chicago, 111., U .S.A .
L. 1924. B ullers, W . J . ,  77, C oleraine R o ad , 

B lack h ea th , S .E .3.
Lncs. 1924. B ullock, T . W ., “ S h irley ,”  W a rr in g 

to n  R o ad , R a in h ill, L iverpool.
E .M . 1910. B u n tin g , H ., 17, M arcus S tree t,

D erb y .
E.M . 1905. B u rd e r, K . M., “ C lavering ,” A shby , 

R o ad , L o ughbo ro ’.

Year
B 'neh. of MEMBERS.

Election.
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B. 1922. B u m . A. J .  H „  34, Old R oad , 
L lanelly , S. W ales.

W .R . 1922. B urn ley , H .,N o rcro ft F o und ry , L ister
of Y . H ills, B rad fo rd , Y orks.
S. 1923. B u tle r, J . ,  63, D eepdale R oad , R o th e r

ham .
L ncs. 1926. B u tto n , L . J . ,  294, N antw ich  R oad , 

Crewe.
—  1909. C addick, A. J . ,  83, B orough R oad ,

M iddlesbrough .
Lncs. 1926. C adm an, E ., 69, M anchester R oad , 

Fairfield , M anchester.
Sc. 1917. Cam eron, J .  (Cameron & R oberton , 

L in ited), K irk in tilloch .
Sc. 1919. C am eron, T . P . (Cam eron & R o b e r

to n , L td .), K irk in tilloch .
S. 1922. Camm ell L aird  & Co., L td ., (S ub 

scrib ing F irm ), Cyclops Steel and  
Iro n  W orks, Sheffield.

Sc. 1911. Cam pion, A. (H onorary  Life), 3, 
S tra th  view G ardens, B earsden, 
Glasgow.

S. 1923. C antrill, W . H .,249,C hatsw orth  R oad , 
C hesterfie ld .

N . 1912. C arm ichael, J .  D . (Life), 10, S yden
ham  T errace, South  Shields.

N. 1912. C arm ichael, J .  D ., Ju n . (Life), 9, Bel- 
grave  G ardens, H a rtó n , S ou th  
Shields.

S. 1918. Carnegie, W ., F irs  H ill H ouse, P its- 
m oor, Sheffield.

L. 1919. C arpenter, H . C. H ., P ro f. (H on.), 
30, M urray  R oad , W im bledon, 
S.W .19.

S. 1921. Castle, Geo. Cryil, 141, R ustlings 
R oad , Endcliffe, Sheffield.

Lncs. 1905. Chadwick, J .  (Life), 12, N u tta ll T e r
race, B olton .

Lncs. 1919. C hadwick, J .N .  (Life m em ber), School 
H ill Ironw orks, B olton .

L. 1919. C heesew right, W . F . (Col.), D .S.O ., 
5, D uke S tree t, A delphi, W .C .2.

L. 1925. Chell, E ., A .M .IJM ech.E., 68, F em - 
dene R oad , L ondon, S.E.24.

Year
B ’nch. of MEMBERS.

Election.
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B ’nch. of M EM BERS.
E lection.

1923. C lam er, G. H ., 129. So. B erkeley  
S quare , A tlan tic  C ity , N .Y .

L ncs. 1918. C lark, A ., 133, D en to n  R o ad , A uden- 
shaw , M anchester.

S. 1922. C lark , G., 61, W estbou rne  R oad , 
Sheffield.

L. 1915. C lark , H . S., 17, Filey> A venue, S toke 
N ew ing ton , L ondon , N .

M. 1926. C lark , W . H ., 90, M arton  B u m  R oad , 
M iddlesbrough .

L. 1917. C leaver, C., 10, R in g c ro ft S tree t,
H o llow ay , N .I .

W . & 1917. C lem ent, W . E ., M orfa F o u n d ry , New
M. D ock, L lanelly .

L. 1913. C oan, R ., A lum in ium  'Foundry, Gos- 
w ell R o ad , E .C .

Sc. 1917. C ockburn, N ., 48, M urrayfield , G a r
dens, E d in b u rg h .

L. 1925. C ockram , G. F ., 54, M urray  R oad , 
Ipsw ich .

L. 1926. Coggan, H . F ., Saville C ourt, 49,
Saville P a rk  R o ad , H alifax .

N . 1926. Colls, F . C., “ A sh cro ft,”  S t. M ark ’s '  
A venue, H a rro g a te , Y ork.

L. 1922. Coll, J . ,  C om andancia  G eneral de
Ingen ieros, Sevilla, Spain .

N . 1912. Collin, J .  J . ,  55, C leveland R o ad , S u n 
d e rlan d .

N . 1916. Collin, T . S., 4, A rgyle S quare , S u n 
d e rlan d .

N . 1922. C onse tt I ro n  Co., L td . (Subscrib ing 
F irm ), C onsett, Co. D u rh am .

B . 1904. Cook, F . J . ,  31, P o p la r  A venue,
E d g b as to n , B irm ingham .

N . 1921. Cooke, W . W ., 40, S efton  A venue, 
H ea to n , N ew castle-on-T yne.

L ncs. 1911. Cooper, C. D ., D o lph in  F o u n d ry ,
C hapel S tree t, A ncoats, M anches
te r .

N . 1921. C ooper, J .  H ., 5, T rin ity  R oad ,
D arlin g to n .

Year
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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.

S. 1924. C o ttle , E . H y ., 58, M ount S tree t, 
L incoln.

L ncs. 1924. Cowlishaw, S. D ., 7, Tem ple S tree t, 
B asford , S toke-on-T ren t.

L. 1925. Cowper, L ., 159, Eversleigli R oad , 
L avender H ill, S .W .ll .

E.M . 1914. Cox, J .  E . (The R u tlan d  F ound ry  
C om pany, L im ited), Ilkeston .

B. 1919. Craig, A ., E a rlsd o n  H ouse, E arlsdon , 
C oventry .

'L ncs. 1924. Craig, A ., 20, M o ttram  R oad , S taly- 
b ridge.

B. 1922. C ram b, F . M., 5, T riangle V illas,
O ldfield P a rk , B a th .

L. 1920. Creek, W ., 2, E lean o r R oad , S t r a t 
fo rd , E .

L. 1911. C reighton, T . R ., T he F ound ry , S te p 
n ey  C ausew ay, E .

W .R. 1922. C roft, F ran k , 52, P o lla rd  L ane, B rad-
of Y. ford .
B. 1920. Cross, Jo h n  K ., 152, Y ard ley  W ood 

R oad , Moseley, B irm ingham .
L. 1923. C urtis, A. L ., 39, L ondon  R oad ,

C hatteris , Cam bs.
M. 1926. C rosthw aite, C., T h o m ab y  H all,

T h om aby-on  -Tees.
M. 1926. C rosthw aite, L td ., R . W . (Subscribing 

F irm ), U nion F ound ry , T hom aby-. 
on-Tees.

Lncs. 1925. D aniels, W ., 74, S m eth u rst Lane, 
B olton .

B. 1921. D anks, A ., “ N orth fie ld ,” H ucclecote, 
G loucester.

N . 1925. D arling ton  R ailw ay  P la n t and
F o u n d ry  Co., L td . (Subscribing 
F irm ), B an k  T op, D arling ton .

—  1926. D arn is , I . S., R am pas de U rib ita rte
2-1 , B ilbao, Spain.

L ncs. 1926. D av en p o rt, J . ,  M yrtle B ank , Grim - 
sa rgh , P res ton .

Year
B ’ncli. of MEMBERS.

Election.
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Y ear
B ’neh. of M EM BERS.

E lection .
—  1919. D av ies, P . N ., 29, B runsw ick  R o ad ,

B runsw ick , M elbourne, V ic to ria , 
A u stra lia .

L . 1923. D aw es, C. E ., 26, K e s to n  R o ad , 
W est G reen, X . 15.

L ncs. 1924. D aw son, S. E ., 8, L y n to n  P a r k  R o ad , 
C headle, H u lm e, C heshire.

S. 1916. D aw son, W . J . ,  H adfields, L td ,,
X ew hall R o ad , Sheffield.

L ncs. 1924. D e a k in , F ., 14, B elfield  R o a d , R e d 
d ish , S to ck p o rt.

—  1925. D ean , j .  P ., c /o  H o are  & Co. (E n g i
neers), L td .,  P .O . B o x  22, C olom bo, 
C eylon.

M. 1919. D eas, P ., 4, B lenheim  T errace , Chat
h am , R ed car.

L. 1925. D el p o rt , V ., 2 -3 , C ax ton  H ouse ,
S .W .l.

B. 1924. D enham , H ., “  Birc-hwood,” W alsall 
R o ad , A ldridge, S taffs.

S. 1917. D esch. C. H „  P h .D ., D .Sc., F .I .C .,
T he LTiiversity , Sheffield.

L . 1926. D ew s, H . C. (D ew rance & Co.),
165, G rea t D o v er S tree t, S .E .l .

B . 1921. D icken , C harles, H ., 2, A sh  S tree t, 
D a isy  B an k , B ils ton .

S. 1924. D idden , F . G. J . ,  B ro ad  E lm s L ane, 
Sheffield.

L. 1914. D obson , W . E ., “  X ew lvn ,”  G rand  
D riv e , R aynes P a rk , S.W .

B . 1926. D odd , W ., 68, A llpo rt R o ad , C annock, 
S taffs.

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 o u lto n , B . (L ife), 3, B erry lan d s,
S u rb ito n , Surrey .

S. 1921. D uckenfield , W ., 47, D u n k e ld  R o ad , 
E cclesall, Sheffield.

L. 1925. D u m a n , F ., 43, G rove R o ad , Mill-
houses, Sheffield.

L ncs. 1926. D u rran s , J . ,  T h e  C roft, Pen is tone .
S. 1921. E d g in to n , G ., S ilverda le .S t.M argare t’s 

D rive , C hesterfield .
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B ’nch of M EM BERS.
Election.

B. 1922. E dw ards, A ., “ D u n b a r ,” Old B a th  
R o ad , C heltenham .

N. 1921. E ld red , E . J . ,  8, F o rd  S tree t, G a tes
head-on-T yne.

L. 1909. E llio t, A ., In g a te  Ironw orks, Beccles.
L. 1904. E llis, J . ,  20, L am bourn  R oad , Clap-

h am  Ju n c tio n , L ondon , S.W .4.
S. 1918. E lliss, J .  A ., 217, M iddlew ood R oad ,

Sheffield.
S. 1913. E lse, L . H ., 79, Osborne R oad ,

Sheffield.
Sc. 1925. E nglish , J . ,  L im e R oad , F a lk irk .
L. 1919. E step , H . Cole, T he P en to n  P u b lish 

ing  Co., P en to n  B uilding, Cleve
land , Ohio, U .S.A .

L. 1926. E v an s, S., 60, B rian  R oad , N orbury , 
S.W .16.

E.M . 1918. E v an s, W . T ., M ount P leasan t,
Sunny  H ill, N orm anton .

S. 1920. F airho lm e, F . C., C hurchdale H all, 
n r . B akew ell, D erbysh ire .

Lncs. 1926. F a rr in g to n  S teel F o u n d ry  of L eyland 
M otors, L td . (Subscribing F irm ), 
L ey land , L ancs.

L. 1908. F au lk n er, V. C., 49, W ellington
S tree t, S tran d , L ondon, W .C .2.

S. 1910. Feasey , J . ,  192, W est P arad e , Lincoln.
N . 1918. F ender, B ., 15, K enilw orth  R oad ,

M onkseaton, N orthum berland .
B. 1914. F ield , H ., “  G lenora,” R ichm ond

A venue, W olverham pton .
B. 1904. F inch , F . W . (H onorary), 52, D e n 

m a rk  R oad , G loucester.
S. 1914. F ir th , A ., ju n r ., 50, C larendon R oad , 

Sheffield.
S. 1914. F ir th , F . W ., “ S to r th  O aks,”  R an- 

m oor, Sheffield.
M. 1926. F isher, F . E ., 2, A lbert T errace,

H a v e rto n  H ill, M iddlesbrough.
—- 1907. F lagg, S. G. (H onorary), 1,407, Morris

B uildings, Ph iladelph ia , P enn ., 
U .S.A.

Year
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B. 1923. F lav e l, P ., B u sh b u ry  L odge, L eam ing 
ton .

B . 1922. F le tch e r, J .  E ., 8, S t. Ja m e s  R o ad , 
D ud ley , Staffs.

Lncs. 1923. F low er, E ., 7, M arlborough  S tree t, 
H ig h er O penshaw , M anchester.

W . & 1907. F o n ta in e , C., D ock  F o u n d ry  .N ew port, 
M. Mon.

Sc. 1917. F orbes, J .  T ., 176, W est G eorge
S tree t, G lasgow.

B . 1926. F o rd a th  E ng ineering  Co., L td . (S u b 
scrib ing  F irm ), H a m b le t W orks , 
W est B rom w ich .

N . 1919. F o rtu n e , T. C., 76, F a lm o u th  R o ad , 
H ea to n , N ew castle-on-T yne.

B. 1919. Fosseprez, G., 3, R u e  d u  G rand  Jo u r , 
M ons, B elgium .

B. 1920. F osto n , G. H ., Iv y  B an k , B a lsa ll
C om m on, B erksw ell, n r . C oven try .

—  1926. F ox , F . S., 147, F o lesh ill R o ad ,
C o v en try .

W .R . 1926. F ram e , J .  Y ., 19, S herbu rn  S tree t,
of Y . H u ll.
L . 1920. F ra n k , A. C., “ R ozel,”  K n a tc h b u ll 

R oad , -H arlesden, N .W .
Sc. 1920. F ra se r, A. R ., C ra igard , B earsden ,

Glasgow.
N . 1914. F rie r , J .  W ., 6, N o rth u m b erla n d  V illas, 

W allsend-on-T yne.
L. 1919. F u rm sto n , A. C., H ope C o ttage , 211, 

N eville  R o ad , L e tch w o rth .
W . & 1924. G alle tly , J .  P ., B en  C leuch, P encise ly  

M. R o ad , Cardiff.
N . 1912. G allon , M. E ., c/o  Y ounger & G allon, 

A tla s  F o u n d ry , D unston -on -T yne .
N. 1921. G ard in er, E . T ., H o p p y lan d  H ouse, 

A lb e rt H ill, B ishop  A uck land .
Sc. 1919. G ard n er, J .  A ., 24, S ou th  H am ilto n  

S tree t, K ilm arnock .
L. 1922. G ardom , J .  W ., 39, S t. P e te rs  R oad , 

D u n stab le , B eds.
W .R . 1922. G arfo rth , E . P ., 48, H aslingden  D riv e ,
of Y . T o ller L ane. B rad fo rd .

B’ach. l ofir MEMBERS.
Election.
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Lncs. 1922. G arner & Sons, L im ited  (Subscribing 
F irm ), V ic to ria  S tree t, O penshaw , 
M anchester.

L ncs. 1922. G a rn e tt, N ., B u ry  N ew  R oad , K ersal, 
M anchester.

Lncs. 1919. G arts ide , F ., 18, George S tree t, Chad- 
d e rton , Lancs.

L . 1922. G ibbs, A. F ., 55, G ordon R oad , 
W an stead , E . l l .

N . 1925. G ill. C. S., W estbank , C onsett, C ounty 
D urham .

Sc. 1920. G illespie, P ., “ G lenora,” F a lk irk
R oad , B onnybridge.

Sc. 1925. G illespie, W . J .  S., U re A llan P a rk , 
B onnybridge , S tirlingshire.

E .M . 1915. G im son, H ., “ R hosco lyn ,” Toller
R oad , Leicester.

E .M . 1906. G im son, S. A ., 20, Glebe S tree t, 
Leicester.

B . 1920. G lover, S ., R ookery  F arm , K eresley, 
n r. C oventry .

S. 1905. Goodwin, J .  T ., R ed  H ouse, O ld W h it
tin g to n , Chesterfield.

N . 1922. G ordon-L uhrs, H en ry , 52, M oorside, 
F enham , N ew castle-on-Tyne.

M. 1926. G ore, G. E ., “ R osedene,” A ustin  
A venue, Stockton-on-T ees.

W . & 1917. G ould, P . L ., V ulcan F oundry , E a s t 
M. M oors, Cardiff.

W . & 1918. G ould, W . C., 7, B road  S tree t, B arry . 
M.

Sc. 1921. G raham , J . ,  68, Sherbrooke A venue, 
M axw ell P a rk , Glasgow.

Lncs. 1922. G r a n d i s o n ,  W . H ., 113, A lbert Avenue, 
Sedgley P a rk , P restw ich, M an
chester.

L . 1926. G range, R ., 40, AUcroft R oad , Q ueen’s 
C rescent, L ondon, N .W .5.

Lncs. 1920. G ran t, G. C. (Sir W . G. A rm strong, 
W hitw orth  & Com pany, L im ited), 
A shton  R oad , O penshaw , M an
chester.

N . 1921. G ray, C. R ., 14, L a tim er S tree t,
T ynem outh .

Year
B ’nch. o£ MEMBERS.

Election.
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L. 1926. G ray, T . H ., E a s tc o te  L odge, R ich  
m o n d  R o ad , N ew  B a rn e t. ,

B . 1925. G reensill, G. B ., “  L y n n ,”  Jo ck ey
R o ad , S u tto n  Coldfield.

N . 1912. G reensitt, R . H ., 24, S tu a r t  T errace , 
Felling-on-T yne.

E.M . 1920. G reenw ood, R ., T he In te rn a t io n a l 
C om bustion  E ng ineering  Co., 
D erby .

N . 1917. G resty , C., 101, Q ueen’s R oad , M onk- 
sea ton .

W . & 1906. G riffiths, H ., 70, P a rtr id g e  R o ad ,
M. Cardiff.

S. 1910. H adfield , S ir R . A. (H on.), H adfields, 
L im ited , H ec la  W orks, Sheffield.

L ncs. 1906. H aigh , J . ,  “ S toneclough ,” C arr L ane, 
S anda l, W akefield .

W . & 1924. H aines, A. D ., P e n y b ry n , T ynypw ll
M. R o ad , W h itch u rch , G lam .

W .R . 1919. H aley , G. H ., N ab  W ood H ouse , 6,
of Y. T ow er R o ad , Shipley, Y orks.
L. 1926. H a ll, S., 31, R o b in  H ood  R o ad ,

B ren tw ood , E ssex .
N . 1922. H am ilto n , C. J . ,  30, M alvern  S tree t, 

N ew castle  - on -T yne.
L ncs. 1923. H am m ond , R ., 37, C hurch  R oad ,

S m ith ills, B olton .
E .M . 1914. H am m ond , W m ., Sam son F o u n d ry , 

S yston , L eicester.
Lncs. 1904. H am pson , F . R . (J . E v a n s  & C om 

p an y ), B rita n n ia  W orks, Cross
S tree t, B lack friars, M anchester.

S. 1926. H a m p to n , C. W ., 5, C horley  D rive , 
F u lw ood , Sheffield.

S. 1925. H ardw ick , H ., C em etery  R o ad , D ron- 
field, n r. Sheffield.

L. 1921. H arfo rd , A. E ., C ap t., 85, S u m a tra  
R oad , W est H am p stead , N .W .6.

B . 1910. H arley , A ., A shlea, S toke P a rk ,
C oventry .

B. 1925. H a rp e r, W . E ., E nv ille  R o ad , K in v er, 
S taffs.

L . 1918. H arris , A. J .  A. (C apt.), 41, H igh
R oad , B a lb y , D oncaste r, Y orks.

Year
B ’nch of MEMBERS.

Election.
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Tear
B 'uch. of M EM BERS.

E lection .

M. 1926. H a rro d , H ., 15, E gglestone T errace, 
S to ck to n  -on -Tees.

Lncs. 1918. H a rtle y , W m . A lexr., S tonebridge 
F o u n d ry  C om pany, L im ited , Colne.

-— 1922. H arv ey , A ndré, 118, Spring R oad ,
K em pston , B edford .

S. 1909. H atfie ld , W . H ., D .M et., T he B row n 
F ir th  R esearch  L ab o ra to ry , P r in 
cess S tree t, Sheffield.

N . 1921. H aw th o rn , Leslie & C om pany, R .
& W . (Subscribing F irm ), S t. 
P e te r ’s W orks,N ew castle-on-T yne.

L ncs. 1925. H ea tle y , J . ,  146, R ed lam , B lackburn .
L ncs. 1918. H elm , R . W ., c/o  F ranc is  H elm , L td ..

V ic to ria  F o u n d ry , P ad iham , 
Lancs.

