
H .  W lN T E R T O N .

President, 1936-37.
Mr. H. W interton is Chairman and Managing Director of 
William Gumming & Company, Limited, of Glasgow, Bilston, 
Chesterfield, etc., and is one of the oldest members of the 
Institu te , having been elected in 1906. He has presented 
numerous Papers on Mould Pacings and Refractories to 
various Branches, and was President of the Scottish Branch 
in 1929-30. He is a Past-President of the Foundry Trades’ 
Equipment and Supplies Association and of the Refractories 
Association of Great Britain. He has taken  an active part 
in Municipal and County adm instration, and is now Senior 

Bailie of the Burgh of Milngavie, Dum bartonshire.



P r o c e e d i n g s
OF THE . . .

In s t i t u t e  o f  
Br it is h  F o u n d r y m e n .

VotOme XXIX. 1935-1936.

C ontaining the R eport of the T h irty - 
T h ird  A nnual Conference, held a t 
Glasgow, June 9th, 10th, 11th, and 12th, 
1936; also P apers and Discussions 
presented  a t B ranch  M eetings held 
during  the Session 1935-1936.

Edited by T. Makemson, Secretary.

Institute of British Foundrymen.
General Office :

Saint John Street Chambers, Deansgate, Manchester, 3.
(Registered Office : 49, Wellington Street, Strand, London, W C.2.)

LONDON : Printed by 
“ THE FOUNDRY TRADE JOURNAL,"

49, Wellington Street, Strand, London, W.C.2.



In UiOTF 4 V



THE INSTITUTE OF BRITISH 
FOUNDRYMEN

O F F I C E R S  1 9 3 6 - 3 6

P R E S ID E N T  :
H. W interton , M oorlands, J lilngav ie, D um bartonshire.

VICE-PRESIDENTS :
C. \V. B igg, “ Selw orthy,” B urley Lane, Quarndon, near 

D erby.
J  H epw orth, J .P .,  M .P., M ood Lawn, Apperley Bridge, 

near B radford .
PA ST -PR E SID EN T S :

(Surviving P ast-P residen ts  are  ex-officio members of the 
Council.)

R. B uchanan. (Deceased, 1924.) 1904-1905.
H. P ilk in g to n . (Deceased.) 1906-1907.
F. J . Cook, M .l.M ech.E ., 31, Poplar. Avenue, Edgbaston, 

B irm ingham , 17. 1908-1909.
P. Longm uir, M .B.E., D.M et., 2, Queen’s Road, Sheffield. 

1910-1911.
C. Jones. (Deceased, 1923.) 1912.
S. A. Gimson, J .P . ,  20, Glebe Street, Leicester. 1913-1914. 
ML M ayer. (Deceased, 1923.) 1915.
J .  E llis. (Deceased, 1930.) 1916-1917.
T. H . F ir th . (Deceased, 1925.) 1918.
John  L ittle . (Deceased, 1932.) 1919.
M atthew  R iddell. 1920.
O liver Stubbs. (Deceased, 1932.) 1921.
H. L. R eason, M .l.M ech.E . 1922.
O liver Stubbs. 1923.
R . O. P a tte rson , P ioneer W orks, Blaydon-on-Tyne. 1924. 
J .  Cam eron, J .P .,  Cam eron & R oberton, L im ited, K irk in 

tilloch, Scotland. 1925.
V. C. F au lkner, M .Inst.M ., 49, W ellington Street, S trand, 

London, W.C.2. 1926.
J . T. Goodwin, M .B.E., M .l.M ech.E ., Sheepbndge Coal & 

Iron  Company, L im ited, Chesterfield. 1927.
S H . Russell, B ath  Lane, Leicester. 1928.
W esley Lam bert, C .B .E ., "  G rey friars,” Sea Drive, W est- 

gate-on-Sea. 1929.
F P  W ilson, J .P . ,  “ P a rk h u rs t,”  M iddlesbrough. 1930.
A. H arley , The D aim ler Company, L im ited, Coventry.

1931.
V ictor Stobie, M .I.E .E ., Langholm  South Drive, H arro- 

fjate. 1932.
C E W illiam s, J .P .,  “ Coniston,”  Cefn-Coed Road, R oath 

P a rk . Cardiff. 1933. ^
Roy Stubbs, 36, Broadw ay, Cheadle, Cheshire 1934 
J  E H urst, A shleigh, T ren t V alley Road, Lichfield, 

Staffs. 1935.
HON. T R E A S U R E R :

W. B. Lake, J .P .,  Albion W orks, B ra in tree , Essex. 
SECRETARY AND ED ITO R  AND G EN ERA L O FFIC E  : 
Tom M akemson. Assoc.M.C.T., St. Jo h n  S treet Chambers, 

D eansgate, M anchester, 3.
(R egistered  Office : 49, W ellington Street, S trand.

London, W.C.2.)
A U D IT O R S :

J .  & A. W . Sully & Company, 19/21, Queen Victoria 
Street, London, E.C.4.



C O U N C I L

D E L E G A T E S E L E C T E D  A T  A N N U A L  
G E N E R A L  M E E T IN G :

Prof. J .  H . Andrew, D.Sc., D epartm en t of M etallurgy . 
St. G eorge’s Square, Sheffield, 1.

V. Cam pion, F .I.C .. 8, Thorn R oad W est, B earsden, by 
Glasgow.

V. Delport, Caxton House E ast, W estm inster, London, 
S.VWl.

J .  W. Gardom , 39, B ennetts  H ill, B irm ingham , 2.
B H ird , 17, Tinwell R oad, Stam ford, Lincs.
E. Longden, 11, W elton Avenue, D idsbury P a rk , M an

chester.
F . K. N eath , B.Sc., H ollyw ell House, A rm ley, Leeds, 12.
J  M. Prim rose, The G rangem outh  Iro n  Com pany, 

Lim ited, G range Iro n  W orks, F a lk irk , Scotland.
P. A. Rnssell, B.Sc., B ath  Lane, Leicester.
D H . Wood, “  K ingswood,”  P a rk  Road, Moseley, B ir

m ingham , 13.

B R A N C H  D E L E G A T E S:
(B r a n ch  rep resen ted  show n in  b r a ck ets .)

R. B allan tine, D uncruin, N orth  S treet, M otherwell, 
Scotland. (Scottish.)

W. N. Cook, B.Sc., 10, Stanley Road, H eaton  Moor, 
Stockport. (L ancashire.)

J .  W . Donaldson, D.Sc., Scott's S h ipbuild ing  & E n g in ee r
ing  Company, Lim ited, Greenock, Scotland. (Scottish.)

E. B. E llis 36, K ings Road, M onkseaton, N orth u m b er
land. (Newcastle.)

W. T. Evans, “  Someries," D arley L ane, A llestree, near 
Derby. (E ast M idlands.)

A. B. Everest. Ph .D ., B.Sc., The Mond N ickel Com pany. 
Lim ited, Tham es House, M illbank, London, S .W .l. 
(London.)

J .  Jackson, H ow ard & B ullough, L im ited , A ccrington, 
Lancs. (Lancashire.)

C. H . K ain , L ake & E llio t, L im ited , Albion W orks, B ra in 
tree , Essex. (London.)

B, B. K ent, H eversham , Brom ley Avenue, B rom ley, K en t. 
(London.)

A. L. Key, 161, N o rth g a te  R oad, E dgeley, Stockport. 
(L ancashire.)

G. T. L unt, “  San Sim eon,1’ N ew bridge C rescent, W olver
ham pton. (B irm ingham .)

W. G. M organ, 301, B road Lane, Coventry. (B irm ingham .) 
N. M cM anus, M .B.E.. The A rgus Foundry , T horn liebank , 

near Glasgow. (Scottish.)



A E. Peace. The Rose & Crown H otel, B railsford. near 
Derby. (E ast M idlands.)

A. P h illips, 1, M elfort Avenue, off Edge Lane, S tretford, 
M anchester. (L ancashire.)

C. D. Pollard , “  C hilton ,” H ollies Road, Allestree Lane, 
Derby. (Sheffield.)

R. J .  R ichardson, “  G lenthorne,”  L lan  P a rk  Road, P o n ty 
pridd , Glam . (W ales and Mon.)

N. D. R idsdale, F.C.S., 3, W ilson Street, M iddlesbrough. 
(M iddlesbrough.)

H . J .  Roe, 29, P a rk  Road, Moseley, B irm ingham , 13. 
(B irm ingham .)

J .  N. Simm, 61, M arine Drive, M onkseaton, N orthum ber
land . (N ewcastle.)

W. G. Thornton, “ R iverslea,”  C ottinglev B ridge. B inglev, 
Y orks. (W .R . of Yorks.)

A. W hiteley, 5. Stnm perlowe H a ll Road, Fnlwood. Shef
field, 10. (Sheffield.)

A. S. W orcester, Toria House, 162, V ictoria Road, Lock
wood, Huddersfield. (W .R. of Yorks.)

J .  G. Pearce, M.Ec., M .I.E .E ., E .In s t.P ., 21, St. P au l's  
Square, B irm ingham , 3.



BRANCH P R E SID E N T S AN D  SE C R E TA R IE S  
(Ex-officio M embers of th e  Council.)

B IR M IN G H A M .
G. W. Brown, M .l.M ech.E ., A ustin  M otor Com pany, 

L im ited, L ongbridge W orks, B irm ingham .
A. A. Tim m ins, A .I.C ., 21, St. P a u l’s Square, B irm ingham .

EAST M IDLANDS.
H. B unting , 82, O tter Street, Derby.
B. Gale, P a rk d a le ,” Boulton Lane, A lvaston, Derby

LA N C A SH IR E.
J .  H ogg, 321, M anchester Road, B urnley , Lancs.
J .  E. Cooke, 1, D erbyshire Crescent, S tretfo rd , M anchester.

LONDON.
V. D elport, C axton H ouse E ast, W estm inster, London, 

S.W.1.
H. W. Lockwood, S tew arts and Lloyds, L im ited, W in 

chester House, Old B road S treet, London, E.C.2.
M ID D LESBR O U G H .

II. E. Woolley, 5, Albion Terrace, Saltburn-by-lhe-Sea.
D. R . K innell, C. P. K innell & Com pany, L im ited, Vulcan 

Iron  W orks, Thornaby-on-Tees.
N EW CASTLE AND D IST R IC T .

J .  Sm ith, H arto n  Lea, H arton , South Shields.
W. Scott, S ir W. G. A rm strong W hitw orth  & Com pany 

(Ironfounders), L im ited, Close W orks, G ateshead-on- 
Tyne.

SCOTTISH.
F. H udson, Glenfield & K ennedy, L im ited, K ilm arnock, 

Scotland.
J .  Bell, 60, St. Enoch Square, Glasgow, C.l.

S H E F F IE L D .
J .  R oxburgh, 583, M anchester Road, Sheffield, 10.
T. R. W alker, B.A., The P rio ry , O ughtib ridge, near 

Sheffield.
W ALES AND M ONM OUTH.

S. Southcott, “ Wood View,” Y nysym aerdy, B riton  F erry , 
South Wales.

J .  J .  M cClelland, 12, C lifton Place, N ew port, Mon.
W EST R ID IN G  OF Y O R K S H IR E .

J .  H epworth, J .P ., M .P., Wood Lawn, A pperley B ridge, 
near B radford.

S. W. Wise, 110, P u llan  Avenue, Eccleshill, B radford .
S O U T H  A F R IC A N  B R A N C H .

T. Nimmo Dewar, U nion Steel C orporation , L im ited , 
Johannesburg.

F. C. W illiam s, M agor House (fifth  floor), 74, Pox S treet, 
Johannesburg.

P RESID ENTS AND  SE C R E TA RIES
OF SECTIONS.

These sections are  p a r t of the  B ranches w ith w hich they  
a re  associated. The P residen ts  and  Secretaries of 
Sections receive inv ita tions to  a tte n d  m eetings of the  
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George Street, E a s t M elbourne, Victoria.

CZECHO-SLOVAK1A.
Prof. Dr. Mont F r. P isek, Technical H igh  School, Brno.

PRA N CE.
E. Ronceray, 2, Rue Saint-Sauveur, Thiais.
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A W ARDS 1935-36

T H E  “ O L IV E R  S T U B B S  ” OOLD M E D A L
1936 Awards were m ade to—

Mr. F. HUDSON,
“ For the  work th a t  he has done in prom oting scientific 

foundry practice, and  p a rticu la rly  his investigation  work 
w ith re la tion  to m oulding sands, most of which has been 
made known to th e  In s titu te  th rough  the  various Papers 
th a t  he has presented  from tim e to tim e,”
and Mr, E. LONGDEN,

“ In  recognition of the  m any valuable P apers on 
foundry practice, p a rticu la rly  in connection w ith the 
sh rinkage  of castings, which have been presented to the  
In s titu te  over a  num ber of y ears.”

The Oliver Stubbs M edal has been aw arded as follows
1922.—F. J .  Cook, M .l.M ech.E .
1923.—W. H . Sherburn.
1924.—Jo h n  Shaw.
1925.—A. Cam pion, F .I.C .
1926.—A. R. B artle tt.
1927.—E m eritus Professor Thom as Turner, M.Sc.
1928.—J . \V. Donaldson, D.Sc.
1929.—W esley L am bert, C.B.E.
1930.—Jam es Ellis.
1931.—Jo h n  Cam eron, J .P .
1932.—J . E. H urst.
1933.—J .  W . Gardom .
1934.—V. C. F au lkner.
1935.—No aw ard.
1936.—F. H udson \ ̂ w0 awar(js.

E. Longden /

M E R IT O R IO U S  S E R V IC E S  M E D A L
1936 Award to Mr. JAM ES SM ITH,

“ For his con tinua l efforts to  prom ote the  development 
of the  In s titu te  since he became a  mem ber in 1905.

The M eritorious Services M edal has been aw arded as 
follows :—
1933.—F. W. Finch.
1934.—J .  J .  M cClelland.
1935.—H. B unting .
1936.—J. Sm ith.

D IP L O M A S  OF T H E  IH S T IT U T E
were aw arded to—

Mr. G. L. HARBACH, for his P ap er on “ R elationship  in 
C ast Iron  Test R esults,”  given before the  E a s t Mid
lands B ranch.

Mr. A. P H IL L IP S , for his P ap er on “  Some Points in 
the  M odern Production of C astings,”  given before the 
B urnley Section of th e  L ancash ire  B ranch.

Mr. J .  M cGRANDLE, for his P aper on “ M etal Moulds 
for C ast Iro n ,” given before th e  Scottish B ranch.
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T H IR TY -TH IR D  
A N N U A L  CONFERENCE  

A T GLASGOW

A N N U A L  G E N E R A L  M EETING
The annua l m eeting of the  In s titu te  was held 

in  th e  Grosvenor R estau ran t, Gordon S tree t, 
Glasgow, on Tuesday evening, Ju n e  9, w ith the 
re tir in g  P residen t, M r. J .  E . H u rs t, in the 
C hair.

The m inutes of the  annual general m eeting 
held a t  Sheffield on Ju ly  2, 1935, were taken  
as read , approved, and signed by the  P residen t.

The A nnual R epo rt of th e  Council for the  
session 1935-36 was presented.

A N N U A L  R E P O R T
This rep o rt covers th e  period M ay 1, 1935, to  

A pril 30, 1936, and  th e  accounts a re  for the  
year ended December 31, 1935.

In  th e  last A nnual R eport a small decrease 
of m em bership was re p o r te d ; i t  is satisfactory  
to  note th a t  th is  decrease has been more th an  
neu tralised , and on A pril 30 the  mem bership 
showed a n e t increase of 112. The to ta l num ber 
of new members added during  th e  year is 265 
and the  loss due to  deaths, resignations and  other 
causes is 153. This increase is due, p artly  to  the 
im proved trad e  conditions, also to  th e  increased 
regard  in  which the  In s ti tu te  is held th roughout 
th e  industry .

Table I  shows th e  changes in  mem bership and 
an analysis of th e  present mem bership is given 
in  Table I I ,  th e  figures for the  previous year 
being given in brackets as a comparison.

B
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H is M ajesty King George V
A resolution of sym pathy was forw arded on 

behalf of th e  mem bers of th e  In s ti tu te  to  H e r 
M ajesty  Queen M ary, and  H e r M ajesty  
graciously acknowledged receip t of th is  message.

Honours Conferred upon M em bers
Among th e  honours which have been conferred 

upon members of th e  In s ti tu te  a re  th e  fol
lowing : —

S ir R obert H adfield, B a r t.,  has been 
aw arded the  A lbert M edal of the  R oyal Society 
of A rts “  fo r h is researches in  m eta llu rgy  and 
his services to  th e  steel in d u s try ,”  and has 
also a tta in ed  th e  D iam ond Jub ilee  of his con
nection w ith th e  firm of Hadfields, L im ited.

M r. V incent D elport has been elected Vice- 
P residen t of th e  In te rn a tio n a l Com m ittee of 
F oundry  Technical Associations.

M r. G. T. L u n t was re-elected P res id en t of  
the  F oundry  Trades E quipm ent and Supplies 
Association.

D r. A. M ’Cance was re-elected P res id en t of 
th e  Glasgow and W est of Scotland Iro n  and 
Steel In s titu te , th is  being th e  fou rth  succes
sive year th a t  D r. M ’Cance has occupied th is  
position.

M r. J .  A. Thornton has been re-elected 
P residen t of th e  M anchester Association of 
Engineers.

M r. E . R . W alter has been elected P res id en t 
of the  Lincoln E ngineering  Society.

Mr. A. Edw ards has been elected a M em ber 
of Parliam ent.

Deaths
I t  is w ith g rea t regret- th a t  th e  Council reports 

th e  death of 16 members, am ongst whom are  
several who have been prom inently  identified 
w ith the  In s titu te  for a num ber of years, 
inc lud ing : —

The R ig h t H on. A rth u r H enderson, M .P ., 
who was elected an H onorary  M em ber of the 
In s titu te  in 1926. Mr. H enderson was id en ti
fied with the  foundry in d u stry  for m ost of his
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life, and was a notable figure in public life, 
having held office as P res id en t of the  B oard 
of E ducation , Home Secretary , Foreign  Secre
ta ry  and P res iden t of the  D isarm am ent Con
ference. H e was aw arded th e  Nobel Peace 
P rize  in  1935.

Mr. F . W. F inch, who died a t  th e  age of 
89, was one of th e  founders of the  In s titu te , 
and for some years was Secretary . H e then  
became H onorary  T reasurer, a position which 
he held for a period of twenty-five years. H e 
was aw arded the  M eritorious Service M edal of 
th e  In s titu te  in  1933.

Mr. T. W ilkinson, a' p rom inent mem ber of 
the M iddlesbrough Branch, and a form er 
Mayor of Stockton-on-Tees.

Mr. F . B iggin, who fo r m any years was in t i
m ately associated w ith the Sheffield B ranch.

M r. C. W. K en t, who had been a m em ber 
of the  Council of the L ancashire B ranch, and 
was elected a member of th e  Council of th e  
W est R iding of Yorkshire B ranch a short tim e 
before his death.

Mr. W. J .  Flavell, J .P . ,  a P as t-P res id en t 
of the Birm ingham Branch and a rep resen ta 
tive of the  In s titu te  on Comm ittees of th e
B .S.I. and the City and Guilds of London 
In s titu te .
The Council also note w ith reg re t the  death  of 

Mr. B. H . Johnson, V ice-President of the  
American Foundrym en’s Association, who was 
well known to manv members of th is In s titu te .

Finances
R eferring  to  the Balance Sheet and Income 

and E xpend itu re  Account, the  repo rt sta tes th a t  
increases have been necessary in  certa in  item s of 
expend itu re  due to  increasing activ ities, on the 
o ther hand  th e re  have been economies in  o ther 
item s, p articu la rly  in  the expenses of the 
Branches, and the Council wishes to  express its 
thanks to the B ranch officials for th e ir  endea
vours to  m anage th e ir  respective B ranches as 
economically as is consisten t w ith efficiency.
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There has been an increase of income due to  a 
large am ount of a rrea rs  of subscriptions having 
been recovered during  the year, and also to 
increased m em bership. In  sp ite  of th e  increased 
expend itu re , th e  excess of income over expendi
tu re  was £166 18s. 4d.

D uring  the  year £300 was invested from  the  
surplus funds in  3 per cent. F u n d in g  Loan. 
The cash a t  th e  bank, namely, £389 9s. 8d., 
includes the  sum of £117 9s. 8d. tran sfe rred  from  
the surplus funds in the hands of th e  B ranches.

A special Sub-Comm ittee has closely investi
gated  every item  of income and expend itu re , and 
the Council has no hesita tion  in  repo rting  th a t  
the expenditure  is under very close control and 
constan t review. A lthough the financial position 
is satisfactory , th e  Council is conscious of the 
necessity of continuing to  exercise a policy of 
wise economy.

Board of Developm ent
In  the autum n of 1935, th e  Council agreed on 

the suggestion of the P residen t to  the appoints 
m ent of a Development Committee, which con
sists of the Executive Comm ittee and a num ber 
of additional members. The function of th is 
Committee is to review the whole field of the 
In s titu te ’s work and to  recommend im prove
m ents and new developments. An im p o rtan t 
report dealing w ith the  annual volume of “  P ro 
ceedings ” and other Technical publications of 
th e  In s titu te  has already been subm itted  by 
th is Committee to  the  Council, and is u nder con
sideration  a t present.

Sheffield Conference
The Thirty-Second A nnual Conference was held 

in  Sheffield from  Ju ly  2 to 5, 1935. On the 
evening of Ju ly  2, members and ladies were 
en te rta in ed  to  a  R eception in  the  Town H all by 
the  Lord M ayor of Sheffield, A lderm an P . J .  
M. T urner, and  th e  L ady Mayoress, M rs. T urner.

A t th e  opening m eeting of th e  Conference on 
Ju ly  3, mem bers were welcomed by th e  Lord
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M ayor or Sheffield; th e  M aster C utler, M r. A. 
W illiamson and the  P res iden t of the  Chamber 
of Commerce, M r. A. K . W ilson. M r. J .  E. 
H u rs t was installed  P res id en t in succession to 
M r. Roy Stubbs, and  Messrs. H . W in terton  and
C. W. Bigg were installed  respectively, to  the 
offices of Senior and Ju n io r  V ice-President.

'Che th an k s of the  In s titu te  a re  tendered  to 
the Lord M ayor of Sheffield and the  Lady 
M ayoress; to  th e  firms who a rranged  visits for 
members and ladies ; to  the staffs of those firms ; 
to the au thors of P ap e rs ; to  th e  P res iden t, M r. 
H u rs t and M rs. H u rs t, who en te r ta in ed  the 
members and ladies a t  a garden  p a rty  ; and 
to all who subscribed to  the  funds or assisted 
in the organ isation  of the Conference.

The Council wishes p articu la rly  to  record its 
indebtedness to  th e  Council and  members of the 
Sheffield B ranch who were responsible for the  
organisation  of the  Conference ; to  the B ranch- 
P res id en t, M r. A. W hiteley; to  M r. T. R . 
W alker, Secretary  of the  B ranch and to  Mrs. 
W alker, Secretary  of the  Ladies’ Committee.

Edw ard W illia m s Lectu re
The E dw ard W illiams L ecture was established 

to commemorate the  very successful year of office 
as P res id en t of M r. C. E . W illiam s. The first 
lecture was delivered on the  opening day of the 
Sheffield Conference, on Ju ly  3, by S ir Wm. 
J .  L arke, K .B .E ., on the subject of “ M an and 
M eta l.” The second E dw ard  W illiam s Lecture 
will be delivered during  the  Glasgow Conference 
on T hursday evening, Ju n e  11, by Professor
A. L. M ellanby, D .Sc., and th e  subject will be 
“  C ast I ro n .”

O th e r Techn ica l O rgan isations
The In s titu te  continues to  m ain ta in  close rela

tions w ith  o ther organisations, particu larly  those 
serving th e  eng ineering industry . Several of 
the  B ranches a rrange jo in t m eetings w ith the 
local B ranches of these o rganisations from  ti»ne 
to  tim e. The In s titu te  takes an increasingly 
close in te rest in standard isa tion  work, and is



represented  on most of the im p o rtan t B ritish  
S tandards In s titu tio n  Comm ittees which are of 
in te rest to the  foundry industry .

B rit ish  C a st  Iron  Research A ssociation
Im p o rtan t investigations in progress a t  the 

present tim e include shrinkage and contraction  
of cast iron, the  form ation of g rap h ite  (to  be 
dealt w ith in  p a r t  in  a P ap e r to  the Glasgow 
Conference), synthetic m oulding sands, m etal
lu rgical coke and alloy additions to  cast iron.

On developm ent work th e  num ber of practical 
problems dealt w ith on behalf of members is 
approxim ately four per w orking day. Over one 
hundred  Balanced B last cupolas have been 
installed in th is country and an additional 
num ber overseas, and the furnace is found in 
the  works of about 20 per cent, of members. 
A part from other advantages, the resu lting  
economies in  fuel are  estim ated to  reach, on a 
conservative estim ate, over th ree  tim es th e  to ta l 
industria l income received.

The report presented a t  the  annual m eeting of 
the Association in  October, 1935, ind icated  th a t  
the year 1934-35 had been a record, th e  to ta l 
income exceeding £13,000 for the  first tim e. 
To do this the industria l income had  been raised 
by extension of membership and th e  £300 re 
m aining to make up the  m inim um  of £7,000 
required  to  earn  g ra n t of £5,000 was m ade up 
by a group of members in  add ition  to  th e ir  
norm al subscriptions. F u rth e r  efforts are  being 
made during  the cu rren t year to  ensure the  
necessary minim um  being reached en tire ly  by 
way of annual subscriptions, and the membership 
of all firms in  the  industry  is sought, in the  
belief th a t  firms who make full use of the services 
available will find membership an  economical 
proposition.

Foundry Exh ib ition

By courtesy of F . W. Bridges & Sons, L im ited, 
the organisers of the  Shipping, E ng ineering  and 
M achinery E xhib ition , in  con junction  w ith  which 
the Foundry  E xhib ition  was held in  Septem ber,
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1935, the  In s titu te  was perm itted  to organise a 
stand  which was in charge of th e  Technical 
Com m ittee and  to  which fu r th e r  reference is 
made in  the  Technical C om m ittee’s report. 
A ppreciation is hereby expressed to  Messrs. 
Bridges for th is courtesy, for th e ir inv ita tion  
to  th e  members of the Council to  luncheon and 
th e ir  fu r th e r  inv ita tion  to  the  whole of the 
members of the  In s titu te  to  tea .

B rit ish  Industries Fa ir
Thanks are  tendered  to  the  B irm ingham  

Chamber of Commerce who kindly invited  the 
members of the  Council to  lunch a t  the B ritish 
Ind u stries  F a ir  on F eb ru ary  27.

Relations w ith  O verseas A ssociations
The In te rn a tio n a l F oündry  Conference in  1935 

was a E uropean  conference and was held in 
Brussels in  the  buildings of the U niversal E x
position. Over tw enty  countries were rep re
sented and some th irty-fiv^ members and ladies 
of the  In s titu te  of B ritish  Foundrym en rep re
sented G reat B rita in , headed by the  P residen t, 
Mr. J .  E . H u rs t, and the  Senior V ice-President, 
M r. H . W in terton .

The Council takes th is  opportun ity  of th an k 
ing M r. J .  Leonard, P res iden t of th e  Association 
Technique de Fonderie de Belgique, and the 
members of th is Association for th e ir very sincere 
hosp ita lity  and for the  m any courtesies which 
were shown.

A m eeting of the  In te rn a tio n a l Comm ittee 
of F oundry  Technical Associations was held in 
Brussels du ring  the  Conference and was 
a ttended  by the  P res iden t and M r. V. C. 
F au lkner, represen ting  G reat B rita in , also by 
M r. T. M akemson as Secretary  of the  Committee 
and Mr. V. D elport, th e  E uropean rep resen ta
tive of the  A m erican Foundrym en’s Association. 
A t th is m eeting Mr. J .  Leonard, who is an 
H onorary  Member of th is In s titu te , was elected 
P res id en t for the  year 1936, and M r. V. D elport 
was elected V ice-President.
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A m eeting of the  In te rn a tio n a l C om m ittee on 
Testing C ast Iro n  was also held in  Brussels 
du ring  the  Congress, and the  In s ti tu te  was 
represented  by D r. A. B. E verest and M r. T. 
Makemson.

The n ex t In te rn a tio n a l F oundry  Conference 
will be a  world conference, and will be held 
in  Düsseldorf from  Septem ber 17 to  22, 1936. 
A rrangem ents will be made fo r a p a rty  of 
members and ladies to  a tte n d  th is conference, 
and fu r th e r  details will be c ircu lated  to  members 
of the In s titu te  la ter.

M r. H . H . Beeny was the  au th o r of the  official 
E xchange P ap e r presented  to  the  In te rn a tio n a l 
F oundry Congress in  Brussels, and M r. P . A. 
Russell presented the  official E xchange P aper 
to the F rench Foundry  Congress in  P aris , which 
was held in connection w ith the  In te rn a tio n a l 
Congress of M ines, M etallurgy and Applied 
Geology.

Exchange P apers to  forthcom ing Overseas Con
ferences will be presented as follow : —

American Foundrym en’s Association, D etro it
—The P residen t, M r. J .  E. H urst.

F rench  Foundry  Conference, Lille—M r. G. L.
H arbach.

In te rn a tio n a l Foundry Conference, Düssel
dorf—M r. J .  G. Pearce.
A t the  In s titu te ’s forthcom ing Conference in 

Glasgow in June , P apers will he presented  on 
behalf of the American, French, and G erm an 
Foundry Technical Associations.

Branch A ctiv itie s
I t  will be seen from  a perusal of th is  and 

previous reports, th a t  the In s titu te  is becoming 
increasingly in terested  in various movem ents of 
a na tional character, designed to  prom ote the 
technical development and educational progress 
of the foundry industry . The Council, however, 
is fully conscious of the  g rea t im portance of the  
work which is done th roughout th e  year by the 
various Branches and realises th a t  th e  only con
ta c t which m any members m ake w ith  th e  In s ti
tu te , is th rough  the  work which the  B ranches
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carry  out. The officials of the Branches, p a rticu 
larly the  H onorary  Secretaries, give much 
devoted service and i t  is w ith g re a t pleasure th a t  
the  Council records its  thanks to  them  for those 
services.

D uring  the  year, about one hundred Papers 
have been presented a t  various B ranch m eetings 
and in addition  there  have been several discus
sions and also the  annual addresses of the 
B ranch-Presidents.

Thanks are  also expressed to  the proprietors 
and staffs of the  various works which the 
Branches have visited, to  the  authors of all 
P apers given to  the  B ranches and to  the  firms 
w ith whom they  are  associated.

A two days’ m eeting of the  London and E ast 
M idlands Branches was held for the second suc
cessive year, on th is  occasion a t  D erby and 
Loughborough and was well a ttended.

Educational W o rk
The educational work for which the In s titu te  

has been responsible, or in which i t  is actively 
in terested , is of a g radua ted  charac te r intended 
to cover the requirem ents of various types of 
persons engaged or about to be engaged in the 
trade . This work includes: —

(a) The encouragem ent of the establishm ent 
of part-tim e evening classes in patternm ak ing  
and foundry practice, arrangem ent of exam i
nations and the aw ard of certificates which 
are endorsed by the P residen t. This work is 
carried  out by the  City and Guilds of London 
In s titu te  through  a Comm ittee on which the 
In s titu te  of B ritish  Foundrym en is largely 
rep resen ted ; the results of the  1935 exam ina
tions are  as follows : •—

No. of Pass Pass Percen
candi 1st 2nd tage of
dates. class. class. passes.

Patternmaking— 
Intermediate «rade 29 5 11 55.2

Patter nma king— 
Final grade 21 6 8 66.6

Foundry Practice and 
Science 61 13 21 55.7
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Prizes were aw arded to : —

PA TT E R N M A K IN G — I n t e r m e d ia t e  G r a d e .

M r. W. B rindley, of W olverham pton, 
Bronze M edal of th e  G. &■ G. of London 
In s titu te .

PA TT E R N M A K IN G .—F in a l  G r a d e .

M r. J .  C. W all, of Coventry, Silver Medal 
of the  C. & G. of London In s titu te , and 
B uchanan P rize of the  In s titu te  of 
B ritish  Foundrym en.

M r. H . W. C arter, of P oplar, Buchanan 
Prize.

M r. L. H arrop , of H uddersfield, 
B uchanan Prize.

M r. W. W atson, of Coventry, B uchanan 
Prize.

FO UNDRY PR A C TIC E AND SC IENCE.
M r. J .  Scobbie, of Derby, Bronze Medal 

of th e  C. & G. of London In s titu te  and 
B uchanan P rize of the In s titu te  of 
B ritish  Foundrym en.

(b) The endorsem ent in respect of special 
foundry subjects by the P residen t of the In s ti
tu te , of N ational Certificates in M echanical 
E ngineering, issued by the Board of E ducation  
and the In s titu tio n  of M echanical E ngineers. 
D uring  the last twelve m onths 33 N ational 
Certificates have been so endorsed, m aking  a 
to ta l of 136 since the  commencement of th e  
arrangem ent.

The N ational Certificate courses are  in tended  
for young men who are p repared to  tak e  longer 
and more advanced courses in  o rder to  fit them  
for positions of responsibility.

(c) The Degree Course a t  th e  Sheffield U ni- 
versitv, which is in tended for the  increasing 
num ber of young men who wish to  have a 
U niversity  degree before en te ring  the  foundry 
industry . This course is now in its  second 
year, and a  num ber of s tuden ts  are  enrolled in 
th e  course.
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The in itia l funds for the  commencing of the  
course were raised by a Com m ittee of th is  
In s titu te , which, having completed its  work 
has now been dissolved. F u rth e r  funds are 
required, and an advisory Com m ittee formed 
by the  U niversity  of Sheffield upon which the 
In s titu te  is represented , will now be respon
sible fo r advising on the  Course and for the  
ra ising  of fu r th e r  funds.

In  add ition  to  the  foregoing, the: Council 
wishes to call a tten tio n  to  the  valuable work 
being done by th e  B ritish  Foundry  School a t 
B irm ingham , established th rough  the  efforts of 
the  B ritish  C ast Iron  R esearch Association and 
M r. Pearce.

The School, which is a specialised course of 
one y ea r’s du ra tion  for men of p ractical ex
perience in  the  industry  and suitable pre
lim inary  education, who wish to equip themselves 
for the  highest posts in  the  industry , opened in  
October, 1935, w ith th irte en  students. Mr. J .  
B araford, B .Sc., was appointed  Lecturer-in- 
C harge and over one hundred  lectures have been 
given by outside specialists in  the industry . 
Foundry  visits are  paid  each week. The diploma 
exam ination  will be held in  Ju ly  and entries 
of studen ts for the  second year, commencing in 
Septem ber, 1936, can now be m ade. The P res i
dent, M r. J .  E . H u rs t, represents th is In s titu te  
on th e  governing body, which is formed of 
represen tatives of the  dozen or so in stitu tions 
supporting  the  scheme, to g e th er w ith repre
sentatives of the  B oard of E ducation  and B ir
m ingham  Education  Committee. The income re 
quired for the  first y ea r’s working has been 
raised, the  financial year ending in  A pril, 1936, 
and i t  is hoped th a t  the School will become per
m anent.

There are now in operation  courses suitable 
for all grades of workers in  the  foundry trade , 
and the Council appeals to  all those who have 
young men under th e ir  control to encourage them  
to  tak e  advantage of these educational facilities,
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fu r th e r  p a rticu la rs  of which can be obtained 
from th e  S ecretary  of the In s titu te .

A w ards
No aw ard was made of the Oliver S tubbs 

M edal in 1935. The rules have now been 
amended to  perm it of the aw ard being m ade for 
services over a longer period and  no t necessarily 
service given during  the previous year.

M eritorious Serv ice  Medal
The th ird  aw ard of th is M edal was m ade in 

Ju ly , 1935, to  M r. H . B un ting , who had  recently  
re tired  from  th e  Secretaryship of the  E a s t M id
lands B ranch a f te r  tw enty  y ea rs’ devoted work 
in th a t  capacity.

Diplom as
The announcem ent of the  aw ard of Diplomas 

to  th e  following members was made a t  the  Shef
field Conference. The Diplom as were given in 
each case, for P apers given before Branches 
which are nam ed in  the list:-—

W. H . B am ford, B irm ingham  B ranch.
W . M aehin, Lancashire B ranch (jo in t P ap e r

w ith M. Oldham, who was then  a non-member). 
J .  Roxburgh, Sheffield Branch.
P. A. Russell, London and E . M idlands

Branches.
T. Tyrie, Scottish Branch.
T. R. W alker, Sheffield Branch.

S urtees’ M em orial Exam ination
The 1936 exam ination was held by th e  Scottish 

B ranch, and the results w ere: —
M atthew Russell, Gold Medal.
Douglas Robertson, Silver Medal.

Em ploym ent Bureau
The Employm ent B ureau has been th e  m edium  

by which a large num ber of members have found 
suitable employment, though i t  has not always 
been possible to  find men w ith  the  type of ex
perience required by the inqu iring  employers. 
I t  is satisfactory  to note th a t  due to  im proved 
trad e  conditions, a lesser num ber of members 
are disengaged.
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The In s titu te  is indebted  to the  proprietors 
of the  “  Foundry T rade Jo u rn a l ” for the facili
ties they give in connection w ith  the Employ
m ent B ureau.

Council
Four m eetings of the Council and more than  

tw enty  m eetings of stand ing  and special Com
m ittees have been held. The Council M eetings 
have been a t Sheffield, Newcastle, London, and 
M iddlesbrough, the  average a ttendance being 42.

The Technical Comm ittee has held four m eet
ings and there  have been two m eetings of the 
Technical Council. A dditionally, upw ards of 40 
m eetings of Sub-Comm ittees of the  Technical 
Com m ittee have been held.

The Council of the  In s titu te  consists of : —
(a) Ex-officio members, i.e ., th e  P residen t, 

V ice-Presidents, Past-P residen ts , Branch- 
Presiden ts, and B ranch Secretaries.

(b) Members elected by the Branches.
(e) Members elected by ballot by the  whole 

of the  members of the  In s titu te .
The las t nam ed are ten  in num ber, of whom 

five re tire  each y e a r ; the  five who so re tire  a t 
the A nnual General M eeting on Ju n e  9 a re : —

Messrs. A. Campion, J .  W . Gardom, B. 
H ird , R . A. Miles, J .  M. Prim rose.

All these gentlem en are  eligible for re-election 
for a fu r th e r period of two years, and offer 
themselves for re-election.

The Council wishes to  express its g ra te fu l 
thanks for the  services of M r. W . B. Lake, J .P .,  
H onorary  T reasurer, whose guidance in  connec
tion w ith the  In s ti tu te ’s finances has been in
valuable, and to M r. J .  W. Gardom, Convener 
of the Technical Committee.

Annua! Conference
The th irty -th ird  A nnual Conference will be 

held a t  Glasgow from  Ju n e  9 to  12, 1936, when 
Mr. H . W in terton  (President-elect) will be 
installed P residen t of the  In s titu te .

J .  E . H U R ST, President.
T. M AKEM SON, Secretary.
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BALANCE SHEET, DECEMBER 31, 1935. 
L ia b il it ie s .

£ s. d.
Subscriptions paid in advance 
Sundry Creditors 
Secretary’s Policy Fund 
The Oliver Stubbs Medal Fund : 

Balance from last Ac 
Interest to date ..
Income Tax Refund

£ s .' 
86 2 

442 19 
18 8

Less Cost of Medal

Balance from last Account 
Interest to date . .

Less Cost of Medal and 
Prizes

t  211 13 5
9 13 10
1 14 6

223 1 9
9 15 0

; 122 12 3
4 12 6

127
1 4 9

4 10 0

213 6 9

International Conference Fund 
Surplus included in General 

Investments 
Accumulated Fund :—

Balance a t December 31,
!934   1,697 12 4

A d d : Excess of Income 
over Expenditure for the 
year ended December 31,
1935   166 18 4

122 14 9

40 18 11

- 1,864 10 8 

£2,789 1 4

A s s e t s .

Cash in bands of Secretaries :— 
Lancashire 
Birmingham 
Scottish 
Sheffield 
London 
East Midlands 
West Riding of Yorkshire 
Wales and Monmouth 
Middlesbrough

£ s. d.

30 19 7
20 17 9
19 19 7
32 15 10
55 18 0
19 15 2
22 15 9

0 15 9
1 6 0

£ s. d.

205 3 5
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£ s. d. £ s. d.
Cash in Hand :—

Secretary’s Policy Fund . .  18 8 8
Sundry Debtors —

Subscriptions due and sub
sequently received . .  65 12 6

Lloyds Bank Ltd. . .  . .  389 0 8
The Oliver Stubbs Medal Fund :—

£342 5s. 7d. Local Loans £3
per cent. Stock at Cost 200 0 0

Balance at Lloyds Bank 13 6

The Buchanan Medal Fund :—
£125, £3 10s. Od. per cent.

Conversion Stock at 78J 98 6 9
Balance at Midland Bank 24 8 0

213 6 9

122 14 9
Investments Account:—

£650, 3J per cent. War
Loan a t Cost . .  . .  630 8 4

£300, 5 per cent. Conver
sion Stock, 1944-64, at
Cost   297 14 11

£653 19s. Od. Local Loans
3 per cent. Stock at Cost 451 13 8

£295 8s. lOd. 3 per cent.
Funding Loan at Cost. . 300 0 0

Furniture, Fittings and Fixtures :—
Per last Account .. . .  84 19 0
Less : Depreciation 10 per

cent. . . .. . . 8 9 11

1,679 16 11

76 9 1
Superannuation Insurance

Unexpired Premium . . 18 8 7

£2,789 1 4

W. B. L a k e , Hon. Treasurer.
T om  M a k e m s o k , Secretary.

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

J. & A. W. S u lly  & Co., Chartered Accountants,
Auditors.

19-21, Queen Victoria Street, London, E.C.4.
March 25, 1936.
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INCOME AND EXPENDITURE ACCOUNT FOR 
THE YEAR ENDED DECEMBER 31, 1935.

E x p e n d it u r e .
£ s. d.

Printing and Stationery, in
cluding printing of “ Pro
ceedings ” . .  ,.

Council, Finance and Annual 
Meeting Expenses 

Medal for Past President . 
Branch Expenses :— 

Lancashire 
Birmingham 
Scottish
S h e ff ie ld ........................
London
East Midlands
Newcastle
West Riding of Yorkshire 
Wales and Monmouth 
Middlesbrough

Salaries—Secretary and Clerks 
Superannuation Insurances 

(Secretary)
Rent, Rates, &c., of Office, 

less Received 
Subscription International 

Committee 
Depreciation of Furniture . . 
John Surtees Memorial 

Examinations Grants to 
Branches

118 5 5
62 10 3
88 0 5
38 4 2
35 5 8
43 10 7
37 15 3
24 14 3
28 11 6
32 16 0

Audit Fee and Accountancy
Charges

Incidental Expenses 88 6 0
Subscription, Iron and Steel

Inst. Welding Symposium 10 0 0
Subscription British Foundry

School 5 0 0
Foundry Exhibition. . 23 11 0
Legal Charges re Secretary’s

Insurance Policy 6 11 5

£ s. d. 
124 12 3

696 14 0

119 15 10 
3 0 0

509 13 6 

12 12 0

133 8 5 
675 13 0

36 17 3

90 4 4

2 10 0 
8 9 11

7 6 10

2,420 17 4
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£ s. d.
Excess of Income over Ex

penditure carried to Bal
ance Sheet . .  .. 166 18 4

£2,587 15 8

I n c o m e .

Subscriptions received : 
Lancashire Branch 
Birmingham 
Scottish 
Sheffield 
London 
East Midlands 
Newcastle ..
West Riding of Yorkshire 
Wales and Monmouth 
Middlesbrough 
Unattached Members

£ s. d. £ s. d.

469 1 6 
356 13 0 
354 7 6 
249 18 0 
389 0 8 
168 0 0 
158 0 6 
132 6 0 
100 10 0 
76 2 6 
46 4 0

2,500 3 8
Add : Subscriptions in Ad

vance, 1934 . . . .  123 18 0
Do. due 1935 ..  65 12 6

-----------------  189 10 6

2,689 14 2
Less : Subscriptions in Ad

vance, 1935 . •. .. 86 2 0
Do. due 1934 ..  122 17 0

208 19 0

Sale o f“ Proceedings,” &c.. . 
Interest on Investments and 

Cash on Deposit 
Income Tax Refund 
John Surtees Medal Fund, 

Surplus 
Profit on Sale of Badges

2,480 15 2 
15 13 4

59 7 1
6 17 6

22 11 6 
2 11 1
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Adoption of Report
In  proposing the  adoption of th e  R ep o rt the 

P r e s id e n t  m entioned th a t  las t tim e the  Con
ference was held in Glasgow 11 years ago, the 
mem bership of the  In s titu te  num bered 1*525, 
while th is  year i t  num bered 1,892.

M r . R. A. M il e s  seconded, and th e  report 
was unanim ously adopted.

Balance Sheet and A ccounts
On the  m otion of M r . W . B. L a k e , th e  Hon. 

T reasurer, seconded by M r . V i c t o r  S t o b ie  (P ast- 
P residen t), th e  Balance Sheet and  Accounts were 
unanim ously adopted.

Report of T ech n ica l Co m m ittee
M r. J .  W . G a r d o m , Convener, proposed the 

adoption of the  Technical C om m ittee’s R eport, 
which was seconded by M r. C. E . W i l l ia m s  
(P as t-P resid en t).

M r. D a n ie l  S h a r p e  (Scottish B ranch-Presi- 
den t), in  com m enting on the  R epo rt recalled 
th a t  i t  was suggested a t  the  las t m eeting  a t  
M iddlesbrough th a t  the two P apers referred  to 
in the  R eport should become the  subject of 
discussions a t  one m eeting during  the  fo r th 
coming session, and he though t i t  would be 
w orth while giving some consideration to  th a t  
suggestion. H e though t they  m ight profitably 
have a discussion n igh t du ring  th e  forthcom ing 
session in connection w ith each B ranch.

The R eport was unanim ously adopted.

F O U R T H  A N N U A L  G E N E R A L  R E P O R T  
O F T H E  T E C H N IC A L  C O M M IT T E E

The Technical Council consists of c e rta in  ex
officio members of th e  Technical Com m ittee 
together w ith two members elected by each 
B ranch of the  I n s t i tu te ; th e  Technical Com
m ittee  consists of th e  Technical Council 
together w ith  a num ber of mem bers who are  
co-opted by reason of th e ir  special knowledge of 
th e  work covered by one or more of th e  sub-com
m ittees of the  Technical Comm ittee.

D uring  the year some reorganisation  has taken
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place w ith regard  to  the  m eetings of th is Com
m ittee. I t  has been realised th a t the  im portan t 
work is done by the  various specialised sub-com
m ittees, and in  order to  prevent encroachm ent 
upon the  tim e available for the m eetings of these 
sub-committees, the  m eetings of the  full Tech
nical Comm ittee have been shortened consider
ably and  m eetings of the  Technical Council are 
now held only occasionally, instead  of one per 
q u a rte r  as was th e  previous arrangem ent. The 
benefit of th is  arrangem ent has already been 
seen, in th a t  the  Sub-Comm ittees are  able to  give 
more consideration to  the details of the work 
which they have in hand and  more rap id  progress 
is being m ade. D etails of th e  work of each sub
com m ittee are  given in  the  sub-committee reports 
which follow th is  report.

A dditional to  th e  Sub-Comm ittee work, there  
are  ce rta in  activ ities for which the  Technical 
Committee, as a whole, is responsible, some of 
these are briefly described as follows : -—

( a )  F o u n d r y  E x h i b i t i o n .  The Technical 
Com m ittee was the m edium  by which the In s ti
tu te  partic ip a ted  in the  Foundry  Exhibition 
held a t Olympia in  Septem ber last. By courtesy 
of the  organisers, F . W . Bridges & Sons, 
L im ited, a stand  was placed a t  the In s ti tu te ’s 
disposal and th e  organising and staffing of the 
s tan d  was undertaken  by members of the  Tech
nical Committee.

The exhib it included castings in special irons ; 
recommended methods of g a ting  malleable 
cast iron and non-ferrous m etals; specimens 
showing the  behaviour of refractories under 
varying conditions ; a display of sand-testing 
a p p a ra tu s ; num erous charts of technical in 
te res t and reports on foundry costing.

As a resu lt of th is  exhibit, members of the 
In s titu te  were enabled to  see the  p a r t which 
the  Technical Com m ittee is tak in g  in connec
tion  w ith  the  developm ent of foundry tech
nique, and th e  in te rest of a num ber of non- 
members was aroused, w ith the  gra tify ing  
resu lt th a t  some tw enty  applications for mem
bership of the  In s titu te  were received.
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( b ) R e p r e s e n t a t i v e s  o n  o t h e r  N a t i o n a l  
C o m m i t t e e s .  The Technical C om m ittee is the 
medium hv which the In s titu te  is represented  
on the  app rop ria te  Comm ittees of th e  B ritish  
S tandards In s titu tio n , and  also on appro
p ria te  Comm ittees of o ther Technical Societies 
whose work is of in te re s t to  ourselves. The 
In s titu te  d irectly  partic ip a te s  th ro u g h  the 
Technical Comm ittee, in  th e  p rep a ra tio n  of 
specifications.

(c) N o m e n c l a t u r e . The Sub-Com m ittees in 
th e ir work have found i t  necessary to  give a 
correct definition of ce rta in  foundry  term s, 
and  to  a ttem p t to  standard ise  these term s. 
The Technical Comm ittee is engaged in  com
piling a list of s tan d ard  definitions and term s 
which will he of increasing value and which 
i t  hopes to publish in  due course.

(d) I n q u ir y  B u r e a u . This was established 
a few years ago and continues to  give useful 
service to members who may require  specific 
in form ation  upon some problem of foundry  
technique or guidance as to  where inform ation  
can be found. Inqu iries are subm itted  to  the 
app rop ria te  Sub-Committee, and if necessary, 
o ther Sub-Committees are consulted ; as fa r  as 
possible the inquiry  is trea ted  confidentially.

(e )  T o l e r a n c e s  o n  D i m e n s io n s  o f  C a s t i n g s . 
The Malleable C ast Iron  Sub-Com m ittee has 
recently tabu lated  the  varia tions in  dim en
sions of castings which may reasonably be ex
pected under given conditions, and as a resu lt 
is convinced of the desirab ility  of specifying 
tolerances in specifications covering the  order^ 
m g of castings. The work has been extended 
in collaboration w ith o ther Sub-Com m ittees 
who cover castings in other m etals th an  m alle
able cast iron and a comprehensive rep o rt on 
the subject will be presented a t  the  A nnual 
Conference a t Glasgow.

Co m m ittee  Reports
In  add ition  to  the repo rt on tolerances m en

tioned above, the  N on-Ferrous Sub-Com m ittee
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will also p resen t a P aper to  the  Conference in 
Glasgow dealing w ith “  Some Recommendations 
of the  N on-Ferrous Sub-Comm ittee for Specifi
cations for Two Leaded G unm etals.”

I t  is hoped th a t  th e  w ritten  discussions on 
these reports will bring  ou t additional inform a
tion  and suggestions which will increase the ir 
value to  the  industry .

The Costing Sub-Com m ittee has followed its 
work on M elting Costs by preparing  a te n ta 
tive  rep o rt on M oulding Costs. This has been 
subm itted  to  a num ber of Branches of the  In s ti
tu te  du ring  th e  W in te r Session and a fuller 
rep o rt will be prepared  embodying the  criticism s 
and suggestions made on the repo rt by the  vari
ous Branches.

F rom  tim e to  tim e the  Sub-Committees have 
found i t  necessary to  enlist th e  co-operation of 
various firms in  the  industry  e ither by subm it
tin g  a questionnaire or by conducting a certain  
am ount of experim ental work. The Technical 
Com m ittee wish to  ten d er its  thanks to those 
firms who a re  co-operating w ith  the  Sands Sub- 
Com m ittee in  m aking practical tests of a num 
ber of sand m ixtures.

The Convener takes th is opportun ity  of ex
pressing his thanks to  the  members of the Com
m ittee  and particu la rly  to  the  Sub-Committee 
Conveners, for th e  large am ount of im portan t 
work which they  have perform ed during  the 
year, and for th e  considerable am ount of trave l
ling which all members have undertaken  a t the ir 
own expense. The work which the  Technical 
Com m ittee does is in tended  to  benefit th e  In s ti
tu te  and  th e  industry  as a whole, and i t  cannot 
be emphasised too strongly th a t  all th is work 
is done vo lun tarily  and  in  a public-spirited 
m anner.

J .  W . GARDOM,
Convener, Technical Committee.

R E P O R T S  O F  S U B  C O M M IT T E E S
Sub-Com m ittee on C a st Iron

The proposed a ltera tions and additions to the
B .S .I. Specifications for C ast Iron  have occupied
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th e  a tten tio n  of th is Sub-Com m ittee .throughout 
the  year. The Sub-Com m ittee has played a 
prom inent p a r t in assisting  the B ritish  S tandards 
In s titu tio n  to fram e th e  requirem ents for the 
new h igh-duty  cast-iron specification ; i t  is ex
pected th a t  th is will shortly be available in  d ra f t 
form . 1'hey have also k ep t in close touch  w ith 
the  proposed modifications to  the  s tan d a rd  test 
bars, which work is proceeding sa tisfac to rily .

The second series of typ ical m icrostructu res is 
now completed and i t  is hoped th a t  these will 
be published shortly. This series, which has been 
compiled in  collaboration w ith  th e  B ritish  Cast 
Iron  Research Association as before, includes 
typical struc tu res of various irons not shown in 
the  first series, m artensitie  and  austen itic  cast 
irons, examples showing deep etch ing  to  reveal 
phosphide eutectic, and a separa te  section on 
malleable cast iron which th e  Malleable Sub- 
Comm ittee has draw n up.

C ontinuing its  work upon the soundness of 
castings the Sub-Comm ittee has given a tten tio n  
to the  subject of the  ga tin g  and feeding of cast
ings. This is a vast subject, and as a prelim inary  
they are compiling a draw ing showing various 
types and p arts  of runners and risers, w ith 
agreed nom enclature.

The list of physical d a ta  for cast iron, issued 
iu 1932, is being reviewed in  the  lig h t of in 
form ation published since th a t  date , w ith  a view 
to  re-issue.

In  consequence of the  reorgan isation  of Sub
com m ittee work, th is  Sub-Com m ittee has lost 
the services of Messrs. L. W . Bolton, B. H ird , 
and E. K . N eath . M r. E . B. E llis has joined 
the Committee and Messrs. G. L. H arbach  and
A. A. Timmins have been co-opted. The six 
m eetings of the  Sub-Com m ittee held du rin g  the  
year have been well a ttended .

P . A . R u s s e l l ,
Convener.

Sub-Com m ittee on Costing
Since th e  las t A nnual R epo rt, th e  Sub-Com

m ittee  has gone in to  the  question of costs in the
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moulding departm en t. The resu lt of the  discus
sions on th is subject was embodied in  a P aper 
th a t  was presented before a num ber of Branches 
during  the  Session 1935-36.

As a resu lt of the  discussions th a t  followed 
the read ing  of th a t  P aper, we have gone fu rth e r 
in to  the  subject and 'we are now coming to the 
end of our investigations w ith  regard  to  mould
ing costs.

We are  now going to  investigate costs in  the 
core departm en t, and th is will be followed by 
the  o ther departm ents of the grey iron foundiV

A P ap e r covering the  ex ten t of our researches 
to  d a te  will be ready by about February , 1937. 
I t  is scheduled for discussion before the  London 
B ranch in M arch, and will be available to  other 
Branches.

We hope th a t  we may, perhaps, he in  a posi
tion  to  complete our work on costs in  the  grey 
iron foundry in  tim e to  present an in terim  
repo rt a t  the  D erby Conference in  1937.

V. D e l p o r t ,
Convener.

Sub-Com m ittee on M alleable C ast Iron
As previously reported  th is Committee has, 

du ring  the  last few years, been investigating  the 
subject of specified tolerances on the  dimensions 
of castings. The Steel Castings, Non-Ferrous, 
and Grey C ast I ro n  Sub-Committees have co
operated  in  th is work, which is being published 
a t  th e  Glasgow Conference.

A num ber of photom icrographs of Malleable 
C ast Iron  have been contribu ted  for inclusion in 
Series No. 2 ■ of Typical M icro-Structures, pub
lished by the Cast Iro n  Sub-Committee.

The investigation  which has been in progress 
for some tim e, considering the  possibility of 
u tilising  a s tan d ard  te s t b ar w ith specified d if
fe ren t te s t requirem ents to  represent various sec
tions of m etal, has progressed during  the  year 
b u t has no t yet been completed.

The correlation  of physical properties of m al
leable cast irons w ith m icro-structure has occu
pied the  a tten tio n  of the Sub-Committee for
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a very long tim e, b u t du rin g  th e  la s t 12 m onths 
110 work has been accomplished because of the 
urgency of o ther investigations.

I t  is expected th a t  d u rin g  the  n ex t year the 
Sub-Comm ittee will p u t in fo rm ation  before the 
B ritish  S tandards In s titu tio n ’s C om m ittee which 
is considering the  revision of m alleable cast iron 
specifications.

A. F .  P e a c e , 
Convener.

Sub-Com m ittee on M elting Furnaces
The principal work of th is Sub-Com m ittee has 

been concerned w ith  th e  p rep a ra tio n  of the 
P a p e r  on m elting  furnaces which was m en
tioned in  the  previous A nnual R epo rt. I t  was 
in tended th a t  th is  P a p e r should be presented 
a t  th e  Glasgow Conference, b u t as i t  was not 
possible to  include d a ta  on all types of furnaces 
envisaged, th e  P a p e r has been w ithheld  for the 
present and will be published la te r.

C onsiderable progress has been m ade w ith  the 
assembly of d a ta  on cupola and ro ta ry  m elting  
furnaces for cast iron.

F . K .  N e a t h ,
Convener.

Sub-Com m ittee on N on-Ferrous Castings
The work of the  Sub-Com m ittee on Non- 

Ferrous Castings du ring  1935-36 has been largely 
concerned w ith collation and co rrelation  of d a ta  
for assembly in to  the  P ap e r p resented  a t  th is  
y ear’s Glasgow Conference.

W hen th is P ap e r is in  p rin t, i t  is proposed 
to  ascerta in  the  views of even a w ider circle 
of users on th e  general su itab ility  of th e  two 
lead gunm etals which have been proposed by the  
Sub-Comm ittee in the  P ap er. A good deal of 
sim ilar work has been done by th e  Sub-Com
m ittee  during  the  year on th e  sub ject of lead 
phosphor bronzes which find extensive use in  
industry  for bearing  bronzes p a rticu la rly  where 
soft or sem i-hard jou rnals a re  concerned. I t  is 
proposed d u ring  th e  coming year to  tak e  th is 
m a tte r  fu r th e r  w ith  the  view to  th e  submission
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of a sim ilar P ap e r to  th a t  presented a t  th is 
conference embodying the  Sub-Comm ittee’s re 
com m endations as to  the most suitable alloys to 
employ, th e ir  physical properties, and sugges
tions for standard isa tion .

F . W. R o w e , 
Convener.

Sub-Com m ittee on Refractories
The Sub-Com m ittee has considered the charac

teristics which are  desirable in cupola firebricks 
and has d ra f ted  fo r p resentation  to  the  Techni
cal Comm ittee, a  ten ta tiv e  specification. The 
tes ts  suggested are  based, w ith necessary modi
fications, on th e  S tan d a rd  Specifications for Gas
works, issued by the  In s titu tio n  of Gas E ng i
neers in  Ju ly , 1934.

P re lim inary  consideration has been given to 
the  te s ting  of cupola ganister, and in  due course 
i t  is hoped th a t  i t  will he possible to  d ra f t a 
specification and indicate simple methods for 
te s tin g  and evalua ting  th is m aterial.

In  fu rtherance  cf th e  work of th is new Sub
com m ittee , the  Convener has addressed the B ir
m ingham , Sheffield, and Lancashire Branches, 
on the  general subject of cupola refractories.

W. J .  R e e s , 
Convener.

Sub-Com m ittee on Sands
I n the  last A nnual R eport, reference was 

made to  the questionnaire on m oulding sands, 
which had been circu lated  to  a num ber of firms, 
and in which they  were invited  to  make prac
tica l tes ts  of a num ber of sand m ixtures to 
enable the Sub-Comm ittee to check the results 
on th e  sand te s tin g  ap p ara tu s they had recom
mended

One hundred  and four replies have been re
ceived. These have been tabu la ted  by D r. J .  
G. A. Skerl, and are now being studied  by the 
members of the  Sub-Comm ittee. The conclusions 
arrived  a t  will be published la ter.

W ork is being continued on dry  compression
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stren g th  testing , th e  te s tin g  of d ry  sand and 
loam having been thoroughly  discussed, and  oil 
sands are  now being stud ied . I t  is expected 
th a t  definite d a ta  will be ready  fo r publication  
n e x t year.

M r. N. D. R idsdale has subm itted  a series of 
tes ts on perm eability  by th e  orifice m ethod, 
using the  m ethod on A .F .A . types of ap p ara tu s  
and elim inating  tim e, m easuring  pressures only. 
The Sub-Comm ittee has decided to  recom mend 
th is method for shop ro u tin e  tests.

The Comm ittee has dealt w ith  a  num ber of 
inquiries from  o ther Sub-Com m ittees on th e  sub
ject of sands, and p a rtic ip a ted  along w ith  o ther 
Sub-Committees in  o rganising the  Technical 
Comm ittee exhib it a t  O lympia la s t Septem ber.

Since its form ation, the  Sub-C om m ittee has 
been known as the  Sands and  R efrac to ries Sub- 
Committee ; all m a tte rs  dealing  w ith  R efrac to ries 
will in fu tu re  be u n dertaken  by th e  R efrac to ries 
Sub-Committee under the  convenership of M r . 
W. J .  R e e s , and  th is Com m ittee will cover all 
m atters connected w ith m oulding sands.

B . H ir d ,  
Convener.

Sub-Com m ittee on Steel Castings
D uring the  year the Com m ittee has been re 

organised and e n la rg e d ; th is has som ewhat de
layed the  work, b u t a very fu ll program m e of 
investigation has now been u n dertaken . These 
investigations include : —

(a) A research in to  the  effects of h ea t t r e a t 
m ent, undertaken  a fte r  receiving a rep o r t by 
one of the  members.

(b) An investigation  in to  the  soundness of 
steel valve castings.

(c) A consideration of and research in to  all 
th e  possible factors affecting the  occurrence 
of defects in  steel castings, w ith  especial re 
ference to  ho t te a rs  or pulls.
In  beginning th is work, considerable p relim in

ary  work by ind iv idual members was necessary, 
also i t  was th o u g h t desirable to  a rran g e  co
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operation  w ith o ther scientific bodies interested 
in the  same subjects. These arrangem ents are 
now sa tisfactorily  complete.

C. H . K a i n ,

Convener.
O liv e r  Stubbs Gold Medal

In  announcing the aw ard of the Oliver Stubbs 
M edal, the P r e s id e n t  in tim ated  th a t  the  Coun
cil th is  year had decided to  aw ard two medals, 
one to  M r. F . H udson and the  other to  Mr. 
E . Longden. H e rem arked th a t  the  members 
were all fam iliar w ith the  am ount of valuable 
work M r. H udson had done recently on the 
subject of m oulding sand, while in  the  case of 
M r. Longden they were also fam iliar w ith the 
work he had done on the  subject of soundness, 
shrinkage and d isto rtion  in castings.

M eritorious Serv ice  Medal
M r. H . W in t e r t o n , the  P resident-E lect, an 

nounced th a t  i t  had been decided to  award the 
M eritorious Service M edal th is year to Mr. 
.lames Sm ith of Newcastle. H e added th a t  Mr. 
Sm ith was u n fo rtuna te ly  unable to  be present 
th a t  n ig h t to  receive the  medal, b u t he ex
pected to  be able to  be present on Thursday 
n igh t on the  occasion of the  second Edward 
W illiams L ecture, when the  form al presentation 
would be made.

A w ards of Diplom as
The S e c r e t a r y  announced th a t  the  council t h i s  

year had agreed to  the aw ard of three Diplomas : 
the  f i r s t  to  M r. G. L. H arbach  fo r a P aper on 
“ R elationships in Cast Iron  Test R esu lts,” the 
second to  M r. A. Phillips for a  P aper on 
“ R ecent F oundry  Developm ents,” and the th ird  
to  M r. J .  M cGrandle for a P ap e r on “  Some 
Notes on Using M etal Moulds for Cast I ro n .”

E. J. Fox Medal
In  form ally announcing the establishm ent of 

the E. J .  Fox Medal, the P r e s id e n t  stated  th a t 
ju s t over a m onth ago Mr. E . J .  Fox in a le tte r



30

to  himself had ind icated  th a t  he would like to 
present a cap ita l sum  of £500 to  oreate an  aw ard 
to be w ith in  the  g if t  of th e  In s ti tu te  and  to  be 
aw arded fo r services and ou ts tan d in g  work in 
connection w ith m etallurgy, p a rticu la rly  w ith 
reference to  F oundry  M etallurgy. T h a t le tte r  
had  been considered by th e  council, and, needless 
to  say, the  g if t had  been very g ra tefu lly  
accepted. Since th a t  tim e a Sub-C om m ittee of 
the  council had m et M r. Fox and  discussed w ith 
him  in detail the  proposed constitu tion  of the 
new aw ard. A t th e  council m eeting  held th a t  
afternoon i t  had been decided th a t  the  m edal be 
known as the  E . J .  Fox M edal, and  a series of 
rules governing the  aw ard had  been d ra f ted  and 
would be prom ulgated in due course. The rules 
provided for advice being given to  th e  council 
of the In s titu te  as to  su itab le  nom inations for 
the  aw ard by m eans of assessors, and two 
assessors had been appointed , who would ac t in 
consultation  w ith the  P res iden t of the  In s titu te  
to advise the  council regard ing  nom inations su it
able to  receive the  aw ard. The two assessors 
who had agreed to  ac t were S ir H arold  C ar
pen ter and  S ir W illiam L arke, both of whom 
were ou tstand ing  personalities in the  m etal
lurgical world, and incidentally  a t  the  same tim e 
were honorary members of the  In s titu te . The 
P residen t added th a t  the object of M r. F o x ’s 
action in m aking th is g if t was to  create  a sort 
of memorial to commemorate the  w ork th a t  had 
been done in th is country  in th e  developm ent of 
the centrifugal casting  process. M r. F ox  con
sidered, and righ tly  so, th a t  th is  coun try  had 
taken a leading p a r t in the  developm ent of the  
centrifugal casting process as a process in the  
realms of foundry m etallurgy, and w ith the  
object of m ark ing  th e  work th a t  had  been done 
in th is country in th a t  d irection he had  pre
sented th is sum of £500 to the  In s titu te .

Election  of President

The P r e s id e n t , in  proposing M r. H . W in ter-
ton  (Scottish B ranch) as his successor in  th e
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presiden tia l chair, said th a t  he did so with 
peculiar pleasure because during  his year of 
office he had been closely associated w ith Mr. 
W in terton , and w hilst he could claim to  have 
been a  fr iend  of M r. W in te rto n ’s before he was 
raised  to  the  presiden tia l chair, he was perfectly 
certa in  th a t  his association w ith M r. W interton  
during  his year of office had only served to 
increase th a t  friendship . M r. W interton  had 
been a member of the In s titu te  for a very long 
tim e, in  fa c t so long as to  he able to  possess a 
m em bership card  da ting  back to  the  early days 
of the  In s titu te  when i t  was the  B ritish 
Foundrym en’s Association, and when he believed 
the  mem bership fee was about the same as a 
present-day driv ing licence. H e was sure they 
would all agree th a t  for consistent loyalty, 
energy and ac tiv ity  in  the in terests of the In s ti
tu te  there  was no one who could beat M r. W in
te r to n ’s record.

M r . J .  C a m e r o n  (P as t-P residen t), in  second
ing, rem arked th a t  th is  was the second tim e 
the Scottish B ranch  had nom inated an English
m an fo r th is position. From  m any years friend
ship w ith M r. W in terton , and from a knowledge 
of his business capacity , his generosity, his 
d riv ing  force and his enthusiasm , he was con
vinced th a t  M r. W in terton  would prove him
self an ideal P res id en t of the In s titu te .

M'r. W i n t e r t o n  was unanim ously elected. In  
acknowledging the  honour conferred upon him, 
he recalled th a t in  Septem ber, 1905, he was pro
posed as a member of the In s titu te . H e assured 
them  he would do his very best to  adorn the 
position in  which they had placed him, and he 
sincerely hoped th a t  in a y ea r’s tim e when he 
came to  dem it office, he would have the  pleasure 
of knowing th a t  the  membership was over the 
two thousand m ark.

V o te  of Thanks to Retiring President
M r. W i n t e r t o n  proposed a hearty  vote of 

thanks to  the  re tir in g  P residen t, which Mr. 
H u rs t su itably  acknowledged. Mr. H u rs t re
m arked th a t  i t  had  been a m a tte r  of g rea t per-
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sonal p ride  to  him  to  have been P res id en t of 
th is In s titu te , and  i t  was a mem ory which he 
would always treasu re . H e concluded w ith  the 
rem ark  th a t  i t  would have been u tte r ly  impos
sible fo r him  to  have done any work a t  all 
b u t for the  able support of th e  S ecretary , Mr. 
Makemson, who had  proved a tow er of strength .

Election  of V ice-P residen ts
Me. W in t e r t o n  proposed th e  nam e of Mr.

C. W. Bigg, of D erby, fo r election as Senior 
V ice-President. M r. V. C. F au lk n e r (Past- 
P res iden t), in  seconding, rem arked  th a t  Mr.
Bigg had already  presided w ith  considerable dis
tinc tion  over th e  E ast M idland branch , and his 
period of office as Ju n io r  V ice-President of the 
In s titu te  had  also been successful. M r. Bigg 
had joined the  In s titu te  in  1915, and surely 
there  was never a more lusty  w ar baby. He 
considered th a t  i t  was only fitting  th ey  should 
give M r. Bigg, as his tw enty-first b ir th d ay  pres
en t, th e  position of Senior V ice-President.

M e . B i g g , w h o  was unanim ously elected, re 
sponded. H e said th a t  M r. F au lk n er had  re 
m inded him  th a t  he had been a mem ber fo r 21 
years, and he could tru ly  say th a t  those 21 years 
so fa r  as he was concerned, had  been an  asso
c iation  productive of very much benefit and a 
trem endous am ount of pleasure, and  he was most 
anxious to do all he could to  prom ote th e  best 
in terests of th is In s titu te .

On the  motion of M e. J .  C a m e r o n  (P as t-P resi- 
dent), seconded by M e. W o r c e s t e e  (P as t- 
P residen t of the  W est B id in g  of Y orkshire 
B ranch), M r. -Joseph H epw orth , J .P . ,  M .P ., was 
unanim ously elected J u n io r  V ice-P residen t. M r. 
H e p w o r t h  suitably acknowledged th e  honour.

E lectio n  of A u d ito rs
On the m otion o f  M r . R o y  S t u b b s , J .  & A. W . 

Sully & Company, C hartered  A ccountants, were 
unanim ously re-elected aud ito rs for th e  coming \  
year.

E lection  of M em bers of Co uncil
The S e c r e t a r y  announced th e  resu lt of the  

ballot for the  election of five mem bers of Council.
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The following were e lec ted :—M r. A. Campion, 
Mr. J .  W. Gardoin, M r. B. H ird , Mr. F . K. 
N eath  and M r. J .  M. Prim rose.

Election  of H onorary M embers
The P r e s i d e n t  proposed the  election as Hono

ra ry  Members of the  In s titu te  of P rof. A lbert 
Portev in , a distinguished F rench m etallurgist 
holding th e  C hair of Professor a t  the  Foundry 
School in  P a ris , and  also Professor a t  the  School 
of A rts and M anufac tu res ; and D r. Percy Long- 
m uir, one of the  founding members of the  In s ti
tu te , having joined in  1904 and having occupied 
the  office of P res iden t in  1910-11. Mr . W in- 
t b r t o n  seconded, and P rof. Po rtev in  and Dr. 
Longm uir were unanim ously elected H onorary 
Members.

The P r e s i d e n t , in  closing the  proceedings, 
m entioned th a t  a few days ago one of the ir 
esteemed members of Council, Mr. McClelland, 
celebrated his golden wedding, and on behalf of 
the  members of the  In s titu te  he conveyed to  M r. 
M cClelland hea rty  congratu lations.

The P r e s id e n t  extended a cordial welcome to 
M r. Guy and M r. Moore, two members of the 
In s titu te  from  South A frica. H e m entioned th a t 
M r. Guy was P res iden t of the  Engineering 
Em ployers’ F edera tion  in  South Africa.

C IV IC  R E C E P T IO N

Following the  A nnual General M eeting the 
members and th e ir ladies repaired  to  the City 
Chambers, where they were en terta ined  a t a 
Civic R eception by the  Lord Provost and M agis
tra te s  of the  City. In  th e  Satinwood Salon from 
8 to  8.30 p.m . th e  guests were received and 
individually  greeted by the Lord P rovost; Mr. 
J .  E. H u rst, th e  re tir in g  P residen t, and Mr. 
H a rry  W interton , the  P residen t-E lect. There
a f te r  the  company proceeded to  the B anqueting 
H all, where an in te resting  litt le  ceremony took 
place.

The L o r d  P r o v o s t  (M r. John  S tew art) pre
sided, and was accompanied on the  platform  by

c
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Bailies Cochrane and Je a n  M ann, M r. J .  E. 
H u rs t, M r. H . W in te rton , M r. Jo h n  C raig  (m an
ag ing  d irector of Colvilles, L im ited) and  Mr. 
D aniel Sharp  (Convener, C onference Executive 
Com m ittee).,

The L o k d  P r o v o s t , in  ex tend ing  to  th e  guests 
on behalf of the C orporation  of Glasgow a  very 
h earty  welcome to  th e  C ity, rem arked  th a t  in 
the  course of a y ea r’s work i t  was his d u ty  and 
privilege to  m eet m any people who were a tten d 
ing conferences, b u t in  view of th e  fac t th a t 
Glasgow was a g re a t in d u s tria l c ity  he could 
hardly  conceive of a m ore ap p ro p ria te  conference 
th a t  should be received by th e  C ity of Glasgow 
th a n  th a t  of the  In s ti tu te  of B ritish  Foundry- 
men. As they  were all aw are, Glasgow’s pros
perity  depended very largely on the  production 
of iron  and  steel, as well as shipbuild ing  and 
engineering, and he supposed there  could really 
be no shipbuild ing  or engineering w ithout the 
foundrym en.

M r . H it r s t , in  conveying to  th e  C orporation 
of Glasgow, th rough  the  Lord P rovost, the  
thanks of the  In s titu te  fo r th e  hospitable m an
ner in  which they  had been received, recalled 
th a t  the last tim e the  Conference was held in  
Glasgow was in the year 1925, eleven years ago, 
and in  the official record of the  proceedings on 
th a t  occasion i t  was succinctly s ta ted  th a t  a t  
the Civic Reception, which took place on th a t  
occasion in the  afternoon, th e  oratory7 was b rief 
on account of the  heat. (L augh te r.) M r. H u rs t 
went on to  say th a t  Scotland was fam ous in  
our m etallurgical h isto ry  in  so fa r  as i t  re la ted  
to  foundry  work, and th a t  in  itself was an 
a ttra c tio n  to  them  in  coming to  Glasgow and 
holding th e ir  Conference in  th is  g re a t city.

M r . W i n t e r t o n , who followed, form ally p ro 
posed a hea rty  vote of th an k s  to  th e  Lord 
Provost and M agistra tes of th e  C ity , to  which 
th e  Lord P rovost su itably  responded.

An enjoyable program m e of vocal and orches
tr a l  music followed, while dancing was indulged 
in  by m any of th e  guests till 11 p.m.



O P E N IN G  O F  C O N F E R E N C E

The first Session of th e  Conference opened on 
W ednesday m orning, Ju n e  10, in the  R ankine 
H all of the  In s titu tio n  of Engineers and Ship
builders in  Scotland, E lm bank Crescent.- The 
re tir in g  P residen t (Mu. J .  E. H u b s t ) presided 
d uring  th e  early  p a r t of th e  proceedings, and 
a t the  outset form ally in troduced the  Lord 
Provost of Glasgow (M r. John  S tew art), S ir 
Jam es Lithgow, B a rt., M .C., D .L. (P resident 
of the  R eception Com m ittee), Col. N orm an 
K ennedy, D .S.O. (P residen t of the  Chamber of 
Commerce), and S ir A rth u r H uddleston, C.M .G., 
O .B .E ., M.A. (D irector of the  Royal Technical 
College).

T h e  L o u d  P r o v o s t  said his m ain business 
there  th a t  m orning was again  to  extend to  them 
a very hea rty  welcome to  the C ity of Glasgow. 
H e supposed th e  m ain purpose of the  In s titu te  
and of th is  Conference was to  discuss the m atters 
in tim ately  re la ting  to  the  scientific and m aterial 
conditions of th e ir  business. The foundry  afte r 
all was the  very  basis on which shipbuilding 
and engineering rested. H e supposed i t  would 
be impossible to  produce a steam  engine or a 
ship, or even some small domestic artic le  such 
as a po t or pan, w ithout th e  foundrym an’s 
skill. I t  was well known, for example, th a t  in 
producing th e  “  Queen M ary ”  the foundry
m an’s business was in tim ately  re lated  to  its 
construction, and th a t  ra th e r  more th an  1,000 
tons of castings had to  be cast before the  ship 
could be bu ilt. They were all exceedingly glad 
th a t  trad e  had improved m aterially . In  Glas
gow they had suffered very much indeed owing 
to  unem ploym ent, and, like some o ther districts 
th a t  had  more or less concentrated  on the  heavy 
industries, Glasgow had possibly had more th an  
its share of unem ploym ent, and he was more 
than  delighted th a t  the unem ploym ent figures 
were going down very m aterially . In te rp re tin g  
the ir feelings, he was sure they  all hoped th a t  
for some years to  come th is country  would be
come more prosperous, which would be of g rea t

c2



3 6

benefit to  everybody in  th e  country . The Lord 
P rovost concluded by expressing th e  hope th a t 
th e  visitors would all enjoy th e ir  stay  w  
Glasgow.

S ibp J a m e s  L it h g o w  said th a t  his du ties th a t 
m orning were both  p leasan t and  ligh t, being 
merely to  welcome them  to  Glasgow on behalf 
of th e  R eception C om m ittee, of which the  In s ti
tu te  had so k indly  asked him  to  tak e  the  Presi
dency. H e expressed th e  hope th a t  the  arrange
m ents th a t  had  been m ade fo r th e ir  comfort 
d u rin g  th e ir  business session and  for th e ir  en te r
ta in m en t du ring  th e ir  tim e of recrea tion  would 
be all they  would like them  to  be. H e tru sted  
th e ir  proceedings would be useful and fru itfu l, 
and th a t  when they  le ft the  C ity they would 
look back on th e ir  v is it w ith  feelings of satis
faction .

Con. N o r m a n  K e n n e d y  said he considered it  
a d is tin c t privilege to  have been asked to  come 
th ere  th a t  m orning to  extend on behalf of the  
d irectors and  members of the Glasgow Cham ber 
of Commerce and M anufactu re  a very w arm  
welcome to  the delegates. H e hoped th a t  th e ir  
deliberations would be successful and  profitable. 
He had had the opportun ity  of looking th ro u g h  
th e ir  report, and, if he m ight say so, he would 
like to  congratu late  them  on th a t  rep o rt, and  
to say th a t  he was very g rea tly  im pressed w ith  
the thorough way ill which th e ir  com m ittees and  
sub-committees had  done th e ir  work. I f  the  
rest of th e ir work was done in  as tho rough  a 
m anner, he was perfectly  c e rta in  th e ir  1936 Con
ference would be a huge success.

I t  seemed to  him  th a t  in  th e  difficult 
conditions in  which we live to-day, th e  diffi
cu lt world conditions, th e  in tense  com petition, 
and  very often  u n fa ir  com petition  th a t  trad e  
had  to  suffer on account of tra d e  barriers , 
th e  day of th e  ind iv idual fo r th e  p resen t a t 
any ra te  had gone. T h a t was why he though t 
th a t  technical conferences of th is  k ind  were in
valuable. An ind iv idual could no t kick against 
a  tra d e  b a rr ie r , b u t a conference could do some
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th ing  to  m itiga te  th a t  evil, and th a t  was why 
he th o u g h t they  would be able to do much good 
work th rough  th is conference. F o r the  same 
reasons he th o u g h t th a t  to-day the  work of 
Chambers of Commerce was every day becoming 
more im portan t. H e asked them  when they 
re tu rned  home to support th e ir  local Chamber 
of Commerce, if they were no t doing so already.

S i r  A r t h u r  H u d d l e s t o n , in  ex tending a wel
come to  the  delegates on behalf of the  technical 
and scientific in s titu tio n s of Glasgow, rem arked 
th a t  the  In s titu te  of B ritish  Foundrym en stood 
fo r progress in  th e ir  industry . In  these days 
progress was in  every po in t associated w ith 
scientific progress, and the in s titu tio n s for which 
he spoke were essentially concerned in scientific 
progress. I t  was a ll-im portan t th a t  the re  should 
be th e  closest connection between them , and 
therefore  th e  in s titu tio n s for which he spoke 
welcomed most warmly the  fac t th a t  they were 
holding th is  conference in Glasgow, and he hoped 
they would enjoy th e ir  v is it and th a t i t  would 
be profitable in  every way.

Presentation  of the O liv e r  Stubbs Medal
The P r e s id e n t  in tim ated  th a t  the nex t item  

on the agenda was the  p resentation  of the Oliver 
Stubbs medal. As they  all knew, th is was the 
highest aw ard i t  was possible for the  In s titu te  
to  give, and i t  was aw arded for services of 
ou ts tand ing  m erit in foundry research. This 
year the  Com m ittee had decided to  aw ard two 
medals, one to  M r. F . H udson and the other to 
Mr. E . Longden. H e concluded by inv iting  the 
Lord P rovost to m ake the p resentation  of the 
medals.

The L o r d  P r o v o s t  thereupon  formally pre
sented the  m edals to  M r. H udson and Mr. 
Longden.

M r. H u d s o n , in  responding, said he was 
deeply appreciative of th e  honour they had con
ferred  upon him in presenting  him w ith the 
Oliver S tubbs medal. H e could only say thank
you, bu t in  expressing his thanks he desired
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to  couple them  w ith  the nam e of Glenfield & 
K ennedy, L im ited , because if they  had not 
given him  facilities for doing th is  work i t  was 
possible he would not have won th e  medal.

M e . L o n g d e n  said he app recia ted  th e  honour 
th a t  they  had  conferred on him . H e th o u g h t he 
could say th a t  the  L ancashire B ranch  would 
also feel honoured by th is  aw ard. H e also 
wished to  th an k  the  “  F oundry  T rade  J o u rn a l,” 
which provided a fu r th e r  m eans of expressing 
one’s thoughts.

S ir  A rch ib a ld  M clnnes Shaw  Medal
The L o r d  P r o v o s t  th en  p resen ted  th e  Sir 

Archibald M clnnes Shaw P rizes to  M r. A lexander 
W allace, an  app ren tice  p a tte rn m ak er, and  M r. 
P e te r M iller, an  employee of M avor & Coulson, 
L im ited , Glasgow.

The P r e s id e n t  announced th a t  th is  year i t  had 
been decided to  aw ard the  M eritorious Service 
M edal to  M r. Jam es Sm ith , of Newcastle.

Th e  E. J. Fox Gold Medal
The P r e s id e n t  also announced the  establish

m en t of ano ther m edal to  be known as th e  E . J .  
Fox Gold M edal. H e w ent on to  rem ark  th a t  
one of th e  m ost ou ts tand ing  developm ents in 
foundry  m etallurgy during  th e  post-w ar years 
was th a t  of the in troduction  and perfection  of 
the  cen trifugal casting  process. This had  be
come a fully developed process which came to  be 
regarded as ranking  equally in  im portance w ith 
others of th e  g re a t m etallu rg ical developm ents. 
To commemorate th is event, M r. E . J .  Fox, 
m anaging d irector of th e  S tan to n  Ironw orks 
Company, L im ited, had presen ted  to  th e  In s ti
tu te  of B ritish  Foundrym en th e  sum  of £500 to  
be invested as a T rust, th e  revenue therefrom  
to  be expended annually  in  th e  provision of a 
suitable medal to  be aw arded to  any  ind iv idual 
who had contribu ted  in  some ou ts tan d in g  way 
to  the  progress of th e  foundry  in d u s try  w ith 
particu la r reference to  foundry  m eta llu rgy . The 
active association of the  P res id en t of th e  In s ti
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tu te  w ith the developm ent of the centrifugal 
casting  process, was regarded by M r. Fox as 
crea ting  a fitting  oppo rtun ity  to  m ake th is g ift 
to the In s titu te . The council of the In s titu te  
had conveyed to  M r. Fox th e ir willingness to 
adm in ister th is g ift, and expressed th e ir appre
ciation of the honour done to  them  and also the 
implied honour to  th e ir P residen t in en trusting  
the In s titu te  w ith  th is g ift. In  view of the 
fac t th a t  the  cen trifugal casting process was de
veloped largely a t S tan ton  by Mr. E. J .  Fox 
and brought to  commercial perfection in  G reat 
B rita in , the  council of the  In s titu te  had decided 
th a t  the  Award should be known as The E . J .  
Fox Gold M edal, thus com m em orating for all 
tim e the  im portan t p a rt played by M r. E. J .  Fox 
in re ta in ing  for G reat B rita in  the honour asso
ciated  w ith the  developm ent of th is im portan t 
m etallurg ical process.

M r . C. E . Wiiii.iAMS expressed on behalf of 
the  members of the  In s titu te  th e ir  very g rea t 
appreciation  of M r. F ox ’s generosity.

The P r e s id e n t  proposed a vote of thanks to 
the Lord Provost of Glasgow, S ir Janies Lith- 
gow, S ir A rth u r H uddleston and Col. Norman 
K ennedy. M r. W in t e r t o n  seconded, and the 
Lord P rovost su itably  responded.

Induction of New President
M i. H urst then  form ally invested M r. W in

te r to n  w ith the  P res iden tia l Badge and M inia
tu re  and installed him  as the  In s ti tu te ’s th irty - 
th ird  P residen t. H e rem arked th a t  the mem
bers could re s t assured th a t  M r. W interton  
would m ake an  excellent P residen t, and he was 
satisfied they  would all be delighted to  serve 
loyally under him.

Presentation of Badges
M r. W in t e r t o n  having f o r m a l ly  o c c u p ie d  the 

chair amid prolonged applause, his first duty 
was to present th e  P ast-P res id en t’s badge to 
Mr. H u rst. H e said he fe lt sure they all agreed 
th a t  the In s titu te  had never had  a b e tte r P res i
dent th a n  M r. H u rst.
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M r . H u r s t , in replying, said  i t  had  been a 
m a tte r  of g re a t p ride to  him  to  have been 
P res id en t of th is  In s titu te . H e had  enjoyed his 
year of office very much indeed, and  he wished 
to  th an k  every single one of them , officers and 
mem bers alike, fo r the  loyal suppo rt and  en
thusiasm  they had shown du rin g  h is te rm  of 
office.

M r s . H u r s t  then  presented  to  M rs. W inter- 
ton  the  collarette  and  badge which is worn by 
th e  P res id en t’s wife.

M r s . W in t e r t o n  e x p r e s s e d  h e r  p l e a s u r e  i n  r e 
c e i v in g  t h e  c o l l a r e t t e  a n d  h e r  a p p r e c i a t i o n  of 
t h e  h o n o u r  i t  c a r r i e d  w i t h  i t .

The P r e s id e n t  th en  invested M r. C. W . Bigg 
with the co llarette  of th e  Senior V ice-President, 
which M r. B tg g  acknowledged.

The S e c r e t a r y  (M r. T. Makemson) rem arked 
th a t  they  had now had the  p resen tation  of 
various badges, b u t th is year for the  first tim e 
there  would be an additional badge. There had 
now been provided a badge for th e  use of the 
Ju n io r  V ice-President, and he was a fra id  he 
was going to  commence the P res id en tia l year 
of the  new P residen t by disobeying th e  in s tru c 
tion. He was going to  tell them  by whose 
generosity th a t  badge had been provided. I t  
had been given to  the  In s ti tu te  by th e  new 
President.

I  h e  P r e s id e n t  invested M r. Joseph H epw orth , 
J .P . ,  M .P ., w ith  his badge of office as Ju n io r  
V ice-President.

In  acknowledging th e  honour, M r . H e p w o r t h  
rem arked th a t , although he was p rac tica lly  only 
an appren tice  in  th e  work of the  In s ti tu te , he 
was extrem ely proud to  be th e  first rec ip ien t of 
th is  m agnificent badge. The associations he had  
made since he joined the In s ti tu te  had been to 
his advantage, and he tru s te d  th a t  th e  fr ien d 
ships he had m ade du ring  th e  short tim e he had 
been associated w ith the  organ isa tion  would long 
continue.
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G reetings from  O verseas
The Secretary  announced the  receipt of g ree t

ings and good wishes for the  success of the Con
ference from  The American F oundrym en’s 
A ssociation; The V erein D eutscher Giessereifach- 
leute, B erlin ; 1’Association Technique de 
Fonderie, P a r is ; Professors Piwowarsky and 
N ipper, A achen; and Messrs. Sydney Gimson, 
A. H arley  and Wesley L am bert, Past-P residents.

W elco m e to Foreign Delegates
The P r e s i d e n t , on behalf of the  In s titu te , 

extended a hearty  welcome to those visitors who 
had come from overseas, including several from 
Germ any, America and South Africa.

M r. W in t e r t o n  then  delivered his P residential 
address.

P RESID EN TIA L ADDRESS
Mr. H u rs t and G entlem en,—

An in te rva l of eleven years has elapsed since 
my old friend , M r. Jo h n  Cameron, had the 
pleasure of ex tending to  the  members of th is 
association a hearty  welcome to  Scotland. 
Though my welcome to  you may perhaps no t be 
so characteristically  Scottish, yet I  can assure 
you th a t  i t  is none the less hearty , and I  esteem 
very sincerely the  honour you have done me in 
placing me a t  the  head of the In s titu te  as its 
P residen t and thus affording me th e  oppor
tu n ity  of g ree ting  you on th is v isit to  the land 
of my adoption. We are  growing accustomed 
nowadays to  hear of the  tren d  southw ard of 
trad e  and population, and although in some 
m easure th e re  may he a ce rta in  am ount of 
ground for th a t  assum ption, i t  m ust not be 
forgotten  th a t  the re  is an almost continuous 
in terchange w ith the  N orth  of both trad e  and 
people. This is all to  the good, I  th ink , and 
tends to  bind the  two countries closer and closer 
together, n o t only from  the national standpoint, 
bu t also from  the po in t of view of trade.

Since th e  inception of the In s titu te , which, as 
you are all. aware, was founded in 1904 as the
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B ritish  F oundrym en’s A ssociation, m any changes 
have taken  place, and much good work has been 
done on the lines laid  down by the  orig inators, 
whose avowed in ten tion  was to  form  an associa
tion  having for its  object the  advancem ent from 
both prac tica l and technical outlooks of the 
foundry industry , and a general co-operation 
am ongst all branches of th e  tra d e  fo r education, 
enligh tenm ent and in fo rm ation  on the  widest 
possible basis.

How wide th a t  basis has been and how 
generously the  ideas of th e  founders have been 
in te rp re ted  my presence in  the  chair to-day bears 
ample testim ony, and I  am qu ite  ce rta in  th a t  
all th e  sister trades which are  indissolubly linked 
w ith the  ac tua l process of founding  fully 
appreciate  th e  im plied honour which the  p a ren t 
has bestowed upon its offspring.

There are , however, still vast realm s open for 
fu r th e r en terp rise  in  the  d irection  of develop
m ent, and year by year, as our knowledge in 
creases, i t  seems th a t  we are  only a t  the 
beginning of our task , which becomes more 
onerous and responsible as our In s titu te  advances 
in age.

In  looking in to  various references by my p re
decessors in office to  the work which lay before 
the  In s titu te , I  note th a t  a t  the  las t conference 
in Scotland the P residen t a t  th a t  tim e rem arked  
th a t  there was a vast field for im provem ent in 
method, in organisation , and in  research. L ast 
year Mr. H u rs t said th a t  rem arkable  as had 
been the increase in  knowledge d u rin g  th e  p ast 
q u a rte r of a cen tury , i t  m ust no t be supposed 
th a t  all had been discovered or th a t  finality  had 
been reached. In  m any directions wre were only 
on the  gatew ay of knowledge, and  th ro u g h  each 
doorway which had now been opened, th e  earnest 
s tu d en t saw long corridors ahead. T ruly  
prophetic words these, and I  th in k  th a t  since 
these rem arks were m ade, not only our own 
In s titu te , b u t m any o ther allied associations, 
have been m arching steadily  onw ards to  thé 
acquirem ent of th a t  knowledge which will
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eventually  make for success in  many directions, 
and th e  opening out of still more avenues 
of research which m ust lead to  the com
plete knowledge and thorough m astery of the 
industry  both from  the technical and practical 
po in t of view.

Educational W o rk
I t  m ust be very g ra tify in g  to  the older and 

more experienced members of the In s titu te  to  
realise th a t  definite efforts are  being made for 
the in struction  of the  younger members of the 
industry , and the  steps taken  in th is direction 
by the  establishm ent of special classes w ith dis
tinc tive  courses a t Glasgow, B irm ingham , and 
Sheffield, should tend  to  prove th a t  the efforts of 
the In s titu te  and its  younger yet still 
more learned offspring, the  B ritish  C ast Iron 
R esearch Association, will have an appreci
able effect upon th e  industry  in th e  years 
to  come. I t  is also pleasing to  note th a t  
incentives to  the  encouragem ent of fu r th e r tech
nical and theoretical study and endeavour are 
not lacking so fa r  as the  In s titu te  itself is con
cerned. The Oliver Stubbs medal, the Buchanan 
medal, the  Surtees M em orial prizes, the M eri
torious Service medal, all serve to  foster in terest 
in the  work of the  In s titu te  and last year the 
establishm ent of the  E dw ard W illiams Lecture, 
delivered as i t  was by one of the pre-em inent 
industria l leaders of the day, m arked an epoch 
which cannot fa il to  leave its  m ark  upon the 
history of the In s titu te . This year we are to 
have the  privilege of listening to  Professor 
M ellanby, who will deliver the second lecture 
of th e  series.

Most of the members will have heard  by this 
tim e, too, th a t , thanks to  the  generosity of Mr. 
E . J .  Pox, m anaging d irecto r of S tan ton  Iron 
works Company, a special gold medal is to be 
presented each ygar to the  person adjudged to 
have been the  inven tor or in troducer of 
some outs tand ing  advance in foundry practice 
or to  the person who shall be credited w ith such 
work or aid to the foundry trad e  as to contribute



44

in  th e  m ost m arked  degree to  th e  advancem ent 
of th e  science generally . W ith  these induce
m ents, if  indeed such were needed, i t  is easy 
to  visualise rap id  strides in  th e  a r t  and  science 
of m etal founding generally  f a r  in  advance of 
those of form er years, tho rough  and  all 
em bracing though these seem to  have been.

W hile we are  discussing th e  progress of the  
foundry  trad e  in these tim es, i t  is very in te re st
ing  to  look back to  th e  days when m a tte rs  were 
not so advanced, w hen cast iron  was in  its  in
fancy, and  the  m ethods of production  crude and 
unreliable. The o rd inary  m an in  th e  s tree t of 
popular renown is accustom ed to  regard  Tubal 
C ain as th e  earliest a rtificer in  iron  and  brass, 
and le t i t  go a t th a t .  The m anner of in s truc tion  
by th is  earliest recorded leader of technical 
tra in in g  and th e  m ethod of han d in g  down the  
instruction  from  generation  to  genera tion  is 
lightly  passed over, and  in form ation  regard ing  
the  developm ent of th e  in d u s try  is sparse and 
for th e  most p a r t  un au th en tic . T h a t some 
m agnificent work in  iron, brass and  copper was 
done cen turies ago cannot be d isputed , and it 
would seem from relics which have been dis
covered from  tim e to  tim e, th a t  th e  iron  age 
followed th a t  of copper and  bronze, though  un 
doubtedly the  m anufactu re  of th e  tw o la t te r  
demanded much g rea te r m etallu rg ical skill and  
knowledge th an  d id  the  first nam ed.

E arly  Scottish Ironfounding
So fa r  as th e  English  developm ent of th e  iron- 

founding industry  is concerned th ere  seems to  
be plenty of in form ation  available, b u t such is 
not th e  case w ith  regard  to  th e  Sco ttish  tra d e , 
the  records of which up to  a p o in t a re  vague and  
uninform ative. I t  would seem th a t  h ere  is a 
prom ising opening for a m an of le tte rs  and 
leisure. In  the  M iddle ages it  would ap p ea r th a t  
the bcots were satisfied, in  order to  ob ta in  th e ir  
supplies of iron , w hether in  th e  form  of spears or 
plough-shares, to  depend upon ra ids upon th e ir  
more in dustria l and  industrious neighbours in  the  
N orth  of E ngland , and th is  desire for acquisi
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tion may possibly account for many of the forays 
which history  records as having been made into 
the land beyond the Tweed and Solway.

I t  was no t till th e  e igh teen th  century  was well 
advanced th a t  i t  became known th a t  ironstone 
was abundan t in Scotland. Up to  th a t  tim e 
the raw  m ateria l had been im ported from  the 
C ontinen t and from E ngland and smelted with 
the  aid of charcoal, th e  supply of which was 
becoming scarce. There was, however, no com
bination  of in terests, such as we know to-dav, 
to  lead to  th e  working of the  ironstone. As far 
west as Loch Fyne, where i t  was possible to  im
port ore by w ater from the Furness d is tric t of 
E ngland, iron was produced on a small scale, 
and, if I m istake not, the  location of th is in
dustry  of ancient days is m arked by the  appella
tion  of F urnace  given to  a small village south 
of Inverary , b u t certain ly  exhibiting  to-day no 
signs w hatever of having once been a centre of 
iron sm elting. O ther small centres are men
tioned as having contribu ted  to the meagre ou t
put of those tim es, and i t  is ce rta in  th a t  iron ore 
was to  be had  in  Aberdeenshire, though there is 
no record of its having been exploited. B ut as 
recently as 1875, so Cadell records in his “  S tory 
of the F orth  ” there  was to  be seen a t T aynuilt, 
near Oban, the largest and most im portan t of 
the old H ighland ironworks. This was estab
lished in 1753, and took the  place of a furnace 
s ta rted  by an Irish  company a t Glen K inglass 
which is said to  have been commenced in 1730, 
and relics of which can still be seen lying pro
miscuously in  th e  neighbourhood.