—  1926. H enderson , P .C ., M .P ., T he R ig h t
H on . A rth u r  (H onorary), 33, 
E ccleston  Square, L ondon , S .W .l.

Lncs. 1923. H ensm an , A. R ., 121, P ly m o u th
G rove, C harlton-on-M edlock, M an
chester.

N . 1913. H e rb s t, M. B ., 23, Saltw ell View, 
G ateshead  - on-T yne.

L ncs. 1926. H esk e th , F ., Y arrow  C ottage, B road 
L ane , R ochdale .

L ncs. 1925. H esk e th , F . J . ,  23, M uriel S tree t, 
R ochdale .

Sc. 1917. H e th e rin g to n , R ., 105, W est George 
S tree t, ^Glasgow.

B . 1926. H ic a tt ,  H . J . ,  S ou th  B ank , B rierley  
H ill, S taffs.

L . 1926. H id e r, G. E ., L au ris to n  V illas, T o r
quay .

W . & 1912. H ird , B ., “ W oodcot,” U pper Cwm- 
M. b ran , n r. N ew port, Mon.

L  1923. H obbs, F . W . G., S tan d ard  B rass
F o u n d ry , P .O . B ox 229, Benoni, 
T ransvaa l, S.A.

Sc. 1919. H o d g art, H . M., V ulcan W orks, 
Paisley .

Lncs. 1923. H odgkinson, A ., F o rd  L ane W otks, 
P end le ton , M anchester.
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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 eeehw ood T e r
race , S underland .

Lncs. 1912. H ogg, J . ,  321, M anchester R o ad , 
B u rn ley , L ancs.

B . 1924. H om er, W . A ., “ D o uv ille ,”  Lech- 
field, R u sh a ll, S taffs.

N . 1919. H olm es, C. W . H ., M .M et., c/o
B irtley  I ro n  Co., B irtley , Co. D u r 
ham .

Sc. 1914. H ood , J o h n  M eL ay (Life), 54, M axw ell 
D rive , P o lloksh ie lds, G lasgow.

Lncs. 1919. H orrocks, B ., 1, Je rse y  S tree t, A sh ton- 
und er-L y n e .

L. 1920. H ousby , I . ,  369, N orw ich  R o ad ,
Ipsw ich .

Lncs. 1922. H o w ard  & B ullough , L td . (S u b 
scrib ing  F irm ), A ccring ton , L a n c s .

L . 1924. H u n t, N . H ., 15, W a n tz  R o ad ,
M aldon, E ssex .

L . 1920. H u n t, R . J . ,  “  G reenh ills ,”  E a r ls
Colne, E ssex .

N. 1920. H u n te r, H y ., 1, M anor T errace , T y n e 
m o u th .

L ncs. 1917. H u n te r, H . E „  B a r to n  H a ll E ng ine  
W orks, P a tr ic ro f t,  M anchester.

N . 1919. H u n te r , Sum m ers, C .B .E ., J .P . ,  1,
M anor T errace , T y n em o u th .

B. 1907. H u rren , F . H . (T he R o v e r C om pany 
L im ited ), M eteor W orks, C oven try ,

S. 1920. H u rs t ,  F . A ., W oofindin  A venue,
R an m o o r, Sheffield.

S. 1914. H u rs t , J .  E ., N ew to n  C ham bers an d  
Co., L td ., C hapeltow n, Sheffield.

L. 1925. H u tto n , R . S., D .Sc., T he G reenw ay, 
H igh  W ycom be, B ucks.

S. 1911. H y d e , J .  R ., A .M .I.M ech .E ., 27, H a s t 
ings R o ad , M illhouses, Sheffield.

S. 1922. H y d e , R o b e r t & Son, L td . (Subscrib- 
. ing  F irm ), A bbeydale F o u n d ry , 

W oodseats, Sheffield.
Sc. 1925. H y m an , H ., P h .D ., 55, D ixon A venue, 

Crosslull, Glasgow.

Year
B'nch. oi M EMBERS.

Election.
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S. 1915. Jack so n , L ., 2, R ichm ond A venue, 
P a rk  L ane, Sheffield.

L . 1925. J a d o u l, J .  E ., 28, D aisy  B an k  R oad , 
L ongsigh t, M anchester.

L. 1925. Jam es, A. W ., 1, B room hill R oad , 
Ipsw ich .

L . 1911. J a rm y , J .  R ., “ A jaccio,” A bbey R oad , 
L eiston , Suffolk.

W . & 1924. Jen k in s , T ., 51, T ydvil S tree t, B arry .
M.

S. 1917. Jen k in so n , S. D ., Cromwell H ouse, 
W incobank , Sheffield.

L. 1904. Jew son , H ., E a s t  D ereham , N orfolk.
L . 1921. Jew son , K . S., 4, Coopers Terrace,

G earing R oad , D ereham , N orfolk.
E .M . 1909. Jobson , V ., T he D erw en t F oundry  

C om pany, D erby.
L ncs. 1920. Jo lley , W ., Breeze H ill, U rm ston

L ane, S tre tfo rd , M anchester.
L ncs. 1922. Jones , G. A ., 54, F o x  S tree t, E dgeley, 

S tockport.
B. 1925. Jones , O. P ., 25, R a th b o n e  R oad, 

B earw ood, B irm ingham .
S. 1921. K ayser, J .  F ., 30, O akhill R oad ,

N e th e r E dge, Sheffield.
L ncs. 1925. K elly , A. F ., 31, W indbourne R oad , 

S t. M ichaels, L iverpool, S.
L. 1917. K elly , Ja s .,  74, R otherfie ld  S treet, 

N .I .
Lncs. 1922. K en t, C. W ., 16, B eech Grove, W ith- 

ing ton , M anchester.
Lncs. 1919. K enyon , H . W ., Lim e M ount, W halley  

R oad , A ccrington.
Lncs. 1910. K enyon , M. S., W aterloo , W halley  

R oad , A ccrington.
Lncs. 1904. K enyon , R . W .. E n tw istle  & K enyon, 

L im ited , A ccrington.
Lncs. 1907. K ey , A. L ., 271, R edd ish  R oad , S. 

R edd ish , S tockport.
Sc. 1914. Kang, D ., K eppock Ironw orks, Possil 

P a rk , Glasgow.

Year
B’nch. of MEMBERS.

Election.

2 e
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Sc. 1904. K ing , J . ,  100, W elling ton  S tree t, 
G lasgow .

W . & 1924. K insm an , W . S., 116, M iskin  S tree t, 
M. Cardiff.

Sc. 1919. K in n a ird , George, 21, S t. A n n ’s D rive , 
G iffnock, Glasgow.

M. 1926. K innell & Co., L td ., C has. P . (S u b 
scrib ing  F irm ),V u lcan  I ro n  W orks, 
T h o m a b y  -on -T ees.

S. 192f>. K itch in g , W . T ., c/o  J o h n  F ow ler, 
D on  F o u n d ry , Sheffield.

L. 1922. L ake, W . B ., M oun t P lace , B ra in tree , 
E ssex.

L. 1921. L am b ert, W esley , J .  S to n e  & Co., 
L im ited , D ep tfo rd , S .E . 14.

Sc. 1907. L andale , D . (Life), 36, G rea t K ing  
S tree t, E d inbu rgh .

B. 1919. L ane, F . H . N ., 46, H o ly h ead  R o ad , 
C oventry .

— 1922. L ane, H . M., 333, S ta te  S tree t, D e tro it,
M ichigan, U .S.A .

W . & 1925. L aw rence, E d w ard , 39, P en -y -d re , 
M. R h iw bina , n r. Cardiff.

L. 1921. L aw rence, Geo. D ., D onn ing ton , B ush- 
wood, L ey to n sto n e , E .U .

Lncs. 1918. L ayfield, R . P ., 42, M arsden  R o ad , 
B urn ley .

B. 1909. Lee, H ow l & C om pany, E ng ineers, 
T ip ton .

S. 1920. L eetch , S., 126, P i t t  S tree t, R o th e r 
ham .

—  1922. L ennox , D . W m ., T he H ig h  H ouse ,
L ad y e’s H ill, K en ilw orth .

— 1922. L eonard , J .  (H on.), 51, Q uai du
C anal, H e rs ta l, B elgium .

Lncs. 1922. Lewis, A. H ., 6, C overdale A venue, 
H ea to n , B olton .

W . & 1924. Lew is, B . E ., 6, T y  G w yn R oad , 
M. P o n ty p rid d .

W .R . 1922. L ia rd e t, A. A ., L ey land  M otors, L td ., 
of Y . L ey land , L ancs.
N . 1920. L illie, G ., “ B loom field,”  S tra th m o re  

R oad , R ow lands G ill ,, D u rham .

B’nch of MEMBERS.
Election.
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S. 1913. L ittle , J . ,  20, S t. A nn ’s Square, 
M anchester.

B. 1926. L loyd , YV., 285, A rthur' S tree t, Small 
H e a th , B irm ingham .

N. 1918. Logan, A. (R . & W . H aw tho rn , Leslie 
& C om pany, L td .), S t. P e te r’s 
W orks, N ew castle.

S. 1904. L ongm uir, P ., D .M et., 2, Queens R oad , 
Sheffield.

Lncs. 1913. L ongw orth , T . P ., M oorside, H orrocks 
F o ld , B olton .

W .R. 1910. Love, A ., 232, G ladstone. S tree t,
of Y. B radfo rd , Y orks.
W .R . 1913. L oxton , H ., H ill B ros., N evin  Foun-
of Y. d ry , Leeds.
E.M. 1913. L ucas, J . ,  “ Sherw ood,” F o res t R oad , 

L oughborough.
L. 1922. L uke, C. H ., “  R o sly n ,” Lyonsdow n, 

N ew  B arne t, H erts .
L. 1921. L um , H a rry , 54, P a rk  R oad , D artfo rd .
Sc. 1922. M acaulay, J .  M., B .Sc., A .M .I.M .E .,

52, A bbey D rive, G ordon H ill,

Year
B’nch. of MEMBERS.

Election.

Lncs. 1924. M acK ay, M., 191, E d m u n d  S tree t, 
R ochdale.

Sc. 1914. M acK enzie, Alex. D ., 35, B ra id  R oad , 
E d inburgh .

Sc. 1910. M ackenzie, L. P ., 5, P o lw arth  T errace, 
B alcarres S tree t, E d inburgh .

N. 1923. M ackley, J .  R ., “ M eadow croft,”
Stocksfield - on -T yne.

B. 1925- M addock, D . W ., 21, W aterloo  R oad , 
W ellington, Shropshire.

Lncs. 1917. M akem son, T ., 21, B eresford R oad , 
S tre tfo rd , M anchester.

S. 1921. M ander, T. G., N orris D eakin  B u ild 
ings, K ing  S tree t, Sheffield.

Lncs. 1919. M arkland, T. W ., 327, Tonge Moor 
R oad , B olton.

B. 1924. M arks, A ., F .I.C ., A .M .I.M ech.E .,
A .R .S.M ., 78, H im ley  R oad , D u d 
ley, W orcs.

2 e  2
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Lnos. 1922. M arsden & Son, J .  (Subscrib ing
F irm ), 188,R eg en t R oad ,L iverpoo l.

S. 1922. M arshall, J . ,  “ T he W illow s,”  B arrow  
H ill, Chesterfield.

L. 1922. M artin , M. J . ,  200, P a rk  R o ad , C rouch 
E n d , N.

L. 1924. M ason, W . C., R ich ard so n  & C ruddas, 
B ycu lla  Iro n  W orks, B om bay , 
In d ia .

S. 1915. M ather, T ., 149, C arholm e R oad ,
Lincoln.

N . 1912. M athew s, W ., 4, B urnside , W illing ton  
Q uay-on-T yne.

L. 1923. M aybrey, H . J . ,  B .A ., D .I.C ., 22a, 
G loucester R oad , S ou th  K e n sin g 
to n , S.W .7.

Sc. 1925. M cA rthur, J . ,  “ H a w th o rn ,” Shields
R oad , M otherw ell.

W . & 1922. M cClelland, J .  J . ,  “ D ru sly n ,”  B ishops 
M. R oad , W h itch u rch , G lam .

L. 1922. M cConnell, S. J . ,  44, B ly th e  V ale,
C atford , S.E .6.

N . 1922. M eCrory, C., 5, S ta tio n  R oad , W all- 
send-on-T yne.

N. 1924. M cD onald, J . ,  The V illa , W illing ton  
Q uay-on-T yne.

Sc. 1919. M cFedries, T ., 17, K irk ton lio lm  S tree t, 
K ilm arnock .

S. 1916. M cG rah, F . E ., “ R o seg a rth ,” W ood- 
field A venue, P enn , W o lv e rh am p 
ton .

L. 1919. M cIn tosh , A. E ., E n g in ee rs’ Club, 
C oventry  S tree t, L ondon , W .

Sc. 1922. M cK innon, G avin, 1477, D u m b arto n  
R oad , Sco ts toun , Glasgow.

Sc. 1923. M cK inty , J . ,  229, 82nd S tree t, B ro o k 
lyn , N .Y ., U .S.A .

Lncs. 1921. M cL achlan, Ja s .,  2, B roadoaks R oad , 
W ashw ay R o ad , Sale, n r. M an
chester.

— 1922. M cLain, D. (H on.), 710, G o ldsm ith ’s
B uild ings, M ilw aukee, W is., U .S.A .

Lncs. 1923. M cLean, C. G ., 14, J e m m e tt  S tree t, 
P res ton .

B’nch. of MEMBERS.
Election.



N. 1918. M cPherson, T ., M .B .E ., 21, P ercy  
P a rk  R oad , T ynem outh .

Sc. 1918. M cTurk, J .  B ., D o rra to r Iro n  Com 
p an y , F a lk irk .

Lnes. 1917. M eadow croft, W m . H ., 10, H am ble- 
do n  View, H abergham , B urn ley . 

Lncs. 1919. M edcalf, W ., 265, M anchester R oad , 
B urn ley , L ancs.

S. 1922. M elm oth, F . A ., “ T he C hale t,” Iv y  
P a rk  R oad , S andygate , Sheffield. 

L. 1920. M elville, A. C., F .I.C .
Lncs. 1912. M ilburn, J . ,  H aw kshead  E ngineering

W orks, W orking ton .
—  1919. Miles, F . W .
S. 1921. Miles, R . (M ajor), C hapeltow n, nr.

Sheffield.
Lncs. 1916. Miles, R d . A ., 46, D ean  L ane, N ew ton 

H ea th , M anchester.
Lncs. 1918. Mills, H ilton , 9, S tocks, A lkrington, 

M iddleton, Lancs.
— 1924. Mills, R . C., 90, K elsey S tree t, W ater-

b u ry , Conn., U .S.A.
— 1923. M itchell, A .M ., 470, V ictoria  A venue,

M ontreal, C anada.
Sc. 1920. M itchell, W . W ., D arroch , F a lk irk .
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),

W atchung , N ew  Y ork.
L. 1925. M oore, A. H ., S ta n d a rd  B rass F o u n 

d ry , B enoni, S. A frica.
E.M . 1914. M oore, H . H ., H olm w ood, Leicester 

R oad , L oughborough.
L. 1926. M oorwood, H . S., Onslow H ouse,

Sheffield.
N . 1912. M orris, A., Pa llion  F o und ry , S under

land.
B. 1925. M orris, D ., Q ueen’s R oad , T ip to n , 

Staffs.
L. 1925. M undey, A. H ., 14, W ro ttesley  R oad , 

W oolw ich, S .E.18.
B . 1926. M urray, J .  V ., 80, M anor H ouse R oad , 

W ednesbury .
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S. 1925. N elson, C., 93, H aw ksley  A venue,
H illsb ro ’, Sheffield.

S. 1918. N ew ell, E rn e s t, M .I.M eeh.E ., T he
T hom e, M isterton , via  D oncaster.

N . 1912. N ew ton , J .  W ., F lo ra  H ouse , Cobden 
S tre e t, D arlin g to n .

Lncs. 1920. N ew ton, Sam , L ino type  & M achinery  
L td ., A ltrincham .

L. 1924. N ika ido , Y. (L ieut.-C om .), H iro
N av a l W orks, K u re , J a p a n .

N . 1913. N oble, H ., “ T he C edars,” Low  F ell, 
Co. D urham .

Lncs. 1924. N oor, M oham ed S., 1, Z aki P ach a  
B uildings, G heit E l E d d a , A bdin , 
Cairo, E g y p t.

L. 1913. N orm an , A. J . ,  43, D unvegan  R oad , 
E lth am , S.E .

S. 1923. N o rth , T he H on ., J .  M. W ., “  L in d en 
h u rs t ,” Chesterfield.

N . 1921. N o rth -E as te rn  M arine E ng ineering
C om pany L td . (Subscrib ing F irm ), 
W allsend-on-T yne.

Lncs. 1918. O akden, E ., A .M .I.C .E ., F u r th e r  H ey , 
W oodley, n r. S tockport.

B. 1917. O’K eefe, W m ., 62, S tanhope  S tree t, 
B irm ingham .

N . 1920. O liver, R ., 35, E d ith  S tree t, Ja rro w - 
on-Tyne.

Lncs. 1921. O rm erod, J . ,  24, B a r re t t  S tree t,
B ury.

S. 1913. O sborn, S., Clyde Steel W orks, S hef
field.

L . 1906. O sw ald, J . ,  “ L o m o n d ,” 66, W e s t
m ore land  R o ad , B rom ley , K en t.

L. 1919. O tto , C. A ., 22, O w enite S tree t, A bbey  
W ood, S.E.

B . 1918. O ubridge, W . A., M .I.M .E . (B ritish  
P is to n  R ing  C om pany, L im ited ), 
H olbrook  L ane, C oventry .

S. 1921. O xley, G. H ., N o rto n  G range, n r. 
Sheffield.

S. 1915. Oxley, G. L ., V ulcan F o u n d ry , A tte r- 
c'liffe, Sheffield.

B ’nch. of MEMBERS.
Election.



839

S. 1910. Oxley, W ., V ulcan F ound ry , A tter- 
cliffe, Sheffield.

N. 1921. P a lm er’s S h ipbuild ing  & Iro n  Com
p an y  L td . (Subscribing F irm ), 
H ebburn-on-T yne.

W .R . 1922. P arker, W ., 22, Clay P its  Lane,
of Y. Pellon, H alifax .
E.M. 1905. P a rk e r, W . B ., 1, M urray  R oad,

R ugby.
W .R. 1907. P ark inson , J . ,  Shipley, Y orks.
of Y.
S. 1924. P arram ore , A ., C aledonian F o und ry , 

C hapeltow n, Sheffield.
N. 1923. P arsons, F . H ., “ A vondale ,” H ea ton  

P a rk  View, H eaton , N ew castle.
N. 1915. Parsons, H y . F ., “ A vondale ,”

H ea to n  P a rk  View, H ea to n , N ew 
castle.

N. 1912. P a tte rso n , R . O., T horneyholm e,
W ylam -on-Tyne.

N. 1912. P au lin , W . J . ,  1, S tann ing ton  Grove, 
H eaton , N ewcastle.

E.M. 1924. Peace, A. E ., C larem ont, L ittleover 
Hollow, n r. D erby.

B. 1924. Pearce, J .  G., B.Sc., D irector B ritish  
C ast Iro n  R esearch  Assn., C entral 
H ouse, 75, N ew  S tree t, B irm ing
ham .

E.M. 1913. P earson, N . G. (L ieut-C ol.), B eeston 
F o u n d ry  Com pany, L im ited , B ees
ton , N otts .

E.M. 1914. Pegg, S. J . ,  A lexander S tree t, L eices
te r.

Lncs. 1909. Pell, J . ,  17, M ersey S tree t, Rose- 
grove, B u rn ley , L ancs.

Lncs. 1922. P e lla tt, D. L., 43, H aw tho rn  R oad, 
D eane, B olton.

M. 1926. P en n ing ton , D . G., L ea  Close, M id
d le ton  S t. George, Co. D urham .

E.M . 1918. Perk ins, J .  E . S., “ H illm orton ,”
The P a rk , Peterborough .

Year
Bnc’h. of MEMBERS.

Election.
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B . 1920. P erks, C., Phoenix C astings, L td ., 
C oventry .

Lnes. 1919. P erry m an , W ., 17, H u rs t  S tree t, B ury . 
L . 1926. P isek , D r. M ont. F r . T echn ica l H igh  

School, B rno , C zechoslovakia.
L . 1926. P e tte rs , L td . (Subscrib ing F irm ), 

W estlan d  W orks, Y eovil.
L ncs. 1922. P lace, J .  H ., S ta tio n  R o ad , Sim on- 

s to n e , n r . P ad ih am , L ancs.
—  1919. P layer, E ., Cow Lees, A stley , n r.