About the  year 1760 a g rea t revolution took 
place in  connection w ith th e  iron trad e  in Scot
land, and from  th a t  da te  records are more 
au thentic . D r. Roebuck, the  son of a Sheffield 
cutlery m anufactu rer, who had been engaged 
in the m anufactu re  of sulphuric acid a t Preston 
Pans, conceived the  idea, together w ith Mr. 
Samuel G arbett, of B irm ingham , and Mr. 
W illiam Cadell, of H addingtonshire, of estab
lishing works fo r the  m anufactu re  of iron in
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Scotland. A fte r much cogitation  and  w hat a t 
th a t  tim e m ust have been considered an enor
mous am ount of travel, i t  was decided th a t  a 
s ite  in close proxim ity  to  p len tifu l supplies of 
ironstone, coal, lim estone and  w ater would prove 
the  most successful, and i t  was u nder these con
d itions th a t  the  works a t  C arron, n ea r F alk irk , 
which have now a tta in ed  to  such huge dimensions 
and  world-wide renown, were launched.

One can conceive w ith w hat trep id a tio n  these 
hardy  pioneers of the cast iron  trad e  of Scot
land en tered  upon th e ir  task . Of local skilled 
labour there  was n o n e ; charcoal was th e  only 
m eans of providing th e  necessary h ea t, and  i t  
was realised th a t  soon th e  forests would be 
d ep le ted ; coal certa in ly  was in  use, b u t no 
forced blast was av a ilab le ; tra n sp o rt was slow 
and unreliable, and in  th e  lig h t of la te r  investi
gations i t  would seem th a t  the  small com pany of 
en thusiasts commenced on an impossible task . 
By degrees, however—-and progress m ust have 
been slow—workers more or less skilled were 
im ported from  the  south, and  then  in  1762 D r. 
Roebuck discovered th e  u ti li ty  of coke as a fuel.

P erhaps the  m ost d rastic  reform ation  was th e  
in troduction  a t  C arron by Jo h n  Sm eaton, a 
Leeds m an, and th e  bu ilder of an  E ddystone 
lighthouse, of an  a p p a ra tu s  fo r th e  p roduction  of 
the powerful b last requ ired  for th e  sm elting  of 
iron ore. F rom  th is p o in t i t  may be said  th a t  
many of the  troubles of th e  p ioneers were over. 
Local labour was beginning to  become m ore en 
lightened, and in  th is  connection i t  is som ewhat 
am using and very ins truc tive  to  note th a t  while 
i t  was found absolutely necessary, if  progress 
were to be m ade a t  all, to  employ Englishm en, 
g re a t ca re  was ta k e n  to  im port as few as possible 
so as to  ensure th a t  a la rg er p roportion  of Scots 
helpers should be engaged and  th u s  hasten  the 
tim e when the whole of th e  work could be carried  
o u t by Scots.

I  m igh t ca rry  you step by step along th e  road 
of progress in  th e  iron tra d e  of Scotland to  the 
p resen t tim e, b u t space forbids. I  m ust, how
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ever, not- om it to  m ention two o ther develop
ments which iiad a m arked effect upon th e  
industry . These were th e  in troduction  of black 
band ironstone by M ushet, who was a bookkeeper 
in th e  Clyde Iron  W orks, and th e  adoption by 
Neilson of th e  h o t blast. The use of the steam 
engine, in troduced  by Jam es W a tt, also helped' 
considerably, b u t i t  is curious to note th a t  i t  was- 
a t  first used not to  d rive th e  engine developing 
the blast, bu t to  pump the  w ater back from  below 
the w ater wheel in to  the  reservoir. The black 
band ironstone was known for some years before 
i t  was recognised as a useful artic le  of commerce, 
and i t  was not u n til 1825 th a t  the first experi
m ents proved its  value. S till th e  foundry trad e  
in Scotland did no t m ake g rea t strides till long 
a fte r  Queen V ictoria came to  th e  throne. Cer
ta in ly  the  o u tp u t of iron increased considerably 
and small p lan ts were being erected in various 
parts  of th e  country.

Then came the  reaction a fte r  the  Crim ean war, 
and from  th a t  period developm ent in all directions 
was rap id  and progressive. The various public 
au tho rities became alive to  the  necessity of 
reasonable housing for th e  people, san ita tion  
took a prom inent place in the public eye, and 
education generally im proved in all directions. 
The Clyde valley, helped by its  w aterw ay, which 
was being developed in to  a  harbour for the  
largest known ships of th a t  period, became tra n s
formed into a vast hive of industry , in which 
the  iron trad e  took pre-eminence. B last fu r
naces and heavy foundries sprang up, and were 
kep t busy no t only by the requirem ents of the 
shipbuilders, b u t also by the demands of the  
various au tho rities  whose schemes of drainage 
and w ater supply were developing year by year. 
A t one tim e four large foundries were principally 
engaged in  th e  production of w ater pipes from 
1 f t . to  2 f t . in  d iam eter, cast by the vertical 
system in huge circu lar pits, and when the local 
demand subsided large quan tities were exported 
to  C anada and o ther places abroad. B ut new 
methods of m anufactu re  succeeded the old, the
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abroad laid  down th e ir  own foundries, and  the 
expo rt trad e  from  Scotland gradually  weakened 
ti ll about the year 1926 th e  last of th e  old pipe 
foundries closed down, and th e  site , which once 
carried  huge workshops and sta te ly  offices, is now 
bare and silent, every brick and stone having 
been removed.

A  Flourishing Industry
B ut the  engineering and  lig h t castings 

foxm dries have continued to  flourish and F a lk irk  
and d is tric t still holds its own among the m anu
factu rers of ligh t castings and  san ita ry  w are, 
though o ther tow ns such as K irk in tilloch , B a rr
head and Glasgow itself tu rn  o u t an  enormous 
q u an tity  of builders’ w are. E d inburgh  too now 
has its foundries, all of which m ay be classed as 
successful in th e ir p a rticu la r line, and various 
o ther centres th roughout the Lowlands vie w ith 
the Clyde valley in its production of iron, for 
from  tim e to  tim e ore has been discovered in 
various new fields. T hroughout the  no rthern  
p a rt of Scotland the  developm ent of m achinery 
and p lan t of various descriptions has dem anded 
the  establishm ent of foundries and in  m ost of 
the im portan t cities the in d u stry  is progressing 
strongly on the  most modern lines. Perhaps one 
of the most noticeable fea tu res of recen t years 
has been the readiness of older firms to  adopt 
mechanised principles, and m any of the  foundries 
established last cen tu ry  and even those who 
ranked  am ongst the  very earliest have no t hesi
ta ted  to  take  th a t step in th e ir  desire to  keep 
abreast of the times.

One im portan t fea tu re  which has presented  
itself to me in my w anderings has been the 
ubiquity  of the  Scot, and particu la rly  th e  Scot
tish  moulder. Go where one will, in to  almost 
any foundry in  any p a rt of the  world, one is 
almost sure to hear the well-known D oric accent, 
and I  know of towns in E ngland  and C anada 
and A ustralia , where the  Scottish  accent is as 
pronounced as in  th e  Gallowgate and th a t  by 
men and women who have never v isited  the
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land of th e ir  forbears. W hat would be the 
feelings of D r. Roebuck, who first brought 
English moulders to  Scotland, if he could revisit 
th e  scenes of his early  labours and find events 
so topsy-turvy is a  m a tte r  of surm ise?

Changed, too, are the methods generally 
adopted by the leading foundries th roughout the 
land—and by th is I mean G reat B rita in —from 
the  days when Sam uel Smiles’ a ttem p t to  obtain 
perm ission to  v isit th e  C arron works was m et 
w ith the somewhat ungracious reply, “  N a, na, 
i t  canna be allooed. We canna be fashed wi 
s trangers  h e re .” In  these days, i t  seems, the  
more im portan t the undertak ing , the  less likely 
is i t  to  endeavour to  surround  itself w ith un
reasoning insu larity , and the fac t th a t  during  
th is  conference so m any well-known firms have 
extended th e ir  hosp ita lity  to  our members, proves 
th a t  the  onw ard m arch of tim e has begun to 
break down the  old prejudices and barriers, 
and firms, irrespective of personal gain , are 
cen tring  th e ir  a tten tio n  on the  h igher a ttrib u tes  
of trad e  and endeavouring hand in hand, as fa r  
as is reasonably compatible w ith commonsense, 
to  reach the  highest sum m it of excellence th a t 
i t  is possible to  a tta in .

May I  conclude my rem arks upon a close per
sonal appeal addressed to  the heads of all 
foundries and allied trades in  the B ritish  Isles. 
This In s titu te  was established in  1904 and be
came a Royal C hartered  Society sixteen years 
la ter. M any hundreds of foundrym en have 
passed th rough  its membership books, and to-day 
there  are  1,892 members, an increase over last 
year of 112. B u t th is is not enough. The work 
of the  In s titu te  is valuable not only to th e  mem
bers, b u t to  employers generally, to  say nothing 
of the general public, who cannot fail to  benefit 
in the  long run  by the  research and practical 
labours of the  In s titu te . The work is of an 
in ternational character, as you are  probably 
aware, and I therefore confidently recommend 
every member to  endeavour du ring  the  coming 
years to  induce friends to  jo in  our ranks. A
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goodly num ber of members visited th e  In te r 
national E xhibition  a t  Brussels last Septem ber 
and were made welcome, along w ith rep resen ta
tives of nearly  a score of o ther countries, by the 
B elgian Association, whose P res id en t was 
honoured by the K ing  of the Belgians by the 
presentation  of the  A lbert m edal in recognition 
of the  services of the  Association to  th e  country. 
We have a represen tative list of subscribing firms 
b u t we could do w ith m any more. A dm itting  
the value of the work done, and the  apprecia
tion  of th a t  work on m any occasions expressed 
by o ther associations both a t  home and abroad, 
le t me impress upon you all the necessity for 
increased support financially, and most of all for 
a largely increased membership of all grades.

Gentlemen, again I  th an k  you for the honour 
you have conferred upon me. I  am aw are of 
the fact th a t  I  follow m any experienced and 
energetic Presidents, none more energetic per
haps th an  my im m ediate predecessor, and cer
ta in ly  none more cheerfully popular. B u t I  will 
do my best to  m erit your tru s t and  to  carry  out 
my duties to the best of my ability , and I  con
fidently appeal to you all to  accord me d u ring  
my year of office th a t  cordial support which has 
ever m arked the  labours of those who have pre
ceded me in  the presidentia l chair.

Vote of Thanks to the President
M r . H u r s t , in proposing a vote of th an k s  to  

the P residen t for his address, made special re fe r
ence to  Mr. W in te rto n ’s adm irable historical 
study of th e  origin of ironfounding in  Scotland. 
H e m entioned as a poin t of in te re s t th a t  
perhaps the earliest a ttem p t cen trifugallv  to cast 
pipes was made in  Scotland by A ndrew Shanks, 
an ancestor of the  present firm of Shanks & Com
pany, L im ited, which was still in existence. 
Somewhere about the  year 1870 Andrew Shanks 
made and actually  cast by the  cen trifuga l pro
cess spigot and socket pipes, and th a t  was prob
ably the  first a ttem p t made to  apply the  cen tr i
fugal process to th e  casting  of iron pipes. M r. 
H u rs t w ent on to  say th a t  i t  had struck  him
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th a t  the study of the  history of the  development 
of ironfounding, as d is tin c t from  the  history  of 
ironm aking, was a m ost fascinating  one, and he 
had often wondered why th is  In s titu te  had not 
tak en  on itself to  organise some so rt of collec
tive a tte m p t to  study  the  history  of ironfounding 
in  th e ir  various d is tric ts .

The vote of thanks was accorded w ith acclama
tion  and the  P r e s id e n t  briefly replied.

The following P apers were then  read  and
discussed : —

“  The Phenom ena of C ap illarity  in  the  
F o u n d ry ,” by P ro f. A. Portev in  and D r. Pau l 
B astien. (French  Exchange P aper.)

“  The M anufactu re  of In tr ic a te  Thin-W alled 
Steel C astings,”  by D r. R . H u n te r and J .  
M cA rthur.

“  Composition and its Effects upon the P ro 
perties of M ould and Core Sand M ixtures a t 
E levated  T em peratu res ,”  by F . Hudson.

D uring  the  m orning the  ladies partic ipa ted  in 
a  m otor drive to  Largs, and on th e ir  re tu rn  they 
jo ined th e  members a t  lunch a t  the  Grosvenor 
R estau ran t.

P a rtie s  of members visited th e  following works 
in  the  course of the a fte rn o o n :—-

Glenfield & K ennedy, L im ited, K ilm arnock ;
John  L ang & Sons, L im ited, Johnstone; The
S inger M anufactu ring  Company, L im ited,
C lydebank; Babcock & Wilcox, L im ited,
R en frew ; H arland  & Wolff, L im ited, Clyde
Foundry , Govan.

A N N U A L  B A N Q U E T  A N D  D A N C E
The annua l banquet, followed by e n te r ta in 

m ent and  dancing, was held in  the  Grosvenor 
R estau ran t, Gordon S tree t.

The P res iden t (M r. H . W interton) presided 
over a d istinguished gathering , which included 
S ir Jam es Lithgow, B t., M .C., D .L. (P resident 
of the  R eception Comm ittee), S ir A rth u r 
H uddleston, C .M .G., O .B .E ., M.A. (D irector of 
th e  Royal Technical College, Glasgow), Col.



6 2

N orm an K ennedy, D .S.O. (P residen t of th e  Glas
gow Chamber of Commerce), M r. Jo h n  C raig, 
C .B .E ., D .L ., J .P .  (C hairm an of Colvilles,
L im ited), M r. A. M cK instry , M .Sc., M .I.M .E . 
(m anaging d irector, Babcock & Wilcox, L im ited), 
P rof. Percy H illhouse, M.T.N.A. (P residen t of 
th e  In s titu tio n  of Engineers and Shipbuilders in 
Scotland), P rof. M ellanby, D .Sc., M .I.M ech.E . 
(Royal Technical College), M r. R . M. Allardyce, 
M.A. (D irector of E ducation , Glasgow), L ieu t.- 
Col. M acfarlane, D .S.O ., Bailie H ector McNeill 
(D eputy-Chairm an of Glasgow C orporation), M r. 
J .  E. H u rs t (Im m ediate P ast-P res id en t) , Mr. 
C. W. Bigg (Senior V ice-President), M r. Joseph 
H epw orth, J .P . ,  M .P. (Ju n io r V ice-President), 
M r. D aniel Sharpe (P residen t of the  Scottish 
B ranch), Mr. A. McCance, D.Sc. (P residen t of 
the  W est of Scotland Iron  and Steel In s titu te ) , 
Mr. J .  B. Lang (John  L ang & Sons, L im ited , 
Johnstone), and M r. P . H . W ilson (S tan ton  
Ironworks Company, L im ited).

The Toasts
The usual loyal toasts having been proposed 

by the P residen t and duly honoured,
M r. J o s e p h  H e p w o r t h  (Jun io rV ice-P residen t) 

proposed “ The City and C orporation of Glas
gow.” H e said th a t  th e ir  city  and th e ir  country  
had reared  men who had excelled in  science, in 
lite ra tu re , and even in politics, b u t last, though  
by no means least, was th a t  g rea t fea t, th e  build- 
ing of the “ Queen M ary ,” an achievem ent of 
which any city  or any country had  every reason 
to be proud.

He supposed th a t  th e  city of Glasgow, like 
every o ther city , had been passing th rough  very 
critical times in recen t years, and a t  th is  junc
tu re  he would like to s trik e  a note of optimism 
and say quite frank ly  th a t , if we could only 
settle  the  in te rn a tio n a l difficulties th a t  we had 
been faced w ith in recen t years, he ven tu red  to  
suggest th a t  not only th e ir  city , b u t all the 
cities in th is g rea t Em pire of ours, would come 
in for a new era  of prosperity , and he sincerely 
hoped th a t  th a t  day would no t be long delayed.
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Glasgow ’s Industria l Developm ent

B a i l i e  H e c t o r  M cN e il l  (D eputy-C hairm an of 
Glasgow C orporation), in responding to the toast, 
conveyed the  good wishes of th e  Lord Provost, 
whom he had ju s t le ft in  the  C ity Chambers 
welcoming the Automobile E ngineers, who were 
also holding th e ir  annual conference w ith in  the 
city  a t th is tim e.

H e was convinced, speaking as one who had 
served his tim e in  th e  Clydeside engineering 
shops, and speaking from  w hat he had learned 
during  his apprenticeship  and the  num ber of 
years he had worked as a journeym an, th a t  they 
still had  th e  leaders of industry  and they still 
had th e  workmen who were able to show to the 
world a t  large th a t , so fa r  as shipbuilding and 
the  allied trades were concerned, they still were 
top  dog in  th e  world, and they as a C orporation 
had th e ir responsibilities in facing the problem 
of providing the industria lis ts  of th e ir  city  and 
country  w ith  a healthy, virile, com petent race of 
men and women to  carry  on the work.

Th e  Foundry Industry of Scotland

M r .  C. W .  B i g g  (Senior V ice-President), in 
proposing the  to a s t of “ Scottish Trade and Com
m erce,” said th a t  th e  foundry itself could be 
reckoned among the  most im portan t of Scottish 
trades. Among Scotland’s oldest industries was 
th a t  in which they were all proud to  be engaged. 
Before Scotland achieved fame in shipbuilding, 
she had won some renown in the science and a r t  
of founding. A satisfactory  source of castings 
supply was pre-em inently necessary to shipbuild
ing and engineering, and unless the  foundry 
industry  of Scotland had proved equal to every 
dem and made upon it , th e  fam e of Scotland in 
shipbuilding, engineering  and m any o ther indus
tr ie s  would not be w hat i t  was a t the present 
day. S outherners were a p t to judge Scotland 
m ainly by exports. I t  was a fac t th a t  one of 
the m ain exports of Scotland was men. The 
developm ent of Scotland’s trad e  and commerce 
had been such as to  command for her a promi-
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nen t place in  the export m arkets of th e  world. 
U nfortunately , these m arkets were n o t open to  
her to  the  same ex ten t as form erly, and  i t  had 
been found th a t  th is  had  a m arked effect on 
the  home position. The form ation of such bodies 
as The Scottish N ational Developm ent Council 
and  The Scottish Economic Com m ittee showed a 
sp irit of co-operation which was certa in  to  re 
dound to  the  w elfare of th e  country . T hat 
developm ent could no t be real unless i t  was 
justified by the existence somewhere of a m arke t 
for its  products. W orld conditions to-day were 
such as to convince us of the increasing im port
ance of our home m arket, and  when one visited 
such a hive of industry  as Clydeside w ith  its  
teem ing population one could no t fa il to  appre
ciate the trem endous po ten tia lities as a  m ark e t 
of such a  comm unity, and he suggested th a t  
Scotland’s problem, and indeed th e  problem of 
us all, lay in  visualising th e  progress and  con
ditions necessary to  m aterialise th e  p o ten tia lities  
of such communities as m ai'kets, and  ever- 
increasing m arkets, for the  goods which ou r ever- 
increasing industries would produce.

M r . A r c h ib a l d  M c K i n s t r t  (m anaging d irec
to r, Babcock & Wilcox, L im ited), in  rep ly ing  to  
the toast, rem arked th a t  his life  had been 
spent in  engineering, and he had  been struck  
by the  im p o rtan t p a r t th a t  founding  had  played 
in th a t  g rea t industry . H e th o u g h t th a t  one 
of the  chief exports of Scotland was Scotsmen. 
I t  had been his privilege to  w ander m uch about 
the world, and he had m et Scotsmen in every 
country  he had visited, occupying, as m any of 
them  seemed to  do, th e  most im p o rtan t positions 
in the various countries. The people of the 
B ritish  Isles could not support them selves on 
in te rn a l trad e  ; we m ust m ake ourselves efficient 
for ca te ring  for the m arkets of the world, how
ever difficult they  m ight be a t  the  m om ent. 
In  the  case of his own concern, they  were pay
ing in  Scotland alm ost one million pounds’ 
w orth of wages per annum , and  th a t  was pro
duced by a business which was made up  of
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som ething like 65 per cent, of export trade . 
I t  was qu ite  impossible to  give employment to  
the  people who needed em ployment in Scotland 
unless p a rticu la r a tten tio n  was paid to  the re
quirem ents of th e  export trad e . A t th e  present 
m om ent there  was enormous difficulty in dealing 
w ith  th a t  trad e .

A fte r detailing  some of the  difficulties ex
perienced a t the m om ent by B ritish  firms in 
securing orders from  abroad, M r. M cK instry 
said th a t  although there  was a com parative 
boom a t the  m om ent he d id  no t th in k  he ought 
to  s it down w ithou t s trik ing  a note of w arning. 
The present boom could only be continued if 
pa rticu la r emphasis was placed on th e  desir
ab ility  of being able to  en te r o ther m arkets th an  
our home m arket. Do not le t us be unduly 
optim istic, but on the o ther hand do not let 
us be unduly  cast down by the difficulties. He 
was perfectly  satisfied th a t  the courage, the 
ab ility , th e  resource and the  ingenuity  of Scot
land  and  Scotsmen could hold its  own against 
any com petition, and th a t  the wave of pros
perity  which was s ta r tin g  now would not die 
down in the  very near fu tu re .

Foreign Policy and Its Bearing on Industry

The nex t toast, which was proposed by S i r  
J a m e s  L i t h g o w  (P residen t of the Reception 
Com m ittee), was “  The In s titu te  of B ritish  
F oundrym en.” S ir Jam es said th a t  Mr. H ep- 
w orth had referred  to  the difficulties in foreign 
countries. H e (the speaker) was rem inded th a t  
for a num ber of years now he had attended  a 
conference a t Geneva in the month of Ju n e  as 
represen ting  the  B ritish  employers. This year 
for various reasons he was not a tten d in g  th a t 
conference. Personally  he was not one of those 
who scoffed a t the League of N ations. He ap
preciated  th a t  our foreign policy had a definite 
bearing on the prosperity  of the  industries in 
which they were all engaged. H e had spent 
very much tim e and very much though t in 
endeavouring to  res tra in  the labour side of the
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organisation  from  th a t  en thusiasm  which, un 
fo rtuna te ly , had  b rought th e  political side in to  
the trag ic  d isrepute  th a t  i t  now found itself 
in, where its  au th o rity  had  been very much 
lost. N either did he condemn the  efforts which 
had been m ade by successive B ritish  Govern
m ents to  give a lead to  the  world in  th e  m a tte r  
of d isarm am ent. A fte r all, if B rita in  wished to 
continue to  claim the leadership of th e  world 
in moral as well as m ateria l th ings, i t  surely 
was fit th a t  our G overnm ent should m ake an 
effort to bring  these peaceful m ethods about. 
Clearly, however, these efforts had  failed. We 
had reached the end of the  chap te r so fa r  as 
efforts of th a t  so rt were concerned, and  we 
m ust regretfu lly  look around fo r some o ther 
method by which we could continue th a t  leader
ship.

R eferring  particu larly  to  the  foundry  in d u stry  
in its relation  to th e  m anu factu re  of arm s, S ir 
Jam es rem arked th a t  th e ir  business could be 
developed only when every phase was developed, 
and there  was no more technical section th an  
th a t  connected w ith  these works. H e believed 
th a t  they  were en tering  upon a period when 
they would have an opportun ity  in  every section 
to  develop, and not only give em ploym ent b u t 
work up a reserve of cap ita l s tren g th , which 
was necessary if any industry  was going to  
take  advantage of the  work of an  In s ti tu te  of 
th is kind. I t  was no use carry ing  o u t technical 
research and m aking discoveries if th e  money 
and  the  men were no t available to  give effect 
to  these discoveries when they  were m ade, and 
therefore  i t  seemed to  him  th a t  th is  was a most 
app rop ria te  tim e for th e ir In s titu te  to  come to  
Glasgow and consider the  problem, conscious, as 
he believed they  were, of the  fac t th a t  they  were 
en tering  upon some real rew ard and re tu rn  for 
all the b ra in  and research work in  which the 
members of th is In s titu te  were engaged. I t  
was in  th a t  sense a t  least th a t  he asked them  
to be upstand ing  and to  d rink  th e  to as t of 
“ The In s titu te  of B ritish  F oundrym en .”
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T H E  P R E S ID E N T ’S R E P L Y

The P r e s i d e n t , in  acknowledging th e  toast, 
alluded to  the work th a t  th e  In s titu te  had  done 
since its  in s titu tio n  in  1901, and called a tte n 
tion  to  th e  cosm opolitan ch arac te r of th e  meet
ing th a t  n igh t. D uring  the  last th ir ty  odd 
years since the  In s titu te  was established he 
th o u g h t he m igh t claim  th a t  th ey  had  made 
very considerable progress. The old ru le of 
thum b had  been practically  erad icated , and 
to-day they  found th a t  th e  foundry  problems 
which obsessed them  from  day to  day in  every 
foundry  in  th e  coun try  were being tackled  from 
a different point of view a ltogether from  th a t  
of th e ir  forebears. H e was satisfied th a t in 
his own p a rticu la r branch of th e  tra d e  th ir ty  
years ago th e  estab lishm ent of a laboratory 
would have been laughed out of court. To-day, 
on th e  o ther hand , they  relied on w hat the 
men in th e ir  laboratories said, and they  knew 
perfectly  well th a t  if they  acted counter to  
the  reports of these men they  were asking for 
trouble. H e was qu ite  sure th a t  h is friends 
who w ere d irectly  in terested  in  foundry work 
were of th e  same opinion. A t th e ir  m eeting 
th a t  forenoon a t  E lm bank Crescent they  had 
a b a ttle  roval betw een th e  prac tica l side and 
the theoretical side. S ittin g  in  th e  chair, it 
was very difficult for him  to  say which side 
won, but he was sure h is p rac tica l friends 
would forgive him if he said th a t he was inclined 
to side w ith th e  theoretical m en. H e was con
vinced th a t  eventually  the  practica l m an would 
have to  say th a t  the  theore tica l m an was the 
m an who gave him the  lead, and eventually 
he would have to  follow. H e fe lt th a t  to-day 
they were a t  the  p a rtin g  of the  ways, the  p a rt
ing  from  th e  old way which, un fo rtunate ly , 
they  had  experienced for so long a period, the 
period of depression. Personally  he was not 
inclined to  th in k  th a t  th a t  depressed period 
would last very m uch longer. W e were cer
ta in ly  on th e  upgrade, we were certa in ly  be
ginn ing  to  see th e  ligh t, and he sincerely
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tru s ted  th a t  in  a very short tim e industry  not 
only in  Scotland bu t th roughou t the  B ritish  
Isles, would once more tak e  its full p a r t  in  the  
trad e  of the  world, and th a t  th is  g re a t E m pire 
woidd be able to  show the  whole world th a t 
we did not in tend  to be relegated  to  a back 
seat.

Scientific and Techn ica l Institu tio ns
In  proposing the  to a s t of “  Scientific and 

Technical In s titu tio n s ,” P r o f e s s o r  P e r c y  H i l l - 
h o u s e  (P residen t of the  In s titu tio n  of E ngineers 
and Shipbuilders in  Scotland) said th a t  w ithou t 
such technical and scientific in s titu tio n s  the 
engineering industry  would he in a very poor 
way. Somebody had  said th a t  n ig h t th a t  a 
g rea t many of these experim ents were of no 
use, bu t scientists w ent ahead and  m ade ex
perim ents, sometimes w ithou t know ing exactly 
w hat they were aim ing a t, b u t they  go t results , 
and often ou t of those resu lts som ething very 
useful tu rn ed  up. In  th e  old days the  ru le 
of thum b was th e ir  m ain lead, experience was 
supposed to be of more value th a n  theory, b u t 
nowadays technical and scientific in s titu tio n s  
were in th is country ex isting  in  g re a t num bers. 
There was no science or industry  b u t w hat had 
got its  own technical in s titu tio n , and  these 
in stitu tions did a g rea t deal of good.

In  calling upon S ir A rth u r H uddleston to  
reply, the P r e s id e n t  conveyed the  h ea rty  thanks 
of the In s titu te  to  the D irectors of th e  Royal 
Technical College for th e  assistance they  had 
given to  the In s titu te  and the  founding industry  
in general.

S i r  A r t h u r  H u d d l e s t o n  (D irector o f  the  
Royal Technical College), in responding to  the  
toast, said the Technical College had  always 
endeavoured to  m ain ta in  a really  close connec
tion  between teaching and  research, as carried  
ou t in  the  College and in industry  in  all its 
phases. T ha t connection began even before the  
College opened. A fte r a brief ou tline of the 
origin of the  Royal Technical College, S ir A rth u r 
concluded by assuring them  th a t  the  aim  of the
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College had always been, and would continue 
to  be, th e  m aintenance of th e  closest possible 
connection w ith industry .

T h e  Scottish  Branch
The last toast, “  The Scottish B ranch of the 

In s titu te  of B ritish  Foundrym en ,” was proposed 
in a few fitting  words by Mu. J .  E . H u r s t , the 
Im m ediate P ast-P res iden t of the  In s titu te .

M r . D a n ie l  S h a r p e  (P residen t of th e  Scottish 
B ranch) suitably  replied. On behalf of the 
Scottish B ranch he assured them  th a t  they  were 
delighted  w ith the  large num ber of members 
of the  In s titu te  a tten d in g  the  conference in 
Glasgow. H e concluded w ith  a  brief outline 
of the  ac tiv ities of the Scottish B ranch, and 
m ade reference to  the  very able work of the 
Scottish Secretary , M r. John  Bell, who had 
been responsible for the  p repara tion  and carry 
ing ou t of all the  arrangem ents, assisted very 
ably by M r. A. Campion.

T h e  P r e s id e n t  said he desired to  add his 
meed of praise and thankfulness to  M r. Bell 
and M r. A. Campion, a Scotsman and an 
Englishm an, for th e ir  collaboration in  the  pre
para tio n  of the  program m e. H e was sure they 
were all agreed th a t  once more E ngland and 
Scotland had combined to make th is function  a 
complete success.

The P res iden t th e rea fte r  presented a beau ti
fu l silver te a  service to  Mrs. H u rst, the wife 
of the  Im m ediate P ast-P res iden t, as a little  
mem ento on behalf of the  leading officials of 
the In s titu te  of th e ir  appreciation  of her ser
vices to  them  during  her husband’s year of 
office.

M r s . H u r s t  s u i t a b l y  r e p l i e d .
A t in tervals du ring  the evening instrum ental 

music was provided by M r. F ran k  M erton and 
his orchestra, who also provided music for the 
dancing, which continued till 1 a.m. Vocal 
selections were rendered during  the evening hy 
Miss Je a n  Dawson, M r. E llio t Dobie and Mr. 
J .  C. Dorsie.
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T H U R S D A Y , J U N E  II

On Thursday, Ju n e  11, th e  delegates and  th e ir  
lady friends paid  a v isit to  E d inbu rgh , th e  
C apital of Scotland. Travelling from  Glasgow' 
by special tra in , the  p a rty  on a rr iv a l in  the 
C apital found a fleet of m otor buses aw aiting  
them . H ere the  ladies em barked on a sight
seeing expedition to  the  F o rth  B ridge, followed 
by a to u r of the city, while the  men drove to  
the  H erio t-W att College, where a Symposium 
of P apers on C ast Iron  was discussed.

The following Papers were p resented  by th e ir  
respective authors and discussed jo in tly .

“ A S tudy of th e  Influence of M anganese and 
M olybdenum A dditions to  C ast I ro n ,”  by J .  E. 
H u rst, E x-President.

“ The Influence of W all Thickness on the 
M echanical P roperties of C ast I ro n ,” by D r. H . 
Jungb lu th . (G erm an E xchange P aper.)

“ The F rac tu re  of P ig -Iro n ,” by D r. A. L. 
N orbury and E. M organ, B ritish  C ast Iron  
Research Association.

“ The P roduction  of P ressure C astings,” by
H. H . Judson. (Am erican E xchange P ap er.)

At the  conclusion of th e  Conference th e  dele
gates drove to  th e  Caledonian (L .M .S.) H otel, 
Princes S tree t, where luncheon was served. M r. 
A. D. .Mackenzie, C hairm an of th e  E d inbu rgh  
section of the Scottish B ranch, presided, 
and a fte r  luncheon form ally welcomed the  
visitors to  E dinburgh. B a i l i e  S t e e l , on behalf 
of the Town Council of the  C ity of E d inburgh , 
also extended to  the  v isitors a r ig h t royal 
welcome, and the  P r e s id e n t  (M r. H . W in te rton ), 
in  acknowledging, rem arked th a t  he was no t 
surprised  to  learn  th a t the  m achinery  for 
operating  the  rudder of th e  “  Queen M ary ” 
had been made in  E dinburgh.

A fter luncheon the members and th e ir  ladies 
were conveyed by bus to E d inburgh  Castle, 
where a most enjoyable hour was spent in  in
specting the  congeries of ancien t bu ild ings
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which go to  make up th is hoary old castle which 
has played such a prom inent p a rt in the history 
of Scotland. The im pressive Scottish N ational 
Shrine was also visited.

C iv ic  Reception
The company th e rea fte r proceeded to  the City 

Chambers, where they  were en te rta ined  a t  a 
civic reception by the  Lord Provost, M agistrates 
and Council of the C ity of E dinburgh . In  the 
unavoidable absence of th e  Lord P rovost (Mr. 
Louis S. Gumley), th e  visitors were received and 
individually  greeted by Bailie A ldridge, the 
senior M agistra te  of the  City, who was accom
panied  by most of the o ther M agistrates in th e ir 
scarle t robes of office.

The P r e s id e n t  (M r. H . W interton) briefly 
acknowledged the welcome extended by Bailie 
A ldridge.

The reception was followed by a program m e of 
ins trum en ta l music provided by th e  M onica-Orr 
Trio, while ligh t refreshm ents were served to the 
visitors.

The com pany afterw ards drove back to  Princes 
S tree t S ta tion , where they  en tra ined  for 
Glasgow, which was reached about 7.20 p.m.

Edw ard W illia m s Lecture
On T hursday evening, Ju n e  11, the  second 

E dw ard W illiams lecture was delivered in the 
R ankine H all of the  In s titu tio n  of Engineers 
and Shipbuilders in  Scotland, E lm bank Crescent, 
Glasgow, by P ro f. A. L. M ellanby, D .Sc., 
M .I.M ech .E ., Royal Technical College, Glasgow, 
his subject being “ C ast Iro n  and th e  E ng ineer.”

The P r e s id e n t  (M r. H . W in terton ), who pre
sided, a t  the  ou tse t form ally presented the 
M eritorious Service M edal to  Mr. Jam es Sm ith, 
South Shields. In  paying a tr ib u te  to  M r. 
S m ith ’s valuable services to  the In s titu te , he 
m entioned th a t  M r. Jam es Sm ith was a very 
old personal friend  of his.

M r . S m i t h , i n  a c k n o w le d g in g  t h e  g i f t ,  s a id  h e  
f o u n d  g r e a t  d i f f ic u l ty  in  e x p r e s s in g  h is  f e e l in g s
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th a t  n igh t on receiving such an  honour as had 
ju s t been conferred upon him by the  Awards 
Comm ittee. I t  was en tire ly  unexpected. H e did 
no t know w hat it  was for yet, w hether i t  was 
for being a good boy or a bad boy. H e recalled 
th a t  th ir ty  years ago when the first convention 
was held a t  Glasgow there  were no branches 
in existence, bu t as tim e w ent on branches were 
formed in the different p a rts  of th e  country , 
and th e  In s titu te  of B ritish  F oundrym en 
had progressed ever since. He adm itted  th a t  a t 
one tim e he became a b it discouraged. H e w ent 
on to  outline the history  of the  Newcastle 
Branch, the membership of which, a f te r  a period 
of vigorous grow th, began to decline, b u t du ring  
the past two years a determ ined effort had been 
made to bring  the branch back to  its form er 
vigour, w ith such success th a t  close on 60 new 
members had been installed during  th a t  period.

Prof. M ellanbv then  delivered his lecture. 
(See page 64.)

Vote of Thanks

The P r e s id e n t , in than k in g  P ro f. M ellanby 
for his lecture, rem arked th a t  all p rac tica l men 
amongst them  would agree th a t , a t  any ra te  on 
the theoretical side, those who were studying  
the various points did no t give them selves anv 
unnecessary trouble in  going m ost thoroughly 
in to  all the various problems th a t  the  p rac tica l 
m an placed before them . H e concluded by con
g ra tu la tin g  P rof. Mellanby on th e  fac t th a t  the 
U niversity  of Glasgow was ju s t about to  confer 
upon him the honour of Doctor of Laws.

M r. F . J .  C o o k  proposed a h ea rty  vote o f  
th anks to  P ro f. Mellanby fo r his adm irable 
lecture.

M r . D a n ie l  S h a r p e , in  seconding th e  vote o f  
thanks, characterised  the lecture as a pleasure 
to  th e  old members of the  In s titu te  and an 
insp ira tion  to  the  young.

The vote of thanks was enthusiastically  
accorded, and P ro f. M ellanby briefly responded.
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The P r e s id e n t , in  closing the  proceedings, 
conveyed the  hearty  thanks of the  In s titu te  to 
the  Council of the  In s titu tio n  of Engineers and 
Shipbuilders in  Scotland for the  use of the 
R ankine H all du ring  the  Conference.

F R ID A Y , JU N E  12

The concluding day of the Conference was 
reserved for an excursion down the  Clyde on the 
newest of the Clyde steam ers—the “  Marchioness 
of G raham .”  A fter leaving the  in dustria l p a r t 
of the river the  vessel passed th rough  the  Kyles 
of B ute, and visits were paid  to  Loch Fyne, 
the  no rth  of A rran , Loch Goil and Loch Long. 
The p a rty  landed a t Gourock and re tu rn ed  to 
Glasgow by special tra in .

Before the  te rm ina tion  of th e  voyage, the 
final m eeting of the  Conference took place on 
the covered deck of “ The M archioness of 
G raham .”  M r . D .  S h a r p e , P residen t of the 
Scottish B ranch, on behalf of the B ranch ex
pressed the hope th a t  all the visitors had en
joyed th e ir  visit to  Scotland as much as the 
members of the  Scottish B ranch had enioved 
the  pleasure of en te r ta in in g  them ; he hoped 
they would all carry  away happy memories of 
Scotland and of the Conference. H e expressed 
his thanks to  his fellow members of th e  Execu
tive Comm ittee, particu larly  to  M r. John  Bell, 
th e  Secretary  of the  Conference, who had 
carried  ou t m ost of th e  very heavy work of 
o rganising the  arrangem ents.

M r . H . W in t e r t o n , P residen t of the In s titu te , 
expressed th e  th an k s of the  In s titu te  to  the  
Scottish B ranch, to  the  R eception Committee, 
to  the Executive Comm ittee, and particu larly  
to  M r. John  Bell, th e  Conference Secretary, and 
M r. A. Campion, for the most successful arrange
m ents which had been made for the Conference. 
Everyone present had had a very happy tim e, 
and fully appreciated  all th a t  had been done on 
th e ir  behalf. H e called for th ree  hearty  cheers 
for M r. Bell and Mr. Campion.
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M r . J ohn  B ell , who was received w ith 
musical honours, in  reply paid  a tr ib u te  to  his 
colleagues in the  Scottish B ranch, to  th e  Execu
tive Committee, to  the  stew ards, to  his colleague 
M r. Campion, and also to  the  fo rbearance of 
Mrs. Bell. I f  the work of the  Scottish B ranch 
had pleased those who had p a rtic ip a ted  in the 
Conference, then  the Scottish B ranch was well 
repaid  for all th a t  i t  had done.

B a i l i e  M r s . M a n n , of th e  C orporation of 
Glasgow, representing  the Lord P rovost of Glas
gow, tendered  the  reg re ts of the  Lord Provost 
a t  his inab ility  to  be present, and his good 
wishes for a happy te rm ina tion  to  a successful 
Conference. The C orporation of Glasgow had 
passed a special resolution au thorising  fine 
w eather for the da}', and as was the case with 
all resolutions of th a t  C orporation, it  had been 
honoured to  the  l e t t e r ! Scotsmen were some
times accused of being boastful of the beauties 
of th e ir country, b u t those who had been present 
on th a t  day would surely agree th a t  they had 
something to  boast about.

M r . C. W. B ig g , Senior V ice-President, asso
ciated himself w ith  the rem arks of the  P res i
dent, and issued an inv ita tion  to  all mem bers 
of the In s titu te  and th e ir ladies to  tak e  p a r t  
in the Conference in Derbv in 1937.

TH E  SECO N D  ED W A R D  
W ILLIA M S L E C T U R E

C A S T  IR O N  A N D  T H E  E N G IN E E R

By Professor A . L . M ellanby, D .Sc., M .I.M ech.E .,

The lec tu re r’s first in troduction  to  th e  mem
bers of the  In s titu te  of B ritish  Foundrym en 
arose from an investigation  w ith which he was 
charged, dealing w ith th e  qualities of cas t iron 
suitable for Diesel engines. I t  occurred to  him  
th a t  some account of these early  researches m ight 
be of in te rest, and th a t  by recalling p as t experi
m ents and investigations, which have now been 
largely forgotten , listeners m ight be able to
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form some m ental p icture  of the difficulties 
which lay in  the  pa th  of those B ritish  engineers 
who first took up the m anufactu re  of large 
m arine Diesel engines. I t  also appeared th a t , 
in view of the in te rest shown by M r. W illiams 
in th e  m etallu rgy  of bygone days, these his
torical reminiscences m ight not be ou t of place 
in a lecture offered as a tr ib u te  of general 
adm ira tion  for so popular a member of the 
In s titu te .

I t  was in  Ju n e , 1917, th a t  a small deputation  
from the  B ritish  M arine Oil E ngine M anufac
tu re rs ’ Association called a t  the College and 
discussed w ith the then  D irector, D r. Stockdale, 
and th e  lec tu rer the possibility of carry ing  out 
a program m e of research upon cast iron in  the 
College laboratories. I t  was finally arranged  
th a t  th e  work would be under the  lec tu re r’s 
general supervision and th a t  in the  first instance 
there  should be made (1 ) a collection of avail
able tru stw orthy  da ta  upon cast iron and (2 ) an 
exam ination , analysis and te s ting  of specimens 
which, w ith  th e ir  history, would be furnished 
by members of the  Association.

Previous W o rk

Growth of Cast Iron .—The lec tu rer would have 
hesita ted  to undertake  th is work bu t for th e  fact 
th a t  he had been promised th e  co-operation of 
his colleague P ro f. Campion, whose name and 
work m ust be known to all foundrym en. W hat
ever success a ttended  th is  investigation  was 
largely due to  him, and i t  is pleasing to  have 
th is opportun ity  of acknowledging the whole
hearted  m anner in which he carried  ou t his share 
of th e  program m e.

I t  was recognised th a t  difficulties were likely 
to  arise w ith th e  cast iron used for Diesel-engine 
cylinders and pistons from its  grow th a fte r  
repeated  heatings and coolings, and  i t  may he of 
in te re st to  learn  of th e  inform ation re la ting  to 
th is phenomenon th a t  was then  available.

A lthough the  possibility of grow th had been 
noted and comm unicated to  the Royal Society by

D
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Beddoes in 1791, i t  was not b rough t before the 
general eng ineering  public u n ti l 1904. In  th a t  
year, A. E . O uterbridge, Ju n io r , read  a P ap er 
upon “  The M obility of Molecules of C ast Iro n  ” 
before the  American In s titu tio n  of M ining E n 
gineers. There he showed th a t  a square cast iron 
te s t bar 1 in. by 1 in. section and 14ff ins. long, 
a f te r  being heated  to  800 deg. C. and  cooled to 
atm ospheric tem pera tu re  27 tim es, increased 
both in sectional area and  length  u n til it  
assumed dimensions of 1 } in. by 1 J  ins. in 
section and a length  of I 63 ins.

F u rth e r investigations were made by C ar
pen ter and R ugan, who presented  th e ir  results 
in a  P ap e r read  before th e  Iro n  and Steel In s ti
tu te  in 1909. They confirmed the  observations of 
O uterbridge by tak in g  a b ar of grey  cast iron 
and heating  i t  99 tim es to  tem pera tu res  vary 
ing from 850 to* 950 deg. C. A fte r the  heatings, 
the bar had increased 37 per cen t, in volume. 
For fu r th e r investigation  of the  effect of the 
composition of th e  iron upon its  grow th they  
prepared a series of te s t bars of cast iron free 
from graph ite  w ith proportions of carbon vary 
ing from 4.03 per cent, to  0.15 per cent. T heir 
results show th a t  the  bar w ith 4.03 per cent, 
carbon a fte r heating  90 tim es to  an average tem 
p era tu re  of 900 deg. C. increased in  volume by
6.9 per cent, and th e  bar w ith 0.15 per cent, 
carbon a fte r  39 heatings to  th e  same tem p era tu re  
had a* very sligh t d im inution of volume.

A fu r th e r series of tests w ith bars of approx i
m ately constan t to ta l carbon con ten t b u t w ith 
proportions of silicon rang ing  from  1  to  6 per 
cent, showed th a t  the  grow th was roughly pro
portionate  to  the silicon content.

In  another P ap e r presented  by C arpen te r to 
the  Iron  and Steel In s titu te  in  1911, th e  effect 
of heating  upon bars w ith an approxim ately  con
s ta n t carbon content of 2.4 per cen t., b u t w ith 
m anganese varying from 0.51 per cent, to  1.6 per 
cen t., showed th a t , w ith  th e  0.51 per cent, m an
ganese bar, 152 heatings produced an increase 
in volume of 7.49 per c e n t . ; w ith  0.935 p er cent.
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m anganese, 151 heatings produced an increase in 
volume of 3.1 per cen t., and w ith 1.6 per cent, 
m anganese, 151 heatings resulted in no change 
of volume.

In  the discussion of the  P ap e r by C arpenter 
and  R ugan  results were given by S tead  of ex
perim ents he had made for the  purpose of de ter
m ining the  m anner in  which the  grow th of cast 
iron takes place, and he described the  effect of 
heating , between 600 and 800 deg. C., for about 
10,000 hrs., a p late of grey cast iron. In  th is

F i g . 1 .— T e m p e r a t u r e  C u r v e s  R e l a t in g  t h e

P e r f o r m a n c e s  o f  G as  a n d  D i e s e l  E n g i n e s .

case th e  specific g rav ity  of th e  m etal fell from
7.09 to 6.14.

I t  will be noted th a t  C arpen te r and R ugan  and 
S tead dealt only w ith the effects of tem peratures 
above 600 deg. C., b u t i t  was well known to 
steam  engineers th a t  grow th occurred a t  much 
lower tem pera tu res. In  a P ap e r given to the 
American Society of M echanical E ngineers by 
I . A. Hollis in 1909, some experiences w ith super
heated  steam  a t  about 500 deg. Fah. were given 
from which i t  was found (1 ) th a t  fittings ex
posed separately  to superheated steam  a t tem 
pera tu res of abou t 500 deg. F ah . showed per
m anent increase in  dimensions and (2 ) tensile 
tes ts  from fittings which failed in service a fte r

d 2



such tre a tm en t indicated  a perm anen t loss of 
streng th .

There were also the  experim ents of Meyer, 
C ary, Longm uir and H atfield  to show th a t  the 
h igh-tem perature  annealing  of cast iron resulted 
in the  appreciable d im inution of both bending 
and tensile streng th .

W orking  Tem p eratu res in C y lin d ers  of 
In ternal-C om bustio n  Engines

I t  was clear from  these records th a t ,  before 
investigating  more closely th e  p roperties of cast 
irons, some inform ation was requ ired  about the 
actual tem peratures to  which th e  m etal would 
be subjected under working conditions. A t th a t  
tim e published figures dealing w ith  th e  tem 
peratures in Diesel engine cylinders were not 
known, b u t there  were records from  gas engines 
which i t  was hoped would give some guidance. 
Personal experim ents upon a gas engine fitted 
with therm om eter pockets in the  cylinder liner 
showed th a t  the  highest tem p era tu re  of the  m etal 
did no t exceed 120 deg. C.

Inform ation  on th is  po in t was also found in  a 
P aper by Hopkinson on “ H e a t Flow and  Tem
pera tu re  D istribu tion  in  the  Gas E n g in e ,”  pub
lished in the  Proceedings of the In s titu tio n  of 
Civil E ngineers. H ere i t  is recorded th a t  the 
highest tem pera tu re  of the  water-cooled p a rts , 
w ith boiling jacke t w ater, was 200 deg. C. The 
m aximum observed tem p era tu re  of th e  piston 
(air cooled) was 480 deg. C., b u t under norm al 
w orking conditions i t  wa's only 340 deg. C.