N uneaton .
E.M . 1922. Pochin , R . E ., 246, Fosse R o ad , 

S ou th , Leicester.
Lncs. 1922. P o llard , J .  T ., 7, Pow ell S tree t, 

B urnley .
W .R . 1912. P o llitt, E . E . (P o llitt & W igzell), 
of Y . Sow erby B ridge.
Lnes. 1924. P ollock & M acnab (Subsid iary), L td .

(Subscrib ing F irm ), B red b u ry , n r. 
S tockport.

L ncs. 1926. Poole, J . ,  “ C levelands,”  B u ry  New  
R o a d , W hitefie ld  M anor.

W .R . 1922. Poole, W . H ., K ings G rove, V illa  
of Y. R oad , B ingley , B radfo rd .
S. 1923. P o rte r, H . W ., c /o  F . H aseld ine , 

B roadw ood, B eeston , N o tts .
B. 1919. P o tt ,  L. C., T he H ard w are  Mfg. Co., 

H ig h b u ry  L ane, C heltenham .
E.M . 1924. P o tte r , W . C., “  K en w aly n ,” Syke- 

field A venue, L eicester.
S. 1908. P restw ich , W . C., C ham w ood, Cecil 

R oad , D ronfield, Sheffield.
Sc. 1920. P rim rose, Jam es M ., M ansion H ouse  

R oad , F a lk irk .
B. 1924. P ritch a rd , P ., “  E a s tc o te ,”  S t. A gnes 

R oad , M oseley, B irm ingham .
E.M . 1904. Pulsford , F . C., “ K enm ore ,” San- 

dow n R oad , L eicester.
— 1922. R am as, E . (H onorary ), 2, R ue  de

C onstan tinople  P lace  de l ’E u rope, 
P aris .

N . 1912. R ang , H . A. J . ,  2, S t. N icholas B u ild 
ings, N ew castle-on-T yne.

840
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Lncs. 1919. R an icar, W ., 1, P a rr  S tree t, Tyldesley, 
Lancs.

Sc. 1923. R a ttra y , W . J . ,  c /o  B u m s & Co., 
L td ., H ow rah , B engal, Ind ia .

S. 1921. R aw lings, Geo., 23, B anner Cross
R oad , Sheffield.

B. 1909. R eason, H . L ., M .I.M ech.E .,
29, H allew ell R oad , E dgbaston , 
B irm ingham .

Sc. 1920. R ennie , A ., “  K iln s ide ,” F a lk irk .
Lncs. 1919. R head , E . L ., P rof. (H onorary), Col

lege of Technology, M anchester. 
S. 1923. R hvdderch , A ., 165, Shirebrook R oad ,

-Sheffield.
\Y. & 1925. R ich ard s , C. E ., 53, M erches G ardens, 

M. G range, Cardiff.
Lncs. 1919. R ichardson , W . B ., H ope F o u n d ry , 

F am w o rth , n r . B olton.
Sc. 1911. R iddell, M., D ungoyne, 35, A y to u n

R oad , Pollokshields, Glasgow.
M. 1926. R id sda le , N . D ., 3, W ilson S tree t,

M iddlesbrough.
M. 1926. R itch ie , R . J .  H ., C am bridge H ouse,

L in tho rpe , M iddlesbrough.
B. 1923. R o b e rts , E ., 39, R ad fo rd  L ane,

L eam ington.
B. 1919. R oberts , G. E ., “  R osedale ,” E arlsdon

A venue, C oventry .
Lncs. 1921. R oberts , G. P ., 153, B randlesholm e 

R oad , B ury , Lancs.
Sc. 1922. R obertson , D onald  M., G arrison C ham 

bers, F alk irk .
Sc. 1911. R obertson , R ., E tn a  Ironw orks, F a l

k irk .
W .R . 1908. R obinson, J .  G., 17, G ib ra lta r R oad , 
of Y . H alifax .
Lncs. 1912. R oe, S., 6, G ran tham  S tree t, O ldham .
—  1909. R oneeray , E . (H on.), 3, R ue P au l

Carle, Choisy-le-Roi, Seine, P aris, 
F rance.

—  1925. R opsy , P . A ., 27, R ue D odoens,
A ntw erp , Belgium .

—  1923. R oxburgh , W ., 271, C lifton R oad,
R ugby .

Year
B'nch ot MEMBERS.

Election.
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S. 1918. R ussell, I ’., c/o  G eneral R efrac to ries  
C om pany, L im ited , K elham  
Is lan d , Sheffield.

E.M . 1924. R ussell, P . A ., 88, D u lv e rto n  R oad , 
L eicester.

E .M . 1906. R ussell, S. H ., B a th  L ane, L eicester.
N . 1915. Sanderson, F . (Law son, W alto n  &

Com pany, L td .) , 2, S t. N icholas 
B uild ings, N ew castle-on-T yne.

S. 1921. S andford , J . ,  46, Clifford R o ad , Shef
field.

N . 1915. S aunders, J . ,  B orough R o ad  F o u n d ry , 
Sunderland .

B . 1921. S cam pton , Chas., S o u th  A venue,
S toke P a rk , C oventry .

B . 1910. S ex ton , A . H u m b o lt (H on. L ife), 6,
C larendon R o ad , S t. H elier,
Je rsey , C .I.

L. 1922. S hannon, H ., 112, M adrid  R oad ,
B arnes, S.W .

Sc. 1920. S harpe, D aniel, 100, W elling ton  S t., 
Glasgow.

S. 1906. Shaw , J . ,  39, M ontgom ery  R oad ,
Sheffield.

L . 1907. Shaw , R . J . ,  41, D o rse t R o ad , S ou th  
E aling , W .5.

M. 1922. Shaw , W . (Subscrib ing F irm ),
W elling ton  C ast S teel F o u n d ry , 
M iddlesbrough.

S. 1908. Sheepbridge C. & I. C om pany, L im ited  
(Subscrib ing F irm ), Sheepbridge 
W orks, Chesterfield.

B. 1922. Shenai, S. D ., E a s t  R o ad , T .D .
T em ple, Cochin, E . In d ia .

Lncs. 1907. S herbum , H . (Life), c /o  R ichm ond
Gas S tove an d  M eter C om pany, 
L im ited , G rappenhall W orks, W a r
ring ton .

L ncs. 1905. S herbum , W . LI. (Life), R o tlierw ood , 
S tock ton  H e a th , W arring ton .

L. 1913. Shillitoe, H ., “ W estw ood,” P o tte r ’s 
B ar, N .

Year
B’nch. of M EM BERS.

Election.



N. 1920. Shipley, H . J . ,  49, T heresa S tree t, 
B laydon-on-Tyne.

W .R . 1922. Shoesm ith, N ., 8, N oste r H ill, Beeston,
of Y. Leeds.
Lncs. 1907. Sim kiss, J . ,  A bington H ouse, H yde 

R oad , G orton, M anchester.
N. 1913. Sim m , J .  N ., 61, M arine Avenue,

M onkseaton.
Lncs. 1924. Sim pson, H ., 99, Peel S tree t, R o ch 

dale.
S. 1926. S ingleton, T ., 2, W arw ick S tree t,

Sheffield,
Sc. 1926. Skinner, P . J . ,  L ockend  H ouse, 

M aryhill, Glasgow.
W .R. 1921. Slingsby, W ., H ighfield  V illa, K eigh-
of Y. ley.
L. 1925. Sm all, F . G ., “ M eliden,”  B urdon

L ane, Cheam.
N. 1921. Sm alley, O., P a rk  V illa, T hrybergh , 

R o therham .
S. 1922. Sm ith , A ., “ O akroyd ,” D odw orth

R oad , B arnsley.
S. 1922. S m ith , A. Q ualter, 118, D odw orth

R oad , B arnsley.
B. 1925. Sm ith , B. W „ 104, S u tto n  R oad,

E rd in g to n , B irm ingham .
N. 1908. Sm ith , E ., Belle Vue, H arto n , South 

Shields.
S. 1921. Sm ith, F redk ., D evonshire Villas,

B arrow  H ill, n r. Chesterfield.
E.M. 1921. S m ith , George, C avendish Place, B ees

to n , N o tts .
N . 1905. Sm ith , J . ,  “ H a rto n  L ea ,” H arto n ,

S ou th  Shields.
M. 1926. S m ith , J .  D ., .19, S haftesbu ry  S tree t, 

S tock ton  -on -Tees.
N. 1917. Sm ith , J .  E ., 7, L ily  A venue, Jesm ond, 

N ew castle.
M 1926. S m ith , J .  L., “ H olm esdale ,” B illing - 

ham , n r. S tockton-on-T ees.
W .R . 1922. Sm ith , J .  W ., 96, Beech G rove,
0£ y . C layton R oad , B radford .
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N . 1922. S m ith  P a tte rso n  & C om pany , L im ited  
(Subscrib ing  F irm ), P ioneer W orks, 
B laydon-on-T yne .

N . 1913. S m ith , R . H ., 16, D u lv e rto n  A venue, 
S o u th  Shields.

N . 1919. S m ith , S. E ., W oodside, R ow lands 
G ill, N ew castle-on-T yne.

B . 1925. S m ith , W . S., 15, B roadfields R o ad , 
E rd in g to n , B irm ingham .

L. 1923. Snook, S. W . G., 30, L aw rence R o a d , 
T o tten h am , N .15.

L. 1914. Som m erfield, H . G., C harte rhouse  
C ham bers, C harte rhouse  S quare , 
L ondon , E .C .l .

S. 1925. Spafford , A rno ld  V ., Im p e ria l W orks , 
B row n S tree t, Sheffield.

E.M . 1914. Spiers, T . A ., “  B e lah ,”  M arston
R oad , L eicester.

—  1921. S ta n d a rd  M otor C om pany , L im ited
(Subscrib ing  F irm ), C anley, C ov
en try .

Lnes. 1922. S tave ley  Coal & Iro n  C om pany  
(Subscrib ing  F irm ), S tave ley  
W orks, n r. C hesterfield.

—  1910. S tead , J .  E . (H on. m em ber).
Sc. 1920. S teven , A. W ., L au ris to n  Ironw orks , 

F a lk irk .
E.M . 1914. S tevenson , E ., “  C h am w ood ,” A lb e rt 

A venue, C arlton  H ill, N o ttin g h am .
N . 1912. S tob ie , V ., O akfield, R y to n -o n -T y n e .
L. 1912. S tone, J . ,  106, H a r la x to n  R o ad ,

G ran th am .
—  1922. S tones, J . ,  2, M arshall R o ad , A gar-

p a ra , K a m a rh a t t i  P .O ., C a lcu tta , 
In d ia .

E .M . 1916. S tree t, W ., 20, B urle igh  R oad , L o u g h 
borough .

L ncs. 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 tu b b s , O. (H on. L ife), (J . S tu b b s , 
L im ited ), O penshaw , M anchester.

Lncs. 1919. S tu b b s , R . W ., 209, D ickenson  R oad , 
L ongsigh t, M anchester.

Year
B’nch. of MEMBERS.
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W .R . 1922. Sum m erscales, W . H . G., Rockfield, 
of Y. K eighley .
W .R . 1919. Summ ersgUl, H ., S tanacre  F ound ry , 
of Y . W app ing  R oad , B radford .
Lncs. 1926. S u th e rs t, R ., 8, R av en  S tree t, B ury .
—  1926. Sw aine, G., 50, Low er C ircular R oad ,

C a lcu tta .
S. 1918. Sw ift, L. J . ,  “  T he F a rm ,” H u n te r’s 

L ane, H andsw orth , Sheffield.
S. 1908. Sw inden,T ., D .M et., 26, O akhill R oad , 

N e th e r E dge, Sheffield.
W .R . 1912. Sykes, J .  W ., B irdacre  H ouse, Gomer- 
of Y . sail, Leeds.
B. 1925. T a rra n t, W . J . ,  E iffeldale, Longfleet, 

Poole, D orse t.
Lncs. 1924. T aylor, A ., 84, H o m b y  R oad , B lack

pool.
X. 1919. T aylor, C. R . R ., M anor H ouse, South  

Shields.
X. 1922. T ay lo r & Son, L im ited , C. W . (Sub

scrib ing F irm ), N o rth  E as te rn
F oundries, S ou th  Shields.

Lncs. 1911. T ay lo r, R . (Asa Lees & Com pany, 
L im ited), O ldham .

N. 1925. T ay lo r, T ., P o in t P leasan t H all,
W allsend-on-T yne.

Lncs. 1920. T hom pson, H ., 6, D obson R oad , 
B olton.

N. 1923. Thom son, A ., P ercy  H ouse , P ercy  
P a rk  R oad , T ynem outh .

W .R. 1922. T ho rn ton , W . G., 1,081, G rangefield 
of Y . A venue, T h o m b u ry , B radford .
L. 1924. T h o m y cro ft an d  Co., L td ., Jo h n  I.

(Subscribing F irm ) (T .D onaldson), 
Iro n  F o und ry , W oolston W orks, 
Sou tham pton .

M. 1926. T ho rpe , S. P .. 14, P a rk  T errace , 
S t ock ton  -on -Tees.

L. 1925. T ibbenham . L. J . ,  T he Lim es, Stow - 
m a rk e t.

M. 1926. T odd , H ., 26, Rockliffe R oad , Lin- 
th o rp e , M iddlesbrough.

Tear
B'nch. oi  MEMBERS.

Election.



846

—  1922. T ouceda, E . (H on.), 943, B roadw ay ,
A lbany , N .Y ., U .S.A .

Lncs. 1921. T ow n E n d  F o u n d ry  L td . (Subscrib ing  
F irm ), C hapel-en -le-F rith , D e rb y 
shire.

M. 1924. T oy , S. V., T he R idge, S a ltb u m -b y - 
the-Sea.

L. 1922. T rem ayne , C has., 26, E v ersley  R o ad , 
C harlton , S .E .7.

Sc. 1922. T ullis, D . R ., 10, E g lin to n  D rive , 
K elv inside , G lasgow.

L. 1926. T u rn e r , A. C., 10, H o lm dene A venue, 
D ulw ich , S .E .24.

B. 1910. T u rn e r, P rof. T . (H on. M em ber), T he 
U n iv e rs ity , B irm ingham .

Sc. 1923. T u tch ings, A ., 152, G reenhead  D riv e , 
S o u th  G ovan, G lasgow.

Lncs. 1909. T w eedales & Sm alley , L im ited , G lobe 
W orks, C astle ton , L ancs.

B. 1918. T yson , E . H ., 406, R o tto n  P a rk  R oad , 
B irm ingham .

S. 1916. U nderw ood, G. H ., P y e  B ridge H ouse , 
Pye  B ridge, A lfre ton , D erbysh ire .

So. 1913. U re, G. A ., B onnyb ridge , S co tland .
-— 1922. V arle t, J .  (H on.), E sp eran ce  L ongdoz

W orks, Liège, B elgium .
S. 1924. V arm a, J .  P ., 44, G range C rescent, 

Sheffield.
S. 1922. V ickers, L im ited  (Subscrib ing  F irm ).

R iv e r D on  W orks, Sheffield.
Lncs. 1922. V ickers, L im ited  (Subscrib ing  F irm ), 

B arrow -in -F urness .
B. 1917. V ickers, T ., 14, N ew  S tree t, B irm in g 

ham .
S. 1917. V illage, R ., B ircho lm e, D ronfield,

n r. Sheffield.
Sc. 1911. W addell, R . C., 2, P ercy  S tree t,

Ib ro x , G lasgow.
Lncs. 1924. W ainw righ t, T . G ., T he M ount, 195, 

H uddersfie ld  R o ad , S ta lyb ridge .
S. 1907. W alker,^E ., E ffingham  Mills, R o th e r 

ham .

Year
B'nch. of MEMBERS.

Election.
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Year
B ’n ch . o f M EM BERS.

E lection .
Lacs. 1924. W alker, J .  S. A ., M ajor, W alker B ros., 

L td ., W igan.
M. 1926. W alk e r, T ., 22, V a n s it ta r t  T errace, 

R ed ca r, Y orks.
S. 1918. W alker, T . R ., 42, F ir th  P ark

C rescent, Sheffield.
X. 1921. W allsend S lipw ay & E ngineering  Co., 

L td . (Subscribing F irm ), W allsend- 
on-Tyne.

— 1922. W alters , A. F . (H . I . D ixon & Com
pan y , L im ited), T he O m iar F o u n d 
ing  E ng. C om pany, L im ited , Love 
Lane, M azagon, B om bay, In d ia .

S. 1908. W ard , A. J .  (T. W . W ard , L im ited), 
A lbion W orks, Saville S tree t, 
Sheffield.

S. 1914. W ard , J .  C., O ak P a rk , M anchester 
R oad , Sheffield.

E.M . 1910. W assell, A., K ilb u m  H all, n r. D erby.
S. 1915. W atson , J . ,  31, H o m to n  C ourt,

K ensington, W .8.
X. 1919. W atson , J .  H ., 6, S idney Grove,

X ew castle-on-Tyne.
W .R . 1922. W atson , Jos. J . ,  3, Springdale Avenue,
of Y. H uddersfield.
B. 1917. W ebb, B ., 531, S tourbridge R oad,

S co tt Green, D udley.
L . 1925. W ebster, F . K ., 6, H alesw orth  R oad , 

Lewisham , London, S.E.13.
Sc. 1920. W eir, R t. H on. Lord, The, P.C .,

D .L ., LL.D . (Life M em ber), G. 
an d  J .  W eir, L im ited , C athcart, 
Glasgow.

X. 1912. W eir, J .  M., 7, S tanhope R oad , South 
Shields.

W .R . 1908. W elford, R . D ., 16, L eonard  Place,
of Y . B ingley, Y orks.
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.

Lncs. 1926. W est, W alter, 12, The Crescent, 
L eyland , L ancs.
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Year
B ’nch. of M EM BERS.

E lection .

S. 1921. W h arto n , E ., R osem on t, S ta tio n  R oad , 
B rim ing ton , C hesterfield.

N. 1913. W h arto n , J . ,  M ary p o rt, C um ber
land .

B . 1925. W hitehouse , E . J . ,  “ T he K n o ll,”
P en n , W o lv e rh am p to n .

S. 1916. W hite ley , A ., 7, G len R o ad , N e th e r  
E dge , Sheffield.

Lucs. 1910. W h itta k e r , C. & C om pany , L im ited ,
D ow ry  S tre e t Ironw orks , A c
cring ton .

B . 1919. W ild , M ., 29, B eaucham p  A venue,
L eam ington .

B. 1921. W ilk inson , D ., 1,114, B ris to l R o ad
S ou th , N orth fie ld , B irm ingham .

W .R . 1919. W ilk inson , G. (E . & W . H a ley , L td .) ,
of Y . T h o rn to n  R o ad , B rad fo rd .
Lncs. 1917. W ilk inson , R ., “  L y n d h u rs t ,” W ar- 

g rave  R o ad , N ew ton-le-W illow s, 
Lancs.

Sc. 1919. W illiam s, H ., c /o  J .  C ochrane, L td ., 
B arrhead .

W. & 1924. W illiam s, R . G ., 179, C rogan H ill,
M. B a rry  D ock.

W . & 1916. W illiam s, W ., A lex an d ra  B rass F ou n d -
M. 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.

S. 1926. W ilson , C., 93, H aw k esley  A venue, 
Sheffield.

M. 1912. W ilson , F . P ., “ P a rk h u r s t ,” M iddles
b rough .

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 ., “ M oorlands,”  Miln- 
gav ie , D m n b arto n sh ire .

W .R . 1912. W ise, S. W ., 110, P u lla n  A venue,
of Y . E cclesh ill, B rad fo rd , Y orks.
B. 1925. W isem an, A lfred , L td . (Subscrib ing  

F irm ), G lover S tree t, B irm ingham .
B. 1919. W ood, D . H o w ard  (C apt.), 7, A u g u sta  

R o ad , M oseley, B irm ingham .
N . 1922. W ood, E ., B.Sc., “ O vertoun,” 20, 

Beverley Road, M onkseaton.
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Y ear
B 'nch . of MEM BERS.

E lection .
B. 1909. W ood, E . J .  (P a te n t A xlebox and

F o u n d ry  C om pany, L im ited),W ed- 
nesfield F o u n d ry  W o lv erh am p to n .

L ncs. W oodcock, A ., 163, H artin g to n
S tree t, Moss Side, M anchester.

B. 1923. W oodvine, G. R „  “ T he F irs ,” Bow- 
bridge, Shrew sbury.

B. 1914. W rig h t, E . N . (Life), O xford Lodge, 
P enn  F ields, W olverham pton.

Sc. 1919. W yllie, W ., 66, T itchfield  S tree t,
K ilm arnock , Ayr.

L. 1925. Y ar K h an , M. M., 102, B eulah  H ill, 
U p p er N orw ood, L ondon, S.E.

Lncs. 1911. Y ates & T hom , L im ited , Canal E n g in 
eering W orks, B lackburn .

L. 1914. Y oung, H . J . ,  F .I.C ., “  A bbo tsfo rd ,” 
28, Cole P a rk  R oad , T w ickenham , 
M iddlesex.
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ASSOCIATE MEMBERS.
Year

B ’n cli. of
E lection .

M. 1926. A dcock, P . H ., 7, B eecli G rove,
M iddlesbrough .

Sc. 1919. Affleck, J . ,  21, O verdale  A venue,
L angside, G lasgow.

B. 1915. A ldridge, S., 91, D ale  S tree t, W alsall,
B. 1925. A llen , W m ., C huckery  F o u n d ry , W a l

sa ll, Staffs. ,
Sc. 1926. A nderson , J .  Y ., 33, A lice S tree t, 

P ais ley .
L nes. 1907. A ndrew , P ., 120, G as S tree t, F ails- 

w o rth , M anchester.
L ncs. 1925. A nson, A ., 60, S o u th  R o y d  S tree t, 

T o tt in g to n , B u ry .
L. 1925. A rm ishaw , W . J . ,  44, C annon V iew, 

L e tch w o rth , H e rts .
M. 1926. A rm strong , G., 23, C hipchase S tree t, 

M idd lesb rough .
L . 1925. A rm stro n g , L . R ., 39, L essinden

M ansions, NAVA.
Sc. 1920. A m o tt , J . ,  A .I.C ., G. & J .  W eir, 

L td ., C a th ca rt, G lasgow .
B . 1919. A shm ore, H ., 26, E lly s  R o ad , C oven

try .
Lncs. 1916. A shton , F ., 24, Isherw ood  S tree t, 

H eyw ood, L ancs.
Lncs. 1918. A shton , L ., 59, Seym our S tree t, R ad- 

cliffe, L ancs.
Lncs. 1923. A sta ll D ., 380, O ldham  R oad , L im e- 

h u rs t, A sh ton-under-L yne.
L. 1905. A ston, D . A ., 36, B astw ick  S tree t,

S t. L u k e’s, L ondon, E .C .
Lncs. 1922. A tk inson , A lb e rt, 1, G uy S tree t,

P ad ih am , B urn ley .
S. 1920. A tk inson , A. A ., 24, W a th  R o ad ,

N e th e r E dge, Sheffield.
S. 1916. A tk in son , F .,  “ W o o d lan d s ,”  R ic h 

m ond  R oad ,H andsw orth ,S heffie ld .
N. 1925. A tk inson , G., 10, Q ueen’s D riv e ,

W hitley  B ay .
E.M . 1923. A ustin , J .  T ., 24, D anvers  R oad , 

L eicester.
S. 1920. A vill, W m ., 44, A lbion R oad , R o th e r

ham .

\
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S. 1912. A yres, J .  A., “ A ldbourne,” Eccles- 
field, Sheffield.

Sc. 1918. B acon, A. H ., 228, Saracen S tree t, 
P ossilpark , Glasgow.

S. 1924. B acon, P ., 86, Bridge S tree t, Sw inton, 
n r. R o therham .

Lncs.'1926. B agley, J . ,  34, G uest S tree t, Leigh, 
L ancs.

S. 1909. B ailey , P . T ., 17, H allow es Lane,
D ronfield, n r. Sheffield.

Sc. 1916. B ain , W ., A rdm ore, B onnybridge, 
Scotland.

B. 1918. B aker, W ., 24, Church H ill R oad ,
Stockw ell E nd , T e ttenha ll, W ol
verham pton .

N . 1925. B a ld e rs to n , R . A ., 21, W entw orth  
P lace, N ew castle-on-T yne.

M. 1926. B arc lay , D ., 45, E dw ard  S tree t,
S to ck to n  -on -Tees.

S. 1922. B arker, A. G., 28, V ictoria R oad,
B alby , D oncaster.

B . 1919. B arker, S. B ., 34, D arby  R oad, Coal- 
b rookdale, Salop.

S. 1924. B arker, W ., 136, N idd R oad , A tter- 
cliffe, Sheffield.

N. 1922. B arkes, R . P ., 23, Thom as S treet, 
E .E . Sunderland.

S. • 1913. B arn ab y , N . F . (John  B row n & 
C om pany, L im ited), Scunthorpe.

Lncs. 1910. B arnes, G., 16, T rem ellen S treet,
A ccrington.

Lncs. 1915. B aron , E ., 24, G rim shaw  Lane,
N ew ton  H eath , M anchester.

Lncs. 1924. B a rre tt , S., 150, Chorley New  R oad , 
H orw ich, n r. B olton.

E.M . 1916. B arringer, E . A ., 80, L am b ert R oad, 
N arborough  R oad , Leicester.

L. 1911. B a tch , J . ,  60, R obertson  S treet,
Queen S tree t, B a tte rsea , S.W .

B . 1920. B ates, J .  E ., 79, R ansom e R oad, 
C oventry.

E.M . 1921. B ates, Thos. W m ., 25, M arcus S tree t, 
D erby.

Year
B’nch. o£ ASSOCIATE MEMBERS.

Election.
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B. 1904. B a th e r, H . K . (C ham berlain  & H ill), 
C huekery  F o u n d ry , W alsall.

S. 1920. B a tty , F ., 52, H a m p to n  R oad , P its - 
m oor, Sheffield.

E.M . 1926. B a x te r, J . ,  4, P i t t a r  S tree t, D erb y .
L. 1921. B ax te r, P e rcy  L ., 131, A m p th ill

A venue, B enoni, T ran sv aa l, S. 
A frica.

—  1911. B ayles, R . (D ouglas & G ran t, L im ited ),
R a ith  E ng ineering  W orks, D un- 
needaw , R angoon , B u rm a.

N . 1923. B ean , A. S., B eresford  P a rk , S u n d e r
land .

W .R . 1924. B ean , E ., 8, T he H ollies, S idm ou th
of Y . S tree t, H u ll.
L. 1925. B eardshaw , A ., 50, Ja c k m a n s  P lace , 

L e tch w o rth , H erts .
W .R . 1923. B eaum ont, G ., 25, O xley S tree t,
of Y . P o n te f ra c t L ane, Leeds.
E.M . 1919. B eck, H . J . ,  131, U p p e r D ale  R oad , 

D erby .
Lncs. 1925. B ecker, M. L ., 15, U p p er L loyd

S tree t, M ancheste r.
S. 1920. B eeley, W . H ., C larence L an e  W orks, 

off E ccleshall R oad , Sheffield.
B . 1924. B eeny, H . H ., 57, B ram b le  S tree t, 

C oventry .
Sc. 1917. Bell, J . ,  60, S t. E noch  S quare, G lasgow.
N . 1925. B ell, J . ,  65, P a rk  A venue, W h itley  

B ay , N o rth u m b erla n d .
L. 1923. B ell, Jo h n , B .Sc., A d m ira lty  R e- 

■ search  L ab o ra to ry , T ed d in g to n , 
M iddlesex.

Sc. 1910. Bell, T ., 2, Bellfield S tree t, B arrh ead , 
Glasgow.

S. 1918. B en n e tt, A. M., 12, B ran d o n  G rove, 
N ew ton  P a rk , Leeds.

W .R . 1912. B erry , F ., 125, W atk in so n  R oad ,
of Y . Illin g w o rth , H alifax .
Lncs, 1917. B erry , R . I ., 31, B u ry  R oad , B am - 

fo rd , R ochdale ,

Year
B ’nch. of ASSOCIATE M EMBERS.

Election.
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B. 1926. B e ttin so n , J .  S., Cole B ank , H all
G reen, B irm ingham .

Sc. 1920. B innie, A lex., 15, Cochrane B uildings, 
P leasance Square, F alk irk .

N  . 1919. B inns, A. E ., 534, Shields R oad , New-
castle-on-T yne.

B. 1916. B irch , H ., Inglew ood, C hester R oad, 
S tree tley , B irm ingham .

B. 1922. B ird , J .  B ., P las-N ew ydd, S treetley , 
n r. B irm ingham .

So. 1919. B lack , A ., 10, P rince E dw ard  S treet, 
Crosshill, Glasgow.

E.M . 1921. B lackham , E . L., 44, M ay S treet, 
D erby.

E.M . 1920. B lackw ell, W m ., 36, A rth u r S treet, 
Loughborough.

Sc. 1910. B lackw ood, R ., “  K enilw orth ,” Jo h n 
stone, Glasgow.

L. ' 1920. B lackw ood, R . W „ “ R o thesay ,” The
A venue, E rith .

E .M . 1919. B lades C., The Vines, W anlip  R oad, 
Syston , Leicester.

W .R . 1926. B lair, J .  W „ 13, Milton S tree t, H ull
of Y . R oad , Y ork.
W .R . 1922. B lakey, W m ., 15, K irkbu rn  Place,
of Y . St. M argaret’s R oad, B radford.
N . 1920. B lenkinsop, S. D ., H illcroft, H igh Fell, 

G ateshead -on -Tyne.
E.M . 1924. Bloor, F . A ., “ Ing lem ere,”  Stenson 

R oad , D erby.
N . 1919. B ly the , J .  D ., 81, N orthum berland  

T errace, W illington-on-T yne.
B. 1925. Bode, C., 14, F a rm  R oad , Sparkbrook, 

B irm ingham .
S. 1915. B ooker, H . H ., 153, A lbert R oad , 

H eeley, Sheffield.
W .R . 1922. B ooth , G. E ., 80, In s titu te  R oad,
of Y . Eccleshill, B radford , Y orks.
Lncs. 1924. B ooth , S., 31, B irchenlea R oad, 

H ollinw ood, nr. O ldham .
N. 1915. B orthw ick, T ., C rookhall H ouse, Lead- 

ga te , Co. D urham .

Year
B 'nch. of ASSOCIATE MEMBERS.

Election.
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So. 1920. B ound, W . H ., W h. E x . A .M .I.
M ech.E ., 12, D u fto n  R oad ,
L in tho rpe , M iddlesbrough.

Lncs. 1921. B ow den, J . ,  72, G range R oad , Chorl- 
to n -cu m -H ard y , M anchester.

L . 1906. B ow m an, A ., 48, L a th o m  R o ad ,
E a s t  H am , E .6 .

W . & 1926. B oxall, H . A ., 33, G ellydeg S tree t, 
M. M aesycum m er-via -C ardiff.

S. 1926. B rad b u ry , J . ,  14, L ittlem o re  C res
cen t, N ew bold , C hesterfield .

S. 1916. B rad ley , H ., “ C o tsw ald ,” B ocking
L ane, W oodseats, Sheffield.

N . 1918. B rad ley , J .  H ., 7, C raw ley R oad ,
W allsend  - on -T yne.

B. 1925. B radshaw , J .  H . D ., 4, F o ley  S tree t, 
W ednesbu ry , S taffs.

Lncs. 1922. B ra n d re tt , T ., 35, R y a ll S tree t,
R eg en t R oad , Salford , M anchester.

N . 1921. B rass, A ., 44, H a y d n  T errace , G ates- 
head-on-T yne.

Lncs. 1921. B rassing ton , H ., 16, E a s t  S tree t, 
H ollinw ood P a rk , S tockpo rt.

Lncs. 1923. B rere ton , C. F ., c /o  Mrs. O ldham , 
25, M anchester R o ad , C horlton- 
cu m -H ardy , M anchester.

Lncs. 1917. B rierley , A ., 21, M ilnrow  R oad;
R ochdale.

Lncs. 1923. B rockbank , A. H ., 3, H aw kens S tree t, 
O ld T rafford , M anchester.

L. 1917. B rookfield, D ., 285, C am den R o ad , 
H ollow ay, N .7.

Lncs. 1925. B ro ugh ton , H ., 5, N ew  Y ork , D eane, 
B olton .

N . 1917. B row n, C. H y ., 57, W h iteh a ll R oad , 
G ateshead-on-T yne.

L . 1917. B row n, E . H ., 91, D evonsh ire  R o ad , 
F o re s t H ill, S .E . 23.

L ncs. 1923. B row n, G. H ., 95, D erbysh ire  L ane, 
S tre tfo rd , M anchester.

L ncs. 1917. B row n, J . ,  298, M ilnrow  R o ad , R o ch 
dale.

S. 1909. B row n, T . W ., 9, Coupe R o ad ,
B urng reave , Sheffield,

Y ear
B’nch. of ASSOCIATE M EMBERS.

Election.
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Sc. 1914. B ruce, A ., 52, A shley T errace, E d in 
bu rgh .

Sc. 1926. B ruce, W . T ., 52, A shley T errace, 
E d in b u rg h .

N . 1920. B uckham , G. H .. “ H arew ood, ”
G range R oad , N ew castle-on-Tyne.

L. 1926. B uck ingham , F . A. T ., 114, R ic h 
m ond  R o ad , G illingham , K en t.

Lncs. 1915. B ulcock, A ., 397, G orton R oad ,
R edd ish , S tockport.

W .R . 1922. B ullock, H erbert.
of Y .
B . 1925. B ullow s, W . D ., S tillaig , S treetley , 

W ;arwicksliire.
N . 1920. B u rcham , J . ,  35, A lverthorpe S tree t, 

Sou th  Shields.
S. 1924. B urk inshaw , J .  W ., 13, L averack

S tree t, H andsw orth , Sheffield.
N . 1925. B u m , R . D ., B .Sc., A .I.C ., “ O slo,” 

Irw in  A venue, W allsend-on-Tyne.
L . 1922. B u m in g h a m ,E .F ., 1,Cam bridge R oad, 

S idcup, K en t.
Sc. 1917. B u m s, J .  K ., 77, Sandy  R oad , R en 

frew .
N . 1925. B urre ll, J . ,  2, B ede C rescent, W illing - 

to n -o n -T y n e .
W .R . 1921. B u tterfie ld , P ., 10, E astfie ld  Place,
of Y . S u tton-in-C raven , K eighley,Y orks,
L ncs. 1923. B u tte rw o rth , A. W ., 214, F rederick  

S tree t, W erneth , O ldham .
Lncs. 1919. B u tte rw o rth , J . ,  40, C lem ent’s R oyds 

S tree t, R ochdale .
W .R . 1921. B u tte rw o rth , Jo h n , 19, S ev ille  S tree t,
of Y . Clare M ount, H alifax .
L ncs. 1920. B u x ten , J . ,  68, Luke L ane, H u rst, 

A shton-u  .-Lyne.
L ncs. 1926. C airns, F ., 59, B lodw ell S tree t,

Seedley, M anchester.
B . 1924. C allaghan, G. M., 193, D ouglas R oad , 

Acocks G reen, B irm ingham .
S. 1920. C am eron, N ., C avendish V illas, D evon

shire R oad , T o tley  R ise, N r. 
Sheffield.

B’nch. Toef r  ASSOCIATE MEMBERS.
Election.



L ncs. 1926. C am pbell, A. B ., 125, S tam fo rd  R o ad , 
A udenshaw , M anchester.

Sc. 1912. C am pbell, D . M cG regor, T orw ood 
F o u n d ry , L a rb e rt.

L. 1914. C am pbell, J . ,  9, W este rn  G ardens, 
E a ling , W .

Lncs. 1918. C am pbell, W ., 12, D enbeigh  S tree t, 
S tockpo rt.

Lncs. 1925. C arr, H ., 7, L o rd  S tree t, S ta lyb ridge . 
L. 1921. C arrell, H y . A lfred , 6 J , P eab o d y  

B uild ings, F a rr in g d o n  R o ad , E .C . 
W .R . 1908. C arrick , R ., 14, A vondale  M ount, 
of Y. Shipley, Y orks.
Lncs. 1914. C arter, E ., 59, Chief S tree t, O ldham . 
W .R . 1923. C arver, W ., 112, V alley R oad ,
of Y . P udsey , n e a r  Leeds.
Lncs. 1920. C astle, S., 68, U xbridge  S tre e t,

A sh ton-under-L yne.
W .R . 1922. C auser, L. W ., 79, F itz ro y  R oad , 
of Y. B ark e ren d  R o ad , B rad fo rd .
S. 1925. C ham bers, J .  F ., 31, D uke S tre e t,

S tave ley , C hesterfield.
W .R . 1922. C happelow , T hos., 181, T ay lo r S tree t, 
of Y. B a tley , Y orks.
Sc. 1921. C harters, J . ,  12, W alw o rth  T errace , 

G lasgow.
Lncs. 1925. C heetham , E ., 5, E ld o n  R o ad , E dge- 

ley, S to ck p o rt.
S. 1911. Chope, H . F ., 38, C hurch S tree t,

Sheffield.
N. 1920. C lark, J .  W ., 133, S t. T h o m as’ T errace , 

B laydon-on-T yne .
L. 1923. C lark, W ., 9, Ju b ilee  R o ad , B asin g 

stoke.
E .M . 1919. C larke, A. S., L eicester R o ad , L o u g h 

borough .
N . 1912. C larke, J . ,  D roston , T a y p o rt, F ife .
N . 1920. C lem ents, H . F ., 14, R oseberry  C res

cen t, Jesm ond , N ew castle-on- 
T yne.

Sc. 1922. C leverley, A .M ., B .Sc., 45, K en n a rd  
S tree t, F a lk irk , S co tland .

Lncs. 1922. Cleworth, Alf., 25, W alnut S tree t, 
Bolton.

B’nch. of ASSOCIATE MEMBEKS.
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Lncs. 1921. Colem an, J .  I . ,  W est D ene, B rooklyn 
R oad , W ilpshire, B lackburn .

W . & 1926. Coles, F . L ., 15, Moon S tree t, A dam s -
M. tow n , Cardiff.

S. 1920. Coles, W . H ., 2, G ordon A venue.
W oodseats, Sheffield.

B . 1919. C olgrave, W ., 13, W indsor S tree t,
C oventry.

S. 1916. Collins, B. L ., Folds Crescent, A bbey 
L ane, Sheffield.

S. 1907. Cook, A. H ., W . Cook & Sons, L td ., 
W ashford  R oad , Sheffield.

E.M . 1916. Cook, F ., 168, W oods Lane, D erby.
S. 1914. Cook, W . G., W ashford  R oad , Shef

field.
L ncs. 1926. Cooke, T ., 15, F inch ley  R o ad , H ale, 

C heshire.
S. 1914. Cooper, J .  F ., 176, A ttercliffe R oad, 

Sheffield.
L. 1925. Cooper, M. J . ,  48, E m press A venue, 

W oodford  Green, Essex.
B. 1915. Cooper, W ., 123, W yley R oad ,

C oventry.
N . 1919. C orbett, W . A., “ D inguard i,” B unga

low 19, H igh  Farm  E sta te , W alls- 
end-on-Tyne.

S. 1914. Coupe, B ., 317, Bellhouse R oad ,
Shiregreen, Sheffield.

Sc. 1919. Cree, A .,383, C athcart R oad, Glasgow.
L. 1910. Cree, F . J . ,  F a ir  View, H u n tley  G rove,

Peterborough.
E .M . 1926. Creese, H . J . ,  46, K ensing ton  S tree t, 

L eicester.
Lncs. 1910. C ritchley , F ., 631, St. H elens R oad , 

B olton.
S. ' 1912. C ritchley , T ., 52, Lim psfield R oad ,

B righ tside, Sheffield.
B. 1906. Curnow , M. H ., 41, C em etery ' Lane, 

W est Brom w ich.
Sc. 1926. C urrie, J . ,  1, S u th e rlan d  C rescent, 

B a th g a te .

Year
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B. 1907. D alrym p le , D ., 20, B eeches R oad , 
W est B rom w ich.

S. 1920. D arb y , A ., 5, D o b b in  H ill, G reystones, 
Sheffield.

S 1909. D arley , F ., 187, B u m g reav e  R oad , 
P itsm oor, Sheffield.

S. 1915. D arley , G. P ., Cawwood & Co., L td ., 
W estg a te  F o u n d ry , R o th e rh am .

E.M . 1923. D arrin g to n , L. G ., 27, K in g sto n  
A venue, H a llam  F ields, I lk e s to n .

Sc. 1922. D av idson , W . B ., 18, H aysw ell R o ad , 
A rb roa th .