In  ano ther P ap e r by Coker and Scoble on the 
“ Cyclical Changes of T em perature  in  a Gas 
E ngine C ylinder,” published also in  th e  P ro 
ceedings of the  In s titu tio n  of Civil E ngineers 
the tem pera tu re  fluctuations as well as the mean 
tem pera tu res were recorded. The h ighest tem 
p era tu re  a t  the  end of th e  barre l was 109 deg. C. 
and the  tem p era tu re  fluctuation  of the  m etal 
surface was not more th an  10 deg. C. The 
m axim um  tem pera tu re  of the  piston was 340 deg. 
C. w ith  a range of 80 deg. C. U nder normal 
conditions the  explosion tem p era tu re  of th e  gas
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was between 1,830 and 1,950 deg. C., b u t under 
exceptional conditions i t  rose to  2,250 deg. C.

Diesel- and G as-Engine Tem p eratures
These results indicated  th a t , w ith  an  ample 

supply of w ater to  the jackets, the  liner tem-

F i g . 2 .— M ic r o g r a p h  o f  B a d l y -W o r n  C y l in d e r  
L i n e r . x  110 . U n e t c h e d .

p era tu re  should never become very high, and it 
d id  not appear impossible to  obtain  a suitable 
m ix tu re  of cast iron , w ith good m achining quali
ties, th a t  would give satisfactory  service.

The question n a tu ra lly  arose w hether the aver
age tem pera tu re  of the  gases du ring  a cycle was
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higher in th e  gas engine th a n  in  th e  Diesel 
engine. Some inform ation on th is  p o in t may 
be obtained from F ig . 1, which shows, on a  base 
of crank  angles, th e  gas tem pera tu res  du rin g  a 
working cycle for each of these types of engine. 
The gas engine d iagram  is ta k e n  from  the 
P ap e r by Coker and Scoble, and th e  tem pera
tu res  in  th is  example were, fo r the  g re a te r  p a rt, 
actually  measured. The tem pera tu res  for the  
Diesel cycle were taken  from  the  experim ental 
engine in the  Royal Technical College, b u t these 
were estim ated from  th e  ind ica to r cards. The 
Diesel engine was working a t about the  fu ll-ra ted  
load w ith a mean effective pressure of 92.4 lbs. 
per sq. in. The gas engine was w orking a t  its 
maximum load and the explosion pressure and 
tem pera tu re  developed were m uch above the  
average.

In  the absence of actually  m easured wall tem 
peratures in  th e  Diesel engine, i t  seemed reason
able to conclude th a t  the  liner tem p era tu res  
would be lower th an  th e  gas engine tem pera tu res  
already quoted. I t  was n o t so ce rta in , how
ever, th a t  the piston tem pera tu res in the  Diesel 
engine would be lower th a n  those in  the  gas 
engine. A lthough the  m axim um  tem p e ra tu re  of 
the combustion products of th e  D iesel eng ine is 
the lower, i t  seemed possible th a t  th e  b u rn in g  oil 
and a ir im pinging directly  upon the  piston m ight 
be particu larly  effective in ra ising  its  tem pe
ra tu re .

W ea r of C y lin d er L in ers
For inform ation upon th e  w ear of cylinder 

liners industry  was largely indebted  to  a P ap e r 
by H u rst, en titled  “  C ast I r o n : W ith  Special 
R eference to  E ngine C ylinders.” This P a p e r  was 
presented to  th e  M anchester Association of E n 
gineers, 1916. The au th o r indicated  th a t  exam i
nation  of th e  worn surfaces of gas engine liners 
discloses the fac t th a t  th e  whole surface is 
covered w ith small p its. A lthough these p its  are 
o ften  considered to  be th e  holes from  which the 
coarse p lates of free g raph ite  have been 
detached, he sta tes th a t  microscopical exam ina-



71

tion  shows th a t  th e  holes are the  resu lt of 
detachm ent of whole grains of any of th e  con
stitu en ts . A tten tion  was also draw n to  the  fact 
th a t  the harder constituen ts a re  invariably found 
to  be standing  in  relief, and in a micro-photo
g raph  the hard  phosphide eutec tic  is to  be seen.

F i g . 3 .— P o o r -Q u a l it y  C y l in d e r  L i n e r  M e t a l .
X 1 1 0 . E t c h e d .

H e also considered the phenomenon of surface 
flow and discussed the  form ation of th e  layer of 
hard  m ateria l found oti the surface of a gas 
engine cylinder liner a fte r a seizure. Some 
a tten tio n  was given to the B rinell hardness tes t 
which th e  au thor considered to be of very little
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u s e  as an indication  of th e  w earing properties of 
cast iron. H e suggested th a t an  iron w ith  the 
h ighest in ter-crystalline cohesion, otherwise the  
highest tensile streng th , will possess the  g iea te s t 
resistance to  surface d is in teg ra tion  and  conse
quently  to  wear.

H u rs t also d ea lt w ith th e  eifect of m achining 
on the  resu lting  liner surface and  s ta ted  th a t  i t  
was fo rtu n a te  th a t  the accuracy necessary in 
cylinder and liner dimensions requ ired  very 
careful m achining. The question of grow th of 
cast iron was also tre a te d  and, in  discussing 
an exam ple of a cracked Diesel piston top , he 
sta ted  th a t  the cracking was m ainly due to the 
high phosphorus content. The au th o r concluded 
by recom mending the  em ploym ent of low per
centage silicon, the elim ination  so fa r  as possible 
of the phosphorus, and  th e  in troduc tion  of 
chromium. In  view of the  m any loose sta tem en ts 
p revalent a t  th e  p resen t tim e upon w ear in au to 
mobile engine cylinders, th e  carefu l study  of th is  
P aper, although published 20 years ago, is 
seriously recommended.

F u rth e r  inform ation upon cy linder-liner w ear 
and piston seizure was also found in  an  artic le  
contribu ted  to  th e  “ P etro leum  W orld ” by 
Sm ith and Prim rose. These w riters considered 
th a t  the wear in a cylinder of which they  gave 
particu lars was due to  the  form ation of an  ab ra 
sive substance between th e  p iston  ring  and  the 
liner. They a ttr ib u te d  th e  abrasive substance 
to  the  oxidation and grow th of th e  cast iron  of 
the piston rings under the  high w orking tem 
p eratu re .

Exam ination of Sam ples Taken  from  Engines 
in Service

This section deals w ith the  exam ination  of a 
few of th e  samples sen t for exam ination  by 
d ifferent members of the  B ritish  M arine Oil 
E ngine M anufac tu re rs’ A.ssociation. The 
m ajo rity  of these samples were taken  from  en
gines which had not proved altogether sa tis
factory  in service, and i t  was hoped th a t  
exam ination  would reveal th e  reasons for the
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troubles th a t  had  been encountered and th a t 
recom m endation m igh t be possible for the 
im provem ent of la te r  castings.

.The first sam ple to  be considered was one 
tak en  from  a  cylinder liner which had worn

F i g . 4 .— C r a c k e d - L i n e r  M e t a l  a f t e r  100  H o u r s ’ 
W o r k , x  11 0 . E t c h e d .

badly in  practice. The sample was no t suffi
ciently large to  provide tensile specimens, b u t a 
Brinell te s t gave a hardness num ber of 170.

The m icrograph given in F ig . 2 shows how the 
large flakes of g raph ite  cu t up the m ateria l and 
how the  phosphide eu tec tic  is in excessive am ount 
and badly segregated. The s tru c tu re  is obviously
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ind icative of a m ateria l w ith a  low resistance to 
abrasion.

The second sample was from  a liner p repared 
from a m ix tu re  said to  he specially recom
mended for internal-com bustion engines. Tests 
showed i t  to have a tensile s tren g th  of about 
12 tons per sq. in. and a B rinell hardness of 170. 
The m icrograph (F ig. 3) shows graphite- flakes of 
medium size b u t ra th e r  continuous in p a rts  in a 
m atrix  of pearlite  and a li tt le  free cem entite. 
To be specially noted a re  th e  large and  isolated 
patches of phosphide eu tec tic . The phosphorus 
percentage was 1.34, and th e  claim  for its  su it
ability  for internal-com bustion engines could 
scarcely be upheld.

The th ird  example was tak en  from  an engine 
liner which had cracked a f te r  ru n n in g  for about 
100 hrs. I t  had a B rinell hardness num ber of
176 and a phosphorus con ten t am ounting  to
1.07 per cent. The m icrograph, F ig . 4, shows 
g raph ite  in  medium sized flakes in  a pea rlite
m atrix . The phosphide eu tec tic  is p resen t in
excessive q u an tity  in  la rge  and isolated patches.

The examples quoted are  only a small section 
of those sent in  for exam ination , b u t they  m ay be 
taken  as fa irly  represen ta tive  of the  cast irons 
th a t  were a t th a t  tim e being used in  m arine 
Diesel engine practice. In  the  le c tu re r’s repo rt 
i t  was pointed o u t th a t  the  phosphorus con ten t 
did not appear to  have received from  th e  en 
gineer or the founder th e  a tten tio n  i t  deserved, 
as, in  th e  m ajo rity  of samples subm itted , the 
phosphorus conten t generally  exceeded 1  per 
cent. The exam ination  showed beyond doubt th a t  
the  am ount, m anner of existence, and  d is trib u 
tion  of th e  phosphorus or its  compounds had a 
very im p o rtan t influence upon th e  streng th , 
w earing and growing properties of th e  iron.

G enerally speaking i t  m ight be claim ed th a t  
the  exam ination  of th e  specimens showed th a t
(1 ) th e re  was no recognised s tan d a rd  of com
position or s tren g th  and (2) th e  failu res described 
ha'd been due, largely if  n o t en tire ly , to  the  use 
of unsu itab le  m etal con tain ing  too m uch and
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badly d is tribu ted  g raph ite  and phosphorus. In  
one or two cases, where iron of a fa irly  suitable 
composition had been used, w ant of control in 
the founding rendered i t  unsuitab le  for Diesel 
engine purposes. The fac t th a t  perm anency of 
size and form a'nd th e  re ten tion  of streng th  a t 
high tem pera tu res depended largely upon the 
stab ility  of the  carbides did not appear to be 
recognised so fully as was desirable.

F i g . 5 .— S t r e n g t h  o f  T e s t  B a r s  a n d  L i n e r  
M a t e r ia l  at  H i g h  T e m p e r a t u r e .

Program m e of New W o rk
As a  resu lt of the  experience gained by the 

exam inations first described, i t  was suggested 
th a t  experim ents be carried  ou t upon an iron of 
approxim ately the following com position: —

T.C ... ... 3 per cent.
C.C ... ••• 0.6 to  0.7 per cent.
Si ... ... 1.5 per cent.
Mn ... ... 1.0 to 1.5 per cent.
S ... ... 0.08 per cent. max.
P  ... ... 0.50 per cent. m ax.
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Some difficulty was experienced a t  first in 
finding a foundry willing to  work to  specifica
tion  and w ith sufficient in te re s t in  the  experi
m ents to ensure th a t  in structions would be pro
perly followed. A t th a t  tim e the  w rite r was 
introduced to  the la te  M r. M ayer—a P ast- 
P res iden t of the In s titu te —of H ard ie  & Gordon, 
D um barton, who undertook to  do th e  casting  
work and give all th e  personal assistance th a t 
was possible. I t  would have been difficult to 
find anyone b e tte r su ited  for th e  supervision of 
the foundry work or one who showed g rea te r 
in te rest in the  investigation . The help and 
advice he gave are here g ra tefu lly  acknowledged.

In  the early  stages of th is investigation , te s t 
pieces only, of m etal m ade to  th e  above specifica
tion, were used, and these were exam ined very 
completely in  the  laboratory . The properties 
to which i t  appeared necessary to  devote the 
most a tten tio n  were those of (1 ) s tren g th  a t  
high tem p e ra tu re s ; (2 ) grow th a f te r  repeated  
heatings and coolings and (3) resistance to  w ear.

The first experim ents were m ade to  determ ine 
the  tensile streng th  of the specimens a t  d ifferent 
tem peratures. F or th is  purpose the  b a rs  were 
placed in an electric furnace, m ounted in  the 
testing  machines, and raised to  the  required  tem 
pera tu re . Loading did no t commence u n ti l  th e  
specimen had been subjected to  th e  desired tem 
pera tu re  for about 1 h r. 20 m in. These tes ts  
showed th a t  th e  tensile s tren g th  dim inished as 
the tem pera tu re  rose, u n til a t  some po in t 
between 390 and 480 deg. F ah . i t  had  its m in i
mum value. W ith  fu r th e r  increase of tem pera
tu re  th e  tensile stren g th  rose u n til a t  ab o u t 750 
deg. F ah . its  value was h igher th a n  th a t  a t  atm o
spheric tem pera tu re . This ind ica tion  of a m in i
m um  stren g th  a t  an in term ed ia te  tem p era tu re  
was qu ite  unexpected and i t  was decided to 
investigate  th is po in t more closely in  fu tu re  
experim ental work.

In  all published work upon grow th of cast iron 
a f te r  repeated  hea ting  and  cooling, the  results 
had been confined to those oases w here the' tern-



pe ra tu re  had been raised to  about 1,600 deg.' 
Fah . (870 deg. C.). I t  was felt, however, th a t  
the changes m igh t be qu ite  different for a lower 
range of tem p era tu re  and a  m axim um  of 900 
deg. Fah. was selected for these tests. A large 
num ber of small specimens, } in. d iam eter and 
2 in. long, was prepared, and each piece care
fully measured, before placing i t  in  th e  furnace.

F i g . 6 .— R e l a t iv e  S t r e n g t h  o f  I r o n s  a f t e r  
S o a k in g  at  750 d e g . F a h .

As a general rule the  heating  was s ta rte d  a t  
about 9 a.m . and the  cu rren t rem ained on u n til 
6 p.m . A t th is tim e i t  was -cut off, and the 
samples rem ained all n ig h t in  th e  furnace so 
th a t  they would have cooled down and be ready 
for m easurem ent the  n ex t m orning. The 
m easured changes a fte r  40 heatings and coolings 
were so sligh t as to be negligible, and i t  appeared 
th a t  under such conditions cast iron of the com
position given above was n o t liable to  growth. 
So fa r  as ex te rn a l appearance was concerned, no 
appreciable change appeared to  have taken  place 
in the metal.
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Experim ents w ith L in e r  Castings
From  the  experim ental work ju s t detailed  it  

was considex-ed th a t work was proceeding on the 
r ig h t lines and th a t an iron  had been produced 
w ith a reasonable tensile s tren g th  a t  atm ospheric 
tem pera tu re , and one th a t  did no t fa ll off to  any 
appreciable ex ten t in  s tren g th  when the  tem pera
tu re  was raised to values supposed to  occur in 
Diesel engine practice. The resistance to growth 
was also satisfactory  and microscopical exam ina
tion showed th a t  the  repeated  hea ting  and cooling 
had no ill effect upon the  stru c tu re .

I t  was therefore  fe lt th a t  castings of an actual 
liner m ight be m ade and th a t  the  effect of size 
and, in  consequence, th e  ra te  of cooling of the  
casting, m ight be noted. Especially was i t  
desired to know w hether the good p roperties th a t  
appeared to be possessed by te s t specimens could 
be reproduced in  castings of la rg er size. To 
determ ine th is point a small liner of norm al pro
portions was cast along w ith  a  num ber of both 
attached  and separa te  te s t bars. Y ery detailed  
investigations were m ade upon th e  various 
samples thus provided, and some idea of the  
relative streng ths a t  h igh tem pera tu res  of the  
te s t bars and of the  liner m ay be obtained from  
Fig. 5. H ere will also be noticed th a t  m inim um  
strength  is associated w ith  a tem p era tu re  of 
about 250 deg. C. (480 deg. F ah .) and th e  unex
pected rise of s tren g th  w ith tem p era tu re  u n ti l a 
maximum is a tta in ed  a t 400 deg. C. (750 deg. 
F ah .). I t  will also be seen th a t , even from  
samples cu t from the  liner, a tensile s tre n g th  of 
over 19 tons per sq. in . was obtained.

A t th is stage i t  was considered th a t  th e  cast 
iron  composition recommended had every app ea r
ance of being likely to  prove sa tisfactory  for 
Diesel engine liners and pistons. In  o rder to  give 
i t  a more thorough tr ia l  i t  was decided to  cast a 
liner and  piston th a t  m igh t be used in  the  
College engine and to  te s t them  under ru nn ing  
conditions as severe as possible. A t th e  same 
tim e sufficient te s t bars were to  be cast SO' th a t  
th e  phenomena' of grow th, s tren g th  a t  h igh tern-
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pera tu res and resistance to  wear m ight be inves
tiga ted  in th e  more complete fashion to  which the 
previous experience had shown the way.

The work was again  en tru s ted  to Messrs. 
H ard ie  & Gordon, who worked up the m etal to 
th e  required  composition in an a ir  furnace, 
from  which i t  was cast in to  small pigs ready for

F i g . 7 .— I n f l u e n c e  o f  P r o l o n g e d  S o a k in g  on  
S t r e n g t h  o f  L o a d e d  B a r s .

recharging. I t  had been in tended  to  m ake the 
castings from an a ir  furnace rem elt of th is 
m ateria l, h u t a t  the  tim e the  moulds were com
pleted the fu rnace  was o u t of action and the 
p arts  were, therefore , cast from a- cupola melt.

As m entioned previously, the  early  experi
m ents had shown th a t  cast iron had a  minim um 
tensile stren g th  value a t  450 deg. F ah . and a 
m axim um  a t  about 750 deg. F ah ., th e  streng th  
a t  the  la t te r  tem pera tu re  actually  exceeding th a t 
a t  norm al tem peratu re . I t  was proposed by Dr.
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Andrew, who had  succeeded P rof. Campion in  the 
C hair of M etallurgy, th a f  a soaking of the 
m ateria l a t  a tem pera tu re  associated w ith  the 
m axim um  streng th  m ight favourably  a lte r  the 
s tren g th  a t  o ther tem pera tu res. Tests were made 
to  investigate  th is po in t and  the  resu lts are 
shown in F ig . 6 . The full-line curve m arked  
“ tre a ted  ’’ shows th a t  th e  effect of th e  hea t 
tre a tm en t has been to  increase the s tren g th  a t  all 
useful tem pera tu res; in  add ition , the  m inim um  
s treng th  characteristic  a t  450 deg. F ah . has 
en tirely  disappeared.

Ageing Effect
In  the  tests already described, the  tem p era tu re  

a t which the  specimen was broken had been 
m aintained for only about half an hour before 
pulling. I t  was felt th a t  a longer hea ting  period 
was desirable, and a  series of tes ts  was th ere 
fore in s titu ted  where the  specimen was m ain 
ta ined  for 24 hrs. a t  th e  selected tem p era tu re . 
These tests showed th a t , a t  a tem pei'a tu re  of 
about 800 deg. F all., a very serious reduction  of 
streng th  followed from  the longer period of hea t
ing. I t  appeared th a t  th is  change in  charac
teristics could only be accounted for by some age
ing influence which had no t tim e to  m ake itself 
prom inent in  th e  half-hour period tests.

I t  seemed probable th a t  any ageing effect 
which had a prom inent influence on the  s tren g th  
of the  m aterial could only arise from  a change in  
the crystal s truc tu re . Such change m ig h t be 
influenced by th e  stress on th e  m a te ria l du ring  
the heating  process; fu r th e r, i t  appeared  prob
able th a t an increase in the  d u ra tio n  of the 
heating  beyond the  24 hrs. m igh t well lead  to 
lower s tren g th  values. F or these reasons i t  
became necessary to  consider te s ts  involving very 
long heating  periods, while in  add ition  the 
m ate ria l would be held under stress d u ring  the 
whole of th e  tes t. A special m achine was th e re 
fore designed and constructed  where th e  load 
was applied th rough  a  large coil sp ring  which 
could be s tra ined  th rough  a hand  wheel and 
screw. The resu lts  a re  shown by th e  full line in
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F ig . 7, where, in  some oases, the  heating  
period extended to  115 hrs. The dotted  curve 
represents th e  stren g th  of th e  m ateria l w ith the 
h eating  period restric ted  to  half an hour. The 
m arked differences between the  two curves show 
th a t  tes ts  of the  half-hour heating  periods are 
very m isleading and serve no useful purpose. I t  
is in te resting  to note the  resemblance between 
those curves for cast iron and those now so 
commonly presented  for steel specimens tested  for 
the determ ination  of the  “  creep ”  stress lim it.

F i g . 8 . -M a c h in e  f o r  D e t e r m i n i n g  t h e  W e a r - 
R e s i s t i n g  P r o p e r t ie s  o f  I r o n .

W ea r Tests
Reference has been made previously to  the 

tes ts  for wear, and  i t  may be in te resting  to 
describe the m achine used for th is  purpose. A 
general view of th e  ap p ara tu s  is shown in 
F ig. 8, from  which i t  will be seen th a t  the 
specimen u nder te s t  is a ttached  to  a balanced 
lever and is rubbed by the  rim  of a ro ta tin g  
wheel s itua ted  below. A definite w eight, fastened 
to  the  lever, gives any desired pressure between 
th e  two rubbing surfaces. I t  was hoped th a t  th is 
ap p a ra tu s  m ight be arranged  to  give simul-
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taneous indications of th e  w earing properties of 
cylinder-liner samples and of piston rings. F o r 
th is purpose the wheel was arranged  to  take  
d ifferent rim s and several castings of p iston  ring  
quality  were obtained for th is purpose. This 
hope was not realised, as i t  was found th a t  how
ever much th e  fixed sample was worn away, the 
d iam eter of the revolving wheel rem ained con
stan t. Some difficulty was experienced a t  first in 
ob tain ing  consistent results u n ti l i t  was noted 
th a t  the  m oisture conten t of th e  atm osphere had 
a d istu rb ing  effect. By tra n s fe rr in g  th e  m achine 
to a heated room all difficulties were removed. A 
comparison of the results of w ear tes ts  made 
from the  new liner and th e  one i t  replaced is 
shown in  F ig . 9. The superio rity  of th e  new 
m ateria l is a t  once evident.

G ro w th Tests

F or th is investigation  i t  was first necessary to  
fix upon a soaking tem p era tu re  which would be 
represen tative of oil-engine conditions. As will 
be seen la te r, experim ents 011 the  College engine 
showed th a t  a tem pera tu re  of 970 deg. F ah . 
(521 deg. C.) covers all norm al ru n n in g  loads. In  
large engines w ith  water-cooled pistons th is  tem 
p era tu re  is well above the h ighest a tta in e d  by 
the piston in any hu t exceptional circum stances.

In  the  early  experim ents specimens 2 in. long 
and f  in. dia. were used, b u t experience showed 
th a t  i t  would be b e tte r to  increase th e  leng th  of 
the specimen to  6 in. and to  determ ine the 
change of length  in  a m easuring machine The 
daily heating  of the  specimen occupied 6 hrs., 
overn igh t i t  cooled in  the  furnace and in  the  
m orning i t  was b rought to  s tan d a rd  tem p era tu re  
by placing i t  for an hour in  th e  case contain ing  
the m easuring machine. The resu lts from 
repeated  heatings of th e  new liner sam ple are 
shown in  F ig . 10, and i t  will be accepted th a t  
the  figures shown are very satisfactory . There 
aTe also shown th e  readings taken  from  a sample 
c u t from  th e  lower end of th e  old liner. The 
use of a tru n k  piston on th is  engine m akes it
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unlikely th a t  th e  specimen was subjected to  more 
th an  a very m oderate tem p era tu re  du ring  its 
w orking life, and it  may be taken  as represen ta
tive  of th e  m ateria l in  th e  condition in  which it 
le ft th e  foundry . In  th e  early  heatings th is 
m ateria l grew rapidly , b u t a f te r  the  fifth heat
ing i t  suddenly changed to  a m uch more m oderate 
ra te  of grow th.

F i g . 9 .— C o m p a r a t iv e  R e s t x t s  O b t a in e d  f r o m  
W e a r -T e s t i n g  O l d  a n d  N e w  L i n e r s .

From  th is  brief outline, i t  will, i t  is hoped, 
be accepted th a t  th e  lec tu re r and  his colleagues 
had  to  a large ex ten t accomplished one object of 
th e  research. A liner and  piston had  been pro
duced, th e  m ateria l of which m ain ta ined  its 
stren g th  a t  all tem pera tu res likely to  be reached 
in oil-engine practice, i t  showed excellent w earing 
qualities and its  grow th was negligible. The liner 
and  piston have now been w orking in  th e  College 
engine fo r over 15 years, and  du rin g  p a r t  of th a t  
period they  have been ru nn ing  u nder conditions
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much more severe th an  any th a t  occur in  normal 
practice. No trouble  has been experienced and 
when la s t m easured the liner wear was negligible.

D iesel Engine Tem p era tu res
This lecture has been devoted chiefly to the 

problems associated w ith the  qualities of cast 
iron requ ired  for oil-engine pistons and cylinders. 
Reference, however, has been m ade to  tem pera
tu re  effect, and i t  may therefo re  in te re s t mem
bers to lea rn  w hat are the  ac tua l tem pera tu res 
to  which th e  piston is subjected du ring  its  work
ing cycle. The curves shown in  F ig . 11 illu s tra te  
how the  piston tem pera tu re  varies from  cen tre  
to  circum ference w ith  d ifferent loads. The curves 
also show the influence of the  o u tle t tem p era tu re  
of the  jacke t w ater. The tem pera tu res given are 
those a t  the  lower surface of the  piston and from 
fu rth e r experim ental work upon th e  tem p era tu re  
g rad ien t th rough  the  m etal, i t  is estim ated  th a t  
the  m axim um  piston tem pera tu re  a t  full load 
(100 lbs. sq. in. m .e.p .) would be about 850 deg. 
Fah. A t an overload represented  by a mean 
effective pressure of 125 lbs. per sq. in. the 
tem pera tu re  would be increased to  about 950 deg. 
Fah.

The lecturer already has referred  to  th e  assist
ance given in  th is work by P ro f. Cam pion. H e 
m ust also g ra tefu lly  acknowledge th e  advice and 
help of P rof. Desch and P ro f. A ndrew, both 
of whom held the  position of Professor of M etal- 
lurgy while th e  work was proceeding. Especially 
has he to be th an k fu l for th e  assistance of D r. 
John S. Brown, who devoted him self so whole
heartedly  to the  m echanical p a r t  of th e  research 
programme.

The account of th is  early work is now a t  an 
end, and i t  is hoped thatl i t  has aw akened some 
in te re s t in  th e  difficulties th a t  had  to  be over
come by th e  m anu fac tu re rs of th e  early  m arine 
oil engines. To the  younger genera tion  i t  may 
appear ridiculous th a t  there  should have been 
any real problem and they may w onder why so 
much experim ental work was necessary before
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liner and piston cracking changed from common 
occurrences to  far-aw ay memories.

B u t i t  is th o u g h t th a t  w ith the arriva l of anv
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F i g . 1 0 .— G r o w t h -T e s t  R e s u l t s  o n  O l d  a n d  
N e w  L i n e r s .

other new set of engineering  conditions, prob
lems of a type sim ilar to  those which were en 
countered will again  arise, and experim ental re
search will still be necessary for th e ir  solution.



At the present tim e there  is available for assist
ance in  the foundrym an’s day-to-day difficulties,

F i g . 1 1 .— S h o w i n g  h o w  P i s t o n  T e m p e r a t u r e s  
V a r y  f r o m  C e n t r e  to  C ir c u m f e r e n c e  w i t h  
D if f e r e n t  L o a d s .

th e  staff and equipm ent of the  B ritish  C ast Iron  
R esearch Association.

I t  is g ra tify in g  th a t  th e  m em bership of the
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Association is so large and th a t  so m uch advan
tage  is taken  of the  facilities i t  offers. To the 
lec tu rer the study of the annual l’eports is one of 
ever-increasing in te rest. W hen he learns of the 
trem endous advances th a t  have taken  place in 
recen t years, largely due to th e  work of Mr. 
P earce and his able staff, he feels proud th a t 
for a period he was privileged to  work along 
w ith  some of the  members of the In s titu te  in the 
sam e field.
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W h at is Surface  T en sio n ?
Capillarity is a property to which very little 

attention has been paid hitherto in foundry practice, 
a t least not from an exact and objective point of 
view. Very little information is available concerning 
the relationships which may connect this property 
to the phenomena actually encountered in foundry 
practice.

In  foundry practice its importance chiefly appears 
in the formation of blow-holes during the solidifica
tion of castings, in the penetration of the molten 
metal into the sand of the moulds or “ searching,” 
which sometimes occurs, and also in the im portant 
complex property known as “ life.” Surface tension 
also plays an im portant part in the action of the 
slags, fluxes, and so forth employed in the foundry.

In  the following considerations it  is not proposed 
to deal either with the formation of blowholes or 
with the action of fluxes, because th a t would necessi
ta te  a discussion of all the very involved problems of 
the evolution of gases and the chemical action of the 
external atmosphere on molten metals. The Paper 
will be confined to a discussion of the function of 
surface tension in the phenomena of “ life ” and 
“ searching.”

I.— P rincip les Underlying the M ethods of D e te r
mining the Surface Tension  of M olten M etals
The scarcity of precise data  regarding the value 

of the surface tension of molten metals and the 
discrepancies existing between the figures given by
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different authors are chiefly due to : (1 ) the diffi
culty of measuring the surface tension exactly ; and
(2 ) the disturbances caused by changes in the surface 
of the molten metal. The following points will 
therefore be discussed briefly :—

(A) Principles Cnderlying the Methods of Determining 
the Surface Tension.1 2 3

(a) Capillary Height Method.—In  this method a 
vertical capillary tube is immersed in the molten 
metal, and the difference in height between the 
m etal in the capillary tube and the m etal outside 
is measured. The method has hitherto been 
employed for metals by measuring the depression 
h in capillary tubes of graphite by electrical contact 
means or by radiography, the following formula 
being em ployed:—

h x  r x  p X gA — -----------------    —■
2  X  COS a

where r is the radius of the capillary tube,
P the density of the molten metal, and 
a the angle of contact.

Smith3 has determined the surface tension of a 
certain number of metals by this method, on the 
assumption th a t the angle of contact was equal to 
180 deg. He found :—

Sb A =  274 dynes/cm. A1 A =  520 dynes/cm.
Bi 346 Zn 707.5 „
Pb 424.5 „ Ag 858
Hg 447 Au 1,018
8n 480 Cu 1,178

Libmann4 also employed a modification of this 
method for studying the surface tension of copper 
and silver.

(h) Method Employing the Detachment of Discs.— 
In  this method the force necessary to detach a disc 
from contact with the free surface of the liquid is 
measured. As far as the authors are aware, this 
method has not been employed for metals.

(c) Weight of Drop Method.—Tate in 1864 showed 
th a t if  a vertical, sharp-edged tube is supplied with
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liquid, the weight o f the drop is proportional to 
the weight of liquid which would be raised by surface 
tension in a tube of the same diameter.

Quincke6 6 employed this method for determining 
the surface tension of molten metals by heating the 
ends of rings or wires to  melting point and ascer
taining the weight of the drops which formed and 
fell. He thus found th a t 

2  4
a 2 =  — =  4 .3  for Se 

d
4 . 3 x 2  „ Hg, Pb, Ag, Bi, Sb
4 .3  X 3 „ Au
4 . 3 x 4  „ P t, Cd, Sn

(where d is 4 . 3 x 6  „ Pd, Zn, Fe
the density) 4 .3  X 12 „ Na

4 .3  X 20 „ K.

M atuyama7 has also employed th is m ethod for 
determining the surface tension of antimony-cad- 
mium, antimony-zinc, and antimony-lead alloys by 
measuring the weight of a drop falling from the 
orifice of a capillary tube and calculating the surface 
tension by Lohnstein’s formula :—

(d) Large Drop or Bubble Method.—A large drop is 
placed on a horizontal plane surface. Assuming 
th a t the curvature of the intersection of the drop by 
a plane normal to the surface a t a point, and hence 
normal to the meridian plane of the surface passing 
through th a t point, is negligible compared with th a t 
of the meridian section a t the point considered (see 
Fig. 1), it  appears t h a t :—

By employing this method, it is also possible to 
determine the characteristics of a drop formed by a

where P is the weight of the drop,
r  the radius of the base of the drop, 
A the surface tension.
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liquid in a second liquid, provided th a t d is replaced 
by the differences in the densities of the two liquids. 
As will be shown later, use has been made of this 
property to  determine the surface tension of alumi
nium in  cryolite .8

Finally, in the case of a single liquid, i t  is possible 
to  blow a bubble of a ir or inert gas in the liquid 
below a  horizontal plane surface, and thus determine 
the surface tension of the liquid relatively to the gas. 
The authors have employed this method for deter
mining the surface tension of unoxidised aluminium 
using a large bubble of argon .8

T  ' 
i hi 

e! J-

F i g . 1 .— L a r g e  D r o p .

The properties of large drops were utilised by 
Siedentopf9 for determining the surface tensions of 
Cd, Sn, Pb, Hg, Bi and Sn-Bi alloys, and also by 
Herzfeld10 for Ni, Co and Fe.

(e) Method Employing the Measurement o f the 
Pressure Necessary to Force a Bubble or Drop Out of 
the End of a Capillary Tube.—The pressure necessary 
to force a bubble of an inert gas through the end of 
a sharp-edged capillary tube immersed in a liquid is 
connected with the surface tension of th a t liquid by 
the following relationship, which was first deduced 
by Cantor and subsequently modified by Feustel :—

_  p s  [  2 (Lr d*.r*\
2 \  3 p  p> I

where p  is the pressure,
r  is the radius of the capillary and 
d is the density of the liquid.

Sauerwald and D rath11 utilised this method for 
determining the surface tension of a large number of 
molten metals and alloys (Hg, Sn, Pb, Bi, Sb, Cu 
and Cu-Sb, Cu-Sn, Bi-Sn and Bi-Pb alloys).

Jaeger12 and, later, Sauerwald13 also employed the 
method for studying the surface tension of molten 
salts and slags.
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Finally, Hogness14 introduced a modification of 
the method by measuring the pressure necessary to 
cause a drop of a liquid to issue from the upper end 
of a vertical capillary tube, and in this way determined 
the surface tensions of Hg, Sn, Cd, Pb, Bi and Zn.

(/) Other Methods.—Mention should be made 
of the method of capillary waves employed by 
Grunmach15 for determining the surface tension of 
molten metals (Pb), and the method employing the 
oscillations of a spherical drop, which are, however, 
of secondary interest.

To summarise, a certain num ber of experimental 
methods are available, and of these, the method 
utilising the properties of capillary tubes has been 
employed most. On the other hand, upon examining 
the results published by the various authors, i t  is 
found th a t the metals which have been most studied 
are low melting-point metals or are inoxidisable, 
and th a t on the whole the results are no t very 
concordant. There are practically no da ta  available 
for those metals which readily undergo changes 
when in the molten state, and with regard to  alum i
nium in particular, i t  is scarcely possible to  mention 
any investigations other than  those carried out by 
Smith ,3 which will be discussed later.

Influence of the C leanness of th e  Liquid  
on the Surface Tension

In  the case of substances which are liquid a t  
ordinary tem perature, such as w ater and mercury, 
the exact measurement of the surface tension neces
sitates the use of absolutely clean substances, since 
according to the principle enum erated by Marangoni 
any accumulation of impurities on a portion of the 
surface diminishes the tension in th a t portion. 
Various methods of cleaning contam inated surfaces 
have been proposed for w ater and mercury.

In  the case of molten metals, their surface tension 
may be disturbed either by the presence of impurities 
dissolved in the m etal or by the form ation of films 
due to  reaction w ith the surrounding atmosphere.

Smith16 gives an example of the first possibility 
in connection w ith the cupellation of silver. As the 
lead oxide is absorbed by the porous cupel, the 
silver tends to run together in the form of a bead



93

under the action of its surface tension. I f  the silver 
contains a certain proportion of an element of low 
surface tension, such as tellurium, the m etal spreads 
and disappears in the pores of the cupel instead of 
running together to form a bead.

A classical example of the second category is 
afforded by aluminium which cannot be melted, 
even in atmospheres where the partial pressure of 
oxygen is very low, w ithout becoming covered with 
an elastic film of alumina.

Similarly, Vance W hite ,17 investigating the surface 
tension of lead alloys in an oxidising atmosphere, 
has shown in the case of a Linotype alloy containing 
an addition of 0 .2  per cent, of zinc, th a t its tension 
may vary from 455 dynes/cm. in a reducing atm o
sphere to 1,198 dynes/cm. in the same atmosphere 
containing 50 per cent, of air. I t  follows from the 
foregoing th a t the measurement of the surface 
tension of molten metals should be carried out in 
such a manner as to  avoid the formation of surface 
films by reaction with the surrounding atmosphere.

R elations betw een the Surface Tension  of 
M olten M etals and th e ir  A to m ic C h aracteristics

In  this field, among the oldest known relationships, 
mention should be made of th a t given by Eotvos18:—

A. V5 =  k.(t0 — t)
where A is the surface tension,

V the molecular volume, 
t the tem perature,
t„ a tem perature in the vicinity of the 

critical tem perature, and 
k  a  constant, independent of the liquid (of 

the order of 2.27), 
and th a t derived from the preceding relationship by 
Ramsay and Shields19:

A.V* =  k.(8 - t - d )
^  where 0 is the critical tem perature,

d a correction term  in the vicinity of 6 
(k being of the order of 2 .12 ).

In  the course of his researches on the surface 
tension of metals, Smith3 discovered th a t the surface 
tensions are periodic functions of the atomic weights.
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When the curve of the reciprocals of the surface

tensions — for the different metals is plotted side by 
A

side with Lothar Meyer’s curve showing the periodic 
rise and fall of the atomic volumes w ith increasing 
atomic weights, there is to be seen a general resem
blance which is accentuated if  the atomic volumes 

2
raised to the — rd power are plotted as ordinates

instead of the atomic volumes.
More recently, Sugden20 has proposed the following 

relationship :
M.A*

~  D - d  
where M is the molecular volume,

D the density of the liquid and 
d the density of the saturated  vapour.

Sugden has termed the param eter P  the parachor. 
The parachor has been determined for a  certain 
number of metals. Later, use will be made by the 
authors of the calculated value of the parachor for 
aluminium, which is :

P ai =  39.

Investigation of the Surface P ro p erties  of 
O xidised and U noxidised  A lu m in iu m 8

The formation of a solid or liquid film of alumina 
by spontaneous or induced oxidation is of considerable 
practical importance on account of the chemical and 
mechanical properties of the film and its properties 
as an electrical insulator. This fact gives rise to 
disadvantageous consequences (difficulties in making 
contact between electrical conductors, difficulties in 
casting, etc.) or, on the other hand, useful results 
(protection against corrosion and oxidation, insula
tion of electrical windings, etc.). Although qualita
tive data  a t least are available regarding the th ick
ness, porosity, insulating properties and the chemical 
resistance of this film, yet there are no such data 
available regarding the strength and the influence 
which the film exerts on the surface tension of the 
molten metal, although such da ta  would be of prime
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importance both from the point of view of the 
protective action of the alumina and the casting 
properties of the aluminium.

The following is divided into two parts :—
(Ila) D eterm ination of the strength of the 

film of alumina.
(116) D eterm ination of the surface tension of 

oxidised and unoxidised aluminium.

F i g . 2 .— V a r ia t io n  o f  t h e  S t r e n g t h  o f  a n  A l u m i n i u m  T u b e  w i t h  t h e  
D i a m e t e r  o f  t h e  A l u m i n i u m  W i r e .

( lia )  D eterm ination  of the Strength of the 
Film  of A lu m in a8

The method used was to  determine the force 
required to rupture an aluminium wire melted in its 
sheath of alumina. Two different modifications of 
this method were employed :—

(a) Wire Suspended by One End .—An aluminium 
wire is suspended vertically by its upper end and a 
source of heat—for instance, the flame of a bunsen
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burner—is passed in  a uniform m anner upwardly 
along the wire, which melts over a certain lenght 
but retains its original shape, due to  the tube of 
alumina acting as a sheath. This tube breaks a t the 
instant the weight of m etal which it is supporting 
exceeds the strength of the envelope of alumina. 
Knowing the diam eter of the wire and the load 
supported by the tube of alumina, this load being 
determined by weighing the portion of wire which 
drops off, it  is a simple m a tte r to  find the strength 
of the oxide film per unit length.

k.ds =  -.r^.d.g.ds

Experiments were made on wires of 0 -5  mm.» 
1 mm., 2 mm. and 2-5 mm. in  diam eter. Fig. 2 
shows the variation of the load supported by the 
a n n u l a r  f i l m  of a l u m i n a  w ith the  diam eter of the 
film. From these experiments it is deduced th a t  the 
mean strength of the film of alum ina is :

R l =  0-20 gram /m m. =  1,960 dynes/cm.

(b) Wire Suspended by Both Ends.—An aluminium 
wire is suspended by both  ends, employing a device 
which allows it to  assume freely its position of 
equilibrium in a vertical plane. An electric current 
is passed through the wire to  heat it by Joule effect, 
and when it  is m elted in its sheath of alumina it 
assumes the form of a catenary. Knowing the span 
of this catenary and its sag a t the instant of rupture, 
it  is possible to  calculate the force supported by the 
tube of alumina a t  the point of its rupture.
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E xp erim en ta l A pparatus
As shown in Fig. 3, the aluminium wire was fixed 

a t each end to  the centre of a  rod connecting two 
cylindrical sheet-metal floats /  placed respectively 
in two dishes filled w ith mercury. To prevent the 
floats from rubbing against the sides of the dishes 
when pulled by the weight of the aluminium wire, 
the rods connecting the pairs of floats /  were held in 
position by wire loops a, which, however, allowed 
them  to rotate freely about their axis of rotation 
w ithout appreciable friction.

The dishes of mercury also served for the connection 
of the leads carrying the current for fusing the 
aluminium wire. As the wire becomes hotter, it  
expands, melts and assumes the shape of a catenary, 
the sag of which can be measured by means of a 
squared board t set up vertically just behind the 
wire. The fusion of the aluminium wire is ascertained 
by moving the la tte r carefully by means of a magnet. 
By gradually increasing the span of the catenary, 
a moment is reached when it breaks a t one of its 
ends.
C a lcu latio n  of the Load Supported by the Tube  

of A lu m in a at the Point of Rupture
Considering a perfectly flexible wire suspended a t 

two points in the same horizontal plane, an element 
of wire of length ds weighs

where r  is the radius of the wire,
d is the density of the aluminium, 
g is the acceleration due to gravity.

I f  T is the tension of the wire a t the point (x , y), 
there are the following equations for equilibrium :—

which gives by integration :

( 1)

dx 2 '  
a being an integration constant.

m , ds a I  ----- 1
T =  k.a .— k .-. I e* +  ea =  k.y (2)

E



The equation (1) is obtained by referring the 
catenary to  its axis of symmetry and to  its base. 
The general equation of the equilibrium curve is :

a [ x~x° 
y -  y* =  2\ e a +  e

Taking as the point of origin one of the ends of 
the catenary and defining the la tte r by its length 
and the distance between the supports, le t 

I =  the length of the arc of the catenary, 
a =  the distance between the points of a ttach

ment.
The catenary passes through A and through B ; 

therefore :
■ x 0& I —

—  Vo —  2  U  “  +  e “

~  yo =  £  [e “ +  e a

Furthermore, the length of the catenary is given 
by*

I =  a (e2a +  57‘)
If  we put

a  I eu +  e ~ u
— =  «, we may write : -  =  ----------—
2 a a  '¿a

which can be developed into an entire series in  the 
following manner :—

I u 2 u* uin
- = l + T l ^  +  ^  +  - • ■ +

9 8

1.2.3 5! (2n +  1) !
whence, by limiting the development to  its third 
term  :

u* u 2 /  l \
+ 7T7+ 1- -  = 0.5! 3!

By means of this fourth-power equation it  is 

possible to calculate u =  —, and consequently a.

* The authors have refiained from giving here the intermediate 
steps in the calculation. The reader interested in the question is 
invited to refer to P. Appel : " Traité de Mécanique rationnelle.” 
Vol. I, p. 198 (Gauthier Villars et Cie, 1926 edition).
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Knowing w, it  is easy to calculate a, x,„ y0, and hence 
the tension of the catenary a t the point of maximum 
load, th a t is to say, a t A or a t B.

A certain number of experiments were made on 
wires of 0 .5  and 1 mm. in diameter. One of these 
experiments, for example, carried out on wire of 
0 .5  mm. in diameter, g av e :—

l0 (initial length of the catenary a t the tem 
perature of the surroundings) =  39.5 cm.

I (length of the catenary a t the melting point of 
the aluminium) =  40.2 cm.

a (distance between the points of suspension) =  
38 cm.

/  (sag of the catenary a t the moment of its 
rupture) =  7.3 cm. ; 

thus, the value of the strength of the film of alumina 
per millimetre of length was

T =  0.24 gr./mm.
The mean of the results obtained by the catenary 

method gives
Tmean = 0 .2 0  gr./mm. 

a value in agreement with th a t given by the vertical 
wire method.

Measurements of the thickness of the film of 
alumina21 were made by the method given by
H. Sutton by reducing the aluminium in a current of 
dry chlorine a t a high tem perature and weighing 
the residual alumina. The experiments gave for 
the mean thickness of this film of alumina formed 
by heating about 1 min. a t about 700 deg. C. : 

«mean =  10~ 6 cm. =  0 .0 1  ^
which gives

R 2 =  2 kg./m m .2 
for the tensile strength of the alumina.

I t  will thus be appreciated th a t this mechanical 
strength is much greater than th a t which could have 
been expected according to the results obtained on 
crystallised alumina .22

( lib )  D eterm ination  of the Surface Tension of 
O xidised and U noxidised Molten A lu m in ium 8
In  this investigation it  was proposed to determine 

the surface tension of aluminium free from any
e 2



oxidation and to compare the value obtained w ith 
th a t obtained with aluminium covered w ith its film 
of alumina.

(а) Surface Tension of A lum inium  covered with a 
Resilient F ilm  of A lum ina .—I f  large drops of 
aluminium are made in the air, they  are immediately 
covered with a film of alumina. By determining 
the elements of large drops thus formed and solidified, 
the following mean values are found :

e =  12  mm. 
h =  8 .5  mm.

which gives
1  2

A =  _  X 0.85 X 2.38 X 981 =  840 dynes/cm.
2

(б) Surface Tension of A lum inium  Free from  
Oxidation.—Owing to the very low tension of dis
sociation of alumina, it  is extremely difficult to  
measure the real surface tension of unoxidised 
aluminium. This explains the scarcity of informa
tion regarding the surface tension of aluminium and 
the doubtful character of the values which have 
been given.

For these determinations two methods based on 
the properties of large drops were used.

(a) Formation of a Bubble of Argon in the Interior 
of the Molten A lum inium

Method.—Aluminium of 99.5 per cent, pu rity  is 
melted in a moderately deep graphite crucible 
(Fig. 4). A bubble of pure and dry argon is injected 
into the m etal by means of a bent tube below a 
horizontal plane P  consisting of a th in  steel plate 
having a slight downwardly directed concavity. 
A large bubble of argon is thus produced under the 
plane P, and the elements of the bubble m ay be 
measured by sawing the aluminium ingot, after 
solidification, along a meridian plane.

The first experiments were disturbed by pipe 
formation on the solidification of the metal. In  order 
to obtain, after solidification, a bubble which is not 
deformed and is of the correct measurements, care 
m ust be taken  to employ a device P  of low therm al 
inertia (this being effected by using a th in  steel plate) 
and immersed to a sufficient depth  in the bath  of
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aluminium for the bubble to form below the region of 
pipe formation of the ingot. This method gave us 
as a mean :

A =  300 dynes/cm.
(|8) Investigation of the Equilibrium Alum inium- 

Cryolite-Air

Preliminary measurements were made with a 
view to determining the surface tension A x of 
aluminium in cryolite and A 2 of cryolite in air, 
making use of the properties of large drops.

Surface Tension o f A lum in ium  in  Cryolite 
I t  is an easy m atter to  produce large drops of 

aluminium in molten cryolite w ithout the formation 
of a film of alumina on the surface of the liquid metal,



since the cryolite dissolves the alumina. A fter the 
whole has solidified, the elements of the drop are 
determined on a meridian section of the ingot. We 
found :

e =  28.5  mm. 
h =  19.0 mm.

Taking for the densities of alum inium 23 and 
cryolite24 a t 975 deg. C., the tem perature of solidifi
cation of the cryolite,

d \\  =  2.295
¿cryolite =  2  .2 0  

i t  is deduced therefrom :

Aj =  - X T79Ó2 X (2.295 -  2.20) X 981
^ =  170 dynes/cm.

Surface Tension o f Cryolite in A ir.—This was 
determined by injecting dry  air through a bent tube 
into molten cryolite so as to  form a bubble under a 
horizontal plane constituted by a steel plate having 
a slight downwardly directed concavity. I t  was 
fo u n d :

e =  7 mm. 
h =  4 .8  mm.

Talcing as densities a t 975 deg. C . :
¿cryolite =  2 .2 0
¿ a ir  =  negligible compared to  ¿cryolite  

it  is found :

A 2 =  -  x  0 .48 x  2.20 X 9S1 =  250 dynes/cm.

Surface Tension of A lum inium  in A ir .—I t  is now 
proposed to consider the hypothetical case* of a lens 
of cryolite floating on the surface of a b a th  of 
unoxidised aluminium (Fig. 5). L et M and N  be 
two points situated on the same vertical line, the 
former being placed on the surface of separation 
cryolite-air and the la tte r on the surface of separation 
aluminium-cryohte. Let

p  be the pressure in the air and \  in the proximity
P i the pressure in the cryolite J of M
Pi the pressure in the cryolite \  in the proximity
p ' the pressure in the aluminium J  of N.