W . & 1924. D avies, E . H ., 224, Cardiff R oad , 
M. A beram an.

B. 1925. D av is, A ., 3/247, G t. R ussell S tree t, 
B irm ingham .

L. 1916. D av is, E . J . ,  11, B eclair S tree t,
B elfast.

Lncs. 1923. D avis, J . ,  50, O ld R oad , D ukinfield , 
Cheshire.

L . 1914. D avis, W . H ., 8, P ye  S tree t, P o r t s 
m o u th .

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, Scarsdale  R o ad , 
D ronfield, n ea r Sheffield.

Lncs. 1925. D ean , J . ,  48, N o rth g a te  R oad , S to ck 
p o rt.

Lncs. 1924. D eeley, F ., 52, B ew sey S tree t, W a r
ring ton .

L ncs. 1918. D em aine , F : C., 9, R isin g  Sim  L ane, 
G arden  S uburb , O ldham .

L ncs. 1922. D em aine  (ju n .), F .  C., 9, R ising  Sun 
L ane , G arden  S u b u rb , O ldham .

L ncs. 1926. D en ison , H ., 20, Second A venue, 
K id sg ro v e , S to k e-o n -T ren t.

M. 1926. D enw ood, W ., 7, P e a rl -S tre e t,
H a v e r to n  H ill, M idd lesb rough .

YV .R. 1922. D erring ton , H ., 6, V ic to ria  T errace ,
o fY . H opw ood L ane, H alifax .
L. 1909. D erry , L. B ., 3, P re s to n  R oad , Y eovil, 

Som erset.

Y ear
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E.M . 1924. D e V ille, J .  C., 16, C o-operative 
S tree t, D erby.

B. 1925. D ex ter, B. J . ,  80, N ew  R ow ley S tree t, 
W alsall.

S. 1915. D ickinson, J . ,  49, Y arboro ’ R oad ,
Lincoln.

N . 1916. D ickinson, S., 103, Bede S tree t, R oker, 
Sunderland .

B. 1920. D icks, G. E ., 110, R ichm ond H ill,
L angley, near B irm ingham .

S. 1914. D ixon, A. F ., 16, B otan ical R oad , 
Sheffield.

B. 1909. D obson, C., ‘‘ Fairv iew ,”  H illside
R o ad , H igher T ranm ere, B irken
head.

L . 1916. D obson, J . ,  25, P ix  R oad , L etch-
w orth .

B . 1909. D obson, J .  G., 6, D aniels R oad , Ideal
V illage, B ordesley Green, B ir
m ingham .

N . 1924. D odds, J . ,  64, Scotswood R oad, South  
B enw ell, N ew castle-on-T yne.

Lncs. 1921. D olphin , J .  H ., 201, E skrick  S tree t, 
H alliw ell, B olton.

W . & 1924. D om ville, S., 301, R ailw ay S tree t, 
M. Cardiff.

Sc. 1919. D onaldson, J .  W ., S co tt’s Shipbuilding 
an d  E ngineering Company, L im i
ted , Greenock.

Sc. 1919. D orsie, J .  C., Maplewood, K irk in 
tilloch .

B. 1920. D ubberley , F ., 44, G rea t A rthu r
S tree t, Sm ethwick, Staffs.

Lncs. 1925. D uckw orth , J .  A., 42a, O rm erod
S tree t, Accrington.

Lncs. 1924. D udley , W m ., 11, B arlow  S treet,
Low er Openshaw, M anchester.

Sc. 1917. D uncan , J . ,  78, Jellicoe S tree t, Dal- 
m uir.

Lncs. 1921. D unkerley , Jam es, 10, Old H all
D rive, G orton, M anchester.

S. 1925. D u n stan , C., 10, A ddison R oad , F ir th  
P a rk , Sheffield.

B’uch. of ASSOCIATE MEMBERS.
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L ncs. 1913. E astw o o d , J .  H ., 83, P rincess  S tree t, 
C astle ton , n r. M anchester.

L. 1912. E cco tt, A . E ., T he E lm s, 68, Sm ithies 
R oad , P lu m stead , S .E .

N . 1923. E ck fo rd , J .  W ., 34, T ynedale  A venue, 
M onkseaton.

S. 1925. E d g in to n , J . ,  3, C oupe R o a d , B u m - 
g reave , Sheffield.

Sc. 1911. E d m isto n , M., R ose V ale, W indso r 
R oad , R enfrew .

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 o ad , H an d sw o rth , B irm ingham .
E .M . 1925. E ld e r, A ., 90, S ten so n  R o a d , D e rb y .
N . 1920. E llio tt ,  J .  V ., 17, O xford  A venue, 

S o u th  Shields.
E .M . 1909. E llson , J . ,  M anor V iew, R ip ley , D erby .
B . 1922. E lsto n , A lfred , 62, C raven S tree t, 

C oventry .
S. 1924. E m m o tt, J . ,  33, B ow ood R o ad ,

Sheffield.
Sc. 1920. E rsk in e , N . A. W ., M orton  C ottage, 

Cam elon.
Lncs. 1924. E v an s, H ., 93, Second A venue, T raf- 

fo rd  P a rk , M anchester.
B . 1920. E v e re tt,  A ., 28, M aycock R oad ,

C oventry .
W .R . 1922. F a rra r , L evi, 22, Springsw ood A ve.,
of Y . Shipley, Y orks.
Lncs. 1919. F arrow , C., 84, L ou isa  S tree t, Open- 

shaw , M anchester.
L ncs. 1922. F au lk n e r , T hos., 95, B an k  S tree t, 

C lay ton , M anchester.
Lncs. 1924. Fellingham , T . R ., 81, ile n sh a w

S tree t, S tre tfo rd , M anchester.
Lncs. 1923. Fellow s, F ., 21, B rig h t S tree t, G orton , 

M anchester.
L. 1924. F en n , J .  H ., 25, F ran eem ary  S tree t, 

B rock ley , S .E .4.
Sc. 1912. F erlie , T ., S teel an d  Iro n  F ounder, 

A u ch te rm u ch ty , F ifesh ire .

Year
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W .R . 1922. Firm, P., 39, Parsonage R oad, L aister-
of Y . dvke, B radford .
L. 1926. Fish," F . W ., 166, G lebe S tree t,

L e tch w o rtli, H e rts .
Lncs. 1917. F itzp a tr ick , A., 198, R ochdale Old 

R oad , B ury , Lancs.
N . 1922. F lack , E . W ., 3. F alshaw  S tree t,

W ashington  S ta tion , Co. D urham .
B. 1918. F lavell, W . J . ,  C arter’s Green Passage, 

W est Brom w ich.
Lncs. 1923. F lin t, W . H ., 225, Peel Qreen R oad , 

P a tr ic ro ft, M anchester.
Lncs. 1919. F litc ro ft, E ., School H ill Ironw orks, 

B olton.
E.M . 1925. F ood , F . H „  108, U pper C onduit 

S tree t, Leicester.
N . 1912. F o rd , H ., 14, O akwellgate Chare, 

G ateshead-on-Tyne.
W .R . 1922. F o rres t, H ., 43, B eaum ont R oad,
of Y . M anningham , B radford.
W .R . 1924. F o ste r, H ., 10, H ighfield Place,
of Y . B ram ley, Leeds.
L. 1912. Fow ler, T. E ., 72, S ta tion  R oad, New 

S ou thgate , N . l l .
B. 1909. F raser, A ., 1, Bridge S treet, Chilvers 

Coton, N uneaton.
Lncs. 1924. F r ith , W „ 8, Buckley S treet, A shton 

N ew  R oad , C layton, M anchester.
N. 1920. F u te rs , R . W m „ 107, Sandw ich R oad , 

Sou th  Shields.
E .M . 1925. Gale, B ., 15, R idgw ay S tree t,

N o ttin g h am .
B. 1910. Gale, W ., 36, Salisbury R oad , W est 

Brom w ich.
Sc. 1904. G alt, J „  H enry  & G alt, Sneddon

F o u n d ry , Paisley.
L. 1925. G askin , A ., 20, H e a th  W ay , N o rth  

H e a th , E rith .
B. 1920. G aun t, J . W ., 101, Beeches R oad,

W est Bromwich.
Lncs. 1923. G ilpin, W ., “ Sim nyside,” B irch

Grove, R usholm e, M anchester.

B'nch. of ASSOCIATE MEMBERS.
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E.M . 1924. G ilson, A. J . ,  15, M arcus S tree t, 
D erby .

M. 1926. G leave, J . ,  1, V ic to ria  S tre e t, H a v e r  - 
to n  H ill, M idd lesb rough .

Lncs. 1922. G ledhill, F ., 205, E a s t  View, B radfo rd  
R oad , B righouse, Y orks.

B. 1917. G lynn, T . A ., 67, G reen  L ane, H ands- 
w ortli, B irm ingham .

W .R . 1922. Goff, R . M., 78, L ow er R u sh to n  R o ad ,
of Y . T h o m b u ry , B radfo rd .
Lncs. 1924. G oodwin, G. W ., 11, W ycliffe R oad , 

U rm ston , M anchester.
E .M . 1919. G oodw in, T ., B raeside  S tre e t, N ew  

B ed fo rd , D erby .
N . 1922. G ospel, W ., G u tta  P e rc h a  Co., c/o

T he S ta ffo rd sh ire  S ta in less  I ro n  
Co., L td ., B a ld w in  S tre e t, B ilston , 
S taffs.

B . 1923. Goss, W ., Iv y  C ottage, K in g  W illiam  
S tree t, C oventry .

B. 1919. G ourd, C. D ., 25, S h a fte sb u ry  R oad , 
E arlsdon , C oventry .

Sc. 1919. G raham , R ., 116, S tra tfo rd  S tree t,
M aryhill, G lasgow.

E.M . 1917. G ran t, George, 62, L eicester R oad , 
Q uorn, n r. L oughborough .

Sc. 1912. G ray, J . ,  2, S ta tio n  R oad , D u m b arto n .
S. 1925. G reaves, H . A ., 25, R a v e n  R o a d ,

N e th e r  E dge , Sheffield.
S. 1924. G reaves, J . ,  5, W est B ars, C hesterfield.
S. 1919. G reaves, J .  B ., 121, U p p e r th o rp e ,

Sheffield.
S. 1924. G reen, A ., 31, B room  G rove, R o th e r 

ham .
Lncs. 1924. G reen, A. E ., 66, W olseley  R oad , 

P reston .
S. 1917. G reen, F . N ., B rook  H ouse, Eccles- 

field, Sheffield.
S. 1914. G reen, P ., 54, R o lle s to n  R o ad ,

F ir th  P a rk , Sheffield.
Lncs. 1920. G reenhalgh, W ., 86, C rosby R oad , 

B olton .

862
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M. 1926. G reenw ell, 0 . ,  12, A ngle S tree t,
G rove H ill, M iddlesbrough .

Lncs. 1924. G reenw ood, T ., 1, Schofield S tree t, 
T odm orden .

L. 1918. G regory, E ., 16, M ansfield R dad ,
B eech H ill, L uton .

M. 1926. G riffiths, A. G., 2, T ilb u ry  G rove, 
K in g ’s H e a th , B irm ingham .

E.M . 1924. G riffiths, S., c/o  88, H avelock  H oad, 
D erbv.

M. 1926. G riffiths, W ., 15, T em ple S tree t,
M iddlesbrough.

Lncs. 1925. G rieve, J .  E ., 24, T indall S tree t, 
R eddish , S tockport.

L ncs. 1919. G rim w ood, E . E . G., 129, Glebe-
lands R o ad , A shton-on-M ersey.

L ncs. 1921. G rundy , H . V ., P en trick , Cam pbell 
R o ad , B rook lands, Cheshire.

L. 1920. G urney, S. J . ,  24, B um s R oad ,
B atte rsea , -S.W.

M. 1926. H ack w o rth , J . ,  52, B yelands S tree t, 
M iddlesbrough.

S. 1921. H agon , W m ., 35, Southgrove R oad , 
Ecclesall, Sheffield.

Sc. 1920. H aig , J . ,  7, V ictoria R o ad , L a rb e rt, 
N .B .

Sc. 1920. H aig , T „  23, L ivingston  T errace,
L arbert.

S. 1909. H all, E . D ., 31, B room grove R oad ,
Sheffield.

L. 1921. H all, Geo., 125, B u rto n  R oad , B rix-
to n , S .W .9.

X. 1914. H all, J .  J . ,  Clyde Vale, R ow lands
Gill, Co. D urham .

E.M. 1925. H allam ore, J .  C., O ak F a rm , B u rto n  
R oad , L ittleo v e r, n r . D erby.

Sc. 1925. H am il, W ., 50, W oodhead  A venue,
K irk in tilloch .

B. 1924. H am m o n d , G. A ., 13, A nderson
R o ad , T ip to n , S taffs.

L. 1921. H am m ond , L ., 27, N o rth  W ay, N o rth
H ea th , E rith .

E-M. 1925. H ancock , D ., 43, D rew ry L ane,
D erby.
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L. 1918. H a n d , H . E ., 189, M anw ood R oad , 
C rofton  P a rk , S .E .4.

E.M . 1924. H anson , C. H ., 285, A bbey  S tree t, 
D erby ,

W . & 1924. H ard in g , J .  W ., 14, W elford  S tree t, 
M. B arry .

L ncs. 1926. H a rg rav es , R . C .f 114, C hapel 
S tree t, L ev en sh u lm e , M a n 
ch este r.

Lncs. 1919. H arg rav es, R . R ., (G randridge an d  
M ansergh, L td .) , W h ea th ill S tree t, 
Salford , M anchester.

L ncs. 1911. H arp e r, H ., 28, A lex an d ra  S tree t, 
C astle ton , n r. M anchester.

L. 1925. H arrin g to n , W . T ., 21, V ernon  R oad , 
S tra tfo rd , L ondon, E .15.

Lncs. 1922. H arris , F ., 18, H o lland  S tree t, P ad i- 
liam , L ancs.

M. 1926. H a rriso n , A . G., 11, B ev an  T errace , 
N o rto n  R o a d , S to ck to n -o n -T ees .

S. 1923. H arrison , Jo h n , 10, S t. H elens S tree t, 
C hesterfield.

B . 1919. H arrison , J .  A ., 7, E d m u n d  R o ad , 
C oventry .

Sc. 1916. H arrow er, J .  (B o’ness Iro n  C om pany), 
B o’ness, S co tland .

Lncs. 1924. H a rtle y , R ., 15, O xford  R oad , B ootle, 
L iverpool.

Sc. 1914. H a rtle y , R . F ., L ondon  R o ad  F o u n d ry , 
E d in b u rg h .

L . 1922. H arw ood, Jo h n  P ., 112, N ith d a le
R oad , P lu m stead , S .E .

M. 1926. H a rv e y , D ., 4, R y d a l R o a d , S to c k 
ton -on -T ees.

E .M . 1925. H aw ley , T. H ., 53, W illow  B rook 
R o ad , L eicester.

Sc. 1910. H ay , J . ,  120, B row nside R oad , Cam- 
buslang , Glasgow.

B. 1910. H ay w ard , G. T ., 8, T he L aurels,
M arrow ay S tree t, B irm ingham .

Lncs. 1923. H ay w ard , R ., 39, B elgrave R oad , 
N ew  M oston, M anchester,

Tear
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E.M . 1922. H a y w a rd , W rn., F a irh av en , P a s 
tu re s  R o ad , S tap lefo rd , n r . N o t
tin g h am .

N. 1922. H eap , G. H ., 269, B ensham  R oad , 
G ateshead-on-T yne.

Lncs. 1925. H ea tle y , H ., 146, R ed lam , B lack 
b u rn .

W .R . 1925. H ea to n , B ., M essrs. H a ll & Stell,
of Y . D a lto n  L ane, K eighley .
B. 1906. H eggie, C., 79, H olly  L ane, E rd ing- 

to n , B irm ingham .
Lncs. 1922. H enderson , G., 1120, E leven th  S tree t, 

T rafford  P a rk , M anchester.
L. 1910. H enderson , G. B ., 23, College R oad, 

W oolston, S ou tham pton .
N. 1923. H enderson , J .  W ., c/o Singapore

H arb o u r B oard , K eppel H arb o u r, 
S ingapore, S tra its  Settlem en ts .

Sc. 1911. H enderson , R ., 67, Love S tree t,
Paisley.

Sc. 1921. H en ry , Jo h n , 75, A lm a S tree t, Gra- 
ham ston , F alk irk .

Lncs. 1922. H enshaw , J .  E ., 427, S tockpo rt R oad , 
Low er B redbu ry , S tockport.

E.M . 1920. H ey , Jam es W m ., 43, H owe S tree t, 
D erby.

L. 1922. H ib b e rt, J . ,  138, B urling ton  R oad ,
T horn ton  H ea th , Croydon.

L. 1925. H ickenbo ttom , W . J . ,  50, W aterloo  
R oad , D unstab le .

Lncs. 1925. H iggins, J .  D ., 19, L yn ton  Avenue, 
M arland, R ochdale.

Lncs. 1915. H ill, A ., 114, M iddleton R oad , H ey- 
wood, Lancs.

L ncs. 1925. H ill, H . G., 495, S tre tfo rd  R oad , 
Old T rafford , M anchester.

E .M . 1917. H ilton , H . J .  S., 29, W est Avenue, 
D erby.

Lncs. 1909. H ilton , T. G., 171, Rose H ill R oad, 
B urn ley .

B. 1921. H inley , Geo. H ., 53, P a rk  Lane E ast,
T ip ton , Staffs.

Year
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W .R . 1922. H ird , W ., T he C orner, H a rd e n ,
of Y . B ing ley , Y orks.
B. 1913. H o lberry , F ., H ed ley  T errace , L lanelly , 

S. W ales.
B-. 1918. H older, F . W ., 131, E ag le  S tree t,

C oventry .
E.M . 1926. H o llan d , G ., C ostock , n r . L o u g h 

borough .
S. 1920. H o lland , G. A ., P a te n  & Co., C hurch  

L ane, N orw ich.
Lncs. 1922. H o llan d , W ., 1151, C hester R o ad , 

S tre tfo rd , M anchester.
B . 1917. H o llin shead , A. E ., 68, K in g ’s R o ad , 

Sedgley, D udley .
E.M . 1925. H o llo ran , J . ,  162, B ro o k  S tre e t,

D erb y .
Lncs. 1924. H o lt, A ., 41, C arm en S tree t, A rdw ick, 

M anchester.
B. 1917. H om er, W . C.. 51, L odge R o ad , W est 

B rom w ich.
B. 1924. H opk ins, O. W ., 225, H o ly h ead  R o ad , 

H an d sw o rth , B irm ingham .
Lncs. 1925. H opw ood, A ., 154, C h este rg a te ,

S to ck p o rt.
L. 1921. H o tchk is , J .  D ., 29, R om berg  R o ad , 

L ondon , S.W .17.
B . 1922. H o u g h to n , J . ,  15, M ayfield R o ad , 

C oventry .
Lncs. 1924. H o w ard , E . J .  L ., 8, Q ueens T errace , 

C larence R o a d , L o n g sig h t, M a n 
chester.

Lncs. 1921. H ow croft, J . ,  5, S t. J a m e s ’ S tree t, 
N ew  B ury , F a rn w o rth , n r. B olton .

W . & 1922. H ow e, C. A ., “ B rin teg ,”  P o n a ll ta  
M. R oad , Y stra d , G lam .

W .R . 1917. H oy , R . E ., 33, B runsw ick  A venue,
of Y . B everley  R oad , H u ll.
N . 1923. H udson , F ., 28, C urtis  R o ad , F en h am , 

N ew castle-on-T yne.
B. 1924. H u lse , J .  C., 8, Cecil S tree t, W alsa ll, 

Staffs.
S. 1925. H u n t, A ., 18, H ollingw ood C om m on, 

B arrow  H ill, n r. Chesterfield.

B’nch. of ASSOCIATE MEMBERS.
Election.
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S.C. 1926. H u n te r . J .  M.. 77. P res tw ick  R oad ,
A yr.

Sc. 1923. H u n te r, R . L ., N ew lands H ouse,
P o lm on t, S tirlingshire.

Lncs. 1914. H u rs t, S., 1 S a in t A ndrew s S tree t, 
R adcliS e , Lancs.

L. 1922. H usselbury , E ., 147, M arlborough
R oad , B edford.

L. 1924. H u tch ings , T . C„ 10, L open R oad ,
S ilver S tree t, E dm on ton , London, 
N. 18.

P . 1925. H yde, S idney, 25, Inhedge, G ornal,
n r. D udley.

Lncs. 1917. In sk ip , A ., 992, A shton Old R oad , 
O pensliaw , M anchester.

Se. 1920. Irv in e , A ., T he P o in t, K ing  S tree t, 
L a rb e r t ,  N .B .

W .R . 1925. Jack so n , A ., 73, F ir s t  S tree t, Low
of Y. M oor, B rad fo rd .
Lncs. 1917. Jack so n , H . G., 1,- B rierley  S tree t, 

S ta lvb ridge , Lancs.
Lncs. 1921. Jack so n , J . ,  25, C larance S tree t,

B urn ley .
Lncs. 1920. Jacques , j .  IV., 9, S tan to n  S tree t, 

C layton. M anchester.
Lncs. 1923. Jacques , T .. T he C ottage, H ill Top, 

R om iley , n r. S tockport.
B . 1909. Jacq u es , W ., 131, W yley  R oad ,

C oventry .
B. 1914. Jam es, IV., 96, G rove Lane. H ands- 

w ortli, B irm ingham .
L. 1925. Ja rv is . B .. 30. P rinces S tree t, D u n 

stab le , B eds.
N. 1919. J a y , H . C., 97, C ardigan T errace, 

H eaton . N e « cas tle  - on-T yne.
N. 1921. Jobes, G. B ., 18, S ou th  S tree t,

G ateshead-on-T yne.
B. 1919. Johnson. J .  B ., 27, B all F ields, T ip ton .
M. 1926. Johnson , L ., 45, L aneliouse R oad ,

T horn  ab y  -on -T ees.
N . 1925. Johnson . N .. 17. C hester R oad , S un 

derland , Co. D urham .

Year
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B. 1924. Jo h n s to n , W . L ., 49, G ough R oad , 
Coseley, n r. B ils ton , Staffs.

L n c s .  1916. Jones , J .  H ., “ E lle r  a y ,” T em ple 
D rive, Sw in ton , M anchester.

Lncs. 1919. Jo w e tt , H ., 63, T u rf H ill R o ad , 
R ochdale .

B. 1919. Ju d d , G. H ., 8, L ud low  R o ad ,
C oventry .

Lncs. 1924. K ay , A ., 24, W ilson S tree t, Gorso 
H ill, S tre tfo rd , M anchester.

Lncs. 1922. K ay , W m ., 9, E a s tb a n k  S tree t, B olton , 
Lancs.

W .R . 1922. K aye, H ., 6, F ry e rg a te  T errace , N ew
of Y . S carboro ’, W akefield.
L ncs. 1907. K em lo , R . W ., “ D u n o t ta r ,” C a m p 

bell R o ad , B ro o k lan d s , C heshire.
B . 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. 1921. K en t, Geo. A ., 5, H igh  W est S tree t, 

G ateshead  on T yne.
E.M . 1918. K erfoo t, Jo h n , 23, C um berland  R oad , 

L oughborough.
Sc. 1914. K e rr, W ., 101, A rdgow an S tree t,

Glasgow.
L ncs. 1925. K ersh aw , J . ,  31. B irk d a le  S tre e t,

C h ee th am  H ill, M an ch es te r.
N . 1925. K irb y , A. D ., 6, F a lsh aw  S tree t,

W ash ing ton  S ta tio n .
Lncs. 1924, K irk h am , J . ,  13, G t. Ja m e s  S tree t, 

W . G orton , M anchester.
WT.R . 1922. K irk b rid e , A. D ., 24, Springsw ood
of Y. A venue, Shipley , B rad fo rd , Y orks.
Sc. 1920. K irkw ood, J . ,  102, B a lg rayh ill R oad , 

S p ringbu rn , G lasgow.
B. 1922. K itch en , B ., 1, H ughes A venue,

B irches B arn  R o ad , W o lv e r
h am p to n .

B. 1919. K ly v e r, F . D ., 45, F a rm an  R oad , 
C oventry .

S. 1908. K now les, J .  (c/o. W alkers), M anchester 
R oad , S tocksbridge, Sheffield.

B’nch. of ASSOCIATE MEMBERS.
Election.
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L. 1922. Laidlow , W m ., 9, Griffin R oad , P lum - 
s tead , S.E.

Lncs. 1923. L aing, J . ,  75, V ictoria  R oad , B edford.
Sc. 1922. L ang, W m ., 5, T h ird  T errace, R ad n o r 

P a rk , C lydebank.
Sc. 1907. L aw rie, A lex., 40, Glebe R oad , K il

m arnock.
Sc. 1919. Law rie, R . D ., 23, F lem ing S tree t, 

R iccarton , K ilm arnock.
S. 1920. L aycock , E ., 160, M alton S tree t, 

P itsm o o r, Sheffield.
Lncs. 1917. L each, R ., 53, Tow er View, L ord  

S tree t, S talybridge.
L ncs. 1914. L eaf, J .  W ., D is tr ic t B an k  H ouse, 

C astle ton , n r. R ochdale .
E .M . 1925. Lee, H ., 20, Moss S tree t, D erby .
N . 1913. Lee, J . ,  38, P o in t P leasan t T errace, 

W allsend - on -T yne.
S. 1925. L evesley , W m ., 32, W estbourne  

R oad , B room hill, Sheffield.
S. 1920. Lew in, H ., Gov. In spec to r of Castings, 

K u lti, E .I . R ly ., Ind ia .
B. 1919. Lewis, D . (John  H a rp e r  & Com pany, 

L im ited), A lbion W orks, W illen- 
ha ll, Staffs.

B. 1925. Lewis, E . J . ,  61, C hurch Vale, W est 
B rom w ich.

B. 1910. Lewis, G., S tra thm ore , P ag e t R oad , 
W olverham pton .

W .R . 1926. L iddem ore, A. E ., 2, Cliffe T errace,
of Y. Ing row , K eighley .
Sc. 1925. L iddle , R ., 117, D alm eny  S tree t, 

O a tlan d s , G lasgow.
E.M . 1923. L im b ert, H ., 1 5 b , F a c to ry  S tree t, 

L ough b o ro u g h .
L ncs. 1925. L ineker, A. W ., R u d d in g to n  H ouse, 

B eaconsfield, C .P ., S ou th  A frica.
B. 1919. L in n e tt, A. T ., 4, E arlsdon  A venue, 

C oventry.

Year
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L. 1919. L isby, T ., 7, M eanley R oad , M anor 
P a rk , E .

N . 1919. L ittle , J .  E . O., 83, R o thw 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 abeek  R oad , 
A nerley, S .E .20.

N . 1916. L oader, W . S., 282, S tan h o p e  R o ad , 
S ou th  Shields.

Lncs. 1925. L ocke tt, E ., 38, Jack so n  S tre e t,
G orton, M anchester.

L ncs. 1921. L ongden , E d ., 158, M anley  R o ad , 
M anley  P a rk , M anchester.

Sc. 1922. Longden, J . ,  11, D ru m n y  R oad ,
C lydebank.

W .R . 1922. Low e, E ., 35, F o s te r  R o a d , In g ro w ,
of Y . K eigh ley , Yrorks.
Lncs. 1919. L uby , W ., 10, E a s t  A venue, B urnage, 

M anchester.
Sc. 1923. L um ley, R ., G arden  R ow , B onny-

bridge.
Lncs. 1910. L u p to n  & Sons, H . E ., Scaithcliffe 

W orks, A ccrington.
S. 1913. M acdonald, W . A ., 219, R inginglow  

R oad , Ecclesall, Sheffield.
Sc. 1917. M acD ougall, Miss E ., 22, C larendon 

Street,-St. G eorge’s Cross, G lasgow.
B. 1908. Mace, C., 64, P o rt S tree t, M anchester.
Sc. 1910. M acfarlane, J . , 51, K ings P a rk  A venue,

C a th ca rt, Glasgow.
Sc. 1910. M ackay, G., 103, G lasgow  R oad ,

Paisley .
S. 1916. M ackley, A ., 151, M alton  S tree t,

Sheffield.
L ncs. 1922. M äclach lan , J .  R ., 7, N ew all M oun t, 

O tley , Y orks.
—  1925. M ah in d ra , J .  C., 6 an d  7, Clive

S tree t, C a lc u tta , In d ia .
Lncs. 1921. M allett, E ., 1152, C horley Old R oad , 

B olton .

B’nch. Yo T  ASSOCIATE MEMBERS.
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N. 1924. M arch, T ., 25, Clifford S tree t, B lay- 
don-on-Tyne.

B. 1909. M arks, J . ,  73, Crosswells R oad , L an g 
ley, B irm ingham .

L ncs. 1923. M arlow , E ., 53, F lix to n  R oad , 
U rm sto n , M anchester.

Sc. 1910. M arshall, G., “ Fereneze,” R ussell 
S tree t, B urnbank , L anarksh ire .

L. 1922. M arshall, H . C., 29, W estw ard  R oad , 
S. Chingford, E.4.

Sc. 1912, M arshall, W . G., “ K y leak in ,” Lark- 
hall, Scotland.

Lncs. 1925. M arsland, J . ,  205, M anchester R oad , 
D roylesden , M anchester.

—  1924. M arson, A., 2, L indsey S tree t, F rod-
ingham , S cunthorpe, Lines.

Lncs. 1913. M arsland, T ., 401, M anchester R oad, 
D roylesden, M anchester.

W .R . 1922. M artin , F ., 67, Nowell T errace,
of Y. H areh ills Lane, Leeds.
B . 1925. M assey, J .  S., 50, New S tree t, H ill 

T op, W est Brom w ich.
Lncs. 1917. M asters, J . ,  “ T he H ollins,” V ane

R oad , Longden R oad , Shrew s
bury .

B. 1922. M asters, T. J . ,  12, G lover S tree t,
W est Brom w ich.

B. 1909. M athew s, J . ,  20, E a rl S tree t, W alsall.
B. 1921. M auby, R . A., H opstone , B rid g n o rth ,

Salop.
N . 1919. M cBride, T. B ., 3, K ingsley A venue, 

W hitley  Bay.
Sc. 1910. McCall, J . J . ,  162, C am bridge D rive, 

N. K elvinside, Glasgow.
S. 1922. M cCleallan, C. J . ,  110, C arver S tree t, 

Sheffield.
Sc. 1919. McConnell, W ., 136, Carsaig D rive,

C raigton, Glasgow.
Sc. 1925. McCulloch, W ., 174, N ew lands R oad , 

C a thcart, Glasgow.
Lncs. 1924. M cD erm ott, J .  P ., 118, B riersill

A venue, R ochdale.

Year
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E.M . 1924. M cD onald, D . M., 45, S ten so n  R o ad , 
D erby .

Sc. 1913. M cD onald, W . F ., 5, H u tch in so n
P lace, C am buslang.

Sc. 1911. M cE achen, J . ,  R eg en t S tree t, K irk in 
tilloch.

B. 1904. M cFarlane, T ., F a rm  R oad , H orsehay , 
Salop.

Sc. 1914. M cG avin, R ., 5, M cK enzie A venue, 
C lydebank.

Sc. 1920. M cG ovan, A ., 69, B a ttle fie ld  A venue, 
Langside, Glasgow.

Sc. 1910. M eG owan, R . R ., C olliston-by-
A rb ro a th .

Lncs. 1923. M cK enzie, f f m . ,  c /o  J .  H odgk inson , 
L td ., F o rd  L ane W orks, P en d le 
to n , M anchester.

Se. 1922. M cK innon, J .  C., L easide C ottage, 
Cogan S tree t, B a rrhead .

Sc. 1910. M cL achlan, W ., 5, D aw son T errace , 
Carron, F a lk irk .

N . 1922. M cL aughlin, P ., 70, Jo h n  S tree t, B lay- 
don-on-Tyne.

W . & 1925. M cLean, J . ,  “ D onella ,”  12, D inas 
M. S tree t, G range, Cardiff.

Sc. 1915. M cN ab, J . ,  Bells W y n d , F a lk irk .
Sc. 1910. M cPhie, H ., 40, P h ilip  S tree t, F a l 

k irk .
Sc. 1925. M cN iven, A lex, 13, D aw son S tree t, 

F a lk irk .
B. 1910. M cQ ueen, D ., 6, A nchorage R oad , 

E rd in g to n , B irm ingham .
Sc. 1926. M cW hirter, A ., 114, C o rle tt S tree t, 

T ollcross, Glasgow.
Lncs. 1925. M eadow croft, H ., 14, W o rces te r S tree t, 

R ochdale.
Sc. 1914. M eam s, A ., 54, N a im  S tree t, G lasgow.
L ncs. 1926. M ellors, W ., 166, W est S tree t, O ldham .
M. 1926. M enzies, A ., 9, C adogan Street',

M idd lesb rough .
Lncs. 1926. M erigold, J .  J . ,  67, Sw ans L ane, 

B o lton .
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B. 1921. M eston, J .  M., P rio ry  H ouse, P rio ry  
S tree t, C oventry.

S. 1913. M illar, A ., 90, B aw try  R oad , T insley, 
Sheffield.

B. 1921. Miller, G. A., 68, St. M argare t’s R oad , 
C oventry.

S. 1918. M ilner, H „  163, Cross H ill, Eccles- 
field, n r. Sheffield.

W .R . 1923. M ilner, J .  W ., 29, W elbeck S tree t,
of Y . Sandal, W akefield.
IV .R. 1923. M itchell, G. W ., S tafford C ottage,
of Y. S. W esthorpe  R oad , W akefield.
Sc. 1922. M itra , S. B ., c/o  B engal Iron  Co., L td ., 

K u lti , E . I . R ., Ind ia .
Lncs. 1918. M offat, J . ,  12, D ryden  S tree t, P ad i- 

ham , Lancs.
Sc. 1916. Moir, J .  D ., B o ’ness Iro n  C om pany, 

L td ., B o’ness, Scotland.
Sc. 1926. Moir, T ., 10, A lm a S tree t, F alk irk , 

N .B .
B. 1916. Mole, T ., 7, D elville R oad , Church 

H ill, W ednesbury .
N. 1919. M olineux, W . J . ,  N ew castle-on-Tyne.
E.M . 1921. Moodie, Colin, 169, S ta tion  R oad, 

B eeston, N o tts .
Lncs. 1926. Moore, R . C., 61. F itzw arren  S treet, 

Seedley, M anchester.
B. 1916. Moore, W . H ., D evonia , M oat R oad , 

Langley G reen, B irm ingham .
N. 1920. M oorhead, H . A ., 22, M oorland Cres

cen t, W alker E s ta te , N ew castle.
Sc. 1909. M orehead, J .  S., 98, W ilton  S tree t, 

K elvinside, Glasgow.
B. 1919. Morewood, J .  L., 37, P aign ton  R oad, 

R o tto n  P ark , B irm ingham .
—  1920. M organ, B. S., B .Sc., A .I.C ., 42, P a rk

R oad, R ugby.
B. 1926. M organ, E . S., 22, C lip ton R oad ,

A luin P a rk , B irm ingham .
W . & 1922. M organ, W ., B ryn  D erw en, B ryn  

M. T errace, P o rth , G lam ., So. AVales.
B . 1922. M orris, H . J . ,  New Shop, H ea th  R oad, 

Sw an L ane, C oventry.
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S. 1924. M orris, T. R ., 3, A lb e rt S tree t,
M asboro’, R o th e rh am .

Lncs. 1925. M orris, W ., 16, B ird  S tree t, P re s to n .
N. 1924. M udie, T ., 34, B eech G rove, M onk-

seaton .
N . 1913. M urray , J . ,  5, E lm w ood A venue,

W illington-Q uay-on-T yne.
S. 1914. N ay lo r, A., 239, A bbeyfield R o ad ,

P itsm oor, Sheffield.
L ncs, 1915. N ay lo r, F ., 26, N owell C rescent,

H areh ills L ane, Leeds.
B . 1926. N ea th , F . K ., 16, Sarehole R o ad ,

H all G reen, B irm ingham .
Lncs. 1925. N eedham , G. A., 11, N ew bridge

L ane, S tockport.
E .M . 1926. N eedham , J . ,  5, R u p e r t S tree t, N o t

tingham .
W .R . 1925. N eild , *G., 3, B aden  T errace , H ough
of Y . E n d , B ram ley , Leeds.
N. 1914. N ekervis, J . ,  14, B rou g h to n  R o ad ,

S o u th  Shields.
Lncs. 1920. N ew port, F .,  1428, A sh ton  Old R oad , 

H igher O penshaw , M anchester.
W .R . 1926. N ichol, W . E ., 19, College R o a d /
o f  Y. C rosland M oor, H uddersfie ld .
Lncs. 1912. N ieholls, 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, 

Sou th  Shields.
Sc. 1918. N isbet, H . L ., L ily b u m , H illend  R o ad , 

L am bhill, G lasgow.
Lncs. 1920. N oble, A ., 42, C en tra l R oad , G orton , 

M anchester.
Lncs. 1925. N oble, H ., 53, R ock  S tre e t, Gee Cross, 

H y d e , C heshire.
Lncs. 1924. N oble, J . ,  53, R edd ish  L ane, G orton , 

M anchester.
B. 1924. N o rth c o tt, L ., T he D en, H alesow en, 

B irm ingham .
S. 1921. Offiler, G., 9, W ard  P lace, H ighfields, 

Sheffield.

B’uch. of ASSOCIATE MEMBERS.
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Lncs. 1920. O ldham , R ., 191, D ill H all Lane, 
C hurch, Lancs.

Lncs. 1923. O ilier, A. L., 53, Gorse S tree t, S tre t
ford, M anchester.

N . 1910. OlseVf, W ., Cogan S tree t, H ull.
Sc. 1920. O rm an, W m „ 55, Sunnyside S treet,

Cam elon, F alk irk , N .B .
S. 1924. O’Shea, D . B ., V ickers, L td ., B ro ad 

w ay  H ouse, W estm inster, S.W.
E.M . 1922. O ttew ell, H ., T he M ead, Swanwick, 

A lfreton, D erby.
B. 1922. O w e n ,  A. C., 33, P a rk  S tree t, M adeley, 

Salop.
Lncs. 1924. Owen, W ., 33, G ranville R oad , G or

ton , M anchester.
S. 1914. Oxley, C., c/o  Oxley B ros., L td ., 

M ow bray S tree t, Sheffield.
B . 1924. P a lm er, A ., 14, M arsh H ill, S tock land  

G reen, B irm ingham .
Lncs. 1923. P alm er, T ., 5, M arm aduke S treet, 

O ldham .
B. 1925. Parkes, I . ,  157, W hitehall R oad ,

G reets Green, W est Brom w ich.
L. 1920. Parnell, H ., “ F reda  V illa,” 25,

Q ueen’s R oad , B u rnham  - on - 
Crouch.

Lncs. 1925. P arrin g to n , P ., 30, V ernon S tree t, 
B ury .

B. 1918. Parsons, A., 32, Cordley. S tree t, W est 
Bromwich.

Sc. 1914. P a trick , A ., 65, M ungalliead R oad , 
F alk irk .

B. 1925. P a trick , J . ,  5, S t. M argarets S tree t, 
C an terbury , V ictoria, A ustralia .

L. 1925. P ay to n , T. G., 33, K ing S tree t, D u n 
stab le , Beds.

N. 1925. P earson , C. E ., 2, P ea rl S tree t, Salt- 
burn-by-Sea.

E.M . 1906. Pem berton , H ., 15, W olfa S tree t, 
D erby.

Lncs. 1919. Perk ins, F . S., 55, S laney S treet, 
N ew castle-under-L ym e, Staffs.

Year
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L ncs. 1914. P e v it t , H y ., 75, O rford  S tre e t (C en
tra l) , W arring ton .

Lncs. 1922. Ph illip s. A ., 38, G orse C rescent,
S tre tfo rd , M anchester.

B. 1919. P h ip p s , 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 the lney  S tree t,
B ellingham , S .E .

S. 1926. P o llard , C. D ., 7, C auston  R o ad , 
P itsm oor, Sheffield.

Lncs. 1918. P o tts , W ., 1, F a r  L ane, H y d e  R oad , 
G orton, M anchester.

W .R . 1922. P o u lte r, H ., 4, B eech G rove, U n d er -
of Y . cliffe, B rad fo rd , Y orks.
Lncs. 1922. P re sco tt, J . ,  3, L ouisa  S tree t, B o lton , 

Lancs.
Lncs. 1922. P riestley , Jo s ., 258, W aterloo  S tree t, 

B olton, Lancs
Lncs. 1922. P riestley , T hos., 185, K a y  S tree t, 

B olton , Lancs.
L. 1912. P rim rose, H . S. (C am pbell & G ifford), 

17, V ic to ria  S tree t, S .W .l.
Lncs. 1912. Prim rose, J .  S. Glen, 17, S alisbury  

R oad , C horlton  - c u m -  H a rd y , 
M anchester.