* Such an experiment could not be made actually, because the 
exposed surface of the aluminium would oxidise a t once on contact 
with the air.

102



103

Applying the laws of hydrostatics, we may write :
(1) p ' — p  +  J/i-D.ÿ \  D is the density of

where j  the aluminium,
._. . . . . j  \  d is the density of(2 ) P l =  P i +  (y , +  y i ).d.g j  the cryoliJ

Since the lens of cryolite is in equilibrium, it  may 
be supposed to  be solidified and may be considered

Cryolite

F i g .  5.—E q u i l i b r i u m  o f  A l u m i n i u m -  
C r y o l i t e - A i b .

d  : element of arc computed on P.N. 
d s . : element of arc computed on P.M.

as a float in equilibrium on the surface of the molten 
aluminium. The external forces applied to it are 
gravity, the th rust of the displaced metal, and finally, 
the forces of surface tension, which la tter forces 
form a system in equilibrium a t each point of contact 
of the three media. We thus have : 

yg.(D-d) =  y ,_.d.
From the combination of the equations (1), (2) 

and (3), we deduce :
P i  -  P  =  P i  ~  P '

o r :
A . A ,

W  R 2= Rr
Ag, Rg and A 1; R t being respectively the surface 
tensions and the radii of curvature in the meridian 
plane of the lens a t  M and X.

The notations of Fig. 5 give : 
dsg dys

R . = da g sin u g .du g

dal sin ag.dag



which allows one to write (4) as follows
sin a2.da2 , sin c^.dct!

(5) A 2. v == Aj. y dy2 dyy
Since the equation (3) when differentiated giveB :

dyA D -d) =  dy2.d,
(5) may be written :

A 2.d.sin a 2.da2 =  A x.(D-d).sin a1.da1
which by integration becomes :
A2.d. cos a2 =  AjdD-d). cos a2 +  C C =  constant.

The lens of cryolite is a solid of revolution by 
reasons of symmetry, and on the vertical line of its 
poles we have :
A2.d =  A ^D -d) +  C or C =  (A2 +  A ^ .d  — Aj.D 
L et us consider the point P  on the line of contact of 
the three media aluminium, cryolite, air. A t P  
we have simultaneously : 
sin dj sin a2 sin (a1 -j- a2)
“a T  =  ^ 7  =  a ;  ................................(6)
A 2.d. cos a 2—Aj.(D-d). cos ai =  (A 2 +  A Jd  — A j.D  (7)
a system of three equations which enable us to 
calculate av  az and A3, knowing A! and A 2.

Application to the System Aluminium-Cryolite-Air.—-

Putting \  008 “ 2 =  x  J cos Ql = y

the first relationship (6) and the equation (7 ) are 
written :

r  A^.a;2 -  A“.y2 =  A j -  A“

A 2.d.x — A jP-d).«/ =  Aj.d-Aj.fD-d) 
or :

A 2.d(x — 1) -  A V(D -d).(y — 1 ) =  0 (8 )
A?.(a:2 -  1 ) -  A \.(y* - 1 = 0 )  . .  (9)

The solutions of the problem are thus furnished 
by points of intersection of the straight line of 
equation (8) w ith the hyperbola of equation (9 ), 
this straight line and hyperbola already having in 
common the point x  =  1 , y  =  1 .
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In  the case of the equilibrium with which we are 
now dealing,

A! =  170 ; A a =  250 ; d =  2.20 ; D =  2.29.

Consequently, the equation of the straight line (8) 
becomes

550a; — 15.3 y  — 535.7 =  0
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Fig. 6, and consequently intersecting the hyperbola 
such t h a t :

/x/~l, lyl~ 1
or

a i =  a 2 =  €, 
e being a very small value.

Interpretation.—The result 04 =  a , =  e shows th a t 
the lens of cryolite is extremely thin (Fig. 7) and tha t, 
consequently, we have substantially :

A, =  A 1 +  A 2 =  170 +  250 =  420 dynes/cm,

This value, moreover, constitutes an upper limit 
of the surface tension of unoxidised aluminium
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since if the angle between the tensions A 1 and A 2 is 
not zero, their resultant is such th a t

A3 <^Ai +  A 2

I t  follows from these experiments th a t  the surface 
tension of oxidised aluminium (840 dynes/cm.) is 
twice as great as th a t of unoxidised aluminium, which 
lies between 300 and 420 dynes/cm. This emphasises 
the importance of the films of alum ina and explains 
the difficulties m et w ith in aluminium foundry 
practice.

Smith3 in an investigation to  which reference has 
already been made determined the tension of 
aluminium by the capillary-tube method, and found : 

A =  520 dynes/cm. 
which may be explained by the fact th a t  he took 
precautions to avoid the oxidation of the aluminium 
either by passing a steady current of illum inating gas

Air
 f t  4‘ Q. r_ Cryolite170   J

Aluminium
F i g .  7.— E q u i l i b r i u m  A i .u m in i t jm -  

C r v o l i t e - A i r .

through his furnace or by allowing wood charcoal 
to float on the surface of the m etal—methods which 
are insufficient to prevent completely the oxidation 
of the aluminium.

I f  300 Aai 420 dynes/cm., it follows th a t the 
parachor of this m etal (see above) is of th e  order o f : 

P  =  46
a value which agrees satisfactorily w ith the calculated 
value :

P  calc. — 39.

In  conclusion, it  should be pointed out th a t the 
equilibrium alumina-cryolite-air is impossible, since 

840 >  170 +  250
which explains why cryolite spreads instantly  on 
the oxidised surface of baths of aluminium.
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III.— Influence of the Surface Tension on " L i f e ”
Most of the authors who have considered “ life ” 

have seen a priori, which, moreover, appeared logical, 
a preponderant influence of two well-defined physical 
properties, the surface tension and fluidity. Actually, 
personal experiments have shown th a t these two 
physical factors are of only secondary importance, 
a t least provided the metal is not altered chemically 
and tha t, on the contrary, the phenomena of solidifi
cation are of prim ary importance.

The authors have, in fact, shown th a t :—
(1) For pure metals26, 26 the  “ life,” measured by 

the length A attained by a horizontal flat spiral, 
is expressed by :

• » j  c(® — F) +  L
A =  A °d  -

where 0  is the pouring temperature,
8 is the tem perature of the mould,
F  is the tem perature of solidification of the 

metal,
c is the specific heat 1
L is the la ten t heat of fusion r ? 
d  is the density 
A0 is a constant

I t  follows th a t the “ life ” of pure metals is the 
resultant of complex factors, amongst which the 
calorific properties (F, L, c) play a part of primary 
importance.

(2) For alloys27 28 29 26 the following laws have 
been established :—

(a) “ Life ” varies inversely with the solidifica
tion range and exhibits a relative maximum when 
fusion is congruent (pure metals, eutectics, definite 
compounds) and a minimum for saturated solid 
solutions. In  this solidification range the first 
stage (crystals not in contact) has the greatest 
effect.

(b) “ Life ” depends upon the faces of solidifica
tion and is relatively much greater when the 
liquid gives rise to convex crystals (definite 
compounds) than  when it  gives dendrites (solid 
solutions approximating to  pure metals). This is

metal.
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connected w ith the p art played by the first stage 
of solidification. This shows once again the 
primary importance of the factors of solidification 
and crystallisation in  the eastability of alloys.

Furtherm ore, after reflection, it  is no t possible 
to see clearly w hat relationships there m ay be 
between the surface tension, a  factor pertaining to 
the liquid state, and the equilibrium diagram, which, 
on the contrary, defines the phenomena occurring 
when the solid phase appears. The surface tension 
could only be influenced by the constitution as 
defined by the diagram if  such constitution persisted 
in the liquid phase in the form of undissociated 
compounds, which, moreover, does take  place in 
certain cases.

I f  the surface tension only plays a secondary p art 
in the “ life ” as defined by the length of flow of the 
metal before solidification in a spiral of appreciable 
section, this is no longer the case when the m etal 
has to penetrate passages of small cross-section.

Consider, in fact, a tan k  supplying liquid under a 
head to a horizontal passage (Fig. 8), and suppose 
th a t the liquid does not w et the passage. The liquid 
has entered the passage, and by hypothesis the 
whole is in equilibrium. L et

Pa, Pi, Pi, p 'i  be the pressures a t the points 
m arked in Fig. 8, 

a, the angle of contact of the liquid in the passage, 
d, the density of the liquid, 
r, the radius of the capillary tube.

We have :

P 't =  P 2 P o = P i  P i =  Po +  h.d.g 
, 2A 2A cos a

p > - p ° = K  =  - 7 ~
whence,

, , 2A cos a 
n.d.g. =   ----------

h.d.g is the head above which the liquid can enter 
and flow through the passage. In  other words, in 
the phenomena of “ life ” the effect of the surface
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tension is to diminish the m etallostatic head by the

case of passages of normal dimensions, becomes very 
appreciable when the m etal has to pass through fine 
orifices.

Considering the case of mercury and a capillary 
tube of glass :
A =418 dynes/cm., a ¡tzI 45°,* d = 1 3 .6  c.g.s. ; p=981 
whence

F i g . 8 . — T a n k  s u p p l y i n g  L i q u i d  t j n d e k  
P r e s s u r e  t o  a  H o r i z o n t a l  P a s s a g e .

a head of 44 cm. of mercury will be required to cause 
the m etal to  enter the capillary.

I t  will thus be appreciated th a t the surface tension 
may play an im portant part in the accurate casting 
of parts comprising fine details, such as, for instance, 
the characters employed in Linotype printing.

“ Searching ” is the penetration of the metal into 
the wall of the mould or cores. I t  is m et with chiefly 
in the case of cores in copper founding. This 
penetration takes place :—-

(a) Through the pores of the sand if the walls

2A cos a
quantity , which, although negligible in ther

h =
0.044

r
Consequently, if

1

h

P* pi pi

“ Search ing ” and C a p illa rity

* T h e  v a lu e s  in d ic a te d  fo r a b y  t h e  v a rio u s  a u th o r s  a re  so m e w h a t 
d isc o rd a n t.  T h e  a u th o r s  h a v e  a d o p te d  a  m e a n  v a lu e  w h ich  also  
co rre sp o n d s  to  t h a t  g iv en  b y  G ay -L u ssac.
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have not been coated with a protective dressing, 
in which case the penetration depends upon the 
permeability of the sand (varying with the sand, 
its moisture content and ramming density). The 
result is a metallic sponge or scab, which adheres 
to the casting and, a t the least, appears in the 
form of incrustations of sand on the surface of 
the casting.

(6) Through fissures in the dressing, if  the walls 
have been coated with a protective dressing. The 
production of these fissures depends upon the 
thermal properties of the sand (expansibility, 
conductivity, specific heat), its preparation (mois
ture, dryness, shrinking) and the m ethod of 
applying the dressing and its nature. The result 
is the formation of thin metallic projections or 
partitions terminating in the above-mentioned 
scab.

In  all cases, the penetration of the m etal into 
the pores and fissures depends upon the “ life,” 
the pressure and capillarity on account of the 
fineness of the cavities.

Ignoring the factors which depend upon the mould, 
the casting and the dressing, and c o n f i n i n g  our 
attention to  the phenomena which depend upon the 
metal, viz., “ life ” and capillarity, these involve the 
following factors :—-

(1) For the “ Life.”—The pouring tem perature ; 
the nature of the m etal or alloy ; the tem perature 
of the mould (in this case of the walls, and conse
quently the rate of heating of these walls).

This last factor depends not only upon the nature 
of the walls of the mould (especially the moisture 
content and the therm al properties of the sand), but 
also upon the weight and shape of the casting and 
the situation of the wall relatively to  it. In  par
ticular, there is a very distinct difference between the 
mould and cores, since the mould surrounds the 
casting and has a greater mean radius of curvature 
than the core, which is surrounded by the molten 
metal. Thus, “ searching ” is to be considered, 
above all, in connection with the cores, and depends
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upon their diam eter d and the thickness e of the metal, 
as shown in Fig. 9.*

In  particular, when the tem perature of the sand 
attains the tem perature © of the metal, the fluidity 
is involved. This is the limit case of castability.

(2) For the Capillarity.—In  addition to  all the 
faotors previously discussed, the phenomena of 
capillarity involve the thickness e of the cavities, 
pores of the sand or fissures of the dressing, the

0 Thickness of casting
F i g . 9 .— R e l a t i o n s h i p  b e t w e e n  

L i m i t  o f  S e a r c h i n g ,  T h i c k 
n e s s  o f  C a s t i n g  a n d  C o r e  
D i a m e t e r .

surface tension of the molten m etal and the wetting 
of the walls by the metal, which depend upon the 
state of the surfaces of the m etal and walls.

In  the case of a liquid which does not wet the 
walls (which is the general case of molten metals in

•  I n  e x p e rim e n ts  o n  b ro n z e  b u sh e s , A . M iro u x  (B u ll. A .T .F .,  
O c to b e r 1928, p . 295) co n firm ed  t h a t  “  sea rc h in g  ”  to o k  p lace  
w h e n  th e  d ia m e te r  o f  t h e  core  a n d  th e  th ic k n e s s  o f  t h e  b u sh  
ex ceed ed  c e r ta in  v a lu e s  (15 m m . a n d  1 2 .5  m m . fo r th e  e x p e rim e n ta l 
c o n d itio n s  se lec ted ), a ll  th e  o th e r  fa c to rs  rem a in in g  c o n s ta n t ,  a n d  
h e  p lo t te d  t h e  c o rre sp o n d in g  cu rv es .
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refractory moulds), we have shown th a t the influence 
of the surface tension appears in the form of an

2A cos a,
additional pressure equal to     which is

necessary to cause the molten m etal to  penetrate a 
horizontal capillary  conduit of d iam eter 2 r.

If, on the contrary, the liquid wets the walls, it 
is drawn into the capillary passage, and if  the latter 
is horizontal, the liquid will flow through indefinitely.

The cavities in sand moulds are necessarily irregular 
and comprise successive enlargements and constric
tions, and hence the phenomena of capillarity are 
complicated by these variations in diam eter. I t  is, 
indeed, well known th a t the resistance to the move
m ent of drops of liquid in capillary tubes possessing 
successive constrictions and enlargements differs 
considerably, according to  whether or n o t the liquid 
wets the walls, and if the liquid does wet the walls, 
according to whether or not air bubbles are included 
in the liquid. In  fact, in the last-m entioned case 
the resistance is considerable for the introduction 
of air and is very slight for the penetration  of the 
liquid.

Hence, there are tw o very distinct cases, depending 
on whether or not th e  molten m etal wets the walls. 
Thus, as shown in  F ig . 10, a drop of liqu id  on the 
horizontal surface of the solid assumes the shape 
I  or II , according to  the circumstances, and the 
angle of contact a or the liquid angle formed by 
the tangent to the edge of the drop and  the solid 
surface is given by :

T as — T ls
008 “ =  —T aL-------’

T a s ,  T l s ,  T a l  being the three measurable or unknown 
surface tensions a t  the three surfaces of contact or 
separation of the air A, the solid S and the liquid 
metal L. This relationship, expressing the conditions 
for the equilibrium of the three tensions, leads to 
the statem ent t h a t : 

when cos a 0 , a  obtuse, the liquid does not w e t ;
„ cos a 0 , acute, the liquid wets.

In  the special case when cos a =  1 , a =  0, the liquid 
spreads indefinitely in the form of a film over the 
solid and wets the solid perfectly.
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Since the angle of contact depends solely upon the 
nature of the liquid and of the solid, it  is constant 
irrespective of the inclination of the surface, and for 
a vertical wall the surface of the liquid a t the point 
of contact is convex i f  the liquid does not wet and 
concave i f  the liquid wets.

This, however, is much more a mathematical mode 
of expression rather than  an explanation which 
would enable one to foresee whether or not the liquid 
will wet, because even if  one does not always know 
T a l  and T l s , one is ignorant of the value and 
significance of T a s -

In  everyday language, this means th a t when the 
liquid-solid attraction prevails, the liquid wets. 
When, on the other hand, the m utual attraction of 
the particles (atoms, ions, molecules) of the liquid 
prevails, the liquid does not wet.

The attraction of the particles or the cohesion 
manifests itself in liquid in the “ internal pressure ” 
and in solids in the “ intrinsic pressure ” or hardness. 
These magnitudes are, indeed, related to the surface 
tension (T. W. Richards, Traube, Sydney Smith), 
which, according to T. W. Richards, is likewise 
related to  the chemical affinity.

Liquids are more soluble in one another the more 
nearly alike are their respective internal pressures, 
and investigations on the intermiscibility of organic 
liquids, and also of solid solutions of metals, have 
shown the importance of the ratios of the atomic 
volumes and the concentrations of valency electrons. 
The atomic characteristics and valencies thus play 
a fundam ental part in intermiscibility and internal 
pressure.

Thus, in the case of ionic valencies, the internal 
pressures are greater the more strongly polar are 
the molecules and the greater are the forces of 
affinity. Strongly polar compounds do not dissolve 
in w ater which is a polar liquid, bu t the moleoules 
retain a sufficient affinity for those of water to be 
readily wetted. A t the same time, there is an increase 
in the hardness and a rise in the melting point. 
Thus, in the increasing order of internal pressures 
and affinity, w etting precedes solution or combination.
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On the other hand, the solid-liquid attraction 
manifests itself not only by the crystalline orientation 
of the electrolytic deposit on the crystals of the 
supporting metal, when nothing alters the perfect 
contact, bu t also by the molecular orientation of the 
liquid, which, in a manner, proceeds towards the 
pre-ordained state, th a t is to  say, the crystallised 
state. Thus, oils which w et m etals exhibit a t  the 
contact an oriented molecular layer or film, the 
consideration of which is of fundam ental importance 
from the point of view of lubrication.

In  this connection, it  is likewise opportune to 
recall the formation of mono- or bimolecular layers 
of fa tty  substances on m etal surfaces. These pheno
mena have been investigated by J . J .  T rillat by 
means of electronic diagrams which show the forma
tion and propagation of films of grease on m etal 
surfaces, unless extrem ely m inute precautions are 
taken in preserving them.

I t  thus appears possible, by considering the atomic 
magnitudes and affinities which control miscibility, 
the ability to  combine and the molecular orientation, 
to shed some light on the phenomena of wetting 
related to  them, and considerable im portance is to  
be attached to the physical or chemical surface 
changes.

To return  to  the subject now under discussion, if 
a molten m etal in contact w ith a mould of silicious 
sand is studied, there is complete insolubility between 
the liquid with metallic affinities and the solid silica 
with energy affinities of co-valency. There is there
fore no wetting, b u t if there is oxidation of the 
surface of the m etal by the formation of a film of 
oxide, even very thin, it  is necessary to  distinguish :—

(а) Oxides which, although they  readily form 
silicates th a t are insoluble in the molten metals, 
possess a metallic character, such as oxides of 
iron, nickel, cobalt and copper, and which conse
quently possess a  certain solubility in the metal. 
In  this case, wetting may take place.

(б) Oxides of polyvalent metals, such as alumina, 
which, like silica, possess atomic valency bonds 
and are insoluble in the metal, form on the surface
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a film whose strength and influence on the surface 
tension have been discussed in the foregoing.

This film opposes wetting, and hence “ search
ing,” and for th a t reason, even relatively small 
additions of aluminium may be made in order to 
modify considerably the surface property of 
molten alloys. Such films also exert their influence 
during the re-melting of scrap.
N o t e .— Another defect in casting which is con

nected to these phenomena is the formation of

I

F io . 10.— I n f l u e n c e  o f  W e t t in g  on  
C a p i l l a r i t y .

“ chilled drops ” produced by the spurting of the 
molten m etal cast into the mould from the top. 
These drops may adhere to the walls and afterwards 
m ay not be incorporated in the metal when the 
level of the molten m etal reaches them. This 
adhesion and incorporation are dependent upon the 
same factors as those which have been discussed in 
the foregoing.



1 1 6

BIBLIOGRAPHY
1 B o u asse  : "  C ap illa rité , p h é n o m è n e s  su p e rfic ie lle s ."  P a ris ,

D e la g ra v e  (1924). C hw olson  : “  T r a i té  d e  P h y s iq u e ,”  Vol. i .
P a r is  : A . H e rm a n n  (1908).

2 K ry n i ts k y  : “  M e ta ls  a n d  A llo y s ,”  4, p p . 7 9 -8 4  (1933).
3 S m ith  : J o u rn .  I n s t .  M e ta ls , X I I ,  p p . 1 6 8 -2 0 9  (1914).
4 L ib m a n n  : U n iv e rs i ty  I ll in o is  B u ll., 26 (187), P a r t  2, p p . 1 —

( 1 5ZQ u in ck e  : P ogg . A n n ., 134, p . 356 (1868) ; 135, p . 621 (1868) ; 
137, p . 402 (1869) ; 139, p . 1 (1870).

6 Q u in ck e  : A n n a le n  d e r  C hem ie, 55, p p . 2 2 7 -2 4 1  (1859) ; P h il. 
M ag., 38, p . 81 (1869) ; A nn . P h y s .,  61, p . 267 (1897).

7 M a tu y a m a  : Science R e p o r ts  T o h o k u  Im p . U n iv ., lb ,  pp .
55 5 -562  (1927). _  j  „  ono _

8 A. P o r te v in  a n d  P . B a s tie n  : “  C o m p te s  R e n d u s , 202, p p . 
1072-1074  (1936).

9 S ie d en to p f  : “ A n n a le n  d e r  P h y s ik ,”  61, p . 235 (1 89 /)-
10 H erz fe ld  : ”  A n n a le n  d e r  P h y s ik ,” 62, p . 450 (1897).
11 S au erw ald  a n d  D r a th  : “  Z e it, f ü r  a n o rg . C hem ie, 154, 

pp . 7 9 -9 2  (1926), a n d  162, p p . 3 0 1 -3 2 0  (1927).
12 Ja e g e r  : “ Z e it, f ü r  a n o rg . C h em ie ,”  101, p . 1 (1917).
13 S au e rw a ld  : “  Z e it, f ü r  a n o rg . C h em ie ,”  223, p . 84  (1935).
14 H ogness : J o u rn .  A m er. C hem . Soc., 43, p p . 1 6 2 1 -1628  

(1921).
15 G ru n m ac h  : P h y s . Z e it., 1, p . 613 (1900) a n d  A n n . d e r  P h y s ik , 

308, p . 660 (1900).
16 S m ith  : S c o ttish  L o ca l S e c tio n  o f  t h e  I n s t i tu t e  o f  M e ta ls  

( J a n u a ry ,  1934).
17 V an ce  W h ite  : “  M eta ls  a n d  A llo y s ,”  6, p p . 5 3 -5 6  (1935).
18 E ö tv ö s  : ”  W ied . A n n .,” 27, p . 482 (1886).
19 R a m sa y  a n d  S h ie lds : “  Z e it, p h y s ik . C h e m .,”  12, p. 433 

(1893).
20 S u g d en  : J .  C hem . Soc., 125, p . 1185 (1924).
21 S u t to n  a n d  W ills tro p  : J .  I n s t ,  o f  M e ta ls , 38, p p . 2 5 9 -2 6 3  

(1927) ; P ill in g  a n d  B e d w o rth  : J .  I n s t ,  o f  M e ta ls , 29, p . 529 
(1923) ; V ern o n  : J .  C hem . Soc., I I  (1926), p p .  2 2 7 3 -2 2 8 2 .

22 R id g w a y  : T h e  E le c tro ch e m ic a l S o c ie ty , p r e p r in t  6 6 /2 7 , 
p p . 2 9 3-308  (1934).

23 P a sc a l a n d  J o u n ia u x  : *' C o m p tes  R e n d u s ,”  158, p . 414  (1914).
24 P a sc a l a n d  J o u n ia u x  : B u ll. Soc. ch im . (4), 13, p. 439 (1913), 

a n d  15, p . 312 (1914).
25 A. P o r te v in  a n d  P . B a s t ie n  : "  C o m p te s  R e n d u s ,”  194, p. 599 

(1932).
26 P . B a s t ie n  : T h es is  fo r  t h e  D o c to r ’s d e g re e  (P a r is ,  1933) 

a n d  B u lle t in  T e c h n iq u e  N o . 20 d u  S erv ice  d e s  R e c h e rc h e s  d u  
M in is tè re  d e  l ’A ir (G a u th ie rs  V illa rs, 1933). “  R e v u e  d e  M e ta l
lu rg ie ,”  31, p p . 2 7 0-281  ; p p . 3 2 4 -3 2 9  ; p p . 3 6 9 -3 7 3  (1934). 
“  S t ro jn ic k y  O b zo r,”  X V , p p . 5 6 -5 9  a n d  p p . 8 9 -9 1  (1935).

27 A. P o r te v in  a n d  P . B a s t ie n  : “  C o m p tes  R e n d u s ,”  194, p . 850 
(1932).

28 A. P o r te v in  a n d  P . B a s tie n  : “  C o m p te s  R e n d u s ,” 196, 
p . 1396 (1933).

29 A. P o r te v in  a n d  P .  B a s tie n  : J o u rn .  I n s t .  M e ta ls , LTV 
pp . 4 5 -5 8  (1934).



117

D I S C U S S IO N
M r. V. C. F a t jl k n e r  (Past-P residerit), who 

was asked by the  P residen t, in  the  absence of 
the  au thors, to  p u t the  points of the  P aper 
before the  conference, explained th a t  i t  had 
been exceedingly difficult to  tran s la te  th e  P aper 
in to  English. A ctually in the  tran sla tion  the 
word “ searching ” had been coined. The tra n s 
lator,, to  whom he desired to  pay a compliment, 
had adopted th a t  expression, being cognisant 
th a t  the  au thors were speaking of the  property  
of a m etal which caused the erosion of the 
mould and consequently the scabbing of the  cast
ing. H e would be very glad, personally, if 
members could find a b e tte r  word than  
“ search ing .” H e fe lt th a t  th is  was the k ind  of 
P aper th a t  needed a serious am ount of study, 
and he inv ited  the  more practical members to 
exam ine i t  carefully. H e though t th a t  some of 
the  conclusions th a t  the  authors had draw n 
were qu ite  capable of being in te rp re ted  by the 
o rd inary  m an in  charge of the shops.

M r . B e n  H i r d  confessed th a t  he had not had 
an opportun ity  of really seriously studying the 
P aper, b u t he was pleased th a t  someone had 
taken  up th is m a tte r  of capillary a ttra c tio n  in 
the  foundry. H e had no t sufficient scientific 
knowledge to  discuss the m a tte r  on the  lines th a t  
the au thors had laid down, b u t from  a practical 
point of view i t  was a m a tte r  th a t  he had had 
in  m ind for a considerable tim e. As a foundry- 
m an he was sure th a t  the  study of the  way in 
which m etal filled a mould by a rolling action 
was very im portan t, and i t  would be very wise 
for them  firmly to  fix th is m a tte r  in th e ir  minds 
when studying some of th e ir  foundry problems. 
Personally, he fe lt such a study was well going 
to  repay fu r th e r  research, both from the 
prac tica l po in t of view and from  th e  more 
academic standpoin t.

The  W o rd  “ Searching ”
D r . J .  W. D o n a l d s o n  said he had not had 

tim e to  study the P ap er in detail, b u t he could 
see th a t  the  au thors had carried  ou t a very



im portan t investigation  on the  surface pro
perties of m etals and of oxidised and un 
oxidised alum inium  in  p a rticu la r. H e was 
in terested  in  w hat was said w ith  regard  to 
w etting  and “  search ing ,” as he had carried  out 
experim ents on the fric tional p roperties of oils 
and had found th a t  w etting  and adsorption  by 
oils of a m etal surface was an  im p o rtan t factor 
in lubrication . H e would suggest th a t  the 
term  “ adsorption ” as adopted by Longm uir 
for the  penetra tion  of the  molecules of a m etal 
surface by th e  molecules of an oil m igh t be 
used in place of th e  term  “  search ing ,”  as there  
was a certain  sim ilarity  between th e  two 
phenomena. W ettin g  and  adsorp tion  of m etallic 
surfaces by oils gave th e  best conditions for 
satisfactory  lubrication , w hereas w etting  and 
adsorption, or “ search ing ,” by the  surface films 
of m olten m etals had  a deleterious effect on 
mould surfaces. The production , there fo re , of 
surface films which had  non-w etting  properties 
was im portan t, and th e  au thors had  shown th a t  
such films resulted  w ith  small add itions of 
alum inium . The investiga tion  as ca rried  o u t by 
the  authors was of a highly scientific n a tu re , and 
the  fac t th a t  i t  added to  the  knowledge of the  
physical p roperties of m etals was of value, as 
all such physical d a ta  were of u ltim a te  use and 
advantage to  th e  prac tica l foundrym an, and 
he therefore  considered the  mem bers of the  
In s titu te  should be g ra te fu l to  th e  au thors for 
th e ir  contribution .

In  a w ritten  com m unication M r . F a t jł k n e r  
pointed ou t th a t  the  F rench  word for adsorption  
was the  same as English. The word used in 
the  F rench  te x t was “  abreuvage.”

118



C A P I L L A R I T Y  A S  A F A C T O R  IN 
F O U N D R Y  P R A C T I C E *

By Professor A . M. Portevin and 
Dr. P. Bastien

A u th o rs ’ Reply

The authors readily  adm it th a t  the subject 
dealt w ith is ra th e r en te ring  the sphere of 
physics, had it  not been envisaged in  its en
tire ty  from  the point of view of its role in 
foundry practice. I t  is precisely for th is reason 
th a t  they  though t i t  useful to explain th is in 
order th a t  they should not be misunderstood by 
foundrym en. This p a rticu la r study of the  role 
of the skin of alum inium  has involved experi
ments and m athem atical developments which 
to some people would appear- superfluous and 
unnecessary in a general exam ination . I t  is 
necessary to  rem ember th e  final p a r t  played by 
cap illa rity  in  “ life ” and  “ searching ” (abreu- 
vnge). This la t te r  phenomenon caused difficulty 
in tran sla tion  and in understand ing , as was 
pointed o u t by those tak in g  p a rt in the discus
sion. On th is occasion the words “ w etting  ” 
(mouillage), “  adsorption ” and “ searching ”
(abreuvage) were m entioned, and they m ust not 
be confounded.

W etting  is the property  of adherence in a 
liquid and a solid, which makes the liquid spread 
itself over the surface of a solid, which i t  finally 
covers—a glass, really  clean and well degreased, 
or a m etal in  the same condition, is w etted by 
w ater, alcohol and by oil, b u t not by m ercu ry ; 
greasy glass is not w etted by w ater, etc.

Adsorption  is the property  associated w ith a 
solid capable of inducing a t  its surface an in 
crease of concentration of a dissolved body or of 
a gas and of re ta in ing  th e m ; thus the tissues

* See p a g e  88



adsorb certa in  m aterials, such as charcoal adsorb
ing g a s ; th is  property  is exh ib ited  in  a  high 
degree by anim al black. In  foundry sands the 
clayey m a tte r adsorbs colouring m a tte r , and 
th is property  is u tilised in  sand tes ting . The 
adsorption of a dissolved body by a solid implies 
w etting  of th e  solid by dissolution, b u t w etting  
does n o t necessarily involve adsorption . W et
ting  relates to  the  solvent and  adsorp tion  th e  dis
solved body. This is exactly  w hat M r. F au lk n er 
pointed out when he said th a t  th is  phenomenon 
was designated by the  same word in  E nglish  and 
French, and was obviously d is tin c t from  “  abren
voy e ”—searching.

Abreuvage (searching) is th e  nam e given by 
foundrym en to  a  phenomenon leading to  a cast
ings defect (scabbing); th e  liquid m etal pene
tra te s  in to  the  pores of the  m ould, much as w ate r 
in to  a  sponge, w ith th e  resu lt th a t  th e  casting  
joins itself w ith  a m ix tu re  of sand and m etal 
corresponding to the  portion of the  mould which 
has been searched by the  m etal. F o r th is  to  
happen i t  is necessary for th e  m eta l to  w et the  
mould.

This elaboration  has seemed necessary to  th e  
authors in  o rder to  p reven t confusion of th o u g h t, 
and they  th an k  those who took p a r t  in  th e  dis
cussion, and hope th a t  th is  reply will be 
satisfactory.
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T H E  M A N U F A C T U R E  O F  I N T R I C A T E  T H IN -  
W A L L E D  S T E E L  C A S T I N G S

By R. H unter,  B.Sc., Ph.D., and J. M cArther  
(Member)

W hile in recen t years considerable progress 
has been made in  the  production, w ith consis
tency, of sound steel castings, the  im provem ent 
is nowhere more m arked th a n  in  those castings 
which may be referred  to  by the title  of this 
P aper. The te rm  “  thin-w alled ” has, of 
course, to  be regarded as purely relative, as 
n a tu ra lly  i t  is not possible to  produce large 
castings w ith as th in  sections as small ones. 
Consequently, the  range covered by th is  P aper 
ex tends from  the production of small castings 
w eighing a few pounds, and having portions

j- <6-
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F i g . 1 .— S m a l l  T e a r in g  B r a c k e t .

only £ in. th ick , to considerably heavier castings 
w eighing up to  approxim ately 38 cwts. and with 
a thickness of up to  b in.

The examples selected for detailed  description 
are chosen as represen ting  as wide a range of 
applications as possible, and a t the  same tim e 
serve to  illu s tra te  the many difficulties encoun
tered and the  precautions to be observed to 
ensure the  production of sound castings. The 
castings chosen have all been m ade in suffi
c ient quan tities, in the  m anner described, to 
prove conclusively th e  soundness of the  pro-
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cedure adopted, although i t  is no t claimed th a t  
no a lte rna tive  method of m anu fac tu re  is avail
able.

In  m any applications for steel castings, weight 
is a t a prem ium , and consequently the  designer 
has been compelled to reduce sections to the 
m inim um  thickness to give the  requisite streng th , 
or to th e  minim um  section acceptable by the  steel 
founder. The la tte r  a lte rn a tiv e  appears to  be

F i g . 2 .— H o r iz o n t a l  P u m p  F r a m i n g .

the  lim iting fac to r in  m any cases, as th e  de
signer can often , by using the  lig h te s t possible 
section in conjunction w ith suitab le  stiffening 
webs, provide a s tru c tu re  possessing th e  m axi
mum stren g th  and rig id ity  fo r a  given w eight. 
In  several of the castings described th is type of 
design will be observed, while in  o thers the 
problem is the  complete covering of a very large 
area  w ith th in  m etal, as exemplified by the  com
bined oil engine bedplate and end casing 
described.

W hile m any of the  difficulties experienced in
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the production of thin-w alled castings are 
n a tu ra lly  common to o ther designs, some of these 
troubles become intensified owing to the  geom etry 
of the  thin-w alled type. I t  is therefore  proposed 
to deal w ith these aspects, w ith p a rticu la r 
reference to  thin-w alled castings, under a num 
ber of headings.

Maintenance of Size
I t  is not su rp ris ing  th a t  the accuracy of 

dimensions frequently  causes trouble w ith th is

F i g . 3 .— H o r iz o n t a l  T u r b in e - P u m p  F r a m e .

type of casting. In  castings of norm al propor
tions i t  is sometimes possible, if difficulty be 
an tic ipa ted  in m a in ta in ing  size, to  add an ex tra  
m achining allowance to  compensate for any 
m inor irregu la rities. This procedure is seldom 
possible w ith  the  castings described in  th is 
P ap er, as i t  is essential th a t , besides leaving 
an adequate m achining allowance, th e  distance 
between the  cen tre  lines of th e  various journal 
pads, e tc ., m ust he accurately m ain tained , in
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order to  ensure uniform  loading conditions in 
service.

W hilst a' con traction  allowance of ab o u t f t  in. 
per f t . is generally found to  he sa tisfactory  for 
steel castings of norm al design, thin-w alled cast- 
ings, on the  o ther hand , have as a ru le  to  be 
made w ith a  sm aller allowance th a n  th is . The 
allowance used in some of the  castings described

F i g . 4 .— D r a g  H a l f  M o u l d  f o r  T u r b in e - P u m p  C a s i n g .

is down to  f t  in . per f t . in  th e  ho rizon tal direc
tion . The ac tua l value employed depends on the  
design of th e  casting  and sometimes, in  fac t, may 
vary in different p a rts  of the same casting . 
These rem arks apply to  th e  con trac tion  in  the 
horizontal direction , h u t i t  is found  th a t  the 
norm al allowance of f t  in. per f t .  in the  vertical 
direction  gives satisfactory  resu lts in p ractically  
all cases.
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W hile i t  is essential to  use the  correct con
trac tio n  allowance for each design of casting, 
sometimes trouble is experienced owing to d if
fe ren t castings from  the sam e p a tte rn  being 
found no t to  have con tracted  by the  same 
am ount. The possible causes of th is difference

F i g . 5 .— C o p e  o r  M o u l d  f o r  T u r b in e - P u m p  F r a m i n g .

in behaviour in  such cases a re  m any, b u t the 
princ ipal variables may be regarded as : R esist
ance to  crushing of mould and cores ; tem pera
tu res  of m etal and mould ; ra te  of pouring ; com
position of steel, etc. A t present, in sp ite  of im 
proved technique, i t  cannot be claimed th a t  abso
lu te uniform ity  of all these factors can be rigidly
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m aintained . Every  effort is m ade to  do so, b u t it  
is found th a t  add itional precau tions have to  be 
taken .

W ith thin-w alled castings provision is always 
made to  sh a tte r  readily  th e  m ain  cores and  any 
parts  of the mould which ten d  to  im pede th e  free 
contraction  of the casting. This is done a t  a

Fic. C.— M a i n  C o r e  i n  p o s i t i o n  i n  h a l f  m o u l d  s h o w n  i n  F i g .  4.

certain  standard ised  tim e, determ ined  by experi
ence, a f te r  completion of pouring . The actual 
tim e depends on the  design of th e  c a s t in g ; the  
heavier th e  casting  th e  g rea te r th e  lapse of tim e. 
This procedure is, of course, also adopted  to  
minimise the  possibility of h o t tea rs , and  while i t  
may also be useful for th is  purpose if i t  is done 
in tim e, the  au thors find i t  to  be always of very
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g rea t assistance in ensuring  uniform ity  of con
trac tion .

Prevention of Hot Tears
This problem m ight well constitu te  the sub

jec t of a P ap e r by itself, and  the  au thors can 
only afford here to  touch briefly on th is  subject 
and ind icate  the  various m eans adopted to pre-

F i g . 7 .—Two C o k e s  f o r m in g  S id e s  o f  C a s t in g  a r e  s h o w n

REMOVED FROM MOULD.

vent the  occurrence of ho t tea rs  in  the particu la r 
type of castings described. H o t te a rs  are liable to 
occur in  steel castings due to  th e ir  relatively high 
contraction  on cooling. I f  th is  contraction  be 
unduly  im peded by the mould or cores th en  ru p 
tu re  occurs, owing to  the low tensile streng th  of 
the  steel a t  elevated  tem pera tu res. W hile the 
composition of the  steel and the  process of steel-



m aking influence the  am ount of contraction , 
these factors a t  p resen t canno t be controlled to 
e lim inate  the  danger of ho t tears.

The ligh t sections in  a casting , every th ing  else 
being equal, n a tu ra lly  cool more quickly th an  
th e  heavy ones, and consequently du ring  the 
cooling process are generally  stronger th a n  the 
la tte r , despite th e ir  sm aller cross-sectional area.
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F i g . 8 .— M a in  C e n t r a l  C o r e  f o r  T u r b in e - P u m p  F r a m i n g .

The resu lt of th is  is th a t  hot te a rs  ten d  to  occur 
a t w hat are generally  term ed “  ho t spots ”  in 
th e  casting. In  thin-w alled castings, where the  
m etal is m ain ta ined  as un iform  in  thickness as 
is possible, these 11 ho t spots ”  a re  generally 
situa ted  a t  th e  junction  of th e  various webs w ith 
the  m ain body. I f  th e  cooling conditions are  so 
regu la ted  th a t  th e  casting  is cooled uniform ly, 
then  the  weakness caused by “  h o t spots ” would 
be absent, and the  ho t-tea ring  tendency g rea tly  
decreased. The use of su itable ex te rn a l chills to
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hasten  the  cooling a t  the  desired points may 
achieve th is  ideal condition. I t  is no t possible, 
however, to  enuncia te  any definite rules to 
govern th e  w eight of chill to  be employed, but 
there  are, nevertheless, ce rta in  precautions to 
be observed in th e ir  use.

The edges of chills should never be left square,

F i g . 9 .— S h o w i n c  P o s i t i o n  a n d  S i z e  o r  t h e  V a r io u s  F e e d in g

H e a d s .

bu t should be rounded w ith a generous radius. 
I f  th is  p recaution  be no t adopted, trouble may 
be experienced due to  surface cracks appearing 
on the  casting  a t  th e  edge of th e  chill. I t  is 
also im portan t th a t  the chill be carefully cleaned 
before use, and i t  is also found advantageous to  
coat it  w ith  alum inium  p a in t prior to drying the 
mould.

W ith  thin-w alled castings, however, chills
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should be used w ith  d iscrim ination , since, 
na tu ra lly , they  m ust add to  the  difficulty of 
ru n n in g  a casting  whose thickness probably has 
been controlled by th is fac to r. I f  chills appear 
to  offer the  best m eans of overcoming the  te a r
ing tendency, th en  th e ir  use is justified , b u t they 
should be made as ligh t as possible. I t  is also 
advisable th a t  ligh t chills be securely tied  back 
to the  mould to  p reven t th e ir  possible d isto rtion  
by th e  m etal. F o r thin-w alled castings, the 
authors p refer whenever possible to  use suitable 
flat-headed nails as a mild chilling influence to 
assist in  m aking the cooling conditions as u n i
form as possible.

R a th e r th a n  add difficulties to the  ru n n in g  of 
the castings by the use of chills, th e  s tren g th  
a t  the  hot spots can often  be adequately  in 
creased by the judicious placing of brackets. 
The type of b racket found to  be su itab le  for 
thin-w alled castings is as indicated  in  F ig . 1. 
No definite ru le  can be given for th e  num ber of 
brackets necessary, as the  requirem ents depend 
so much on the design of the casting . One de
cided advantage of brackets is th a t  th ey  assist 
the runn ing  of the  casting , p a rticu la rly  where 
the design is such th a t  the  m etal rises slowly in 
the mould. F or th is reason also they  a re  some
times made to extend the  whole length  of the 
casting.

As will be appreciated , these precau tions are  
necessary, because i t  is n o t practicab le  to  m ake 
the mould and cores w ith  a negligible degree of 
resistance to  th e  co n trac ting  casting . I t  is 
na tu ra lly  b e tte r  p ractice to  reduce th is  res ist
ance to  a m inim um , ra th e r  th a n  use devices in 
an a ttem p t to  overcome the  deficiencies. In  the  
description of th e  m anu fac tu re  of th e  various 
castings, details are  given of th e  d ifferent 
methods found to  be of service in th is  direction. 
Probably in no o ther phase of steel foundry  
practice has g rea te r ingenu ity  been exercised 
th an  in  th e  provisions made to  reduce the  crush
ing resistance of moulds and cores. I n  th is 
Paper, however, no claim  is made to  sum m arise
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all the  expediences adopted, b u t the  castings 
selected for description illu s tra te  various assem
blies which have been found to  be satisfactory  
for the  different types.

In  regard  to  cores, th e  underly ing princip le is, 
of course, to  make them  as lig h t as possible, con
sis ten t w ith adequate s tren g th  and rig id ity , to 
res ist the  action of the  m olten m etal. The details 
as to  how th is  may be accomplished a re  given 
la te r in  the  P aper.

I t  will be observed th a t  a  cast-iron grid  is

F i g . 10.— V e r t ic a l  T u r b in e - P u m p  F r a m i n g .

generally employed to  support the core and carry 
the  add itional reinforcem ents. This grid , 
wherever possible, should be s itua ted  in the 
mould outside the  ac tua l casting, and  is, in  fact, 
generally located in  th e  core p rin t. Conse
quently , the  m ost rig id  p a r t of th e  core does not 
in te rfe re  w ith the  free contraction  of the  casting.

Gating of the Casting
I t  is n o t possible to  lay down rig id  rules 

governing th e  ga ting  of thin-w alled steel cast
ings, as each design m ust be considered on its 
m e r its ; a common down ru n n er is generally made 
to  serve a num ber of gates, as will be observed 
la te r  in  th e  P ap e r. Bottom  runn ing  is usually 
employed, b u t add itional gates a re  generally

F
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added a t progressively h igher levels to  assist the 
ru nn ing  of th in  sections. W henever the  sym
m etry  of the  castings perm its they  are  run  
equally from both sides. In  comparison w ith 
castings of norm al proportions, thin-w alled cast
ings have generally a la rg e r num ber of gates and 
a re  practically  never top ru n .

Choice of Moulding Method
The considerations affecting th e  choice of the  

moulding position of th e  castings under con-

F i g . 11.— I n t e r io r  A s p e c t  o f  t h e  C a s t in g  s h o w n  i n  F i g . 10.

sidération  are  essentially  sim ilar to  those arising  
w ith o ther types. W henever possible, i t  is p re 
ferable for th e  principal m achin ing  faces to  be 
cast downward. So m any o ther facto rs, however, 
affect th is  choice th a t  often  i t  is no t practicable 
to  m ake th e  casting  in  th is m anner.

M aking the  casting , for exam ple, w ith  the  
principal m achining faces downwards may pre
sen t difficulties in  m oulding o r in  the  subsequent 
assembly of mould and cores. On th e  o ther hand, 
i t  may be quite  impossible to  ensure th e  suc
cessful ru nn ing  of th e  casting . F requen tly , how
ever, the  chief problem is th e  feeding of these
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im p o rtan t areas, as n a tu ra lly  since they are  a t 
th e  foot of th e  mould, th e  design of th e  casting 
may in te rfe re  w ith th e  placing of suitable feed
ing heads. W ith  thin-w alled castings also, the  
m aintenance of uniform  thickness is of g rea t im
portance and consequently the  mould and cores 
m ust be so assembled and held so th a t  they  will 
not be d is to rted  by th e  molten m etal. I t  will be 
appreciated , therefore, th a t  generally the final

F i g . 12.—C o p e  h a l f  m o u l d  f o b  V e r t ic a l  P u m p  F r a m i n g .

decision as to  the  direction of moulding will be 
a compromise of the above factors, and th a t  each 
casting  m ust be carefully  studied  before decid
ing the  most su itable method of m anufacture .

Steel Requirements
The steel used for the  castings described in 

th is P ap e r is made in a basic-lined electric arc 
furnace of 5 tons capacity. The norm al steel- 
m aking practice is followed, using two slags 
ensuring  th a t  the  m etal is particu larly  free from

f 2
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non-m etallic inclusions and is thoroughly do- 
oxidised. W ith  thin-w alled castings, na tu ra lly , 
the  casting  tem p era tu re  m ust be carefully  con
trolled, because i t  m ust be sufficiently high to 
ensure the  complete ru n n in g  of the  casting  with 
no “ cold shu ts,”  and ye t i t  m ust no t be so 
h igh as to  cause o ther equally serious troubles. 
I t  is possible w ith the  electric fu rnace  to  obtain  
a very s tr ic t control of th e  analysis of th e  steel. 
The composition of th e  steel used is, however,

F i g . 1 3 .— C o r e  A s s e m b l y  o n  D r a g .

quite norm al and contains 0. 20 to  0.26 per cent, 
carbon.

All castings are  thoroughly  annealed , and  the 
following is a typ ical te s t in th is  co n d itio n : — 

T est No. ... ... 462A.
Yield po in t ... ... 18 tons p er sq. in.
M axim um  stress ... 33 tons per sq. in.
E longation  ... ... 28 p er cent.
Bend (1 in. by f  in .) 180 deg. N .F .

Moulding and C o re  Sand
Owing to  th e  lightness of th e  m etal, th e  con

ditions are  no t as severe in  some respects as
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encountered w ith  heavy castings. Nevertheless, 
s tr ic t control of the sand is ju s t as im portan t as 
in the  o ther branches of the  industry , and care 
taken  in sand p repara tion  is amply recompensed 
by the  improved surface of the castings. Dry- 
sand m oulding is used th roughout the  m anufac
tu re  of the castings described. A naturally - 
bonded silica sand is used as a facing for the 
cores.

F i g . 1 4 .— F e e d in g -h e a d  A r r a n g e m e n t s  e o r  a V e r t ic a l  
P u m p  F r a m i n g .

The facing sand fo r the  moulds consists of a 
milled m ix ture of the above n a tu ra l sand and 
floor sand. The proportions in  which these are 
mixed depends, of course, on th e  n a tu re  of th e  
casting  to be produced. To s treng then  the  sur
faces of the  mould and cores where required, 
these areas are liberally reinforced w ith sprigs. 
The oil-sand corps are made w ith  a m ix ture  of
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sharp silica sand and a p rop rie ta ry  bonding com
pound.

Horizontal  Turb ine  Pump Framing
Figs. 2 and 3 show two views of th is  casting. 

I t  will be observed th a t  the  designer has made 
every effort to  ligh ten  the  casting  while still 
m ain ta in ing  its full s tren g th  and rig id ity . The 
general thickness of the casting  is f  in. The

F i g . 15.—T o p  V i e w  o r  a G e a u - C a s e  C a s t i n g .

jou rnal pads are  slightly heav ier th a n  th is, and 
a fa irly  substan tia l flange forms one end of the 
casting.