B. 1909. Pugli, C. B ., R am sey  H ouse , B esco t, 
W alsall.

S. 1917. Pugsley , T. M., c/o P o s t Office,
V ereeniging, T ran sv aa l, S ou th  
A frica.

M. 1926. R am sey , J .  E ., 95, P rinces R o ad ,
M iddlesbrough.

M. 1926. R an d , T ., 11, P ea rl S tree t, S a ltb u m - 
by-Sea.

L. 1926. R and le , L. A ., c/o  Mrs. B ourne, 115, 
N o rth c ro ft R o ad , W . E aling , W .13

Sc. 1904. R a n k in , R . L. (Sharp  & C om pany), 
L ennox  F o u n d ry , A lexandria , 
S co tlan d .

L. 1920. R asbridge , W . J . ,  160, E v e ly n  S tree t, 
D ep tfo rd , S .E .

B'nch. of ASSOCIATE MEMBERS.
Election.
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Lncs. 1910. R aw linson, W ., “ F a irh av en ,” P o rtlan d  
R oad . E llesm ere P a rk , Eccles, 
M anchester.

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, Gates- 
head-on-Tyne.

E .M . 1916. Reffin, J .  J . ,  79, B arclay  S tree t, Fosse 
R oad  South, Leicester.

Lncs. 1907. R eynolds, W ., 13, P a rk  View Terrace, 
O ldham .

W .R . 1922. R hodes, W ., 1, V ernon P lace, U nder-
of Y. cliffe, B radford , Yorks.
S. 1922. R hodes, W m ., Beech H olm e, Eccles- 

field, n r. Sheffield.
L . 1925. R ichards, W . S., 68, B eatrice Avenue, 

K eyham  B arto n , D evonport.
W . & 1924. R ichardson , R . J . ,  L lanb leth ian  House,

M. n r. Cowbridge.
N . 1912. R ichardson , W ., 204, South  F rederick  

S tree t, South  Shields.
M. 1926. R ichardson , J .  W ., 424, L in thorpe 

R oad , M iddlesbrough.
L. 1924. R ichm an , A. J . ,  “ S tra th a v e n ,” B rooks 

H all R oad , Ipsw ich.
Lncs. 1911. R iley, J . ,  M .Sc., A .M .I.C .E ., A .M .I.

M ech.E ., M .I. & S .I., 3, Glen R oad, 
off Lees R oad , O ldham .

S. 1912. R oberts , G. E ., 149, Sharrow  Vale 
R oad , Sheffield.

N. 1921. R obertson , H .. 13, L eam ington  S tree t, 
Sunderland.

Sc. 1920. R obinson, C. H ., 42, Sm ith  S tree t, 
H illhead , Glasgow.

Lncs. 1920. R obinson, F ., 369, W igan R oad ,
D eane, B olton.

B. 1925. R obinson, J . ,  8, E sp lanade E ast,
C alcu tta , Ind ia .

N. 1917. R obinson, J .  H ., 22, .P a rk  P arade ,
W hitley  B ay.

W .R . 1922. R obinson, W . G., 5, K esw ick S tree t,
of Y. L aisterdyke, B radford , Y orks.

^ear
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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.

S. 1913. R odgers, F ., B rig h tsid e  F o u n d ry  
& E ng ineering  Co., L td .,  W icker, 
Sheffield.

S. 1913. R odgers, J .  R . R ., 362, F ir th  P a rk  
R o ad , Sheffield.

Sc. 1924. R odgers, P ., Ju b ilee  P lace , B onny- 
bridge.

B. 1917. R oe, H . J . ,  84, C hurch R o ad , M oseley. 
B irm ingham .

E.M . 1913. R oe, J . ,  G lobe F o u n d ry , S to res R oad , 
D erby.

B . 1920. R ogers, C. F ., 28, M aycock R oad ,
C oventry .

Sc. 1926. R o lland , W ., 10, V ic to ria  D rive ,
S co ts toun , Glasgow.

Sc. 1922. R oss, E . J . ,  12, A fton  S tree t, L ang- 
side, Glasgow.

L ncs. 1922. R ow e, F . W ., 41, M oorside A venue, 
C rosland M oor, H uddersfie ld .

E .M . 1924. R ow ell, E . L ., 1, R a th b o n e  P lace , 
M iddle H ill, N o ttingham .

W .R . 1922. R ow ntree , F ., 28, C am pbell S tree t,
of Y . B ow ling B ack  L ane , B rad fo rd ,

Y orks.
M. 1926. R u th e rfo rd , C., “ Ing lefie ld ,” E agles- 

cliffe, S.O.
N . 1925. R u tledge , W . B ., 61, N o rth  View,

H ea to n , N ew castle-on-T yne.
L ncs. 1924. R yd ing , F ., 52, B arn sley  R o ad ,

W igan, L ancs.
L. 1913. Sam son, A, 18, M artin  R o ad , Ipsw ich .
L. 1923. Sanders, H . H ., 21, E th e rle y  R oad ,

H arrin g ay , N . 15.
S. 1921. Sanders, H orace  L ., 72, M urray

R oad , E ccleshall, Sheffield.
B . 1905. Sands, J . ,  27, V ic to ria  S tree t, W est 

B rom w ich.
M. 1926. S au lt, A ., 10, P ine  S tree t, N o rto n - 

on-Tees.
N.  1923. Savage, R ., 5, W incheste r T errace, 

H endon , S underland .

B’nch. Yo f r ASSOCIATE MEMBERS.
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W .R . 1922. Sayers, H ., 239, G oodm an Terraco,
of Y . H u n sle t, Leeds.
L ncs. 1924. Scholes, W . H ., 15, H ope P a rk  R oad , 

B en t H ill, P restw ich , M anchester.
Sc. 1923. S co tt, C., 7, L a  F rance  A venue, 

Bloom field, N ew  Je rsey , U .S.A.
N . 1916. Scott, G. W ., 1, N o rthum berland  

Villas, W allsend-on-T yne.
N . 1918. S co tt, W ., 7, Lynw ood A venue, B lay- 

don-on-Tyne.
M. 1926. Seam an, A., 1, Cowper Bewley R oad , 

H av e rto n  H ill, M iddlesbrough.
Lncs. 1925. Self, D ., 11, C roft S tree t, F a ilsw orth , 

M anchester.
S. 1921. Senior, George, 305, U p p erth o rp e  

S tree t, Sheffield.
Lncs. 1925. Service, J . ,  78, H iglifield R oad ,

Seedley, M anchester.
W .R . 1913. Shackleton, H . R „  U pper P ea r T ree
of Y . F a rm , H ain sw orth  Shay, K eighley.
W .R . 1922. Shaw, A., 28, TMarlboro’ R oad ,
of Y . Shipley, B radford .
Lncs. 1922. Shaw, S., 35, F rog  L ane, W igan, 

Lancs.
L. 1924. Shaw yer, G. H ., 81, E dw ard  S tree t, 

D ep tfo rd , S .E.8.
L. 1926. Shaw yer, ju n r., G. W ., 81, E dw ard  

S tree t, D ep tfo rd , S .E.8.
B. 1924. Shearm an, F . E ., 63, Sum m erfield

C rescent, B irm ingham .
Lncs. 1926. Shepherd, F . L ., 215, T o ttin g to n

R oad , B ury .
S. 1923. S h e rra tt, W ., 39, H orndean  R oad ,

P itsm oor, Sheffield.
E.M . 1925. Sherriff, C., 62, H e rb e rt S tree t,

L oughborough.
B . 1925. Shore, A. J . ,  “  B rad d a ,” Beech L anes, 

B irm ingham .
B. 1920. Shorthouse, W . H ., 60, E dw ard  S tree t, 

W est Brom w ich.
W . & 1925. Silverw ood, H . W m ., 320, N ew port 

M. R oad , Cardiff.

B'nch. YofU ASSOCIATE MEMBEBS.
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Lncs. 1922. Sim kiss, H ., 28, E nergy  S tree t, B ra d 
fo rd  R oad , M anchester.

S. 1917. S im pson, C. D ., 17, W illis R oad ,
H illsb ro ’, Sheffield.

S. 1925. Sim pson, F . A ., 110, E d w ard  S tree t, 
Sheffield.

B. 1914. Sim pson, H ., G reenhu rst, D oseley,
D aw ley , Salop.

W .R . 1925. Sim pson, J .  A ., 3, Je sm o n d  P lace ,
of Y. H u n s le t H a ll R oad , Leeds.
N . 1916. S inclair, J . ,  25, G ranv ille  S tree t, Mill- 

held , S underland .
Lncs. 1905. Skelton , H . S., “  L in d sey ,” O ld

L ane, E ccleston  P a rk , P re sco t,
L ancs.

S. 1925. Skerl, J .  G. A ., D ep t, of A pplied
Science, S t. G eorge’s Square,
Sheffield.

L. 1925. Skidm ore, B ., 2, Jack m an s  P lace ,
-  L e tch w o rth , H erts .

E.M . 1925. S lade, R . H ., 254, S t. T hom as R oad , 
D erby.

L. 1911. S la ter, H . O., “  S unny  H ill ,” L essners 
P a rk , B elvedere, K en t.

Lncs. 1906. S m ethu rst, J .  H ., B rie ry  C roft, Lodge 
L ane, W arring ton .

Lncs. 1925. S m ith , F ., 85, G reenbank  R o a d , 
R ochdale .

B . 1919. Sm ith , F . G ., 15, C herry  S tree t,
C oventry .

S. 1913. Sm ith , J . ,  A bney  H ouse , G leadless 
R oad , Sheffield.

Sc. 1921. S m ith , J . ,  6, K en n ard  S tree t, F a lk irk .
Sc. 1914. S m ith , J .  M., 64, L ennox  A venue,

S co tstoun , Glasgow.
B. 1917. S m ith , S., 240, B rom ford  L ane, W est 

B rom w ich.
Lncs. 1909. Sm ith , S. G ., 86. B a rto n  R oad , S tr e t

fo rd , M anchester.
Lncs. 1924. Sm ith , W ., 358, H a lifax  R oad ,

T odm orden.
E.M . 1925. S m ith , W . F ., F ire m a n ’s H ouses, 

Colom bo S t., D erb y .

»8U
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W .R . 1924. Sm ith , W m ., 50, Shetcliffe Lane,
of Y . T ong S tree t, B radfo rd , Yorks.
Sc. 1924. Sneddon, F . M., 28, F orest S treet, 

Mile E n d , Glasgow.
S. 1924. Som erfiekl, H ., 146, Sandygate R oad, 

Sheffield.
L. 1904. Sperring , B. F ., 244, L ake Road, 

P o rtsm ou th .
Sc. 1920. S p itta l, J . ,  80, N orham  S treet, Sliaw- 

lands, Glasgow.
L ncs. 1926. S tacey, C. W ., 5, H arco u rt S treet, 

Gorse H ill, S tre tfo rd , M anchester.
Sc. 1918. S ta rk , W . C., 37, Sum m ertow n R oad, 

Govan.
B . 1917. S ta rr, F . G. S., 128, Selwyn R oad, 

R o tto n  P ark , B irm ingham .
Lncs. 1917. S tead, H ., 1st 36, C heetham  H ill R oad, 

S talybridge.
S. 1914. Steggles, A. L., 240, Bellhom e R oad,

Sheffield.
B. 1914. S tephen, S. W . B ., The W oodlands, 

Beech Lanes, B irm ingham .
W . & 1924. S tephens, C. W ., E fail Isaf, n r.
M. P on ty p rid d , Mon.

L. 1921. Stevens, W m ., “ N ew land ,”  Church
R d ., R odboum e, Cheney, Swindon.

Lncs. 1921. Stevenson, M., 9, F oun ta in s  A venue, 
F irw ood, B olton.

Sc. 1925. S tirling , E ., Y ork  Place, K irk in tilloch .
N. 1914. S tobbs, R ., 199, S tanhope R oad ,

S ou th  Shields.
S. 1919. S tocker, W . E ., 109, E llesm ere R oad, 

P itsm oor, Sheffield.
L. 1915. Stone, E . G., 20, C autley  A venue,

C lapham  Common, S.IV.
Lncs. 1920. S torer, W . H ., 255, S ettle  S tree t, 

G reat Lever, B olton.
W .R . 1926. S to tt,  E ., 4, O rchard  S tree t, O tley,
of Y. Y orks.
L. 1925. S tubbs, R . G., 290, Com m ercial R oad , 

Peckham ,- S.E. 15.
L. 1922. S iunm ers, H . G., 35, P erry  H ill,

C atford , S .E .6.
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Lncs 1910. Sutcliffe, A., 1, F irw ood  G rove, T onge 
M oor, B olton.

W .R . 1922. Sutcliffe, A ., “ T hom cliffe ,” W elling -
of Y . to n  R oad , T odm orden , Y orks.
Lncs. 1919. Sutcliffe, W ., 3, B irk d a le  R oad , 

T u rf H ill, R ochdale.
Lncs. 1923. Sw ann, H ., 31, A lex an d ra  R oad ,

P a tr ic ro ft, M anchester.
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.

Lncs. 1922. T a te , C. M., B rook  R oyd , T o d 
m orden  R oad , B urn ley .

—  1906. T ay lo r, A. (F ield ing & P la t t ,  L im ited ),
A tlas Ironw orks, G loucester.

B. 1925. T ay lo r, A ., T he W illow s, G ipsy  L ane,
" W illenhall.

B . 1925. T ay lo r, E . R ., 148, S o u th  R o ad ,
H an d sw o rth , B irm ingham .

W . & 1905. T aylor, F . (T aylor & Sons, L im ited ),
M. B rito n fe rry , S ou th  W ales.

B . 1926. T ay lo r, F ., “ T he W illow s,” G ipsy
L ane, W illenhall, S taffs.

Lncs. 1921. T ay lo r, Jam es, 3, T rem ellen  S tree t, 
A ccrington.

S. 1926. T ay lo r, R . J .  S., H ill C rest, B room -
hall L ane, Old W h ittin g to n , 
C hesterfield.

L. 1925. T easdale, I . ,  H om eland , N o rto n
V illage, L e tchw orth .

N . 1921. T em ple, G. T ., 35, G rosvenor D rive , 
W hitley  B ay.

Sc. 1926. T en n an t, A. McA., 2, U nion R o ad ,
B a th g a te .

Lncs. 1922. T h a tch er, E . H ., “  T ro s trey ,” W raxa ll, 
Som erset.

N . 1924. T hom , J . ,  11, M oorland C rescent,
W alke r, N ew castle-on-T yne.

L. 1909. T hom as, E ., 41, K ingsh ill R o ad ,
Sw indon.
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W .R . 1922. T hom pson, E ., T h rybu rg  S tree t,
of Y . Leeds R oad , B radford .
L. 1926. T hom pson, J .  S., 21, E rith  R oad , 

B elvedere, K en t.
Sc. 1925. T hom son, D. B ., 149, G reat H am ilton  

S tree t, G lasgow E ast.
S. 1923. T h o rn ton , A. E ., 34, H am p to n  R oad, 

P itsm oor, Sheffield.
L ncs. 1911. T im m ins, A. E ., 133, Roose R oad , 

B arrow  - in -F um ess.
Lncs. 1924. T im perley , T ., 30, V entnor R oad, 

H ea to n  Moor, S tockport.
Sc. 1925. T onagh, Chas., 70, S tevenson S treet, 

C alton, Glasgow.
Lncs. 1919. Topi is, 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 treet, 
C layton, M anchester.

L. 1925. T orode, G. F ., 537, O xford R oad, 
R eading.

B. 1909. T oy, J .  H ., 374, Bearw ood R oad,
Sm ethw ick, Staffs.

Sc. 1920. T rapp , P ., K ilnside C ottage, F a lk irk .
E.M. 1924. Tunnicliffe, F . J . ,  9, A ugusta  S treet, 

D erby.
Sc. 1923. T u rnbu ll, Alex. W ., P rim rose Cottage, 

B onnybridge.
S. 1918. T urner, W ., 90, E dgedale  R oad ,

Sheffield. »
B . 1923. Twigger, T . R ., P o st Office, Bubben- 

hall, n r. K enilw orth .
L,. 1925. U nderw ood, W . G., 9, Sears S treet, New

C hurch R oad , Camberwell, S.E.5.
Sc. 1920. Ure, R ., S tenhouse H ouse, Carron,

F alk irk .
E .M . 1921. V aughan, B enj. H ., 25, H olm es S treet, 

D erby.
B. 1917. V aughan, G. A., 15, Green S treet,

W est Brom w ich.
Lncs. 1921. V ernon, G. W ., 11, Ashfield R oad , 

B urnley.

Year
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N. 1914. W ain fo rd , E . H ., H igh  R ow , G ain fo rd , 
D arling ton .

L ncs. 1925. W alk e r, A ., 117, R o b e r t  S tre e t,
N ew ton  H e a th , M anchester.

S. 1921. W alke r, A lex. W ., 129, H oneysuckle  
R o ad , Shiregreen, Sheffield.

L. 1911. W alke r, C. F .,  42, W indso r S tree t, 
W o lverton , B ucks.

Sc. 1920. W alke r, D ., 5, N ew  H ouses, A nderson 
S tree t, B onnybridge .

L. 1922. W alker, F . D ., 153, G reenvale R oad , 
E lth a m , S.E .

Sc. 1920. W alker, G ., 21, N ap ie r P lace, B ains- 
fo rd , F a lk irk .

E .M . 1920. W alke r, Geo. H ., 2, C am p S tree t, 
D erby .

Sc. 1920. W alker, Jo h n , 130, W allace S tree t, 
F a lk irk .

Sc. 1920. W alker, W m ., G ow anlea C ottages, 
A nderson  S tree t, B onnybridge , 
F a lk irk .

L ncs. 1915. W alw ork, R . N ., W este rn  R o ad , 
W ilm slow , Cheshire.

E.M . 1924. W ard , J .  C., 56, D anvers  R o ad , 
Leicester.

B. 1919. W areham , H ., 37, B roadw ay , C oven
try .

L. 1919. W ares, F . J . ,  216, Crom w ell R o ad , 
P e terborough .

E.M . 1925. W arn e r A m os, 252, T hom as R o ad , 
D erby .

S. 1911. W asteney , J . ,  V ulcan F o u n d ry , E ck- 
ing ton , n r. C hesterfield .

—- 1914. W atso n , R ., Saxilley  H ouse , 49,
Y ork  S tree t, R ugby .

Sc. 1919. W a tt , R ., E tn a  Ironw orks, F a lk irk .
Sc. 1920. W augh , W m ., 21, D u n d as C rescent, 

L aurie ston . F alk irk .
N. 1921. W eathers, J . H ., 76, S ta n to n  S tree t, 

N ew castle-on-T yne.
B. 1923. W ebb, A. W . J . ,  1, S idney S tree t, 

G loucester.'
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E.M . 1921. W ebb, E rn e s t A lfred, 109, W arwick 
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, 
Moseley, B irm ingham .

B. 1926. W ebster, W ., 74, H orseley R oad,
T ip to n , Staffs.

W .R . 1922. W est, W „ 32, Oakfield R oad , Man-
of Y . n ingham , B radford.
B . 1911. W estwood, J .  H .,163, S t.P a u l’s R oad , 

Sm ethwick, Staffs.
W .R . 1913. W hitaker, E ., 145, S t. E noch R oad ,
of Y. W ibsey, B radfo rd .
M. 1926. W hitehead , A., “  A vondale,” S t.

Lukes A venue, T hom aby-on-T ees.
L. 1911. W hiting , A ., B rynbella , Pem broke

R oad , E rith , K en t.
L . 1924. W hiting , A. P ., 56, B a tt le  R oad ,

E rith , K en t.
Lncs. 1922. W hittle , H arry , 94, Bridgefield S tree t, 

Radcliffe, M anchester.
B. 1919. W hitw orth , E ., 274, M unition Cottaghs, 

H o lbrook’s L ane, C oventry.
S. 1925. W ild, A. J . ,  M idland B rass Foundry , 

A ttercliffe , Sheffield.
E.M. 1926. W ild, H ., 14, A lbert P rom enade,

L oughborough, Leicestershire.
M. 1926. W ilkes, R ., 39, P earl S tree t, H av er - 

to n  H ill, M iddlesbrough.
M. 1910. W ilkinson, T ., S tock ton  S tree t, M id

dlesbrough.
S. 1919. W illiam s, A., 31, B urngreave B ank , 

Sheffield.
B. 1919. W illiam s, A. M organ-, 43, Q ueen’s 

R oad , C oventry.
.— 1923. W illiam s, B. E ., “  A ldersey ,” Crick

R o ad , H illm orton , R ugby .
Lncs. 1925. W illiam s, O., 36, S ark  R oad , S toney- 

c roft, L iverpool.
B. 1923. W illiam s, R ., 166, Cross R oad , Foles- 

h ill, C oventry .
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Sc. 1911. W illiam son, H ., 3, N ain  S tree t, D al- 
m uir.

Sc. 1920. W illiam son, J . ,  I l l ,  S tirling  S tree t, 
D enny , S tirlingsh ire .

L. 1920. W illsher, W . H ., “ B rey d o n ,” Oak- 
h ill G ardens, W oodford  G reen, 
L ondon , E .18.

Lncs. 1919. W ilson, A. E ., 84, D ew h u rs t R oad , 
Syke, R ochdale .

L. 1925. W ilson, A. M., E lm  V illa, M ildm ay  
R oad , B urnham -on-C rouch .

W .R . 1923. W ilson, H . T ., 34a. C om m ercial S tree t, 
of Y . T hornes L ane, W akefield.
Lncs. 1904. W ilson, W . R ., 15, Sackville S tree t, 

L iverpool.
E.M . 1921. W infield, F ., “ A m bleside ,”  O sm aston  

P a rk  R o ad , D erby .
S. 1924. W in te rto n , H . T ., W m . C um m ings & 

Co., W h ittin g to n  Mills, N r. C hes
terfie ld .

B. 1924. W isem an, A. A., 7, D an k s  S tree t, 
T iv idale , T ip ton .

Lncs. 1912. W olstenholm e, J . ,  I l l ,  C arlton  T e r 
race, B u ry , an d  B o lto n  R o ad , 
R adcliffe, M anchester.

B . 1922. W ood, A ., 30, T oll E n d  R o a d , T oll 
E n d , T ip to n , S taffs.

S. 1926. W ood, E . A ., 30, D ixon  S tree t, 
R o th e rh am .

E.M . 1921. W ood, Jam es H ., 18, A lcester R oad , 
Sheffield.

W .R . 1922. W ood, Jo h n , 6, H udsw ell S tree t, 
of Y. Sandal, W akefield.
M. 1926. W oolley, H . E ., 5, A lbion T errace , 

S a ltbum -by -S ea .
W .R . 1914. W orcester, A. S., 162, V ic to ria  R oad , 
of Y . Lockw ood, H uddersfie ld .
Lncs. 1917. W orra ll, J .  N ., 77, A nsdell R oad , 

T u rf H ill, R ochdale .
W . & 1926. W ren , J . ,  30, C am bria  S tree t,
M. G riffithstow n, W . N ew port, Mon.
Lncs. 1925. W rig h t, H . G., 78, L loyd  S tree t, 

H ea to n  N orris, S to ck p o rt.

B’nch. of ASSOCIATE MEMBERS.
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W .R . 1923. W rig h t, L. L ., 168, O xford R oad,
of Y . G om ersall, n ea r Leeds.
Sc. 1913. W rig h t, W ., B u rn b an k  Foundry , 

F alk irk .
L ncs. 1924. W ylie, J .  F ., 206, S to ck p o rt R oad , 

B red b u ry , S tockpo rt.
L ncs. 1925. Y ates, J . ,  37, K ing E dw ards Avenue, 

N o rth  Shore, Blackpool.
Lncs. 1924. Y eom an, R obert, 18, Lord S treet, 

S tockport.
Lncs. 1926. Y eom an, S., 18, Lord S tree t, S tock

po rt.
Sc. 1919. Y oung, J . ,  45, Cochrane S treet,

Paisley.
N . 1921. Y oung, Jam es, 72, Carlisle S treet,

Felling-on-Tyne.

ASSOCIATES.
Y e a r

B ’ncli. of
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N. 1925. A dam s, F ., 98, A vondale R oad,
B yker, N ewcastle.

N . 1926. A insw orth, L. H ., 3, A lb ert A venue, 
W allsend -on -T yne.

N. 1923. A llcock, H ., 164, H . S. E divards
S tree t, South  Shields.

B. 1925. A ndrew s, E ., 214, H ighfield R oad ,
Saltley , B irm ingham .

S. 1920. A yres, Sidney, 299, Bellhouse R oad , 
Shiregreen , Sheffield.

13. 1925. B ache, T . R ., 181, W alsall S treet,
W est Brom w ich.

N. 1925. B adsey, R . C., 5, L ovaine Terrace, 
N orth  Shields.

N. 1920. B anks, V. L ., S t. C u th b ert’s V icarage, 
N ew castle - on -T yne.

N. 1921. B en tham , J .  W ., 9, C um berland S treet, 
G ateshead-on-T yne.

N. 1924. B etham , W . S., 9, South  F rederick  
S tree t, South  Shields.

N. 1913. Bewley, J .  E . T ., 13, W oodland T e r
race, L eadgate , Co. D urham .
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B.
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N.

N.
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1925. B lackw ell, J . ,  113, G eorge S tree t,
W illing ton  Q uay-on-T yne.

1926. B lackw ood, W . S., 12, N ap ie r S tree t,
L inw ood, N .B .

1924. B lades, H ., 37, P e tre  S tree t, P its - 
m oor, Sheffield.

1922. B oudry , C., 46, H o lly  L ane, S m e th 
w ick, B irm ingham .

1922. B ow den, F ., 5, H olm w ood G rove,
W est Je sm o n d , N ew castle-on- 
T yne.

1914. B oyne, W ., 157, W ood E n d  R oad , 
E rd in g to n , B h’m ingham ,

1926. C annon, W . R ., 9, S o u th  View, 
B illingham , S tock ton-on-T ees.

1917. C arr, S., 44, S tan ley  S tree t, R osehill,
W allsend-on-T yne.

1924. C ham berlain , E . E ., 75, A lb ert S tree t,
Slough, B ucks.

1923. C hapm an, L. B ., D aisy  C ottage, D ene
V illas, C hester-le-S treet, Co. D u r 
ham .

1923. C harlton , F . J . ,  96, A delaide S tree t,
S ou th  Shields.

1926. C lark, J . ,  28, K ing  S tree t, P ais ley . 
.1925. Climie, C., 40, D elburn  S tree t, P ark - 

head.
1920. C oates, L ., 30, O akw ood R oad ,

R o th e rh am .
1925. Coles, H ., 101, W oodlands R o a d ,

B a rry  D ock.
1924. C oubrough, W . J . ,  68, G u th rie  S tree t,

M aryhill, Glasgow.
1926. Cum m ings, F . C., 3, W aller R oad ,

New  Cross, L ondon , S .E .14.
1924. C um m ings, J . ,  27, H illv iew  S tree t, 

S he ttle s to n , G lasgow.
1918. C urrie, E . M., 3, S to ck to n  R oad ,

C oventry .
1924. C u thbertson , J . ,  1, T ow er S tree t,

G ateshead-on-T yne.
1924. D avidson , T . H ., 156, C roydon R oad , 

N ew castle-on-T yne.
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Sc. 1926. D avis, T ., 633, D um b arto n  H oad,
P a rtick , Glasgow.

N . 1923. D avison, R ., 79, Second A venue.
H ea ton , N ew castle-on-Tyne.

N . 1924. D ickinson, B ., 9, South  F rederick
S tree t, South  Shields.

N . 1924. D odd, C., 6, R e lto n  T errace, Monk- 
seaton.

B. 1925. D ubberley , W ., 34, D ow ning S tree t,
H andsw orth , B irm ingham .

B . 1924. E ard ley , H . R . V ., 6, W hite  F riars 
S tree t, C oventry.

N. 1918. E glen , T ., 22, M orley S tree t, H eaton , 
N ew castle-on-Tyne.

L . 1922. E llis, J .  P ., 20, L am boum  R oad , Clap- 
ham , S.W .4.

B . 1922. E lston , A. G. W ., 62, Craven S treet, 
C oventry.

B . 1925. E v an s , E . H ., 100, B runsw ick R oad , 
H an d sw o rth , B irm ingham .

N. 1923. F a rre ll, T. P ., 6, St. M ary’s Terrace, 
W illing ton  Quay.

N. 1917. Ferguson , J . ,  62, South  P alm erston  
S tree t, South  Shields.

N . 1923. F errie r, J .  E ., 29, M aple Grove,
Cleadon P ark , South  Shields.

S. 1922. F ir th , Tom  L .,. 191, F ox  S tree t,
Sheffield.

N. 1925. F leck, J . ,  75, L am b S tree t, W alker- 
on-T yne.

N. 1913. F o rd , A., 43, Moore S tree t, G ateshead.
N . 1917. F rancis, J . ,  S traughan  H ouse, Felling-

on-Tyne.
B. 1924. F ro s t, C., 73, W hitm ore  R oad , Small 

H ea th , B irm ingham .
N. 1923. G alb ra ith , R ., 18, B yethorne S treet, 

South  Shields.
N. 1923. G ibson, W ., 66, K ing  George R oad, 

Cleadon, South  Shields.
N. 1923. G older, T ., 7, O range S tree t, South 

Shields.
N- 1923. G ould, M,, 42, E lsw ick E as t Terrace, 

N ew castle-on-T yne.

889
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Sc. 1924. G raham , T ., • 25, W illiam  S tree t,
D u m b arto n .

L. 1924. G raves, J .  H ., 38, Solw ay R oad ,
W ood G reen, N .22.

N. 1925. G reen, S ., 67, C o tten h am  S tree t,
N ew castle-on-T yne.

B. 1925. G reenw ay, J .  F ., 43, D ouglas R oad , 
H anclsw orth , B irm ingham .

B . 1923. G riffiths, T. J . ,  35, S ir T hom as
W h ite ’s R o ad , C oventry .

N . 1925. G rigor, R ., 38, G rey S tree t, W all- 
send-on-T yne.

B . 1925. H ad le y , E . T ., 207, H orsley  H e a th , 
T ip to n , Staffs.

B. 1909. H am ilto n , G ., 18, A nderson  R oad ,
T ip ton .

W . & 1925. H ard ing , W . L ., 14, W elford  S tree t,
M. B arry .

N. 1923. H arle , J .  E ., 162, S ou th  P a lm ers to n  
S tree t, S ou th  Shields.

M. 1926. H arvey , E . J . ,  4, R y d a l R oad , S to c k 
ton-on-T ees.

N . 1924. H arv ey , J .  E . B ., 96, M arshall W allis 
R oad , S ou th  Shields.

S. 1921. H eeley , J o h n  J a s .,  36, G ertrude
S tree t, O w lerton, Sheffield.

Sc. 1924. H iggins, N ., P o rtla n d  R ow s, H url- 
fo rd , A yrshire .

Sc. 1920. H ill, T ., 9g, M itchell S tree t, A irdrie.
L ncs. 1925. H ind ley , W ., 13, C harles S tree t,

F a rn w o rth , n e a r  B olton .
W . & 1926. H ird , J . ,  “ W oodco t,” U p p e r Cwm-
M. b ran .

N . 1925. H odgkinson , H . D ., 10, S idney  G rove, 
N ew castle .

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.

Lncs. 1923. H opk ins, W ., 70, T o o ta l D rive,
W easte , M anchester.

E.M . 1916. H ughes, J .  O., 27, E v in g to n  R oad , 
L eicester.

B’noh. I W  ASSOCIATES.
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M. 1926. Jam eso n , J .  R ., 9, Olive S tree t,
H artlepoo l.

N . 1923. Jenn ings, P ., 23, C nllercoats S treet,
W elbeck R oad , N ewcastle-on- 
T yne.

B. 1919. Johnson , J .  B ., ju n r., S later S treet,
G rea t B ridge, T ipton.

IST. 1925. Jones, J . ,  21, Cooper S tree t, S under
lan d  R oad , G ateshead-on-Tyne.

L. 1924. Jones, T. H ., 40, G lengall R oad,
C ub itt Town, E.14.

Sc. 1922. Jones, W . C., B lair T errace, H urlford ,
A yrshire.

N . 1922. K elly , F . J . ,  1545, W alker R oad,
N ew castle-on-Tyne.

Sc. 1924. L aughland , H ., 15, B urnside S tree t,
K ilm arnock.

N . 1925. L aven , J . ,  140, R ichardson  S tree t,
W allsend-on-T y n e .

N. 1923. Lew ins, W ., 90, H . S. E dw ards
- S tree t, South  Shields.

N. 1922. L iddell, L ., 7, T yne View, Lem ington-
on-T yne.

N . 1920. L indsay , A. W ., 16, Ph illipson S tree t,
W illing ton  Q uay-on-Tyne.

N. 1924. Lowes, W ., 1, B aden S tree t, Chester-
le-S tree t.

Lncs. 1914. L ucas, G. E ., 36, L angford  S tree t, 
Leek, Staffs.

Sc. 1924. M acN ab, R ., 13, W alker S treet,
Paisley.

Sc. 1925. M a g e e ,  J . ,  11, D ouglas S tree t, Paisley.
Sc. 1924. M artin , A. L., 31, George S tree t,

C ity, Glasgow.
M. 1926. M artin , J .  H ., 7, South  View, Cargo 

F leet, M iddlesbrough.
B. 1924. M ason, J .  L ., 11, K en tish  R oad,

H andsw orth , B irm ingham .
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L. 1925. M ata, C. H ., 51, G rosvenor R o ad , 
C anonbury , N .5.

L. 1911. M ather, D . G., “ W estoe ,” Q ueen’s 
R oad , A shford , K en t.

B. 1913. M ather, F ., “ D o ris ,” D eyk in  A venue, 
W itto n , B irm ingham .

N. 1923. M atthew s, G. W ., 4, B urnside , R ose- 
h ill, W illing ton-Q uay-on-T yne.

Sc. 1926. M cA llister, W . C., 144, D n im o y n e  
R oad , S.O., G ovan, Glasgow.

N . 1924. M cD onald, C. R ., T he V illa, W illing- 
ton-Q uay-on-T yne.

N . 1925. M cD ougal, T . D ., 3, W estm ore land
S tree t, W allsend-on-T yne.

Sc. 1924. M cGowan, V. M., 1, A lb e rt S tree t,
Paisley .

Sc. 1926. M cG urnaghan, ^L, 206, G allow gate , 
Glasgow.

Sc. 1913. M cLeish, J . ,  7, B u ch an an  T errace,
Paisley.

Sc. 1913. M cLeish, R ., 7, B u ch an an  T errace , 
Paisley .

Sc. 1926. M cPhee, J .  McA., 70, H igh  S tree t, 
Paisley .

N . 1926. M cQ uillan, J . ,  1 L odge T errace ,
W  allsend -on -T yne.

L ncs. 1923. M eadow croft, H ., 10, H am b led o n
View, H ab erg h am , B urn ley .

Sc. 1924. M eikle, A. S., 207, K e n t R oad ,
Glasgow.

B. 1925. M ered ith , C., 4, T hom as S tree t, S m e th 
w ick, B irm ingham .

L . 1922. M iller, J .  G ., 79, C larence S tree t,
N ew castle-on-T yne.

B. 1918. M organ, W . G., 51, P a lm erston  R oad , 
E a rlsd o n , C oventry .

N . 1925. M orland, R . H ., 106, Clifford S tree t, 
B yker, N ew castle-on-T yne.

N . 1914. M urray , J . ,  13, D ean  R oad , South  
Shields.

N . 1925. N esb it, G. L., 4, Coben Avenue-, Mex- 
borougli.
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N. 1923. N esb itt, I . ,  26, Bede C rescent, H oly 
Cross E s ta te , W illington-Q uay- 
on-T yne.

N . 1924. N ichol, ‘ J „  131, George S treet, 
W ill ing ton  - Q uay - on-T yne.

N . 1925. N u tta ll, G ., 88, H igh  S tree t E as t, 
W allsend-on-T yne.

N . 1917. Oliver, J . ,  74, K ing  E dw ard  S treet, 
G ateshead-on-T yne.

N. 1925. Osborne, G. F ., 39, F ran k lin  S tree t, 
Sunderland .

N. 1922. P aterson , J .  W ., 108, Corbridge S tree t, 
B yker, N ew castle-on-Tyne.

N. 1923. Peacock, J .  E ., 40, B olam  S treet,
N ew castle-on-Tyne.

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 ebburn-on-T yne.

N. 1922. P ittu c k , M. D. (Miss), 4, C atherine 
T errace. W hitley  B ay.

Lncs. 1926. P o llard , W in., 7, Powell S tree t,
B urn ley , Lancs.

W .R . 1926. Poole. F . T . L., 85, S ta rr  H ill, W yke,
of Y. B radfo rd .
E.M. 1916. R adfo rd , H . P ., 151, B arclay  S treet, 

Fosse R oad  South , Leicester.
N . 1917. R ang , E . J . ,  8, B a th  T errace, T y n e 

m outh .
N. 1926. R eay , T .. 27, P ercy  S tree t, W allsend- 

on-T yne.
N. 1922. R ed p a th , J . ,  25, B urn ley  S tree t,

B 1 aydon  - on-T yne.
W . & 1925. R ees, L. W ., 158, H o lton  R oad , •
yj_ B arry  D ock.

Sc. 1923. R eid , J .  N . (junr.), E lm bank , L arb ert.
Sc. 1923. R iddell, J . ,  C oventry  D rive, Glasgow.
M. 1926. R obinson, J . ,  172, A bingdon R oad ,

M iddlesbrough.
N. 1924. R obson, J . ,  15, H aw tho rne  Grove, 

W  allsend-on -Tyne.
N . 1925. R obson, J . ,  20, F rederick  S treet, 

G ateshead  - on -T y n e .
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N. 1923. R ollin , C. N ., K eys H ouse, G ilesgate, 
D urham .

N. 1926. R ow ley, J .  S., 51, S ou th  T errace ,
W allsend-on-T yne.

N . 1925. R uff, -J., 88, R ich ard so n  S tree t,
W allsend -on -T yne.

N. 1923. Sam s, W . B ., 6, N o rth  T errace ,
W allsend-on-T yne.

M. 1926. Saunders, A ., 34, Q ueens R oad ,
N o rth  O rm esby , M iddlesbrough.

N . 1925. S co tt, R . J . ,  5, D ene A venue, H igh  
F a rm  E s ta te , W allsend-on-T yne.

S. 1925. Sm edley, C. C., 41, A bbey  L ane,
W oodseats, Sheffield.

B . 1925. S m ith , W . H ., 21, H o rse ly  R o a d , 
T ip to n , S taffs.

N . 1925. Soulsby, W . A., 14, A rm strong  S tree t, 
G osforth .

N. 1912. Spence, W . D ., 124, H e a to n  P a rk
R o ad , N ew castle-on-T yne. .

N . 1922. Spencer, F . C., ‘ D o n s f e i l . ”  N ew
H orsley , O vingham -on-T yne.

B. 1910. Spiers, F ., 32, K en ilw o rth  R o a d ,
H an d sw o rth , B irm ingham .

N. 1925. Spow art, D ., 9, St. N icholas R oad , 
H exham -on-T yne.

N . 1926. S tafford , J . ,  143, H a rr ie t S tree t,
B yker, N ew castle-on-T yne.

Sc. 1924. S tevenson , A. H ., 6, K ennedy  S tree t, 
K ilm arnock .

N . 1923. S tobbs, T ., 199, S tan h o p e  R o ad ,
S ou th  Shields.

N . 1924. S to d d a r t, J . ,  7, F em d a le  A venue, 
W allsend-on-T yne.

N . 1925. S trong , Leslie, 59, M arine A venue,
M onkseaton , N o rthum berland .

E .M . 1915. S ty les, W . T ., 52, R oe S tree t, D erby .
B. 1910. S u tto n , W . H ., 147, A n th o n y  R oad ,

S altley , B irm ingham .
Sc. 1913. Sw ord, J . ,  13, P ais ley  R oad , B a r r 

head .
L ncs. 1926. T a te , W . G., B rook  R o y d , T od- 

m o rd en  R oad , B urnley .

B’nch. of ASSOCIATES.
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M. 1926. T ay lo r, D ., 35. L angby A venue,
T h o m ab  v -on -Tees.

N . 1926. T hom pson , J .  T .. 42, M onk S tree t,
G ateshead -on -T yne.

X . 1923. Tow ns, E ., 50, W hitehead  S treet,
South  Shields.

N . 1921. T u n n ah , R . C., 22, R ipon  G ardens, 
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requested to notify the same immediately 
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