The most im p o rtan t m achined faces a re  shown 
in  F ig . 2, com prising the bearing  supports and 
the  flange of th e  im peller trough . I t  m ight be 
considered good practice, therefo re , to  cast th is 
face downwards. E xperience, however, proved 
th a t it was not possible to  feed adequately  the
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jo u rn a l pads and  the  supporting  webs when 
th is procedure was adopted. As these areas 
m ust of necessity he perfectly sound, the  cast- 
ing  was m ade w ith th e  jou rna l faces upw ard, in 
order th a t  suitable risers could be conveniently 
placed. The design of the  casting does no t per
m it feeding of th e  flanges seen in  F ig . 3 on the  
underside of th e  casting, which h a re  conse-

F i g . 16.— I n t e r n a l  A s p e c t  o f  a G e a r -C a s e  
C a s t i n g .

quently  to  he chilled to  ensure soundness. A 
block p a tte rn  is used in th e  production of th is 
fram ing , th e  mould being formed alm ost en tire ly  
of cores.

F igs. 4 and 5 illu s tra te  th e  d rag  and cope 
respectively, a fte r  rem oval of th e  p a tte rn . The 
form er also shows th e  location of the  test-bar 
and th e  m ethod of gating . A single dow n-runner 
leads to  two gates ru nn ing  in to  the  top  of the  
sides of th e  casting. Each of these gates a t  irs
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junction  w ith th e  casting  is I 5 in. deep by f  in- 
broad.

The m ain  bottom  core is shown in  position in 
the  drag  in  F ig . 6 . This core is reinforced with 
a cast-iron grid  located in  th e  core p rin t. The 
facing  and  backing sand does n o t exceed 11 in- 
in  thickness, and the  cen tre  of th e  core is 
composed of riddled ashes. V ents from  the 
underside of th is core are  reg istered  w ith  suit-

F i g . 17 .— C o p e  h a l e  o f  G e a r - C a s e  M o u l d .

ably placed holes in  the  d rag . The green  core 
is placed in  the  d rag  and dried  along w ith  it.

The two cores form ing th e  sides of th e  casting  
are  shown removed from  th e  mould in  F ig . 7. 
These a re  constructed  sim ilarly  to  th e  m ain 
bottom  core, except th a t  n a tu ra lly  only th e  side 
form ing th e  mould is finished w ith  facing  sand. 
The chills for th e  bosses on th e  sides of th e  cast
ing are  also shown, th e  bars being subsequently 
removed by m achining.
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The m ain cen tra l core is made in  halves, as 
shown in  F ig . 8 . W hilst th is  core is also 
streng thened  by means of a cast core-iron, i t  is 
too weak in  th e  green s ta te  to  w ithstand 
handling. I t  is, therefore, p a rtia lly  dried and 
the two halves th en  tied  together w ith steel 
w ire passed round th e ir  respective core-irons a t 
th ree  points.

F i g . 1 8 .— D ra g  h a l f  o f  G e a r -C a s e  M o u l d .

The composite core is then  dried  as a u n it, 
and is seen in  its position in th e  mould in 
F ig . 7. This core is made en tire ly  of facing 
sand. F o r ven ting  purposes num erous pricked 
holes a re  m ade from th e  vertical jo in ing faces of 
th e  two halves to  w ith in  about J  in . of the 
surface of the  core. These holes are connected 
to a series of grooves cu t in th e  vertical jo in t,



and ex its for the  gases are  provided through  
th ree  ven t holes passing up th rough  th e  cope as 
shown in F ig . 5.

The various small cores co n stitu tin g  the 
num erous oil ducts and dra inage  passages are 
made in  oil-sand for convenience in  fe ttling . 
F ig . 9 shows, b e tte r  th a n  any w ritten  explana-
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F ig . 1 9 .— C o r e s  a s s e m b l e d  i n  G e a r - C a s e  
M o u l d .

tion could describe, the  location and  size of 
various feeding heads.

Vert ica l  Turb in e  Pump Framing

Figs. 10 and  11 show views of th is  fram ing. 
This type is supplied in  castings up  to  about 
5 f t . 6 in. long overall. The thickness of the 
m etal in  th e  body is only -ft in ., and the 
principal difficulties associated w ith  th is  casting
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are the  runn ing  of such ligh t m etal over th is 
length, and the  prevention of hot tears.

No g re a t difficulties are presented in the 
m oulding of th is  casting. Fig- 1 2  shows the 
cope, in  which will be noted the  numerous 
brackets which have been added to prevent te a r 
ing. The drag  is m ade perfectly p lain , con-

F i g . 2 0 .— F e e d in g  A r r a n g e m e n t s  f o r  G e a r -C a s e  C a s t i n g .

ta in in g  only the  p rin ts  for the  m ain cores. The 
m ain core assembly is shown in position on the 
drag  in  F ig . 13. F or convenience in  handling, 
th is  core is made in  th ree d is tinc t p a rts  : first, 
th e  m ain cen tra l co re ; secondly, the  saddle core 
for the trough , and th ird ly , the  large d iam eter 
core shown a t  the  left-hand side. These cores 
are  composed en tirely  of facing sand reinforced 
w ith a cast-iron grid  which is situa ted  in  the



core p rin t. V enting  is carried  o u t by means 
of pricked holes, as previously described. The 
cores are  assembled on th e  d rag  in  th e  green 
s ta te  and  dried  along w ith  th e  mould.

The m ethod of g a ting  th is  casting  is clearly 
seen in  F ig . 12, from  which i t  will be observed 
th a t  th e  dow n-runner is s itu a ted  close to  the 
middle of the length  of the  casting , and th a t  
two gates ru n  from  th is in to  th e  two ad jacen t 
flanges of the  trough . This casting , complete 
w ith the  various feeding heads, is shown in 
F ig . 14.
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F i g .  2 1 .— N o z z l e  S e g m e n t  C a s t i n g  w i t h  
H e a d  a n d  R u n n e r .

G e a r  Case
Figs. 15 and 16 show views of top  and  u nder

side of th is casting . The th ickness of th e  m etal 
in th e  body and  webs is § in. and  -fe in . respec
tively. I t  will be observed th a t  th e  u pper side, 
despite its  in tr ic a te  n a tu re , does n o t necessita te 
a g rea t deal of core work, a lthough  i t  certa in ly  
involves a high degree of m oulding skill. The 
construction of th e  underside, however, m akes 
the use of a considerable num ber of cores 
essential.

F igs. 17 and 18 show the  cope and  drag
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respectively. Core p rin ts  and  bottom  of th e  m ain 
flange only are  le f t in  th e  d rag , and the  green 
and  partia lly -d ried  cores assembled in  position 
are  shown in F ig . 19. This procedure enables 
any m inor ad justm en ts in  the  cores to  be readily  
made, and so grea tly  reduces the  to ta l closing- 
tim e which would otherw ise be necessary if the 
cores were assembled in  th e  dried  condition. 
Owing also to  th e  num ber of cores to  be assembled 
on the d rag , a considerable am ount of sealing is

F i g .  2 2 .— C o p e  a n d  D r a g  H a l f  M o u l d s  f o r  N o z z l e  S e g m e n t s .

necessary to  avoid fins, and  th is  procedure en
sures thorough drying a t  all such points.

The exceedingly com plicated n a tu re  of the 
cope will be observed in  F ig . 17 and the  few 
cores th a t  are  necessary are  placed in  th is  por
tion  of the  mould before d ry ing . The m ethod 
of ru n n in g  th is  casting  will be seen in  th is  illus
tra tio n . Two gates leading from  a common down 
ru n n er a re  a ttached  to  th e  bottom  edge of the  
sm allest flange as shown a t  th e  bottom  left-hand 
corner.



The cores assembled in  th e  d rag  of th is  mould 
are  m ade in  several different ways. The large 
cores are  reinforced by cast-iron  grids and are 
made en tirely  of facing sand. On the  heavier 
sections of these cores the  ven ting  is carried  out 
by a series of pricked holes ex tend ing  inw ards as 
near to  the surface of the core as possible. These 
holes rad ia te  from  channels cu t in th e  underside
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F i g . 23.— C o k e  A s s e m b l y  f o r  N o z z l e - S e g m e n t

of th e  cores and  provision is m ade fo r th e  gases 
to  escape downwards th rough  the  d rag . A num 
ber of the  large cores, however, a re  reduced in 
section to  about 1 in . th ick  in  parts . I t  is not 
practicable, therefo re , a t  such points to  have 
pricked holes for vents, and consequently in  such 
places th e  cores are  w ax-vented. W hen th is  pro
cedure is adopted, of course, the  cores a re  p a r
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tia lly  dried  to  allow the  wax to ru n  ou t before 
assembly on the  drag. The num erous small cores 
are  reinforced w ith ben t wire and are e ither 
pricked fo r ven ting  or wax-vented.

The principal machining-faces on th is  casting, 
i t  will be observed, are cast face downwards, and 
fo rtuna te ly  th e  shape of the  casting does not 
m ake the adequate feeding of such p a rts  difficult. 
The num erous and substan tia l na tu re  of the  feed
ing heads, however, will be noted in F ig . 20.

F i o .  2 4 .  C o B E  F O B  LO C A T IN G  W O O D E N  J I G  F O B  N O Z Z L E  C O R E  A S S E M B L Y .

N ozzle  Segment
F ig . 21 shows th is  casting complete w ith head 

and runner. The shape of the  flange of the cast
ing is as indicated . The principal difficulties in 
the  production of th is  casting  are  the  runn ing  of 
th e  extrem ely-th in  m etal of only |  in . in  th ick 
ness, separa ting  ad jacen t nozzles, and the  accu
racy of the  location and shape of the  nozzles. 
F ig . 22 shows th e  cope and drag  of th e  mould. 
The core assembly in  position in  the  drag  is 
shown in  F ig . 23. All cores are  made in  oil sand.

The . p rincipal reason for casting  the  segments 
on edge is th a t  the cores suffer th e  m inim um  of 
d isto rtion  by th e  m olten m etal when placed th is



144

way. A ccurate assembly of th e  cores is n a tu ra lly  
of param ount im portance. To a tta in  th is, a 
wooden jig  is provided which is located by means 
of the p r in t shown in  the  core in  F ig . 24. The 
top p rin ts  of the  nozzle cores a re  reg istered  with 
suitable m arks on th e  circum ference of th e  jig , 
while the bottom  p rin ts  are  located in  the  semi
circu lar recess. The vents fo r th e  nozzle cores 
will also be observed leading from  th e  bottom  of 
the recess. The nozzle cores, p artly  assembled, 
will be seen in F ig . 25.

F i g . 2 5 .— N o z z l e  C o r e s  p a r t l y  a s s e m b l e d .

Combined O i l  Engine Bedplate and End Casing
G eneral views of th is casting  a re  shown in 

Figs. 26  and 2 7 , w hilst long itud inal and  tra n s 
verse cross-sections are  given in  F ig . 28. The 
casting  is roughly 1 1  f t . long by 3 ft! wide 
by 3 ft. deep a t  the  sump end and weighs 
about 38  cwts. The thickness of th e  m etal 
in the body and the webs suppo rting  th e  bear
ings is i  in. which in  proportion  to  the  size of 
the  casting  is extrem ely ligh t as will be ap p re 
ciated from F ig . 2 8 . The princ ipal difficulties 
aiising  in the production of th is  casting  a r e :__
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(1) The successful runn ing  of such a large area 
of th in  m e ta l; (2) prevention of ho t-tears, and
(3) m ain tenance of size.

F rom  a  consideration of th e  various factors 
influencing th e  choice, i t  was decided to  mould 
th e  casting  w ith the hearing  pads and the 
horizontal flange encircling th e  body face down
w ards. The p a tte rn  as placed on th e  d rag  is

F i g . 26.— C o m b i n e d  O i l - E n g i n e  B e d p l a t e  a n d  E n d  C a s i n g .

shown in F ig . 29, which a t  the  same tim e shows 
the  m ethod of ru n n in g  and ga ting  the  casting. 
The num erous small heads placed where required 
are  represen ted  by wooden blocks.

To p reven t ho t-tearing , th e  m ain cores were 
made in  such a m anner th a t  while they  were 
sufficiently robust to  w ithstand  the  action of 
the liquid m etal, they  offered little  resistance 
to  crushing by the  con tracting  casting. M eans 
were also provided whereby the  m ain  core irons 
could be readily  shattered  a t  the desired lapse 
of tim e a f te r  casting.
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An illu s tra tion  showing a  typ ica l core-iron 
assembly is seen in  F ig . 30. The cast-iron  grid- 
base into which also are  cast steel wires bent to 
follow the  ex te rna l contour of the core will be 
noted. The long cast-iron fingers p ro jecting  from 
the  grid  add ex tra  rig id ity  to  the  core w ithout 
unduly  affecting the  resistance of th e  sand shell 
to crushing. A t the  same tim e, they  provide 
a ready m eans of b reak ing  up th e  core as a

F i g . 2 7 .— I n t e r n a l  A s p e c t  o r  C a s t i n g  s h o w n  i n

whole when the  base g rid  has been sh a tte red . 
F ig. 31 shows a cross-section of a typ ical core. 
To fac ilita te  m anufactu re , th e  cen tre  is filled 
w ith clean riddled ashes which a re  removed 
a f te r  the  core is dried . I t  will be observed th a t  
the core-iron grid  is located in  th e  co re-prin t, 
and consequently does no t in te rfe re  w ith  the  
free contraction  of th e  casting . The cores a t  
the deeper sump end are  sim ilarly constructed . 
The top  cores are, however, m ade separately  
and located by p rin ts  engaging w ith  correspond
ing recesses in  th e  lower cores.

I t  will be noted  from  the  transverse sections 
in F ig . 28 th a t  the  bearing  pads are  consider-
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ably heavier th an  the walls of th e  casting , and 
consequently since, i t  is n o t possible to  add 
a  feeding head a t  these poin ts, ex te rn a l chills 
have to  be used. The soundness of th e  m ain- 
bearing bolt-holes is ensured by the  insertion 
of a mild-steel bar which is subsequently re 
moved by m achining.

Diesel Engine Crankcase

Figs. 32 and 33 a re  illu s tra tions of th e  eight- 
cylinder crankcase, while F ig . 34 is a cross-
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F i g . 29.—P a t t e r n  f o r  t h e  O i l - E n g i n e  B e d p l a t e  a s  p l a c e d  
o n  D r a g .

section. The m ain body is § in. th ick , while th e  
webs are  only 0.3 in . in  thickness. The leng th  
is over 7 f t . and th e  heigh t about 2 f t .  10 in. 
The extrem ely complicated n a tu re  of th is  casting  
will be observed, and  the  difficulties associated 
w ith the successful m anu factu re  will be ap p re
ciated. The casting  was moulded u p r ig h t as 
shown in  F ig . 34. A single dow n-runner was 
s itua ted  a t  one end, and from  i t  th ree  pa irs of 
runners were connected to  the  side walls a t  the 
bottom , middle and top  of the  casting .

The m ain cores were m ade to  possess th e  m ini-



mum resistance to  crushing, and provision was 
made th a t  they  could be easily shattered  imme
diately  a f te r  casting. A oross-section of the
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F i g . 3 0 .— C o r e - I r o n  A s s e m b l y .
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F i g . 3 1 .— M a i n  C o r e  f o r  B e d p l a t e .

m ain cores is illu s tra ted  in F ig . 35. The hori
zontal cross-section “  AB ” shows how the  su it
ably-shaped wires are located by th e  vertical 
iron casting  w ith L-shaped ends. O utside these



wires is placed the  w ire n e ttin g  which serves to 
reinforce the facing sand. W hile th e  thickness 
of the sand in these cores n a tu ra lly  varies from 
point to  point, i t  is never more th a n  2 in. In  
m aking these cores, the  cen tre  is supported  by 
riddled ashes, which are  removed a f te r  the core 
is dried.

The shaped ends of th e  castings carry ing  the  
wires are bu tted  together, as shown, so th a t  a
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I  1 6 .  d 2 .  l i lG H T -C V L I N D E K  C ltA N K C A S E  C A S T IN G .

blow delivered a t the top will readily  sh a tte r  
both cores. The actua l m oulding is ca rried  ou t 
in a perfectly  stra ig h tfo rw ard  m anner, b u t pro
vision is made th a t  the  mould can be readily  
sha tte red  and disassembled in  order th a t  i t  will 
no t in te rfe re  w ith  th e  con traction  of th e  cast
ing. As soon as the  casting  has been poured, 
two men, s ta r tin g  a t  the  end  rem ote from  the  
ru n n er, sh a tte r  the  m ain  cores by s tr ik in g  the 
cen tra l supports a t  th e  top. As soon as th is  is



151

F i g .  3 3 .— I n t e r n a l  V ie w  o f  t h e  D i e s e l -  
E n g i n e  C r a n k c a s e  C a s t i n g .
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done, th e  mould is sha tte red  and  th e  casting 
released.

Summ ary
This P ap e r may be conveniently  divided in to  

two parts . The first section deals w ith  the  
various phases of steel foundry  practice, w ith

F i g . 3 4 .— C r o s s - s e c t io n  o f  D i e s e l  
E n g i n e  C r a n k c a s e .

particu la r reference to  th in  walled steel castings. 
Each of these factors has been considered from  
a general s tandpo in t, and only th e  underly ing  
principals have been outlined.

The second p a r t  is devoted to  th e  description 
of th e  ac tua l m anufactu re  of typ ica l castings. 
The following castings a re  described: —
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(1) H orizontal tu rb in e  pump fram ing.
(2) V ertical tu rb in e  pum p fram ing.
(3) Gearcase.

r

r....... . ' '
11 . . J

S e c t io n  Thro ' A B

F i g . 3 5 .— M a in  C o r e s  f o r  C r a n k c a s e .
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(4) Nozzle segment.
(5) Combined bedplate and  end casing.
(6) Diesel engine crankcase.
The difficulties in p roduction  pecu liar to the 

various examples are  considered, and the  ex
pediences which have proved successful in over
coming them  described. W hile these descrip
tions have necessarily been brief, th e  underly ing 
reasons for the  adoption of th e  various methods 
have been in  p a rticu la r emphasised.

The authors wish to  tak e  th is oppo rtu n ity  of 
expressing th e ir  g ra titu d e  to  G. & J .  W eir, 
L im ited, and to  The E nglish  E lec tric  Company, 
L im ited, for permission to  publish photographs 
illu s tra tin g  castings of th e ir  designs. They 
also wish to  th an k  th e  various members of the  
staff of the Clyde Alloy Steel Company, L im ited , 
who have assisted in  th e  p rep a ra tio n  of th is 
Paper.
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C O M P O S I T IO N  A N D  ITS  E F F E C T  U P O N  T H E  
P R O P E R T I E S  O F  M O U L D  A N D  C O R E - S A N D  
M I X T U R E S  A T  E L E V A T E D  T E M P E R A T U R E S

By F. Hudson (Member)

In  a previous P aper*  the  au tho r gave the 
lesu lts of an investigation  in to  the  properties 
of mould and core m ateria ls a t  elevated tem pera-

T c n P g R W T U W £ , C ,

F io . 1

tu res. This P ap e r outlined in  a  general way th e  
properties which could be expected in  the  above 
m ateria ls d u ring  and a f te r  th e  casting  opera
tion , and  from th e  resu lts obtained i t  was

* “  Some Properties of Mould and Core Materials a t Elevated 
Tem peratures," included in this volume.



ap p aren t th a t  th e re  was room fo r considerable 
im provem ent.

The present P ap e r is a con tinuation  of the 
first and  takes the  investigation  a  step fa r th e r, 
ind icating  possible p rac tica l m ethods for control
ling the  properties of mould and  core m ateria ls 
a t elevated tem peratures. F rom  a study  of the

(« a  fei (i)

F io . 2.

previous results obtained i t  is obvious th a t  the  
composition of th e  mould or coresand m ix tu re  in 
service has an  im portan t bearing  upon th e  pro
perties a t  elevated tem pera tu res  as well as the 
foundry technique employed. The rem arkable 
effect, fo r exam ple, of coal-dust add itions in  
reducing expansion and p reven ting  th e  abnorm al 
increase in s tren g th  consequent on hea ting , in
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conjunction w ith an easier fe ttlin g  operation, 
undoubtedly w arran ts  fu r th e r  investigation . I t  
is considered th a t  th e  h igh-tem pera tu re  charac
teristics of m ost green sands are infinitely prefer
able to  those exhibited  by dry sand and loam, 
and th e re  is a  v ita l need for improved physical 
p roperties a t  high tem pera tu res in  these la tte r  
m aterials.

V ery o ften  the  foundrym an falls back on dry 
sand when he wishes to  be particu larly  assured of 
good results, and  w hilst the  characteristics of 
dry  sand may be excellent a t  room tem peratu re ,

157
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F i g . 3.

the  same sta tem en t by no m eans applies during  
and a f te r  the  casting  operation . I f  the  addition 
of coal dust is so effective fo r controlling the 
properties of green sand a t  elevated tem pera tu res 
i t  is  obvious th a t  its  application , or th e  applica
tion  of carbonaceous m a tte r  in  another form, 
m igh t also be advantageous to  dry-sand practice.

In  th e  steelfoundry th e  question of th e  high- 
tem p era tu re  properties of mould and core 
m ateria ls are  of particu la r im portance. From  
previous tests conducted w ith steelfoundry 
“  com po,” i t  is ev iden t th a t  th is  m ateria l is 
open to  considerable im provem ent.

In  th is p resen t P ap e r an  effort has been made 
to  ind icate  th e  effect of various additions to



mould and core m aterials w ith th e  view of o b ta in 
ing more su itable p roperties a t  elevated  tem pera
tu res. An effort has been m ade to  keep these 
additions w ithin the realm s of p ractical possi
b ility  and the  P ap e r concludes w ith  some rem arks 
affecting foundry technique in  re la tion  to  the  
m ain tren d  of the  investigation . I t  is no t pro-

T e m B E R R T U B e 'C .

F i g . 4 .

posed to  describe th e  m ethods employed fo r te s t 
purposes as these are  iden tica l to  those adopted 
for the  orig inal investigation  and  adequately 
outlined in th e  first P ap e r published. F u r th e r 
more, an effort has been m ade to  keep to  general 
rem arks covering the  trad e  as a whole ra th e r  
th an  to  deal w ith any p a rticu la r branch.

In  selecting th e  subject of th e  P a p e r  i t  was



1 59

GQ

Ü œ fl
M S  O

■s“®'
rO .
aon
Oh

g m£ .S 
Oh S
a p ^  “o œ Oh
ü  <i O

H  -Ś -S ® S o
g a-

^  aPh S «j XI

CH
a

g

i l

GO Ci «M

»O ©  ©  ©
-H ©  00  " 
©  ©  0  ••

©OHO«
T* © © ©

©  00  ©  ©  

00 l> l> l>



fe lt th a t  m a tte r of fundam enta l n a tu re  was in d i
cated, and obviously the  effect of composition is 
a  proper s ta r tin g  point. The question of density 
of ram m ing is n o t covered in th e  P ap er, as th is 
aspect is qu ite  secondary. F u rtherm ore , the 
au th o r considers th a t  any work on ram m ing 
control should he done by foundries for them -

F ig . 5.

selves, as ind iv idual practice en ta ils  such a host 
of variables which m itiga tes  th e  value of a 
general research on th e  subject. I t  is also 
problem atical as to  w hether ram m ing  control 
will ever become a scientifically-controlled opera
tion  common to  th e  whole industry , and  unless 
th is can be arranged , any work on the  sub ject is 
more or less w ithout im m ediate p rac tica l app li
cation.
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A P P E R T A IN IN G  T O  B R A SS  A N D  IRON »  
F O U N D IN G

T h e  Effect of Coal Dust Additions
In  order to  investigate  the effect of coal-dust 

additions upon the  properties of mould and core
sand m ix tures a t  elevated tem peratures, the  base 
m ix ture employed was of the  dry-sand tvpe. 
Diw sand was adopted as a base for the very

T c m p e « a t u -r e * C .

F i g . 6 .

obvious reason th a t  upon the addition  of certa in  
percentages of coal d u st i t  au tom atically  changes 
into the  green-sand class, and consequently the 
final resu lts obtained cover both types of sand.

R eference to  Table I  shows th e  sand m ixtures 
employed and th e ir  physical properties a t  atm o
spheric tem pera tu re . I t  will be observed th a t  
the investigation  covers the  properties of an 
ord inary  dry sand to  which has been added 5, 
and 10 per cent, additions of a superfine coal
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dust contain ing  around 35 per cent, volatile 
m atte r . A t atm ospheric tem p era tu re  the  effect 
of increasing additions of coal d u st upon t  e 
physical properties of th e  sand  u nder s tandard  
ram m ing conditions tends to  : —

(1) Decrease the  ap p a ren t density .
(2) Increase the  green-compression s treng th . 

(There appears to  be a ce rta in  percen tage of 
coal dust which produces optim um  green- 
compression streng th . In  th is case th e  h ighest 
streng th  value .was obtained w ith  o per cent, 
coal-dust additions, and fu r th e r  additions 
caused a sligh t reduction  in  s tren g th .)

(3) Decrease the  dried-com pression s tren g th .
(4) Decrease th e  perm eability  in  bo th  th e  

green and dried  sta te .
(5) Increase th e  percen tage loss on ign ition  

or gas evolved.

The effect of the  coal-dust add itions upon th e  
properties of the  sand m ix tu res a t  elevated 
tem pera tu res is shown in  F igs. 1, 2 and  3. Con
sidering F ig . 1 first, i t  will be noticed th a t  the  
addition  of coal d u st to  d ry  sand m ost m arkedly 
prevents th e  large  increase in  dried-com pression 
stren g th  common to  m any mould and  core com
positions. The dry-sand base m ix tu re  employed, 
relatively free from  coal dust, has a dried-com 
pression s tren g th  value of 640 lbs. p er sq. in. 
a t  900 deg. C. U pon the  add ition  of 5 per cent, 
coal dust th is  figure is reduced down to  160 lbs. 
per sq. in. and th en  subsequently down to  112 
and 54 lbs. per sq. in ., w ith  and  10 per cent, 
additions respectively.

Sim ilarly, th e  add ition  of coal dust reduces th e  
to ta l expansion of th e  sand a t  1,000 deg. C ., as 
indicated  in  F ig . 2, from  0.152 in. p er f t . down 
to  0.128 in ., and  also prom otes easier rem oval 
of th e  sand a f te r  th e  casting  operation  has been 
comDleted, as shown in  Fie:. 3.

In  view of these results, i t  is suggested th a t  
the addition  of coal dust to  dry-sand m ix tures 
will im p art superior physical p roperties to  the  
sand a t  elevated tem pera tu res . I t s  add ition  will
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preven t th e  large increase in  streng th  common 
to  m any sands when heated , and th is will un- 
donbtedlv prom ote safer casting  production. A t 
th e  same tim e, fe ttlin g  costs will be reduced con
siderably. The effect of coal dust upon th e  ex
pansion of. mould and core m ateria ls is perhaps 
d isappoin ting , and its action in decreasing the

F i g . 7.

perm eability , in  conjunction w ith  an increase in 
gas evolution, w arran ts  care being tak en  in th is 
d irection . In  an a ttem p t to  overcome these 
la t te r  deficiencies fu r th e r  additions were tried , 
and th e  most likely appeared to  be sawdust.

Effect of Sawdust Additions
The te s ts  previously described were repeated , 

su b s titu tin g  saw dust for th e  coal dust, and the
g2
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properties a t  atm ospheric tem p era tu re  of the  
m ixtures produced are  shown in Table I I .  I t  
will be observed th a t  the  effect of saw dust upon 
a dry-sand m ix tu re  under constan t ram m ing con
ditions causes: —

(1) L arge decrease in  a p p a ren t density.
(2) Decreases the  green compression streng th .
(3) L arge decrease in d ried  compression 

strength .

F io . 8.

(4) Increases the  perm eability  in  both  the  
green and dried sta te .

(5) Increases the  percentage loss on ign ition  
or gas evolved.
The ou tstand ing  characteristics in the  saw

dust-bearing sand over the  coal-dust additions, 
so fa r  as the  properties a t  atm ospheric tem pera-
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tu res are  concerned, appear to  be connected w ith 
dried compression stren g th  and perm eability . 
The add ition  of saw dust causes a m uch la rger 
decrease in  the  dried  s tren g th  th a n  when coal 
dust is used, b u t produces a m uch more per
meable sand. In  view of th e  effect of saw dust 
in causing excessive reduction  in  d ried  streng th , 
it is obvious th a t  th is  aspect m ust receive 
fu r th e r  consideration which led to  th e  investi
gation  of a second series of saw dust-bearing 
sands contain ing  ex tra  bond. The m ix tu res  and  
properties of th is  second series are  also ind icated  
in Table I I .  I t  will be observed th a t  th e  in 
crease in perm eability  is m ain ta ined  in  th e  dried  
sta te , although the  green perm eability  value has 
been decreased, due to  the  add itional bond. In  
th is respect i t  is in te resting  to  note th a t , in 
connection w ith  m ix tu re  No. 11 co n ta in ing  7 \ 
per cent, fine saw dust, w hilst th e  green per
m eability num ber was only 34 A .F .A ., i t  in 
creased to  119 on drying.

The effect of saw dust additions in  respect to  
the  properties a t  elevated  tem p era tu res  are  
shown for th e  first series in  F igs. 4, 5 and  6, 
and for th e  second series in  F igs. 7, 8 and  6.

I t  will be observed th a t  th e  additions of saw
dust act in a sim ilar m anner to  coal dust, p re 
venting the  large increase in  s tren g th  on h ea t
ing, and prom ote easier rem oval of th e  sand 
afte r casting. The most rem arkab le  effect, how
ever, is in  connection w ith  th e  problem of ex
pansion. In  th is respect saw dust has a much 
g rea te r action th a n  coal dust, as i t  reduced the 
am ount of expansion in Series No. 1 from 
0.150 in. per f t .  a t  1,000 deg. C., progressively 
down to  an actua l con traction  of 0.032 in . per 
f t . w ith  the  10 per cent, add ition . Even in 
Series No. 2, using the  more heavily-bonded sand, 
th e  reduction  in  expansion was m ost m arked.

I t  can consequently be concluded th a t  saw dust 
additions im p art b e tte r  h igh -tem pera tu re  
characteristics to  mould and core m ate ria ls  th a n  
does coal dust. In  fac t, m ix tu re  No. 11 has a 
particu larly  good range of p roperties both  a t
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atm ospheric and elevated tem pera tu res , and is 
very suitable fo r casting  production in  dry-sand 
moulds. Moulds made in  such a  sand will defi
n itely  tend  to  p reven t the  form ation  of buckles 
and surface scabs, m inim ise th e  tendency for 
cracked castings, and in h e ren t s tra in , and also 
give extrem ely easy fe ttlin g  conditions.

F u r th e r  to the  effect of coal-dust and saw dust 
additions upon the  p roperties of mould and  core 
m aterials a t  elevated  tem pera tu res , o ther 
m aterials were tr ie d  w ith  en tire ly  negative 
results. F o r exam ple, th e  add ition  of blacking 
or crushed coke had  no effect on any  of th e  pro-

1G8

F i g . 1 0 . — S e c t i o n a l  D r a w i n g  o r  E x p e r i 

m e n t a l  C a s t i n g  u s e d  t o  d e t e r m i n e  
t h e  S u s c e p t i b i l i t y  o f  v a r i o u s  S a n d  

M i x t u r e s  t o  p r o d u c e  B u c k l e s .

perties a t  high tem pera tu res. The presence of 
volatile m a tte r  in  th e  add ition  appears to  be 
essential fo r the  resu lts obtained in  th is  P ap e r, 
and a p a r t from  those additions investiga ted  th e  
only o thers likely to  ac t in  a  sim ilar capacity  are  
horse m anure, pitch, oil and cereal b inders, etc. 
The effect of blacking additions a re  ind ica ted  by 
m ix ture  No 16 (see Table IV  and  F igs. 12, 13 
and 14). A t th e  p resen t stage  of th is  investiga
tion  th e  au th o r cannot give any logical exp lana
tion  as to  th e  reason for th e  effect of volatile 
m a tte r  in the direction  sta ted .
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The add ition  of saw dust to  dry sand has long 
been a  stan d ard  practice in  m any foundries, bu t 
its action has never been fully understood and

A B
F i g .  1 1 .— I l l u s t r a t i n g  t h e  E f f e c t  o f  u s i n g  

a  S a n d  h a v i n g  S a t i s f a c t o r y  P r o p e r t i e s  
a t  E l e v a t e d  T e m p e r a t u r e s  (A), a g a i n s t  
M a t e r i a l  w h i c h  h a s  U n s u i t a b l e  H i g h -  
T e m p e r a t u r e  C h a r a c t e r i s t i c s  ( B ) ,  f o r  
E l i m i n a t i n g  S a n d  B u c k l e s  o n  “  D u m b  
S c a b s . ”



it is hoped th a t  the  foregoing rem arks may help 
to  su bstan tia te  the value of th is  m ateria l as an 
addition  to  mould and coresand m ix tures. There 
is no doubt whatsoever th a t  as a preventive of 
buckles and surface scabs th e  use of saw dust is 
extrem ely beneficial. The au th o r has contended 
for some tim e th a t  these defects a re  essentially  
associated w ith  the question of sand  expansion, 
and a  few rem arks upon th is  question m ay be of 
in terest. In  th e  first case, from  personal obser
vation  i t  has been noticed th a t  these defects are  
most common when th e  following factors 
app ly : —

(1) Im p ingem en t of m eta l upon a localised area 
of m ould or core.—In  m any instances, castings 
have to  be made when the position of th e  ru n n e r  
is such as unavoidably to  produce the  above con
dition. The likelihood of defects being produced 
is aggravated  when the  area' exposed to  th e  action 
rem ains uncovered by th e  rising  m eta l in  th e  
mould un til a la te  stage in the  pouring  opera
tion . Furtherm ore , th e  h igher th e  casting  tem 
p era tu re  the  g rea te r the  risk.

(2) The design of the casting .—If  th e  factors 
as outlined above a re  associated w ith  m ould and 
core designs leading to  a convex surface, th e  
chance of producing sand buckles is still fu r th e r  
increased. Large rec tan g u la r mould and  core 
surfaces a re  also m ost susceptible. I n  th e  case 
of long narrow  surfaces such as arise in  th e  p ro
duction of columns, e tc ., th e  defects m ay occur 
along th e  casting  length  as shown in  F ig . 9, 
whilst on broader sections th e  defect m ig h t pos
sibly occur a t  the  corners, or a t  such points 
where opposing expansion stresses m eet.

In  order to  prove th a t  sand expansion has an 
im portan t bearing  upon th e  production  of the 
defects under review, experim ental castings were 
made as shown in  F ig . 10, inco rpora ting  a dry- 
sand core having a convex surface. F u rth e rm o re , 
in order to  ensure the  w orst possible conditions 
the  ru n n e r was allowed to  im pinge upon the  
centre of th e  core’s convex surface and  the  
pouring  tem p era tu re  was k ep t as high as pos-

170
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sible—between 1,350 and 1,400 deg. C. In  each 
mould the  sand used for m aking the core varied, 
and the  ex ten t of the  defects produced noted 
and recorded as shown in Table I I I .  Those 
sands having a high coefficient of expansion, and 
which increased in s tren g th  on heating , buckled 
under the  ru nner in every case, although the 
physical properties a t  atm ospheric tem pera tu re  
were perfectly  safe for casting  production. 
F ig . 11 illu stra tes a  comparison between test 
castings, showing in  one case th e  core badly 
buckled under th e  runner, aga in s t a sound cast
ing obtained by th e  use of a core sand having 
suitable h igh-tem perature  characteristics.

M any practica l men a ttr ib u te  the  cause of such 
defects as these to  lack of perm eability , moulds 
im properly dried , e tc ., and i t  is in teresting  to 
com pare sands A and B in  Table I I I  in connec
tion  w ith  th e  effect of perm eability . I t  will be 
observed th a t  sand B has a perm eability  figure 
of 177, which is h igh for ironfoundry practice, 
yet i t  scabbed ju s t  as badly as sand A w ith a 
perm eability  num ber of 87. In  regard  to  the 
o ther factors common to  the  production of 
moulds, i t  m igh t be m entioned th a t  in  th is  series 
of tes ts  th e re  was no doubt whatsoever abou t all 
th e  cores being dry, and, in regard  to  the  ques
tion  of ram m ing, i t  was found th a t  in  those 
sands susceptible to  scabbing various ram m ing 
densities d id  not remove the  trouble.

I t  is also in te resting  to  note th e  results 
obtained w ith  sand C contain ing about 4^ per 
cent, coal dust. This sand probably scabbed due 
to  not enough coal dust being p resen t to  give 
the requisite h igh-tem perature characteristics 
required by the conditions of tes t, although when 
71 per cent, coal d u st was added satisfactory 
resu lts were obtained. I t  is contended th a t  the 
cause of surface scabs or buckles is due to  the 
combined effects of expansion and increase of 
sand s tren g th  on heating , and any fac to r reduc
ing e ith e r p roperty  will ten d  to  elim inate the 
trouble. Complete prevention will u ltim ately  
depend principally  on the  design of casting, its
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size, the position of the  runners, pouring  speed 
and the  type of m etal employed, and  to  ensure 
positive resu lts the  sand expansion m ust be 
reduced to  an absolute m inim um , w hilst the  com
pression stren g th  a t  high tem pera tu res  m ust be 
the same or slightly lower th a n  a t  atm ospheric 
tem pera tu re . F or steel-casting production  the 
above sta tem en t is of p a rtic u la r  im portance, b u t 
some la titu d e  can no doubt be allowed in  the  case 
of cast iron. In  regard  to  oil sand H , although 
th is sand has a fa irly  high degree of expansion, 
there  is no increase of s tren g th  on hea ting , and 
consequently less chance of localised stresses 
being produced leading to  fra c tu re  o r buckling 
of the  sand surface. On the  o ther hand , there  
is a definite possibility of th a t  portion  of th e  oil- 
sand core underneath  the  ru n n e r being washed 
away by the  m etal, due to  too rap id  a  s tren g th  
decrease, and th is m ust not be confused w ith  
th e  defects under review. In  th is p a rticu la r 
case, the oil-sand m ix tu re  contained a  consider
able percentage of clay bond to  m inim ise tho  
decrease in  stren g th  consequent on hea tin g  and 
to p reven t undue erosion by th e  m etal stream .

A P P E R T A IN IN G  T O  S T E E L  F O U N D IN G

The P ap e r up to  th is  po in t has d ea lt m ainly
w ith sands commonly used fo r th e  production  
of iron castings, b u t before concluding i t  would 
be advisable to  comm ent upon th e  position in 
the steelfoundry. In  th e  previous P ap er*  pub
lished by the au th o r some tes ts  were conducted 
a t  elevated tem pera tu res  upon steelfoundry  
“ compo,” and  th e  resu lts obtained were fa r  from  
satisfactory . Consequently an a tte m p t has been 
made to  produce a superior m ate ria l, using 
crushed old firebricks as a base. This m ateria l 
was selected in  view of its low in itia l expansion 
on heating , and also because i t  is fa irly  read ily  
obtainable in  m ost foundries. V arious additions 
were made to  th is base and m oulding composi
tions produced having properties a t  atm ospheric

* “  Some Properties of Mould and Core M aterials a t Elevated 
Tem peratures,” F o u n d r y  T r a d e  J o u r n a l ,  December, 5 ,  1 9 3 5 .
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tem pera tu re , shown in Table IV , w hilst F igs. 12, 
13 and 14 give some indication  of th e  character
istics a t  elevated tem pera tu res. The resu lt of 
th e  research  eventually  produced m ixtures 
Nos. 18 and 19, which th e  au th o r considers have 
nearly  ideal properties for casting  production.

I t  will be observed th a t  the effect of h ea t on 
m ix tu re  No. 18 resu lts in practically  no expan
sion, slight decrease in s tren g th , and an ex
trem ely easy fe ttlin g  operation . M ix tures 
Nos. 18 and  19 have been most thoroughly  tes ted  
o u t in  th e  ironfoundry  under all conditions, 
with extrem ely satisfactory  results, and  a t 
present m ix ture  No. 18 is being tr ied  o u t for 
steel-casting production. A t th e  tim e of w riting  
these tests are no t completed, b u t no doubt some 
fu r th e r inform ation will be available when the 
P aper comes up  for discussion. So fa r  as on* 
can see, however, m ix tu re  No. 18 should be par
ticu larly  su ited  fo r th e  production  of steel cast
ings and superior to  m any of th e  m oulding com
positions a t  present in  service. Table V sum 
marises the  m ain properties a t  e levated  tem pera
tu res  of th e  various m ixtures covered by th is 
Paper.

A P P E R T A IN IN G  T O  F O U N D IN G  IN G E N E R A L

P erm eab ility  and Mould and C o re  P ro tective  
Coatings

No investigations have been conducted re la 
tive to the  effect of elevated tem p era tu res  upon 
th e  perm eability  of th e  various m ix tu res covered 
in  th is  P ap er in  view of previous resu lts 
obtained. In  the  first Paper*  published i t  was 
clearly shown th a t  th e  action of h ea t had  very 
little  effect upon th e  tru e  perm eability  of mould 
and core compositions, and th e  a p p a re n t reduc
tion  in perm eability  was m ainly due to  th e  ex 
pansion of a ir  inside th e  mould. The release of 
in te rn a l mould pressures caused by th is  fac to r is 
probably best catered  for a t  the  p resen t tim e by 
suitably-placed risers and o ther artific ia l vents. 
This sta tem en t is made in  view of the  paucity  of

* Loc. cit.
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reliable inform ation  available relative to  the  
action of protective washes employed in  the  pro
duction  of castings in dry-sand moulds. There is 
a wide field of research open in th is direction, 
and from  investigations conducted by th e  w riter 
it  is indicated  th a t  th e  m ajo rity  of foundrym en 
completely spoil the  advantages likely to be

'C.
F ig . 12.

gained from the  use of perm eable sands by effec
tively sealing surface perm eability  th rough  the 
use of unsu itab le  mould washes.

A ctual te s ts  conducted upon th is  problem are 
given in  Table V I, from  which i t  will be ob
served th a t  th e  most commonly used protective 
wash, made from clay-water, blacking and core 
gum, reduces the  effective mould or core perm e
ab ility  from  an A .F .A . num ber of 84 down to 29.



1 78

This is by no means an exceptional resu lt, as even 
lower values have been obtained. In  one instance 
the au th o r found a  reduction  in perm eability  
from 85 down to  4.

The subject of th is  P a p e r  does no t perm it 
fu r th e r  discussion of th is  aspect, b u t perhaps 
these few rem arks will provide sufficient excuse

o. ra. a,.
rONTRRCTIOM-, 1 »EXPANSION QN g ‘ (N O-QQl - . r« t r .

F i g . 13 .

for the  sta tem en t re lative to  th e  provision of 
adequate  risers and artificial vents. I f  th e  full 
advantages of th is P ap e r are  to  be u tilised , em 
bracing as i t  does the  add ition  of gas-producing 
elem ents to  dry-sand com positions, i t  is m ost 
im p o rtan t to  employ a wash which does no t 
reduce the  surface perm eability  of mould and 
cores. The elim ination  of th e  clay in  th e  protec-
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tive wash, and  its  substitu tion  by a  liquid or oil 
binder in  conjunction  w ith the use of the  th innest 
possible coat, resu lts in th e  desired results being 
obtained, as ind icated  in  Table V I.

In  all th e  p ractical results conducted in con
nection w ith  th is  present work th e  special sand

TEMT»e.WRTUKe. °C .

F i g . 14.

m ix tures having satisfactory  h igh-tem perature  
p roperties were protected  w ith washes which did 
not appreciably reduce th e ir  surface perm ea
b ility . As a m a tte r  of in te re st i t  m igh t be per
t in e n t to  m ention  th a t  from  th e  results so fa r  
obtained i t  has been found th a t  a sand having an 
A .F.A . perm eability  num ber not under 100, 
together w ith  a  loss on ign ition  not exceeding 
10 per cen t., will no t “ blow ”  when handled with
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normal foundry technique, even for th e  la rgest 
dry-sand castings.

In  conclusion, one final word of w arning in  con
nection w ith th e  use of mould and core washes 
a p a rt from th e ir  effect on perm eability . I t  will 
no doubt be appreciated  th a t  i t  is no good 
developing a mould or coresand m ix tu re  having 
satisfactory  characteristics a t  elevated tem pera
tu re s  unless th e  protective wash has sim ilar p ro
perties. The usual wash composed of blacking 
plus clay-w ater, w ith  or w ithou t the  add ition  of 
a litt le  core gum, etc ., may be unsu itab le  for
service w ith sands having a low expansion, as
the wash may have a much g rea te r expansion 
th an  the  sand, and flaking is th en  liable to  occur. 
Satisfactory  mould and core washes to  operate  
w ith th e  m ixtures ou tlined  in  th is  P ap e r m ust 
be, as previously m entioned, free from  clay, and 
be composed preferably  of a liquid  or oil b inder 
plus blacking, silica flour or any o ther p ro tective 
medium employed. Such a  m ix tu re  has high- 
tem pera tu re  properties more approaching  the
base sands, has g rea te r cohesion in  th e  d ried  
sta te , and does n o t ten d  to  reduce the
perm eability  so m uch as clay-bearing coatings.

The au th o r desires to  express his th an k s to  th e  
d irectors of Messrs. Glenfield & K ennedy, 
L im ited, and M r. H . G ardner for perm ission to 
publish these results, and also to  M r. Law rie, M r. 
R. F . H udson, and M r. F . McCulloch for th e  
valuable assistance received in  conducting  the 
various investigations in  the  foundry  and 
laboratory.

Sum m ary
The m ain points b rough t o u t by th is  investiga

tion  can be sum m arised as follow : —
(1) M any of th e  mould and core compositions 

used in  the  foundry  trad e  have unsu itab le  pro
perties a t  elevated tem pera tu res.

(2) These unsu itab le  p roperties are  charac
terised  b y :— (a) Excessive expansion and  (b) 
large increase in stren g th  both on hea ting  and 
cooling.
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(3) Such properties are  d e trim en ta l to  the pro
duction  of sound castings as they  cause : — («) 
Surface “ sc a b s”  and sand “ b u c k le s” ; (b) 
cracks, s tra in s  and  in h e ren t stresses; (c) ho t tears 
and  “  pu lls,”  and  (d) dim ensional inaccuracies 
between casting  and  p a tte rn .

182

Temperature bQ

F i b . 15 .

(4) By th e  use of su itab le  sand m ix tu res  the  
th ree  po in ts s ta ted  above can be corrected . The 
results obtained ind icate  th a t  a c e r ta in  coal- 
du s t add ition  im parts th e  necessary properties a t  
elevated tem p era tu re  to  green sand. Saw dust 
additions a re  most satisfac to ry  fo r d ry  sand  and 
loam. In  th e  case of brass and iron foundry  prac
tice  the  above add itions can be m ade to  the ex is t
ing base sand providing i t  has a su itab le  degree
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of perm eability  and  is controlled by ro u tine  sand 
tests. The use of syn thetic  clay and  liquid 
binders a re  strongly advised as a m eans fo r assist
ing  control. Oil sand is also capable of giving 
good service when casting  design perm its. In  
connection w ith steelfoundry  practice  the 
above also applies, excep t i t  is preferab le  to

E x p a n s io n  q n E ' in  O-QQl In c h e s .

F i g . 16.

use a  syn thetic  sand m ade from  crushed old fire
bricks in  o rder to  ob tain  th e  m axim um  satisfac
tory  characteristics a t  e levated  tem pera tu res . 
The use of th is la t te r  sand  m ay also be of value 
for large iron castings when design or m anufac
tu r in g  methods w a rran t its  use. The P a p e r  also 
indicates the  effect of o ther m ateria ls  which can 
be a lternative ly  added to  prom ote b e tte r  p roper
ties a t  elevated tem pera tu res.
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(5) To/ obtain  the  full benefits of these special 
m ixtures the  p rotective wash used m ust have 
sim ilar properties a t  e levated  tem pera tu res  as 
the base sand. The m ajo rity  of p rotective coat
ings a t  present in service a re  n o t satisfactory  
and i t  is considered th a t  a  simple m ix tu re  of 
some liquid or oil b inder plus blacking, e tc ., is 
preferable to washes con ta in ing  clay.

(6) In  regard  to  perm eability  of the  sand, th is  
is indirectly  affected by th e  action  of h ea t, due 
to  the  expansion of a ir  inside th e  m ould, and  the  
pressure so generated  is best relieved by adequate  
risers and artificial vents. A t th e  same tim e  i t  is 
advisable to  use perm eable sands, provided the  
protective coating employed does n o t reduce the  
perm eability to  any appreciable ex ten t.

(7) The results obtained ind ica te  th e  need of 
fu r th e r research in a t  least two d ire c tio n s :— (a) 
Effect of composition on th e  properties of oil- 
sand m ix tures a t  e levated  te m p e ra tu re s ; (6.) 
effect of composition on the  p roperties of m ould 
and core protective washes a t  atm ospheric and 
elevated tem peratu res.

A P P E N D IX

Effect of C lay  A dd itions upon the P ro p e rtie s  of 
O il Sand at E levated  T e m p e ra tu re s

Since these experim ents were m ade, fu r th e r  
tests have been completed on th e  effect of clay 
additions upon the  properties of oil sand  a t  
elevated tem pera tu res, and in  view of th e  in 
te resting  resu lts obtained i t  was decided to  offer 
them  as an appendix.

Table V II  indicates the sand m ix tu res em 
ployed and th e ir  respective properties a t  atm o
spheric tem pera tu res.

Figs. 15, 16 and  17 show th e  resu lts obtained 
a t  elevated tem pera tu res and Table V I I I  gives a 
sum m ary of the  m ore im p o rtan t p roperties as a 
con tinuation  of Table V. P e rh ap s th e  m ost 
s trik ing  po in t of in te re s t is in  connection w ith 
the  effect of clay upon the  expansion of oil sand. 
In  m any instances i t  has been found necessary in 
practice to  incorporate a ce rta in  percen tage of



cla)r o r bonded sand in oil-sand m ixtures for 
reasons connected w ith the type of castings being 
made and  o ther production requirem ents. I t  will 
be observed th a t  th e  s tra ig h t sea sand-oil m ix ture  
has quite  a low expansion on heating , b u t th is  is 
most m arkedly increased by th e  addition  of clay. 
The reason for th is  is quite  obviously connected

T e m P E R H T uRC *C .

F i g . 17.

w ith th e  fac t th a t  a sand having its grains 
bonded w ith oil alone is unstable a t  high tem 
peratures, and i t  is highly probable th a t  the re
moval, or p a rtia l removal, of the  organic bond 
will cause a  contraction  to offset the  expansion of 
th e  silica g ra in s themselves. The addition  of 
clay will tend  to  p reven t th is  contraction  tak ing  
place and the  expansion of each g ra in  of sand
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will consequently be tran sm itted  to  th e  whole 
mass.

The effect of clay additions upon th e  compres
sion s tren g th , both a t  tem p era tu re  and  on cool
ing from  tem pera tu re , a re  of in te re s t in  con
sideration  w ith the  o ther da ta  g iven. Probably 
the  po in t of most value shown by these la te r  te s ts  
is the  omission by the  au th o r to  include th e  effect 
of clay, as applied to  o rd inary  mould an d  core 
compositions, in  th is  P ap er. As is usually  the

T a b l e  VIII.—Summary of the More Important Properties 
at Elevated Temperatures in Connection with the 
Effect of Clay Additions to Oil Sand.

Mixture No.

Total 
expansion 
per ft. on 
heating to 

1,000 deg. C.

Max.
compression

strength
obtained.

In. Per
cent.

A.F.A. 
lbs. per 
sq. in.

Temp, 
deg. C.

20 Oil sand
21 Oil sand—

0.040 0.33 1,232.0 20

1 per cent, clay 
22 Oil sand—

0.074 0.615 488.0 20

2 per cent, clay 
23 Oil sand—

0.135 1.125 524.0 20

3 per cent, clay 0.147 1.225 307.2 20

case, one is a p t to  overlook th e  obvious, b u t th is  
po in t is well w orthy of a tte n tio n . H owever, th e re  
is no doubt th a t  th e  te x t of th is  P a p e r  will 
receive g rea te r fu tu re  consideration by all those 
who investiga te  and  study  the  sub jec t of foundry  
sands, and the  au th o r confidently looks forw ard 
to no t only seeing confirm ation of these resu lts , 
b u t also to  th e  correction of any omissions th ere  
may be.

D IS C U S S IO N

Mb. H u d s o n , in  a  few in troduc to ry  rem arks, 
explained th a t  the  p rac tica l tr ia l  of sands 18
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and  19 fo r th e  production of steel casting  had 
shown considerable promise. Through th e  
courtesy of M r. J .  C urrie  and th e  C arn tyne Steel 
C astings Company, L im ited, m ix tu re  18 had  been 
tr ie d  out on a small scale and th e  following re
port h ad  been received : —

“  The conclusion to  be draw n from  these 
te s ts  would seem to  be th a t  th e  sand is su it
able fo r steel m oulding, hav ing  definitely im
proved properties over o rd inary  m oulding sand 
for th e  prevention of hot cracks or tears, etc., 
b u t fu r th e r  work will have to  be carried  out 
in order to  produce a surface skin  satisfactory  
fo r commercial p rac tice .”

I t  should be appreciated  th a t  sand No. 18 was 
very open and inclined to  he of a coarse grain  
like “  compo,”  and  th is  did not assist the  pro
duction of a  good casting  finish. The protective 
wash used was silica-molasses. H e expressly de
sired th is  sand to  be tested  first in  view of i t '  
contain ing  a fa irly  large percentage of organic 
m a tte r  in  order to  see if  any “  blowing ”  oc
curred . No d istu rbance of any k ind  was appar
en t du rin g  th e  pouring  operations, so i t  was 
decided to  conduct fu r th e r  practical tes ts  w ith 
the less perm eable sand, No. 19. These tests 
were carried  o u t th rough  th e  courtesy of M r. J .  
M. Menzies of th e  N orth  B ritish  Steel Company, 
L im ited , and  th e  finish on th e  castings produced 
was considerably im proved. H e had  a photo
g raph  (F ig . 18) of one of the  te s t castings m ade, 
a ha lf diesel-engine bearing , a f te r  sand b lasting  
only, and  i t  would be agreed th a t  th e  finish was 
w ith in  comm ercial practice. I n  fac t, he did 
no t th in k  i t  would be presum ptuous to  say th a t  
he had seen steel castings produced w ith  a worse 
finish th a n  th is. I t  m ight be poin ted  out th a t  
the section of the  casting  was from  2 to  21 in ., 
and th e  p rotective wash was th e  norm al one used 
in th e  foundry  referred  to . The mould cast per
fectly quietly. I t  m ight also he of in te rest to
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m ention th a t  the steel in  th is  la t te r  te s t was 
converter steel, w hilst th e  first was from  the 
open-hearth furnace.

I t  was proposed to  conduct fu r th e r  tests in 
connection w ith steel casting  finishes, particu larly  
tak in g  in to  account the  p a r t  played by protective 
washes as well as the  sand employed, b u t from  
these few rem arks i t  was ev iden t th a t  the  find
ings in the P ap e r could be applied to  th e  produc
tion  of steel castings. In  connection w ith  th e  ques
tion  of protective washes he would like to  m ake i t  
quite clear th a t  any general rem arks he had m ade 
in th e  pre-p rin ted  P a p e r were no t in tended  
to  apply to the steel-founder. M r. H udson, in 
conclusion, expressed his th an k s to  the  C arn tyne  
Steel C astings Company and th e  N o rth  B ritish  
Steel Company, for th e ir  co-operation.

Saw-dust and H o rse  M anure
M r . J .  J .  M c C l e l l a n d  said he would like to  

complim ent M r. H udson on his P ap e r. I t  a p 
peared to  be a very in te re s tin g  and  useful one, 
b u t he would like to  tak e  some exception to  th e  
au th o r’s rem arks upon th e  sub ject of th e  use 
of saw -dust. M r. H udson had  s ta ted  th a t  th e  
add ition  of saw -dust to  d ry  sand had  long been 
a s tan d a rd  practice, b u t its  action  had  never 
been fully understood. The speaker could hard ly  
agree w ith th a t  sta tem en t. W hilst th e re  m igh t 
be some volatile influence from  saw -dust, i t  had  
nearly  always been his experience th a t  saw -dust 
had no t been used for its  volatile p roperties 
particu larly , b u t moi-e from  the  perm eability  
point of view. M r. H udson had  also said horse 
m anure could be used, b u t, in  these days of 
increased m echanical tra n sp o rt horse m anure  was 
g e ttin g  ra th e r  scarce, and he would like to  ask 
if M r. H udson had  ever known of fine chopped 
straw  or hay being used in  localities where horse 
m anure and even saw -dust were unobtainab le . 
H e would also like to  ask M r. H udson if  the  
add ition  of blacking as a m ix tu re  in  th e  sand, 
in addition  to  coal-dust, was beneficial in special 
cases.
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Mk. H u d so n , in replv, thanked  Mr. McClelland 
for his rem arks. He agreed th a t  saw-dust had 
a very definite action in regard  to  perm eability 
bu t he did no t m ention th a t  fac t in view of 
the ti tle  of the  P aper. The effect of saw-dust 
on perm eability , according to M r. M cClelland’s

IK 
'if 
«
of F ig . 18.
as
■k 
'd

argum ent, m ight not apply a t  high tem perature . 
H e had also heard  of chopped straw  and hay 
being used, bu t th a t  of course was sim ilar, in 
his m ind, to  saw -dust or m anure. H e did not 
th ink  the  passage of tim e would cause us to 
be bothered by the absence of horse m anure, 
because one m ight use, for instance, old rubber
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ty res in  certa in  applications. In  regard  to 
blacking, he had  seen m any m ix tu res used em
bodying a certa in  am ount of blacking in  con
junction  w ith coal-dust, and he th o u g h t i t  had  
definitely beneficial effects fo r castings of certa in  
types, b u t for the  average engineering  founder 
he failed to  see its  fu ll advan tage . F o r  o rn a 
m ental work, i t  probably had a g re a t advantage, 
and even fo r very heavy castings in  as much 
as the presence of the  blacking definitely p re 
vented fusion of the  sand and  increased its  
refrac to ry  property . H is own opinion, however, 
was th a t  i t  was no t necessary in  a properly 
balanced sand m ix ture .

Exp erim en tal Methods Q u eried

M r. A. S u t c l i f f e  said, in  reference to  
Figs. 9 and 11, th a t  he th o u g h t i t  would 
be impossible to  m ake such castings. A m oulder 
receiving a job sim ilar to F ig . 10 would im agine 
the  forem an had  “ gone m ad .”  H e asked 
w hether th e  core for th is  casting  h ad  been 
vented from  th e  bottom , since th is  only was 
necessary as i t  was a  d ry  sand  core. H e sug
gested th a t  th e  ru n n e r was too  small and  had 
b u rn t the  core where th e  surface was shown to  
be rough. H e inquired  w hether th e  risers were 
“ closed ”  o r “  open ” d u rin g  casting . H e 
queried the  desirability  of hav ing  one ru n n e r 
only of f  in. d iam eter and  two f  in . uncovered 
risers, wrongly s itua ted . The job, he said, could 
have been cast green  w ith  a  d ifferen t system 
of ru nn ing  and th e  prac tica l m an a ttr ib u te d  
th e  cause of such defects as were experienced 
to  poor ru nn ing  conditions. R efe rr in g  to  coal- 
dust in sand, he expressed the  opinion th a t  the  
whole question was best le f t to  th e  p rac tica l 
forem an, and th a t  th e  tendency was tow ards 
obsolescence in  com pany w ith  such th in g s  as 
road sand, sta le  beer and horse m anure . F or 
castings up to  1 ton  in w eight they  could be 
moulded in  green sand con ta in ing  no coal-dust 
and they  could be cast the  same day. The 
resu lting  castings would be greyer th a n  usual,



but personally he p referred  th a t  type of finish 
to a m irro r one as denoting improved in ternal 
soundness. Mr. Sutcliffe suggested th a t  such 
oastings as ta n k  p lates twelve feet long hy 
six feet wide having a f  in. thickness of m etal 
and g u tte rs  up to  tw enty foot long, two inches 
wide and eigh t to  ten  inches deep carry ing  a 
half-inch section of m etal, moulded in green 
sand and cast th e  same day constitu ted  the  best 
tes t fo r sand. F inally , he asked if camel ha ir 
brushes did not rap id ly  deterio ra te  when used 
w ith oil in w et blacking.

M r . H u d s o n , in replying, said in  regard  to 
F ig . 10 th a t  he was sorry th a t  M r. Sutcliffe 
had not had an opportun ity  of making these 
castings, because then  he m ight no t have been 
so keen on saying th a t he did no t know how 
the defects were produced. M r. H udson ad
m itted  he had  picked the  w orst examples he 
could find to  illu s tra te  the  P aper. .

Too Many Variables
M r. R o b e r t  B a l l a n t in e  said Mr. Hudson was 

to be congratu lated  once more on his very fine 
work on sands. H e had the feeling, however, 
th a t  M r. H udson was moving somewhat rapidly 
in his deductions, and consequently he would 
ra th e r see w hat he m ight describe as established 
fundam entals in sand practice before elaborating 
on the  results of innum erable tests. H e 
though t the  definition “  floor sand ”  was not 
convincing, and when one bore in  m ind th a t, 
in various m ixtures, close on 70 per cent, was 
used, one na tu ra lly  asked w hat the  composition 
was. A nother po in t was th a t  he could no t feel 
too happy on th is jugg ling  w ith the  m oisture 
content. The range, from  traces to 18.4 per 
cent., did  n o t im press him . I f  convincing d a ta  
were th e ir  aim , then  they could only build from 
a sure foundation  by elim inating  the  variables 
one a t  a tim e. H e readily  agreed th a t  the  sub
jec t of th e  P ap er caused some concern, b u t a t 
the same tim e the  problem was no t a m ajor 
one in the  production of good castings.
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Ingot Mould P ractice

H e was sorry th a t  M r. H udson had thought 
fit to include coal-dust, saw -dust, horse m anure, 
etc., in tests, because i t  appeared  to  him  th a t 
th is was a re trog rade  step. F o r some consider
able period he had observed th e  resu lts in  the  
production of thousands of tons of flawless ingot 
mould castings, rang ing  from  2 to  40 tons in  
w eight, all m ade in  d ry  sand. The m eta l th ick 
ness ranged from 3 inches to  16 inches, and 
there were m any designs. The core sand was 
stric tly  controlled in  a m odern p lan t, good- 
quality  Scottish ro tten-rock  sand was th e  basis, 
and a ra tio  of five reclaim ed core sand to  one of 
new was used. The fines were rem oved, th e  
m illing tim e was five m inutes, and  m oisture 
content was controlled a t  6 per cent. N o th ing  
else was added except ashes in  th e  cen tre . I n 
te rna l core barrels were n e ith e r used, nor was 
sprigging allowed, and only a m inim um  of ho ri
zontal g ra tings of very lig h t section was in 
cluded. Two types of cores m igh t be quoted, 
nam ely : (1) a duodecagonal fluted core, s tand ing  
11 f t .  6 in. h igh, top  heavy a t  3 f t .  2 in. 
diam eter tap e rin g  to  2 f t . 9 in . a t  th e  b o tto m ; 
the approxim ate w eight of sand in  th e  green 
s ta te  was 3 tons 5 cwts. and  th is  had  to  stand  
up to  a 26-ton c a s tin g ; (2) a rec tan g u la r core 9 
ft . h igh, top  heavy a t  5 f t .  6 in . by 3 f t .  6 in . 
as aga in s t a bottom  size of 5 f t .  5 in . by 2 f t . 
10 in s . ; th e  sand w eight in  th e  green s ta te  was 
3 tons 15 cwts. and produced a 34-ton casting . 
In  finishing, th e  blackwash was liberally  applied , 
fully one-sixteenth of an inch. Thick clay was 
dried  and m echanically pulverised, and  then  
added in  powdered form  to  th e  m ix tu re . By 
these methods consistency was assured, and scab
bing of the  cores was p ractically  unknow n. M r. 
H udson had  assured them  in  reference to  F ig . 10 
th a t  there  was no question w hatever abou t the  
cores being dried , b u t had  he considered the  
effect of overdrying on moulds and  cores? The 
exam ple in  th is instance was unquestionably  one 
of proper ga ting . The sand question  was all



im portan t, b u t his feeling was th a t  they should 
move forw ard on som ething definite and not too 
involved. In  conclusion, M r. B allan tine felt 
th a t  the  branches should have an  opportun ity  
for fu r th e r  discussion on th is P aper from  a 
practical view point, as in  his opinion other fac
tors m ust be considered.

M r. H u d s o n , a fte r  than k in g  M r. B allantine 
for his rem arks, said, to  his m ind, w ith due 
respect to  M r. B allan tine, ingo t moulds were 
not a big question so fa r  as casting production 
was concerned. W hen articles such as high- 
pressure castings, autom obile castings, etc., were 
studied, th e  m anufactu re  of ingot moulds was 
simple compared w ith some of these. H e sug
gested th a t  there  was one fa u lt in Mr. Ballan- 
tin e ’s reasoning since all these factors were 
dependent on the  hum an elem ent, and perfection 
would never be a tta in ed  as long as th a t  very 
variable fac to r was present.

N ebulous C r it ic ism  C ritic ised

M r . B e n  H i r d  said he th ough t the  practical 
moulder should not be too hypercritical about a 
P ap er he did no t fully understand . I t  was of 
no use read ing  a P ap e r and th en  declaring “  I 
never did th is .” Surely if one w anted to  dis
prove a m an’s experim ents, one ought to  try  
them  out, following his instructions, and then 
if they  proved wrong, con trad ic t h im ; b u t one 
should not con trad ic t a new experim ent simply 
because one though t i t  could no t be applied to 
any p a rticu la r job.

C o n tro l of T h erm al C onductiv ity

M r . A d a m  D u n l o p  desired to  know w hether 
Mr. H udson could suggest any modification 
to  moulding m ateria l m ix tures enabling 
the therm al conductivity  to  be controlled 
as i t  would be very useful to  have th is property 
under control. F o r example, the  physical pro
perties of gunm etal could be g reatly  enhanced

h 2



by chill casting. I t  was n o t possible to  chill- 
cast every job ; therefore  i t  would be advan tage
ous if the  therm al conductiv ity  of the  moulding 
sand could be increased. On th e  o ther hand , 
however, by reducing th e  therm al conductivity  
of the  sand the  casting  of th in  sections would 
be m ade easier.

M r . H u d s o n  i n d i c a t e d  t h a t  h e  w o u ld  r e q u i r e  
t i m e  t o  c o n s id e r  t h a t  q u e s t i o n .

M r . J .  H . C o o p e r  said he was deeply in te r 
ested in  th e  P ap er, so m uch so th a t  he was 
re luctan tly  compelled to  say th a t  he th o u g h t it 
was u n fa ir  both to  the  au th o r of th e  P ap e r, 
and members present, to  lim it th e  tim e  fo r d is
cussing the P ap er and in rep ly ing  to  the  discus
sion.

M r. C. H . K a in  asked M r. H udson  w hat 
method he employed for ci-ushing h is fire bricks. 
Could he give any ind ica tion  of th e  degree of 
fineness to  which he ground  it?

M r. H u d s o n  replied th a t  th e  bricks were 
crushed in  a heavy pan  mill. A t first all m ate 
ria l th a t  passed an 80 mesh sieve was re jec ted . 
The first castings m ade in  the  steel foundry  were 
made from  th a t  sand, and th e  finish was very 
bad. In  the  case of th e  second castings, they  
removed no fines, and  the  castings were fa irly  
satisfactory .

O rig in  of O rg an ic  A dd itions to Sand
M r . J . E .  H u r s t  (P ast-P residen t) proposed a 

vote of thanks to  M r. H udson fo r h is P ap e r. 
R egard ing  the reference to  horse m anu re , he 
rem arked th a t  he once spen t some tim e  in 
endeavouring to find out who the  first m an was 
to  use horse m anure in m oulding sand, and  it  
was ra th e r  in teresting , because th e  first record 
of m aking moulding sand in  the  commonly 
accepted m anner am ongst foundrym en of a  few 
years ago, th a t  is, from  n a tu ra l sands and  horse 
m anure, was due to  Isaac W ilkinson, th e  fa th e r 
of Jo h n  W ilkinson of cupola fam e. In  the  
P a te n t Jo u rn a ls  they would find th ere  a P a te n t.



197

ige- dated  about t h e  y e a r  1750, w h ic h  w a s  t h e  f i r s t
ling w ritten  r e c o r d  o f  t h e  u s e  o f  m o u ld in g  s a n d s  o f
ad , t h e  t y p e  t h a t  w e re  i n  u s e  t o - d a y .
vity T h e  v o te  o f  t h a n k s  w a s  h e a r t i l y  a c c o r d e d ,  a n d
oul'd M r. H u d s o n  r e p l i e d .

C O M M U N IC A T IO N S
From Mr. J. Dearden

inter- Perhaps the au tho r -would be good enough to
i was enligh ten  us on the following questions : —
ght it (1) W hich is the  b e tte r  method for determ ining
Paper, w hether the  proportion  of coal dust in the  sand
sr dis- c ircu la ting  th rough  a continuous sand-m ixing
iisens- p lan t is correct— loss on ignition  or volume of

gas evolved? Also, a t  w hat control figure should 
the coal dust be m ain tained  for a uniform  green

in c h  s a n d ?
ref (2) The use of saw dust for reducing expansion

in dry  sand is recommended in the  P aper. Does 
th is also apply to  green sand, or is coal dust 

were considered sufficient ?
(3) Is  fireclay regarded as being a satisfactory 

artificial bond to  use for an iron m oulding sand?
r were
i very Mr. Hudson’s Reply
i tK'.' (1) The more prac tica l method for determ ining
“ i th e  proportion  of coal dust in  the  sand circulat

ing th rough  a continuous sand m ixing p lan t is 
by loss on ignition . The control figure to be 

d m ain tained  will be principally  dependent upon
)sê  a th e  perm eability  of the  sand. In  his practice
)aper he m ain tained  a loss on ign ition  of approxi-
e ],e m ately 9.5 per cent, w ith a green perm eability
1]e 1B num ber of 80 to  100. This gives very satisfac-
a s-a; to ry  resu lts fo r general engineering castings,
j  jt F o r ornam ental castings or stove-plate work i t  is

ecor(j custom ary to  use h igher coal dust additions
lonjv th a n  th is, together w ith lower perm eability

figures, when casting section perm its.
I0rse (2) The observations in  connection w ith saw
der dust for reducing expansion also definitely apply
jjje to  green sand. In  the production  of m any cast-
,n( ings coal dust additions to  green  sand will pro-

ill-
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duce satisfactory  results, b u t fo r castings of 
certa in  design, particu la rly  those m entioned in  
the  P aper, i t  may be necessary to  ob tain  the  
m axim um  reduction  in  expansion, in  which case 
saw dust is recommended. The use of coal dust 
or saw dust will have to  be determ ined by ex
perience.

(3) I t  is no t considered th a t  fireclay is  a sa tis
factory  artific ia l bond to  use fo r iron-m oulding 
sand. B entonite  is to  be p referred , as th is  gives 
a b e tte r  bond d is tribu tion  and  is composed of 
p ractically  100 per cent. clay. On th e  o ther 
hand, the  average fireclay contains only about 
30 per cent, of effective bonding m ateria l. 
U nder certa in  circum stances, fireclay could be 
used when only small bond add itions a re  re 
quired. F o r exam ple, i t  is personal p rac tice  to  
use B entonite  fo r bonding purposes in  connec
tion  w ith  the  production of dry  sand. In  th is  
connection, from  f  to 1 per cent, is added. I f  
the same practice were adopted fo r green  sand 
production, i t  has been ascerta ined  th a t  i t  would 
be necessary to  add only 0.125 per cent, of 
B entonite to  each batch , which, in  personal 
opinion, is too small a q u a n tity  to  p e rm it an 
even d is tribu tion  being obtained. In  th is  la t te r  
case, recourse would be had to  a bonded n a tu ra l 
moulding sand or fireclay, and a  correspondingly 
g rea te r am ount would be added in  o rder to  
obtain  an even d is tribu tion  th ro u g h o u t the  
batch. The whole question ra ised  also will de
pend upon the  efficiency o r otherw ise of th e  m ix
ing m achines available.

From  Mr. J. Longden
Mr. H udson has placed foundrym en in  his debt 

by the  p resen tation  of valuable d a ta  upon  the  
behaviour of sand in  h igh tem p e ra tu re  condi
tions. A t the  same tim e, he seems to  a tte m p t to 
reach certa in  general conclusions, of a p rac tica l 
character, which can hard ly  be su b s tan tia ted  by 
the  d a ta  presented. “  I t  is con tended ,” he says, 
“  th a t  th e  cause of surface scabs or buckles is 
due to  th e  combined effects of expansion and  in-
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crease of sand stren g th  on heating , and any 
factor reducing e ither p roperty  will tend  to 
elim inate the  tro u b le .” The proof offered is the 
behaviour of a  num ber of dry-sand cores w ith or 
w ithout an adm ix tu re  ot coal d u st or sawdust. 
H e does not s ta te  w hether all o ther conditions are 
equal; i.e ., w hether all th e  cores were rammed

is- by th e  same m an, th e  ven ting  was adequate and
ng stan d ard  th roughou t, w hether th e  moulds into
res which the cores were placed were green or dry,
of w hether all the moulds stood for th e  same length
her tim e before casting  and w hether in  all cases
out care was taken , in  pouring, no t to  pour s tra ig h t
ial. down the  ru n n e r b u t in to  a  p a r t of th e  basin
bj away from  th e  dow n-gate. Any varia tion  in
re. these th ings would affeot th e  results.
to In  any case, his conclusion is too wide. W hilst

lec- i t  may be tru e  th a t  th e  high degree of expan
ds sion and s tren g th  of certa in  sand m ixtures a t
If high tem pera tu res may conduce to scabs, i t  is

and quite  fallacious to  assume th a t  the  factors named
mid are  to ta lly  or even m ainly to  blame. Scabs are
of various and may be found w rit large in  green

inal sand, where coal dust is an ever p resent factor.
an W here the  ac t of scabbing can be watched

i({r visually (as when casting  open-sand plates, etc.)
iraj i t  is always associated w ith an evolution of gas,

i.e ., bubbling. M any kinds of scab can be elimi
nated by in te lligen t venting . Like patriotism , 
perm eability is no t enough. W hen a mould is 
filling w ith molten m etal, gases a re  evolved very 
rapidly, and  unless exit-conductor-channels 
(vents) are  provided in sufficient q u an tity  the  gas 
pressure rises very quickly im m ediately behind 
th e  mould face, resu lting  in a detachm ent of p a rt 
of th a t  face—a' scab.

O ther scabs may appear where th e  ram m er has 
been used too near th e  p a tte rn , on a gagger 
placed too close to th e  face or too heavily clay-

k washed, or in  any p a r t of a  drysand mould insuffi-
csi ciently dried. Buckles may appear under bars in

th e  to p -p a rt of a green sand p late  ram m ed on the 
ps> jar-ram m ing  m achine. H ere  th is  p a r t  of the
is mould is so fter th an  th e  rest. Scabs here can
n-
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be elim inated  by bring ing  up  th e  hardness of the 
mould in the  region of the  bars to  equal the rest. 
The fac t th a t  the  same k ind of th in g  can happen 
in the case of plates m ade in alum inium  alloy 
and in  which the moulds are  hand rammed shows 
th a t  th e  problem, in  essence, is no t bound up 
necessarily w ith  high tem p e ra tu re  conditions. 
I  seriously doubt, therefo re , if M r. H udson has 
found th e  n igger in  th e  wood pile.

F inally , w hilst one can agree th a t  a blacking 
wash should preferably  have a sim ilar coefficient 
of expansion to  th a t  of the  sand upon which i t  is 
used, why does M r. H udson insist th a t  i t  should 
be equally perm eable? H e appears to  suggest 
th a t  mould gases should be exhausted  in to  th e  
mould cavity. This is fa ta l to  the  production  
of sound castings. In  all cases, provision should 
be made for th e  exhaustion  of mould o r core 
gases in  a d irection  away from  th e  m ould face, 
th rough  the  body of the  mould and  in to  th e  open 
a ir. To th e  w rite r, a t  any ra te , th e  need for 
perm eability  in  a  blackwash does n o t appear.

M r. H u d so n ’s Reply

M r. J .  L ongden’s rem arks a re  p a rticu la rly  
valuable and  i t  should be clearly  understood 
th a t  any conclusions reached re la tiv e  to  
the  behaviour of mould and  core m ateria ls  
a t  elevated tem pera tu res, and  th e  effect 
of the  combined properties of expansion and 
increase of s tren g th  on hea ting  on the  re su lt
ing casting, are  based on th e  ti t le  of the  P ap er, 
namely, The Ef fect  of Composition. I t  is fully 
appreciated  th a t  m any k inds of defects a re  de
pendent upon practica l conditions, b u t th e  scope 
of the  P ap e r was no t in tended  to  cover th is 
aspect of the problem, b u t ra th e r  to  ind icate  
the effect of those properties d irectly  connected 
w ith the  composition of the  m ould o r cores em
ployed and the  need for these p roperties to  be 
taken  in to  p rac tica l account as a possible cause 
of defective work in conjunction  w ith those out
lined by M r. Longden.
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I t  should also be understood th a t, in an investi
gation  of th is n a tu re , every precaution was taken 
to  ensure com parative conditions and one can 
be assured th a t  the results given in Table I l f  
were obtained from  moulds ram med by the  same 
m an, th a t  ven ting  was adequate and standard  
th roughout, etc.

Mr. L ongden’s rem arks are also of personal 
benefit as they give one innum erable excuses for 
fu tu re  reference to  re tu rn  to  the  m an who plucks 
up enough courage to  try  ou t some of the  find
ings in  the  P ap e r and then  tu rn s  round and 
blames the  sand m ix tu re  employed for the  defec
tive casting  produced.

In  regard  to  th e  effect of black-wash coatings on 
perm eability, perhaps Mr. Longden will refer to  the 
a u th o r’s previous P aper on the subject.* In  th is 
P aper some evidence is given ind ica ting  th a t  the 
greatest am ount of gas generated  in the casting 
of a  dry-sand mould may be due to the  expan
sion of the a ir  inside th a t  mould and  not gene
ra ted  from  the  mould m ateria ls themselves. 
This a ir should preferably be exhausted through  
the risers, b u t in certa in  instances i t  can be 
im agined th a t  the  risers employed may be inade
quate and then  a perm eable mould surface will 
act as a n a tu ra l safety valve. Secondly, whilst 
i t  is not suggested th a t  ac tua l mould gases should 
be exhausted in to  the mould cavity, i t  does not 
follow th a t  such an occurrence is beyond prac
tical accom plishment, and in th is event there  
is more likelihood of a sound casting  being 
obtained by the  use of a perm eable black-wash 
coating th an  the presence of pieces of the coating 
over th e  surface of the  casting, a probability 
associated w ith  high gas pressures and im perm e
able black-wash. However, in all fairness to 
M r. Longden, i t  is personally considered th a t  
w ith our present knowledge on th is subject one 
can make no dogm atic sta tem ents and we look 
to the fu tu re  for enlightenm ent.

♦ loc. cit.
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A S T U D Y  O F  T H E  IN F L U E N C E  O F  M A N 
G A N E S E  A N D  M O L Y B D E N U M  A D D IT IO N S  
T O  C A S T  IR O N

By J. E. H u rst (Ex -P resid en t)

This investigation  was u n d ertak en  w ith  the  
prim ary object of studying  th e  influence of add i
tions of m anganese and molybdenum conjo in tly  to  
cast iron.

Exp erim ental Procedure
I t  was decided to  study  th e  effect of these con

jo in t additions when added to  a cast iron  of a 
basis composition of approxim ately  to ta l carbon 
3.5 per cent, and  silicon 1.0 per cen t., and  the  
procedure adopted in th e  p rep a ra tio n  of the  
specimen was designed to  m a in ta in  these two 
elem ents as nearly  constan t as possible, and  to 
provide specimens w ith  increasing  q u a n titie s  of 
molybdenum and  m anganese.

Three base pig-irons were p repared  from  a m ix
tu re  of refined w hite pig-iron and ferro-alloys 
by m elting in  a cupola-. The chem ical composi
tion  of these base pig-irons is shown in  Table I .

By m elting  together su itab le  p roportions of 
pig-iron A and pig-iron B, a series of alloys of 
low-manganese con ten t con ta in ing  m olybdenum 
from a trace  up to  approxim ately  3.5 p er cent, 
was obtained. Three o ther series of seven alloys 
were p repared  by m elting  to g e th e r th e  requ isite  
proportions of th e  th ree  pig-irons and  contained 
approxim ately  1.0, 2.0 and 2.75 per cen t, of m an 
ganese respectively. The com plete chemical 
analyses of the  four series of specimens th u s  ob
ta ined  are  set ou t in  full in  Table I I .  The 
whole of these specimens were p repared  by m elt
ing in a high-frequency electric fu rnace  and  in 
the  case of each ind iv idual composition one s ta r  
bar and one K  te s t-b a r was cast. The test-bars 
were all cast in  green-sand moulds. The details 
of the  s ta r  b ar are given in  F ig . 1, from  which



it  will be noticed th a t  the  cylindrical portion of 
th is bar was cast solid instead  of in the  form of 
a hollow cylinder, as is usual w ith th is type of 
bar. The K  tes t-b ar conformed to  the standard  
dimensions.* The te s ting  procedure included the 
exam ination  of the bars in  th e  “  as-cast ” condi
tion, the determ ination  of the  B rinell hardness

and the exam ination  of the  m icrostructure. The 
cylindrical portions from  th e  s ta r test-bars were 
subjected to  an  annealing  tre a tm e n t a t  a tem 
p era tu re  of 950 to  975 deg. C., soaked a t  the 
tem pera tu re  for two hours and allowed to  cool 
slowly w ith the  furnace.

In  the  annealed condition the  hardness was 
again  determ ined, and test-rings m achined from

* Cook and Hailstone, Journal of the Iron and Steel Institute, 
Carnegie Scholarship Memoirs, 1916.
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the bars for te s ting  in accordanoa w ith the  pro
cedure outlined  in  th e  a u th o r’s previous P aper. 
The m icrostructure  of th e  annealed  specimens 
were exam ined also. B rinell-hardness de term ina
tions were determ ined w ith  a 10-mm. dia. ball 
and a 3,000-kilogramme load and  th e  F ir th  
diam ond hardness using a  30-kilogramme load 
m achine. No difficulty was experienced in  cast
ing th e  test-bars, and  in  all cases th e  alloys as 
m elted were quite fluid and  ra n  freely. No 
special precautions were tak en  in  the  provision of 
gates or feeder risers calculated  to  tak e  care of 
any shrinkage and, as would be expected  u nder 
these conditions, the  alloys which were mostly 
haTd showed the  charac te ristic  effects of sh rink 
age in the broken K  test-bars.

F or a complete exam ination  of the  frac tu res  
th e  K  test-bars were broken th ro u g h  one of the  
limbs of the bar, and in alm ost every case th is  
yielded a sound frac tu re , sh rinkage effects being 
present only a t  the junc tion  of all th e  limbs of 
th is tes t-bar. The frac tu res  of th e  tes t-bars  ob
ta ined  from an exam ination  of th e  K  test-bars 
are detailed  alongside the  analyses in  Table I I .

The specimen free from  molybdenum  and  low 
Jn  manganese was mostly grey, showing a sligh t 
tendency to  chill a t  th e  corners and  edges. W ith  
increasing am ounts of molybdenum  th is  1-in. 
square section of th e  K  test-bars becomes ha rd e r, 
passing th rough  grey m ottle  up  to  0.96 per cen t, 
molybdenum, beyond which i t  becomes w hite 
th roughout. W ith  1.00 per cen t, approxim ately  
of m anganese (Series 2) th e  fra c tu re  in  the  first 
specimen of the  series was grey m ottled , prob
ably due to  th e  presence of 0.32 per cen t, of 
molybdenum. A gain, beyond 1.00 per cen t, 
molybdenum the  frac tu re  changes to  completely 
w hite. On the  basis of the  fra c tu re  th e  increase 
in m anganese appears to  have m ade very litt le  
difference, b u t tak in g  in to  consideration  the  
slightly h igher average to tal-carbon con ten t, i t  is

p °* * I m i t a t e  of B ritish Foundrym en, 1930-Sl,
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probably correct to  say th a t  th e  frac tu res  show 
a sligh t tendency to  increase in  hardness.

In  Series 3 w ith  slightly  over 2.0 per cent, of 
m anganese i t  is clear, in  sp ite  of th e  presence of 
0.32 per cent, m olybdenum  in  th e  first specimen 
of the  series, th a t  th e re  has been a pronounced 
increase in hardness of th is  fra c tu re , and the 
whole of the K -bar frac tu res  a re  w hite. W ith  
a still fu r th e r  increase in  m anganese to  slightly  
over a  m ean value of 2.75 per cen t, in  Series 4, 
a still fu r th e r  increase in  hardness of fra c tu re  is 
observed, the whole of th e  specimens being w hite 
th roughout. I t  would appear, therefo re , th a t  in 
a cast iron of th is  composition, m elted and  cast 
in  green-sand moulds u nder th e  conditions 
adopted in  these experim ents, th e  add ition  of 
increased am ounts of molybdenum is accom panied 
by th e  tendency to  produce a  w hite fra c tu re . 
W ith a low-manganese co n ten t of 0.25 per cent, 
the  fra c tu re  becomes alm ost com pletely w hite on 
passing 1 per cen t, of m olybdenum , and  w ith 
increasing q u an tities  of m anganese th e  tendency 
tow ards th e  production  of a w hite f ra c tu re  in 
creases, and w ith  2.75 per cent, of th is  e lem ent 
a w hite frac tu re  is obtained w ith 0.39 p er cen t, of 
molybdenum.

B rin e ll H ardness “ A s -C a s t” Co n d itio n

The hardness values in th e  “  as-cast ”  con
dition  were determ ined on th e  cross section 
of th e  cylindrical specimen from  th e  s ta r  te s t 
bars. These a t  2.5 in . d ia. possessed a  sub
stan tia lly  la rg er cross-section th a n  th e  K  te s t 
bars. D eterm inations were m ade a t  th e  ou t
side edge and  cen tre  of th e  area  using a s ta n 
dard  m achine w ith  a  10-mm. d iam eter ball and  
a 3,000 kg. load. A t midway betw een th e  cen tre  
and outside edge of th e  specimens F ir th  d ia 
mond hardness readings were ta k e n  using a 
30 kg. load w ith  the  diam ond in d en te r. Owing 
to  th e  presence of sligh t chill a t  th e  outside 
edges of some of th e  specimens, th e  hardness 
results a t  th e  outside position were som ewhat 
irreg u la r and only th e  results a t  the  cen tre  and



T
ab

le
 

II
.—

A
n

a
ly

se
s, 

H
ar

dn
es

s 
an

d 
F

ra
ct

ur
e.

 
“ 

A
s-

C
as

t 
” 

C
on

di
ti

on
.

207
F

ra
c

tu
re

 

as
 

c
a

s
t.

G
re

y
.

G
re

y
 

m
o

tt
le

d
. 

G
re

y
 

m
o

tt
le

d
. 

G
re

y
 

m
o

tt
le

d
. 

Tic
k 

w
h

it
e

. 

W
h

it
e

.

W
hi

te
.

G
re

y
 

m
o

tt
le

d
. 

M
e

d
. 

m
o

tt
le

d
. 

M
o

tt
le

d
. 

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

H
a

rd
 

m
o

tt
le

d
. 

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

W
h

it
e

.

H
a

rd
n

e
s

s
 

as
 

c
a

s
t.

M
e

a
n

F
.D

.H
.

O  CO H  O  O  X  h  
00 I"“ 05  ©^ CD ph  <M 
N  N  N  «  lO  'D

CO 00  h*  05 
CM 1 l O H C O ' i  
CM CO lO  >D CD

CD h  IQ N  N  h»
^  ID  ID  CD CD l>

O  H  f *  h> H  03  N
05  >D 00 <M l>  pH CO 
CO ID ID CD CD t -  00

C
e

n
tr

e

B
ri

n
e

ll
.

0 0  IO N  N  00  CO (M
lO  CD O  H  H  H

©J ©3 <N CO ^  iD

CO I O  O  GO CM 
0 5  1 r h  CO H  CO 
pH CO t*  ID

<M CM (M ©d O  <M 
O h h c O O I D  
CO ID i d  ID CD CD

t - ( M  C O N C O N  
C O h ^ O I D h i D  
CO ID T* CO CD t -  CD

1

M
o

. 

P
er

 
c

e
n

t.

(N  CD OJ CD N  1> 1C 
O  IN  CO 05  CD O

O  O  O  O  1—1 <M CO

CO 00  O  ID H  <M 

O  o  pH —1 <M CO

(M O  CD 0 5  00  pH 
CO t -  O  0 5  CO

O  O  - h —< —t (M

05  CD 00  p H CD ©J 00 
CO l>  t'*  05  CO 00  l>
O O O O <—1 PH ©Î

M
n

. 
P

er
 

c
e

n
t.

CO IC  CD CD 0 5  0 0  OO 
( N D K N  W  (M

O  O  ©  ©  O  ©  ©
O  ID CC t p  

O  O  O  05  05  05

p-1 p H p H o  O  O

T* CO l>  CD CO © i 
H W H H 0 5 I N

©q (M <M <M pH (M

©q ID ©5 CD 00  CO ^
00 CD l >  00 l>  00  pH

d  N  (N  M  (N  N  W

P
.

P
er

 
c

e
n

t.

0 5  0 5  H  h  05 o  O  

O  O  O  ©  O  O  ©

O  O  0 5  05  05  05 

©  O  ©  ©  O  ©

05 05  05  O  O  O  
H  H  H  N  N  N

o  o  o  o  o  o

O  pH O  p H 05 05  00  
N M N N H H H

©  ©  ©  ©  ©  ©  ©

S.
P

er
 

c
e

n
t.

O 5 N 0 0 O 5 N H  T f 
IQ CD CD CO CO
o  o  o  o  o  o  o  

o  o  o  o  o  o  o

T j i C O N O i D i D  
ID »D CD ID ID »D 
O  O  O  O  O  O

©  ©  ©  ©  O  ©

00 ID  *D »D ID 
C O C O C O N I N H
o  o  o  o  o  o  

©  ©  ©  ©  ©  ©

C D N h O I O O N
M N N N h h h
o  o  o  o  o  o  ©  

©  ©  ©  ©  ©  ©  ©

Si
. 

P
er

 
c

e
n

t.

t '  0 5  CO CD p H ID 
X  CO 0 5  0 5  O  O  H

O  O  O  O  -H

05  05  ID  f—i i—i ^  
05  0 5  0 5  O  O  O

O  O  O  «-H *-h pH

05  CO 00 ID CO 
05  O  O  pH O  O

o  pH pH pH p H pH

O O i D X ^ i D O
pH pH ©  ©  ©* O  pH 

pH pH pH pH p H pH p H

T.
C.

 
P

er
 

c
e

n
t.

TU ©J l >  CO t -  t>  t "  
CO CO CO TÍ< CO CO CO

CO CO CO CO CO CO CO

CO O  CO l>  O  »D 
^  CO ID

CO CO CO CO CO CO

o  05  i d  05  0 5  ID 
CD Tjl D  t í  rj< ID

CO CO CO CO CO CO

O  pH O  00 CO pH O  
CO CD CD CD CD CD

CO CO CO CO CO CO CO

Sp
ec

.
N

o.

< < « O f l H h C 5
pH r—4 pH pH pd pH

W O f i W f e O
(M <N CM (M <M CO

M O A H f e O
CO CO CO CO CO CO



208

the F ir th  diam ond hardness resu lts a t  the  mean 
rad ius a re  given in Table I I .  I n  consider
ing these results in de ta il i t  will be noticed in 
the low-manganese series (Series 1) th a t  increas
ing q u an tities  of molybdenum do no t seriously 
affect the  hardness up  to  0.69 per cent, of th is  
elem ent. Beyond th is , th e re  is a  tendency to  
increase w ith increasing percentages up to  3.45 
per cent, molybdenum.

In  th e  case of Series 2 con ta in ing  approx i
mately 1 per cent, m anganese, th e  m arked  in 
crease in hardness again  begins w ith 1.00 per 
cent, molybdenum and a  sim ilar tendency to  in 
crease in  hardness is shown w ith  increasing  q uan 
titie s  of th is  elem ent. The hardness values are 
also generally a t  a slightly  h igher level. This 
is shown more clearly in  the  d iag ram  F ig . 2. 
The same d iagram  shows clearly th e  su b stan tia lly  
higher level of hardness values in  Series 3, con
ta in in g  approxim ately 2.25 per cent, m anganese, 
and in th is series the  increase of molybdenum  
to 0.70 per cent, is accom panied by a  very m arked  
increase in  hardness value (in sp ite  of th e  
difference in  to ta l carbon con ten t, to  which 
reference will be m ade la te r) . The Series No. 
4, w ith  a slightly h igher m anganese con ten t only, 
shows a still h igher level of hardness th a n  Series 
3, in  the  highor m olybdenum -content mem bers 
of th is series, b u t as in all th e  o th e r series, i t  
will be noticed th a t  increasing percen tages of 
molybdenum bring  about increase in  hardness 
and th a t  again  0.70 per cent, of th is  elem ent 
is sufficient to  b ring  about a sub s tan tia l increase 
in  hardness as in  the  case of Series 3, 2.23 per 
cent, m anganese.

The effect of the  sligh t increase in  to ta l carbon 
conten ts in  each series m ust be tak en  in to  con
sideration . On the  basis of the  m ean carbon 
contents, which are  3.37, 3.43, 3.53, and 3.63 
per cen t., respectively, th ere  is a fa irly  uniform  
increm ent from series to series and i t  would 
be an tic ipa ted  th a t  w hilst th is  would increase 
the tendency to  greyness, i t  would also have an 
effect in increasing the general level of hardness
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in the  w hite condition. W hilst th is is true , the 
results con tain  ample evidence th a t  the incre
m ent in  hardness level is in  the  g rea te r p a rt 
due to the  in trin sic  effect of th e  manganese 
and molybdenum, and the conclusion th a t  in 
creasing percentages of m anganese in  conjunc-

% MOLYBDENUM 

F i g .  2 .

tion w ith molybdenum are accompanied by an 
increm ent in hardness w ith in  the  lim its of the 
percentages used in these experim ents appears 
to be justified.

The following fu r th e r  conclusions are not 
affected by th is consideration of th e  to ta l carbon 
content, th a t  increase in molybdenum for a given
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manganese con ten t is accom panied by increase 
in  hardness, and th a t  w ith  low m anganese (0.25 
per cent..) th is  effect of m olybdenum  is no t very 
substan tia l u n til th e  percen tage exceeds 0.70 
per cent. In  the h igher m anganese-content speci
mens, the  increm ent in hardness takes place w ith

% MANCANESE

F i g . 3 .

a sim ilar molybdenum con ten t and with 2.25 
per cent, m anganese an am ount of 0 .7 0  per cent, 
molybdenum brings about- a  su b s tan tia l increase. 
This is dem onstrated  by rep lo ttin g  th e  resu lts 
in th e  m anner shown in  F ig . 3, u sing  th e  m an
ganese percentages as the  base. The m arked
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increase in hardness begins w ith the 0.75 per 
cent, molybdenum curve.

The extrem ely high hardness values obtained 
in the specimens contain ing  2.25 per cent, and 
more m anganese and over 1.00 per cent, molyb
denum  are deserving of special comment. Brinell 
hardness values of 600 and over are obtained. 
These h igh values are  confirmed by the F ir th  
diam ond hardness te s t and i t  will no t be over
looked th a t  they are  obtained a t the centre of 
the 2.5 in. dia. specimen.

F i g . 4.—1A. As C a s t . x  250 d i a s . 
E t c h e d  P i c r i c  A c i d .

The hardness results obtained a t  the  edge and 
centre of the  specimen are  compared separately 
in Table I I I .  The difference in the  results in 
the low molybdenum -content members of the 
series is due to  the  presence of chill s truc tu re  
a t  the  outside edge. In  the h igher members 
of the  series the  hardness becomes practically 
uniform  across the section. Series 3 provides 
an excellent example of th is  observation.

M icrostructure  of " A s - C a s t ” Specim en
The m icrostructure  of the  “  as-cast ”  samples 

has been studied  by means of specimens taken
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from  the K  te s t bars. I n  all cases th e  speci
mens have been etched w ith  picric acid and 
the specimens were exam ined a t  m agnifications 
of 250 and 1,500 d iam eters respectively. The 
structu res in  the  low m anganese Series 1 consist 
of carbides and a pearlite  background. The 
photographs of the specimens 1A and  1G a t  m ag
nifications of 250 and  1,500 a re  illu s tra ted  in 
Figs. 4 to  7. Specimen 1A con ta in ing  no

F i g . 5.—1A. As C a s t , x  1,500 d i a b . 

E t c h e d  P i c r i c  A c i d .

molybdenum shows the  norm al s tru c tu re  of 
carbides and p earlite  and  some g rap h ite , and  in  
1G th e  increased q u an tity  of carbides and  the  
pearlite  m a trix  is clearly shown. W ith  th e  in 
creased am ount of m anganese in  Series 2 the  
caroides are  still p resen t and th e  m a trix  loses its 
m arked pearlite  charac te r and a fu r th e r  co n stitu 
en t appears in  the  s tru c tu re , increasing  in  
am ount w ith the  am ount of m olybdenum  presen t.

The photographs F igs. 8 and  9 a t  1,500 
diam eters show specimens 2C and 2G, th e  g rea te r 
p a r t of the m a trix  in  2G being composed of th is 
constituen t. F igs. 10 to  13 show respectively
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th e  specimens 3F and  4G. F rom  an  exam ina- 
tion  of 4G a t  1,500 diam eters alm ost the whole 
of th e  m a trix  appears to  be m artensitie  and 
w hilst n o t very clearly resolved in  th e  photo
g raph , the  add itional con stitu en t in  th e  various 
specimens appears to  he m arten sitie  in  character. 
I t  appears therefore  th a t  th e  conjo in t add itions 
of molybdenum and  m anganese b ring  abou t th e  
form ation  of a m artensitie  s tru c tu re  increasing

F i g . 6.—1G. As C a s t , x  250 d i a s . 

E t c h e d  P i c r i c  A c i d .

in  am ount w ith  increase in  th e  jo in t  add ition  
of th e  elements.

W ith  a m anganese con ten t of 0.25 per cent. 
(0.25 to  0.28 per cen t.) , th e  m icrostructu res show 
th a t  w ith increm ents of molybdenum  up  to  3.45 
per cent, th e  s truc tu res  still rem ain  essentially 
pearlitic . The general increase in  hardness 
noted in  th is  series is due in  th e  m ain  to  th e  
increased am ount of carbide constituen ts  w hich 
a re  shown in  th e  photographs and  w hich confirm 
the  observations of th e  frac tu re s  of th e  speci
mens. An increm ent of m anganese to  th e  neigh
bourhood of 1 per cent, in  Series 2 is accom-
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panied by a decided change in  th e  character 
of the  p earlite  m a trix , which becomes finer and 
much more difficult to  resolve. Some of the
m artensitic  constituen t begins to  make its
appearance and  w ith  0.81 per cent, molybdenum 
and  1.04 per cent, m anganese th is can be clearly 
identified and  w ith  fu r th e r  increm ent in
molybdenum up  to  3.27 per cent, th e  am ount 
of m artensitic  constituen t in  th e  s tru c tu re  in 
creases substan tia lly . This is clearly evident

F i g .  7 .— 1G. As C a s t .  x  1,500 d i a s .  
E t c h e d  P icn ic  A c id .

from th e  photom icrographs. W ith  still h igher 
percentages of m anganese and  molybdenum the 
m artensitic  charac te r of th e  s tru c tu re  increases, 
a fac t which explains th e  h igher hardness values 
a tta in ed  in  these h igher alloy con ten t series.

F rom  an  observation of th e  m icro-structure, 
the d iagram  F ig . 14 has been constructed in  an 
endeavour to  illu s tra te  d iagram m atically  the 
re la tion  betw een th e  conjoin t percentages of 
molybdenum and m anganese and  th e  appear
ances of the  m aitens itic  struc tu res. The speci
mens were exam ined carefully  w ith  th e  object
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of ascerta in ing  the approxim ate percentage of 
m artensitic  constituen t visible. These observed 
percentages p lo tted  in  re la tion  to  th e  m anganese 
and molybdenum con ten t yield a series of zones. 
I t  will be appreciated  th a t  the  percentages in 
dicated by th e  various zones are  approxim ate 
only.

In  considering ex trapo la tion  in  th e  d irection  
of no manganese, i t  will be noted th a t  no m arten- 
sitic  constituen t was observed in any of the

F i g . 8.—2C. As C a s t . x  1,500 d i a s . 

E t c h e d  P i c r i c  A c i d .

specimens contain ing  0.25 per cent, m anganese. 
I t  is probable th a t  the  lines would tu rn  sharply  
in a vertical d irection  and th a t  u n ti l th e  m an 
ganese is in  the  neighbourhood of 0.5 to  0.75 
per cent, even traces of in a rten site  co n stitu en t 
cannot be expected. The slope of th e  lines is 
sharp in  the direction  of the  h igher m anganese 
contents, b ring ing  th e  zone of m arten sitic  con
s titu e n t sharply down in to  th e  region of low 
molybdenum content. As the  d iagram  stands 
the probability  is th a t  3.5 per cent, of m an
ganese would requ ire  som ething less th a n  1 per
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cent, molybdenum to  ensure a t  least 70 per 
cent, m artensitio  s truc tu res . I t  is w orth while 
to  rem em ber th a t  these specimens were all sand- 
cast and  the  s tru c tu ra l cha rac te r appears to  be 
uniform  across the  section of th e  cast bars.

A N N E A L E D  S P E C IM E N S

H ardness
An exam ination  of th e  properties of these 

specimens was undertaken  a f te r  subjection  to  an

F i g . 9.—2G. As C a s t . x  1,500 d i a s . 
E t c h e d  P i c r i c  A c i d .

annealing  tre a tm e n t in  which th e  specimens 
were exposed to  a  tem p era tu re  of 950 to  975 deg. 
C. in  a gas-fired muffle fu rnace  for a  period 
of two hours, followed by slow cooling in  the  
furnace. The hardness values a t  the  edge and 
centre of th e  annealed specimen determ ined  w ith  
th e  s tandard  3,000 kg./10-m m . ball a re  given 
in Table IY , and th e  determ ination  on th e  te s t 
lings w ith  the  F ir th  diam ond hardness m achine 
30 kg. load rep resen ting  th e  hardness of th e  
specimens a t  a rad ius of 2 in . from  th e  cen tre  
are included also.
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The results a t  th e  outside edge and the centre 
of the  specimen are  in  good agreem ent, showing 
th a t  the annealing  tre a tm en t has removed almost 
completely the  ir reg u la rity  in the  hardness a t 
the outside edge which existed in  the  “ as-cast ” 
specimens, and th e  un iform ity  in  the  hardness 
of the h igher members of each series persists 
a fte r th is trea tm en t. In  the low m anganese 
Series (No. 1) the  increm ent in hardness with 
increase in molybdenum conten t persists a fte r

F i g . 10.—3F. As C a s t . x  250 d i a s .
E t c h e d  P i c r i c  A c i d .

annealing, although the  level of hardness is 
reduced to  well w ith in  the  lim its of machin- 
ability . W ith  each increm ent in  manganese 
Series 2, 3 and 4, the  tendency of the  higher 
molybdenum con ten t specimens to  re ta in  a 
higher hardness value a fte r  annealing  is evident. 
The results a re  illu stra ted  d iagram m atically  in 
Fig. 15, which clearly shows th a t h igher hardness 
values are re ta ined  w ith molybdenum in excess 
of approxim ately 0.75 per cent, and th a t  incre
m ent in the m anganese also results in  the  m ain
tenance of substan tia lly  h igher hardness values.
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W ith 0.75 per cent, m olybdenum  m anganese of 
2.25 per cent, and over, the  B rinell hardness is 
m ain ta ined  a t  values of well over 300 and in  the  
h igher members of the  series values of well over 
400 are  m ain tained .

M echanical P ro p erties

The mechanical te s t results recorded were all 
obtained on ring-form  te s t pieces m achined from

F i g . 11.—3F. A s  C a s t . x  1,500 d i a s . 
E t c h e d  P i c r i c  A c i d .

the annealed  specimens, and th e  resu lts are 
recorded in Table IV .

T e n sile  Strength  (Ring T e st)

From  the  resu lts tab u la ted  in  Table IV , i t  is 
clear th a t , w ith  increase in  molybdenum  in 
Series 1, there  is a substan tia l increase in  the  
u ltim ate  b reaking s treng th , w hich appears to  
begin qu ite  ab rup tly  a t  a percentage of 0.69 
per cent. Mo in specimen 1C. W ith  an increase 
in m anganese in  the subsequent series, th e  
general high level of s tren g th  is m ain ta ined , and  
the increase due to the  m anganese appears to  be
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only very slight. T here is no decrease w ith in 
crease in  m anganese content. In  each series, an 
increm ent in molybdenum is accompanied by an 
increase in  the  u ltim ate  breaking streng th  of 
quite  a substan tial order. An increase of fully 
50 per cent, in stren g th  accompanies an increase 
of from  0.32 to  3.27 per cent, molybdenum in 
Series 2, and in the  two rem aining series the 
m aximum increm ent in molybdenum is accom-

F i g . 12.—4G. A s  C a s t . x  250 d i a s .
E t c h e d  P ic h ic  A c i d .

panied by an  increase of about 16 per cent, in 
u ltim ate  b reak ing-streng th  value.

Modulus of E la stic ity  (EN  Value)

In  each of the  series there  appears to be a 
tendency for increase in  molybdenum to  be 
accompanied by an increase in  th is value. 
Values of 20 X 10° lbs. per s q . in. and over in 
Series 1 accom panying Brimell hardnesses of an 
easily-macliinable order are  somewhat unusual, 
and th is would appear to  be a d istinctly  useful 
a ttr ib u te  of molybdenum additions.
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Perm anent Set V alues
The very high perm anen t se t values for the 

samples in Series 1 are n o t unexpected  for the 
annealed condition Increase in  m anganese and 
increase in  molybdenum in  all cases is accom
panied by a m arked decrease in  p erm anen t set. 
This may prove to be an im p o rtan t a tt r ib u te  of 
jo in t m anganese and molybdenum additions, in  
th a t  they  exert apparen tly  a pronounced effect 
in  m ain ta in ing  the  resistance to  p lastic  defor-

Fi<j. 13.—4G. A s  C a s t . x  1,500 d i a s .
E t c h e d  P i c r i c  A c i d .

m ation even a f te r  subjection to  a fa irly  d ras tic  
annealing  tre a tm en t and w ithou t any loss in  
u ltim ate  breaking s tren g th  o r even low ering of 
th e  m odulus of e lastic ity  (E N  value). In  o ther 
words, the  elastic deform ation properties a re  
m ain tained  and th e  plastic deform ation  quali
ties are reduced very substan tia lly , particu la rly  
w ith  the h igher m anganese-m olybdenum  values.

In ternal S tress
As in th e  case of previous investigations, 

u tilising  th is m ethod, the  a u th o r has described 
as in te rn a l stress the  am ount of movem ent
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observed between, tbe  free-gap and tbe  gap cut 
in  a res tra ined  condition. Tbe num erical values 
given which rep resen t th e  gap movement in 
inches are  all positive, th a t  is to  say, th a t  the 
gap opened o r increased o<n slitting . I t  is re 
markable to  find th a t ,  even a f te r  th e  fairly

O
*

LJ
to
LJ

0\°

M —
w nN 3aanow %

drastic  annealing  tre a tm e n t to  which th e  speci
mens have been subjected, th e re  exists a sub
stan tia l in te rn a l stress, as indicated  by the  gap 
opening in some of th e  specimens. I t  is also 
quite  noticeable and of g re a t in te rest to  observe, 
particu larly  in  Series 2, th a t  increase in  molyb
denum conten t is accompanied by a decrease in
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the  am ount of in te rn a l stress (gap opening). 
There is evidence of the  same influence on the  
o ther series. There does n o t ap p ea r to be any 
evidence th a t  th is  is affected in  any way by th e  
increase in m anganese content.

Stress/D eflection C u rves
The stress/deflection  curves illu s tra tin g  the  

change in charac te r of these fo r th e  specimens

/¿MOLYBDENUM

F i g . 15 .

Series 1, are  illu s tra ted  in  F ig . 16. W ith  the 
m anganese constan t a t  th e  low value of 0.25 
per cent, approxim ately , and w ith  m olybdenum  
steadily increasing up to  approxim ately  3.5 per 
cent., th e  charac te r of th e  curves undergoes 
changes which are  typified by th e  curves 1A, 1C,
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IE  and 1G. They show clearly the change and 
increase in modulus of elasticity  and the increase 
in  u ltim ate  breaking streng th . The pronounced 
cu rva tu re  in  the specimens free from molyb
denum, the  effect of plastic deform ation, is 
altered in  character somewhat w ith increasing 
percentages of molybdenum.

In  the  molybdenum-free and low-molybdenum

EXTENSION. INCHES

F id . 16 (a).

specimens, the lim it of the s tra ig h t portion of 
the curve is approxim ately 6 tons per sq. in. 
(def. 0.45 in .), and if th is be regarded as a 
lim it of proportionality , i t  will be seen th a t, 
with increasing molybdenum, th is is raised very 
substantially  to  approxim ately 12 tons per sq. 
in. in Specimen 1C, contain ing  0.69 per cent.

i
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molybdenum and slightly h igher th an  14 tons 
per sq. in. in the rem ain ing  specimens. The 
to ta l deflection a t  breaking is very litt le  affected 
w ith increase in molybdenum. The included area  
of th e  curves, i.e ., th e  resilience value, shows a 
very pronounced increase in  specimen 1C, con-

EXTENSION. INCHES

F i g .  1 6  ( b )

ta in ing  0.69 per cent, molybdenum. This in 
crease am ounts to abou t 33^ per cen t., and  is 
apparen tly  no t increased very m uch by increase 
in percentage of molybdenum above th is  value.

In  th e  annealed condition th e  presence of 0.69 
per cent, molybdenum therefo re  b rings about an 
increase in toughness of approx im ate ly  33^ per



cent., which is m ain tained , bu t no t substan
tia lly  increased, by fu r th e r  quan tities of molyb
denum,. In  addition , the  alloys become more 
tru ly  elastic over a w ider stress range (a t least 
100 per cent, g rea te r th an  the  low molybdenum 
specimens), and the  to ta l deflection or stra in  
a t  frac tu re  rem ains p ractically  unaltered .

EXTENSION. INCHES

F id . 16 (c).

The effect of increasing m anganese content 
w ith increase in  molybdenum is shown by the 
s tress/ deflection curves for Series 2, 3 and 4. 
The curves 2D, 3D, 3F and 4C illustrated  
in F ig . 17 are  characteristic . The same influence 
of molybdenum is ap p a ren t in  each case and the 
influence of increasing quan tities of manganese

i2
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a p p ea rs  to  show a ten d en cy  to w a rd s  in c reas in g  
th e  l im it  of p ro p o r tio n a lity  to  a  s ti ll  s lig h tly  
h ig h e r figure  in  th e  n e ig h b o u rh o o d  of 18 to n s  
pe r sq. in ., an d  even w ith  th e  h ig h e r  h a rd n ess  
valued th e  to u g h n ess a s  re p re se n te d  by th e  re s i
lience values re m a in s  p ra c tic a lly  u n im p a ire d . 
I t  is a g a in  n o ticeab le  t h a t  a  p e rc e n ta g e  of

EXTENSION, INCHES 

F ig . 16 (d).

a p p ro x im ate ly  0.70 p e r cen t, m olybdenum  in 
each of th ese  series a p p e a rs  to  be necessa ry  to  
develop th e  m ark ed  ch an g e  in  p ro p e rtie s  d u e  to  
th is  e lem ent.

E la st ic  H y steresis  Loops
T est r in g s  w ere su b m itte d  to  a com ple te  cycle 

of s tre ss  and  th e  c h a ra c te r  of th e  e la s tic  hvste -
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resis loops determ ined. The method* adopted 
has been described previously by the au thor, but 
is again briefly described as follow s:—S tarting  
w ith closing the  te s t rings, stress was applied 
gradually  and the  reduction  in  gap opening

BROKE

EXTENSION. INCHES

F i g . 17 (a).

m easured w ith increasing stress. The stress 
range adopted was 12 tons per sq. in. calculated 
on the basis of the relationship  given in B .S .I. 
Specification 5004 . and when the  stress was 
a tta in ed  the load was gradually  removed, and

•  F o u n d r y  T r a d e  J o u r n a l ,  D e c e m b e r  2 7 ,1 9 3 4 ,  p .  4 0 5 .
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the  gap dimensions m easured w ith the  g radual 
decrem ent of stress. The same specimen was 
then  subject to  a stress (tensile stress) applied 
to  open the gap following th e  same procedure 
in the  m easurem ent of th e  s tra in . The curves 
p lo tted  showing the  re la tion  betw een gap open
ing and the  cycle of applied stress yield charac-

EXTENSION. INCHES 

F i g . 17  ( b ) .

te ris tic  hysteresis loops as shown in  the  d ia
gram s. A complete set of d iag ram s for the  
Series 3A to  3G is illu s tra ted  in F ig . 18, i n  
th a t  they  a re  typ ica l of the  change in  cha rac te r 
of the  d iagram s w ith increasing  m olybdenum  con
te n t in each series. W ith  increasing  molybdenum
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content there  is a m arked steady decrease in  the 
enclosed areas of the  loops ind icating  a  decrease 
in th e  hysteresis and hysteresis stress w ith in
creasing molybdenum content.

There is no strik in g  difference in  character 
between these hysteresis loops w ith increase in

EXTENSION. INCHES

F i g . 17 (c).

m anganese con ten t beyond 1 per cent., bu t in 
Series 1 w ith 0.25 per cent, m anganese approxi
m ately, the low m anganese specimens 1A to  1C 
show very much g rea te r hysteresis and hysteresis 
stress th a n  in o ther specimens. As in the case 
of the o ther properties, the  m arked change in 
character of th e  loops occurs w ith a percentage
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of molybdenum about 0.70 per cent, (speci
men 1C) and  even in  Series 1 th e  specimens 
w ith  molybdenum in  excess of 0.70 per cen t, 
(specimen 1C) yield hysteresis loops which differ 
very little  from  those yielded by th e  h igher 
m anganese conten t series.

EXTENSION. INCHES

F ig . 17 (d).

M icro stru ctu re  (A nnea led  C o n d itio n )
An exam ination  of the  m icro struc tu re  of th e

specimens tak en  from  th e  annealed  samples 
shows th a t the s tru c tu re  has undergone a m arked 
change due to th is tre a tm en t. The photographs 
Figs. 19 to  22 of the  specimens 3 F  and  4C will 
be sufficient to  illu s tra te  th e  change in  struc-
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fcural character. A com parison of these a t  the  
low m agnification w ith  those in  th e  “ as-cast 
condition will show a t  once th a t  th e re  appears 
to  have been very little  change in the  am ount 
of th e  carbide (white) con stitu en t present, b u t 
th a t  the m artensitic  m a tr ix  has undergone a 
m arked spheroidising or balling-up. The black 
constituen t in 3 F  which resembles tro o stite  also 
exists in sim ilar q u an tities  in  th e  high molyb
denum  con ten t specimens of each of the  series. 
This balling-up or spheroidising of th e  m a trix  is 
characteristic  of all th e  annealed  specimens.

Sum m ary and Co nclusions

From  these experim ental resu lts  i t  is c lear 
th a t  increasing q u an tities  of molybdenum  add i
tions tend  to  produce a  w hite f ra c tu re  and  w ith  
very low m anganese con ten t (0.25 per cen t.) an  
add ition  of 1 per cent, of m olybdenum  is re 
quired to  ensure a w hite f ra c tu re  u n d er the 
conditions of the experim ents. W ith  increasing 
am ounts of m anganese th e  am ount of molyb
denum  necessary to  ensure complete w hiteness 
decreases, and w ith  2.75 p er cen t, of th e  form er 
elem ent p resent a completely w hite f ra c tu re  is 
obtained w ith 0.39 per cent, m olybdenum  in  the  
“  as-cast ” condition and  w ithou t th e  aid of 
any chills.

In  th is same condition th e  con jo in t add itions 
of these two elem ents have a m arked effect upon 
the hardness. In  the  presence of small am ounts 
of m anganese th e  effect of increasing  th e  molyb
denum  con ten t on the B rinell hardness is not 
very g re a t u n til a percen tage of approx im ately
0.70 per cent, of th is  elem ent is a tta in e d  and 
fu rth e r increases beyond th is  value b ring  abom  
increased hardness. Increase in  th e  m anganese 
contents brings about a general increase in  the 
hardness level, for a given m olybdenum  con ten t 
and extrem ely high hardness values of 60»B rinell 
and over a re  obtained w ith  m anganese and  
molybdenum in excess of 2.25 p er cent, and
1.00 per cent, respectively.

U nder all th e  conditions of m anganese con
ten t exam ined molybdenum commences to  show



a m arked effect in increasing the  hardness when 
a percentage in  the  neighbourhood of 0.70 per 
cent, is reached and the  increased hardening 
effect is obtained uniform ly across the  section of 
the specimens exam ined. This effect of the jo in t 
addition  of these two elem ents on the  hardness 
appears to  be due to  th e ir  action in prom oting 
the form ation of a m artensitic  constituent.

M anganese appears to be necessary to  ensure 
the form ation of th is , and in the  specimens con
ta in in g  only 0.25 per cent, m anganese none was

F i g . 19.—3F. A n n e a l e d , x  250 d i a s . 
E t c h e d  P i c r i c  A c i d .

observed up to  3.45 per cent, molybdenum. 
Owing to  th e  fac t th a t  no specimens having a 
m anganese con ten t in term ediate  between 0.25 
and 1.0 per cent, were exam ined, i t  has not been 
possible to  fix th e  m anganese conten t a t  which 
the m artensitic  s tru c tu re  begins to form, b u t by 
ex trapo la tion  from the observations made with 
h igher m anganese i t  appears probable th a t  a t 
least 0.5 to  0.75 per cent, of th is  elem ent is 
necessary. W ith  m anganese im excess of th is 
am ount, increases both in m anganese and molyb
denum  bring  about an increase in the am ount 
of m artensitic  constituen t.
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Increase in  molybdenum alone appears to  be 
accom panied by an increase in the  am ount of the 
carbide co n stituen t and  th is  same influence prob
ably persists in conjunction  w ith  h igher m an
ganese contents. The combined effect of th is  and  
the production of th e  m arten s itic  co n stitu en t is 
probably responsible fo r th e  very high hardness 
values of th e  high-m anganese-m olybdenum  mem 
bers of th e  series.

The annealing  tre a tm e n t adopted  in  the  experi
m ents has had the  effect of “  balling-up ” or

F i g . 20.—3F. A n n e a l e d , x  1,500 d i a s . 
E t c h e d  P i c r i c  A c i d .

spheroidising th e  p earlitic -m artensitic  m atrices, 
and in the  more highly m arten sitic  alloys a con
s titu e n t of troostitic  charac te r appears. In  these 
same alloys the  carbide co n stitu en t appears to  
be very stable and i t  was difficult to  observe any 
such reduction  in  q u a n tity  of th is  as appeared  
in th e  lower m anganese-m olybdenum  con ten t 
specimens. This observation has a  bearing  prob
ably on th e  substan tia lly -h igh  hardness values 
m ain tained  a f te r  annealing  in  th e  h igher m an 
ganese-molybdenum specimens. All th e  specimens 
undergo a reduction  in  hardness due to  anneal-
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ing b u t i t  will be noted th a t  w ith say 2.75 per 
ren t, m anganese and 1.5 per cent, molybdenum 
hardnesses of upw ards ot 400 B rinell are still 
m aintained. This is in all probability  due to 
the stab ility  of the  carbides in  these alloys, the 
reduction in hardness as from the “  as-cast ” 
condition being due in  the  m ain to  the  spheroid- 
ising of the  m artensitic  and th e  form ation of 
some troostite  constituen t.

W hilst no m echanical tes ts  were made on 
the m ateria ls in  th e  “  as-cast ”  condition, i t  is

F i g . 21.— 4C. A n n e a l e d . x  25(1 d i a s . 
E t c h e d  P i c r i c  A c i d .

w orthy of record th a t  all the  specimens appeared 
to  be very tough  and  strong in  handling. The 
mechanical tes ts  in  th e  annealed condition show 
th a t  in  the  m ain increase in molybdenum is 
accompanied by increase in stren g th  of quite 
a substan tia l order. A gain the  m arked effect 
of th is  constituen t appears to  begin w ith a per
centage in the neighbourhood of 0.70 per cent. 
M anganese in itself does not appear to be res
ponsible for any increase in s tren g th  of a m arked 
order nor does i t  b ring  about any reduction in 
streng th . In  fac t w ith  all th e  percentages of
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m anganese exam ined the  h igh s tren g th  due to 
the molybdenum contents appears to  be m ain 
tained .

The stress/deflection  curves and th e  area  of 
these or the resilience values show th a t  w ith 
an increase in molybdenum of 0.70 per cent, 
th is  value is substan tia lly  raised , b u t fu r th e r  
increm ents in  the  two elem ents do n o t appear 
to  be accom panied by any  fu r th e r  increase in 
resilience values. They are , however, accom
panied by certa in  o ther changes in  w hat m igh t

F i g .  2 2 .—4C. A n n e a l e d .  x  1 ,5 0 0  d i a s .  
E t c h e d  P i c r i c  A c id .

be term ed the  elastic characteristics. Increase 
in both molybdenum and m anganese ap p ea r to  
ex tend  the range of close approach to  p ropor
tiona lity  and w hat has been term ed  th e  lim it of 
p roportionality  has been d is tinc tly  raised  by both 
these elem ents. The elastic deform ation p roper
ties are  m ain ta ined  and  th e  p las tic  deform ation  
or perm anent set properties are  reduced. The 
modulus of e lastic ity  (EN  value) shows a m arked 
tendency to  increase w ith increasing molybdenum  
contents and th e  elastic hysteresis loops over 
the stress cycle adopted show a su bstan tia l
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dim inution in  area w ith increase in  both con
stituen ts.

The ap p a ren t effect of increase in molybdenum 
content in  reducing th e  m agnitude of the  in
te rna l stress effects a fte r annealing  is also 
observation of very g rea t in te rest. A generic 
observation on the  results of th e  mechanical 
te s t resu lts of these specimens in  th e  annealed 
condition is th a t  th e  jo in t addition  of these 
two elem ents is no t accompanied hy any dim inu
tion  in streng th  characteristics, and  on these 
grounds i t  would appear th a t  these jo in t addi
tions could be used w ith every confidence.

Jo in t additions of m anganese and molybdenum 
produce cast irons hav ing  m artensitic  character
istics w ith  streng th s and a ttrib u te s  of the 
stren g th  properties of a very high order.

C erta in  aspects of the  results obtained in  th is 
investigation  a re  clearly of im portance, and i t  is 
considered leg itim ate  to  make reference in 
general te rm s to some of the  po ten tia l industria l 
applications in  which results of th is n a tu re  are 
worthy of consideration.

C h illed  and G ra in  Rolls
The fac t th a t  molybdenum alloy additions are 

used already in the m anufactu re  of chilled and 
g ra in  rolls and castings used for crushing, grind
ing and pulverising m achinery was in  a large 
measure responsible for the inception of th is 
investigation . I t  is well known th a t  castings 
coming w ith in  th is category are required to 
w ithstand  a wide ran g e  of duty-conditions. I t  
appears qu ite  likely th a t  the  properties obtain
able by the jo in t use of manganese-molybdenum 
alloy additions may be of value, and certainly 
worthy of consideration in  m any aspects of the 
m anufacture  of castings of th is n a tu re  where 
extrem ely high hardness values are  required  as, 
for exam ple, in chilled rolls fo r ce rta in  opera
tions alloy additions of th is type may prove of 
in terest. F rom  th is po in t of view, in  addition 
to th e  possible high-hardness values, the investi
gations ten d  to  show th a t  these are  accompanied 
by h igh-streng th  values, high resistance to  both
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elastic and plastic deform ation, low elastic- 
hysteresis and possibly h igh-fa tigue  resistance.

In  th is connection the  p roperties of th is  type 
of alloy iron in the  annealed  condition are  of 
in terest. The effect of th e  jo in t add itions in 
stabilising  the carbide con stitu en t and th u s  en 
abling a high hardness value to  be m ain ta ined , 
is one point of in te rest. Also i t  m ust be borne in 
m ind th a t  the  m easured values of th e  various 
properties have been obtained for these sam ples 
in the annealed conditions, and  these p o in t to  th e  
possibility of ob tain ing  high resistance to  defor
m ation and fa tig u e  in  add ition  to  h igh -streng th  
values in th is condition. An add itional aspect of 
some im portance in considerations of th is  n a tu re , 
is the ap p aren t reduction  in in te rna l-s tress  value 
due to th e  m anganese-m olybdenum  add itions and 
also th e  effect of these add itions in  ob ta in ing  u n i
form ity  of hardness across the  sections exam ined.

In  the production of g ra in  rolls, p articu la rly  
section rolls, these resu lts may be w orthy of con
sideration . I t  should be possible, by th e  use of 
jo in t additions of molybdenum and  m anganese to  
obtain  substantially-h igh degrees of hardness, 
still w ith in  the  lim its of m achinab ility  desired  for 
castings of th is  class. These h ig h er hardness 
values, coupled w ith  th e  h igh -streng th  values as 
revealed by the  results of th is  investiga tion , may 
be found to  be accom panied by a  g rea te r life 
under the  service conditions dem anded of th is  
class of roll.

W e a r Resisting Castings
There are a num ber of o ther types of castings 

used in crushing, g rind ing  and pulverising  
m achinery in which sim ilar properties a re  re 
quired, and where th is  type of alloy iron m igh t 
conceivably be of service.

Engine Castings
I  he possibility of ob ta in ing  h igh  hardness and 

m artensitic  characteristics, coupled w ith  high 
stren g th  values and high resistance to  deform a
tion  by the use of m anganese-m olybdenum  addi
tions, may be of value in the  p roduction  of cast
ings such as cylinders, cylinder lin e rs ,' valve
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seats, crankshafts  and cam shafts. H ere again, 
the high s tren g th  values and the  possible high 
fa tigue  resistance may prove to  be im portan t 
p roperties of th is  type of alloy.

G enera l Castings
In  th e  realm  of general castings there are 

num erous examples, such as gear wheels, worm 
castings, castings called upon to  w ithstand abra
sive conditions, where the  properties of the  type 
revealed by th is  investigation  may prove of in
terest.

The above are  to  be taken  as purely general 
comments in tended  to focus a tten tio n  on some 
directions in  which i t  is possible th a t  Tesults of 
the  type yielded by th is  investigation  m ight 
prove of value, and in the  hope th a t  they  may 
stim ulate fu r th e r  experim ent and investigation 
in a sim ilar direction.

This investigation  and research has been 
carried  o u t in  th e  laboratories of Bradley & 
Foster, L im ited, in conjunction  w ith H igh  Speed 
Steel Alloys, L im ited. The au thor desires to 
place on record his thanks fo r th e ir  co-operation 
and consent to  the  publication of the  results.
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T H E  IN F L U E N C E  O F  W A L L - T H IC K N E S S  O N  
T H E  M E C H A N IC A L  P R O P E R T IE S  O F  
C A S T  IR O N

By H . Jungbluth

(German Exchange Paper)

I.— H isto rica l
The fac t th a t  grey castings have d ifferent 

s tren g th  properties according to  th e ir  thickness 
is well-known. In  add ition  to C. v. Bach* who 
as early  as 1888 studied  the  m echanical stren g th  
of castings of different sectional thickness. 
W. J .  Keep* in 1906 drew the  general conclu
sion from  a series of investiga tions th a t  the  
s tren g th  of a casting  of given sectional thickness 
could no t be derived by a m athem atica l form ula 
from  the  m echanical values ob tained  fo r te s t  bars 
of o ther dimension* A lthough K eep  did  no t 
arrive  a t  a solution .'or th is  problem, he never
theless clearly form  d a ted  th e  p rac tica l aspects 
of the question. The p rac tica l foundrym an  is 
concerned w ith  tw o questions : firstly, w hat is 
the stren g th  of a casting  a t  d ifferen t sectional 
thicknesses, and  secondly, w hat re la tio n  exists 
between the s tren g th  p roperties in  sections of 
different thickness of a casting  and  those of a 
te s t b ar cast e ither separately  or in teg ra lly  w ith  
a casting  and  which the  foundrym an uses fo r his 
own tes ts?  D uring  subsequent years various 
investigators studied  th is  problem , th e  im petus 
for th is  work being provided m ainly  by B ritish  
and A m erican research workers.

In  the  first instance num erical d a ta  alone were 
collected and no a tte m p t was m ade to  derive 
from  these experim ents any general laws which, 
if possible, could be form ulated  q u an tita tiv e ly . 
Of the few workers who did indeed m ake some 
advance in  th is direction, passing reference 
should be made to  W . H . B o ther and  V . ill. 
M azurie20 who proposed the  casting  and  te s ting

* T h e  B ib lio g ra p h y  a p p e a rs  a t  t h e  e n d  o f  th is  P a p e r .
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of several bars of d ifferent wall thickness instead 
of only a single one, and to J .  TV. B olton”  w'ho 
suggested g iving th e  te s t bars the  same ra tio  of 
surface to volume as th a t  of the  castings. L ater 
M. v. Schw arz and A . V at/t”“  followed up th is 
suggestion and  showed th a t  u nder certa in  con
ditions satisfactory  agreem ent between the 
stren g th  of a  casting  as a whole and th a t  of a 
tost bar can be obtained if the  d iam eter of the 
bar is m ade tw ice the  wall thickness under test.

%c

F i g . 1 .— R e l a t io n s h i p  b e t w e e n  C  a n d  Si a n d  
C o n s t a n t  c , a c c o h d in g  to  C o y l e ’s  F o r m u l a .

Subsequently research followed three main 
directions. On th e  one hand, as th e  problem as a 
whole proved to  be too complex, one group of 
investigators devoted its a tten tio n  to  a p artia l 
aspect and a ttem p ted  to find th e  q u an tita tiv e  re
lations ex isting  between te s t bars of different d ia
meters and different compositions. This was 
indeed the first p a r t of K eep’s6 form ulation of the 
whole problem. G. M eyersberg68 in  1931 pub
lished certa in  equations which represented the 
q u an tita tiv e  relationship  over a certa in  range
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between the  d iam eter of th e  te s t b a r and  the 
m echanical p roperty  in  question. B u t as, how
ever, F. B. Coyle28 had already  shown in 1929 
th a t  a logarithm ic re la tion  ex isted  between the 
m echanical stren g th  and  th e  tes t-b ar d iam eter, 
II . Ju n g b lu th  and P . A . H eller’* and  P . A . 
H eller and H . Ju n g b lu th ’“ employed th is  obser
vation  in  order to  a rriv e  a t  a  num erical value 
for th e  “  sectional sensitiv ity  ”  in  te rm s of the  
ta n g en t of the slope of th e  logarithm ic line of

t e n s i l e  s t r e n g t n
Ibs/sg. in. Zugfestigkeit
* 4 0 0 0  kg I  mm z

4 3 , 3 7  

4 5 , 5 2  

4 2 , 6 8  

3 9 , 8 3  

3 6 , 9 9

3 4 . 4 4  

3 4 , 3 0

2 8 . 4 5  

2 5 , 6 4  

2 2 , 7 6  

4 9 , 9 2  

4 7 , 0 7  

4 4 , 2 3

Exponent of sensitivity to section: —a
F i g . 2 . — R e l a t io n s h i p  b e t w e e n  T e n s i l e  

S t r e n g t h  a n d  S e c t io n a l  S e n s i t i v i t y .

reference. They succeeded in  o b ta in ing  a  defi
n ite  relationship  between th e  “ sectional sensi- 
tiv ity  ” on th e  one hand  and  th e  M aurer 
diagram * and the  quality  of grey iron  respec
tively on the  o ther. This p a r t  of th e  problem 
was thus solved a t  th a t  tim e. On th e  o ther 
hand E . D iibi40 51 tr ied  to  c larify  the  re la tio n 
ship between the  s tren g th  of th e  te s t  b a r  and 
th a t  of th e  casting  by in troducing  th e  concept

* “  s. Kruppsche Mitteilungen," 5 (1924), p p .  115-22 ; " S ta h l  
u. Eisen," 44 (1924), pp. 1522-24.
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of a “  hardness characteristic  curve ”  (“  H arte- 
charak te ris tik  ” ), commencing from the assump
tion th a t  there  exists a connection between the 
streng th  and the  B rinell hardness, a t  least within 
a lim ited range. H is purview  was therefore the 
second p a rt of K eep’s question.

F inally , the  th ird  group of investigators, 
especially the school of E . P iw ow arsky"  « ‘»m*»»» 
a ttem pted  to  deal w ith  th e  influence of alloy 
components n o t norm ally present in  cast iron 
on sectional sensitivity . These workers adopted 
as a fundam ental m easure th e  exponent “  a ” 
introduced by H . Jungblu tli and P . A . H eller
i.e ., th e  ta n g e n t of the  slope of th e  logarithm ic 
line of reference. This is in general outline the 
progress of th e  subject under review up to  the 
present day. The problem is, however, no t yet 
finally solved. An exact scientific form ulation 
of the  problem is given below.

II.— Sectional Sensitivity
(a) Test Bars

The question of the  pure sectional sensitivity  will 
be discussed first. The q u an tita tiv e  laws governing 
sectional sensitiv ity  are  based on the  conclusion 
sta ted  by F . B. Coyle31 th a t  the dim inution in 
th e  tensile s tren g th  of te s t bars of different 
thicknesses p lo tted  in  a system of co-ordinates 
w ith logarithm ic axes is represented  by a stra ig h t 
line. The relationship  between the diam eter of 
th e  te s t b ar and  its  s tren g th  can therefore be 
expressed by an  equation  of th e  form : 

y =  c . x m
where

c is a constant,
x  the  d iam eter of th e  te s t bar and 

m  an exponent.
E xpressing th is  equation  logarithm ically, viz., 

I°g y — m  log x  +  log c shows th a t  m stands 
for the slope of th e  s tra ig h t line plotted in loga
rithm ic co-ordinates, and c fo r the  streng th  of 
the  te s t b a r w ith  the  d iam eter 1 (for Coyle’s 
case 1). F rom  his curves Coyle deduced th a t

m = — ■ ^  The different grades of cast iron
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differ according to Coyle only in  regard  to  th e  
constan t c ; his Table I I  gives d ifferen t values of 
c in re la tion  to the  carbon and  silicon. These 
constan ts were evaluated  graphically  by the  p re
sen t au th o r and are  shown in  F ig . 1, which also 
includes th e  s tren g th  values of cas t iron in 
reference to carbon and silicon co n ten t already 
given by Coyle.* A sa tisfac to ry  concordance is 
ap p aren t, and  i t  is seen th a t  Coyle’s constan ts 
are  in  fac t the  tensile s tren g th s fo r th e  1-in. te s t 
bar. B u t as Coyle gives only one value for the

exponent m, namely, —0.495 the

slope of his curves in  logarithm ic co-ordinates is

F i g . 3.—D ia g r a m  o p  S e c t io n a l  S e n s i t i v i t y .

therefore  always the  same, i.e ., th e  percen tage 
d im inution in  s tren g th  is equal for each grade 
of cast iron.

II .  Ju n g b lu th  and P . A . H eller  used th is  P ap e r 
as a basis. A fte r showing th a t  n o t only the  
tensile s tren g th  b u t also th e  tran sverse  s tren g th  
and M eyersberg’s “ flexure coefficient ” f  ( “ Ver- 
biegungszahl ’’) follow the  same law ,30 th ey  suc-

• “ Iron Age," 124 (1929), pp. 6-7 ; “ Proc. Am. Soc. Test 
Mat.," 29 (1929), II, pp. 87-93.

t  "  Giesserei,” 17 (1930), pp. 473-81, 587-91 ; ”  Kruppsche 
M onatshefte," 12 (1931), pp. 301-330; " Stahl u. Eisen," 50 
(1930), pp. 1305-07.
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ceeded49 la te r  in establish ing th a t  in the  d im inu
tion  in  s tren g th  of a  te s t b ar n o t th e  co nstan t c, 
th a t  is the s tren g th  of the  1-in. bar, b u t the 
exponent m, rep resen ting  th e  g ra d ie n t of the  
curve, is the  c rite rion  determ in ing  the  sectional 
sensitiv ity . In  the  following, therefo re , sectional 
sensitiv ity  implies only th is  d im inution  in 
s tren g th  as expressed by Coyle’s exponen t m , and 
has no reference to its absolute value (i.e., w ith 
ou t reference to Coyle’s co n stan t a). lr igs. 2 
and 3 sum m arise th e  re lations. I t  is seen th a t  
cast irons w ith  high carbon and silicon con ten ts 
no t only have a sm aller Coyle’s co n stan t c, th a t  
is, a  lower s tre n g th  in  th e  30-mm. te s t  b a r 
(F ig. 2), b u t also a  g rea te r exponen t m  (or a as

F i g . 4 .— R e l a t io n s h i p  b e t w e e n  E x p o n e n t s  a 
( T e n s i l e  S t r e n g t h ) a n d  c ( B r i n e l l  H a r d 
n e s s ) ,  ACCORDING TO HELLER AND JUNGBLUTH.

H eller and Ju n g b lu th  have denoted it) ,  i.e ., 
they have a g rea te r percen tage d im inu tion  in  
stren g th  compared w ith  a 30-mm. te s t  b ar 
(F ig . 3). N atu ra lly  the  re lations between bar 
d iam eter, s tren g th  and  g rad ien t a re  n o t very 
accurate, as th e re  is a  ce rta in  to lerance  due to  
the  m oulding, casting  and  te s t conditions.

N evertheless, p robability  curves should enable 
the range of v a ria tion  and  the  m odulus values to  
be determ ined sufficiently accurately  so th a t  th e  
d im inution  in  s tren g th  of te s t bars can be ex
pressed num erically, a task  which, however, could 
only be carried  ou t by co-operative research.
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This p a r t  of the  problem of sectional sensitiv ity  
can therefore  be regarded as solved.

F o r the  transverse s tren g th , d iagram s sim ilar 
to  those for tensile s tren g th  can also be de
veloped, as well as fo r th e  B rinell hardness and  
o ther s tren g th  properties. F ig . 4 shows, e.g., 
th e  rela tionsh ip  between th e  exponen t a for th e  
tensile s tren g th  and th e  exponent c fo r th e  
B rinell hardness,* as p lo tted  by P . A . S e lle r  and  
H . Jun g b lu th A * From  the  d iag ram  th e  known

P r o p e r t ie s  o p  S t a n d a r d  G r a d e s  o p  C a s t  
Ï r o n .

fac t can be deduced th a t  the  percen tage  differ
ences in  th e  B rinell hardness of d ifferen t wall 
thicknesses a re  n o t as g rea t as those fo r th e  tensile 
s treng th . The B rinell hardness does n o t differ 
as much as th e  tensile s tren g th , w hich is also 
shown by F ig . 5 from  R . M ailänder u nd  E .  
J u n g b lu th . f  This resu lt is very im p o rtan t, as 
much d a ta  on cast iron  devoid of sectional

perUeBhLHdlereaTd7uVgbluthme eXP°nent8 the di“ ^ -  
f  “ Technische Mitteilungen Krupp,”  1 (1933), pp. 83- 93.
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sensitiv ity  are based on the  B rinell hardness, 
which should be checked occasionally. F ig . 6 
shows finally the  relationship between the 
exponent a for th e  tensile s treng th  and the 
exponent b for the  transverse streng th , also 
according to  P. A . H eller and H . Ju n g b lu th .“  
This curve shows th a t  the  transverse streng th , 
too, does no t vary  as much as the  tensile 
streng th , which again  agrees w ith F ig . 5. How
ever, i t  has to  be borne in  mind th a t  the  tensile 
s tren g th  was determ ined on m achined and the 
transverse stren g th  on unm achined te s t bars.

- a

F i g . G .— R e l a t i o n s h i p  b e t w e e n  E x p o n e n t s  a  
( T e n s i l e  S t i i e n g t h ) a n d  b ( T r a n s v e r s e  

S t r e n g t h ) ,  a c c o r d i n g  t o  H e l l e r  a n d  
J u n g b l u t h .

P. A. H eller and H . Ju n g b lu th “  used, in 
add ition  to  th e ir  own d a ta , figures given in 
B ritish  and  American li te ra tu re .30 39 I t  is still 
necessary to  investiga te  how fa r  the  P ap e r of 
A. Koch and E . Piwowarslcy"  can be correlated 
w ith P . A. H eller and  H . Ju n g b lu th ’s theory. 
These investigators cast bars of p lain  cast iron 
of 22 mm ., 37 mm ., 52 mm., and 67 mm. dia. 
This m ateria l, being made in the  Brackelsberg 
furnace by a different m elting  process, was 
expected to  give values no t agreeing w ith those 
of H eller and Ju n g b lu th . In  addition  to  the
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influence of d ifferent carbon and silicon contents 
the influence of the  pouring  tem p era tu re  was 
also studied.

The au th o r has calculated (Table I) the 
exponents showing the  influence of wall th ick 
ness, only the  figures fo r tensile s tren g th  being 
usable. The value for th e  th in n es t b a r d id  not 
conform w ith the  curve for transverse  s tren g th , 
because the  bar was tested  w ith its  skin, while 
all o ther pieces had been tu rn ed  down to  3 0  m m .

o  H e l l e r  ■ J u n g o i u w  

* K o c h  - P n v o c v a r s k y

C * 5 i

6.00

5,80

5.60

5,50

5,20

5.00

580
560

500
520

500

580

♦ Piwonarsky-Sohnchen

• D u b i

**)
0

o
o
Q

o* -©■
o O • •

>

i x ♦)

o
- * 

0

*rv,
o

B-

0 0,1 0,2 0,3 0,6 0,5 0,6 07 
- a

F i g .  7 .— R e l a t i o n s h i p  b e t w e e n  
C +  S i a n d  a.

d ia ., thus having the  skin rem oved. No d a ta  
were given of the  dim ensions of th e  te s t  pieces 
for tensile tests, so th a t  i t  canno t be determ ined  
w hether on pieces of d ifferent d iam eter an 
equivalent portion  of th e  d iam eter was each tim e 
tested , as ensured by P . H eller and  H . Ju n g - 
b lu th .40 Nevertheless, the  values found ag iee 
satisfactorily  w ith  those ob tained  by P . A. H eller 
and H . Ju n g b lu tl i"  and included" in Table I I  
This is seen in p a rticu la r on p lo tting  these values
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against the  to ta l C +  Si, as in F ig . 7. As the 
influence of the  pouring tem pera tu re  upon a is 
practically  negligible, the whole of the  numerical 
da ta  can be used (the te s t pieces m arked x in 
F ig. 7 were poured a t  1,440 deg. C.), and those 
m arked -©- a t  1,340 deg. C.

I t  is rem arkable th a t  a rising silicon content 
in melts 1, 2 and 3 did not cause an increase 
but a reduction  in  the  sectional sensitiv ity , which

o  Heller - Oungblulh 

f> P /w ow arsky  -  Sohn ch en
C * 5 i  c  D u b i

6.0

5.8
5.6

5.6
5.2

5.0

68

6.6

6,6

6.2

6.0

3 8
' 0,0 0,1 0,2 0,3 0,b 0,5

-/O
F i g . 8 . — R e l a t i o n s h i p  b e t w e e n  C +

Si a n d  c .

is in opposition to  all previous knowledge. The 
corresponding points for m elts 1 and 2 are  picked 
out in  F ig . 7 by a vertical s tro k e ; these m ust 
obviously be om itted  from  the series of points. 
Some points a re  also obtained from  the  d a ta  of 
E. D ubi.40 51 W ithou t specifying his m elting 
ap p ara tu s, he cast together w ith  te s t boxes 
t, which will be dealt w ith  la te r) te s t bars of plain 
cast iron  w ith  d iam eters of 30 mm. and 50 mm. 
N atu ra lly  i t  is ra th e r  presum ptive to  calculate 
from only two diam eters the sectional sen s itiv ity ;

0
6

o
uoc
0

>

c

0
9
o

o
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i t  can nevertheless be done, as shown by F igs. 7 
and 8, which ind ica te  th a t  th e  resu lts conform  
en tirely  w ith those already  deduced. Only one c 
value does no t fall w ith in  th e  curve a t  all. As 
the corresponding a value is positive, i t  m ay be 
assumed th a t th is cast rep resen ts some in te r 
m ediate stage. I t  m ust be ad m itted  th a t  the  
values so obtained a re  very scattered , h u t th e re  
is a ce rta in  num erical reg u la rity . I t  m ay th e re 
fore be claimed w ith  some ju s tifica tion  th a t  these 
investigations have reached a c e rta in  stage of 
finality.

The above investigations on the  fundam en ta l 
laws of sectional sensitiv ity  have been amplified 
by fu r th e r  work on te s t bars of alloyed  cast 
iron in  order to  determ ine th e  influence of alloy
ing elem ents on th e  sensitiv ity  fac to r, p a rticu 
larly  by th e  work of E . P iw ouarsky  and E . 
Sohnchen .”  43 In  th e  first P a p e r3'  square te s t 
bars of 15 mm., 30 mm ., 40 m m ., 60 m m ., and 
90 mm. side and  90 mm. long were cast. The 
shape of these bars differs considerably from  
those used by P . A. H eller and  H . Ju n g b lu th , 
who used round bars and m ade a po in t of m ain 
ta in in g  a ra tio  of leng th  to  d iam eter of 20: 1, 
while in  the P a p e r m entioned3'  th is  ra tio  varied  
from 6 :1  to  1 :1 .  Besides, th e  m ateria ls  were 
melted in oil-fired crucibles, and  th e ir  p rep a ra 
tion  thus differs considerably from  th a t  em
ployed by H eller and  Ju n g b lu th . C arbide con ten t 
and B rinell hardness, as well as th e  influence 
of silicon, alum inium , nickel, and chrom ium , 
were studied.

P’rom the  graphs th e  present au th o r has ob
ta ined  the  c values, hav ing  determ ined  the  
exponents for th e  reduction  in  B rinell hardness 
w ith such accuracy as was pe rm itted  by the  
o rig inal tables (see Table I I I ) .  I t  is seen th a t  
the c values in  general are  m uch lower th a n  
those of H eller and Ju n g b lu th . The presen t 
au th o r considers th is due to  th e  fa c t th a t  in 
the case in question the pouring  conditions ap 
proxim ated more closely to  those of la rge  cast
ings, for which the  sectional sensitiv ity  is known
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to  be sm aller th an  th a t  of separately -cast bars. 
In  add ition  the  effect of silicon (heats 1, 2, and
3) and p articu la rly  of phosphorus (heats 3 and
4) in  increasing the  sectional sensitiv ity  is also 
clearly brought out. N ickel decreases the sensi
tiv ity  value (heats 5 and 6), while chrom ium  
(heats 7 and 8) does no t ap p ea r to  have m uch 
effect fo r there  is only a sligh t difference between 
the  exponents (0.133 aga in s t 0.097).

In  o ther P ap ers45 53 th e  au tho rs  am plify  th is  
work, and used round  bars of 20 m m ., 30 m m .,

A N D  C.

40 mm ., and 60 mm. d iam eter and  650 mm. 
long, thus approx im ating  closely to  th e  condi
tions chosen by H eller and  Ju n g b lu th . The 
heats were carried  ou t in  a 400-kw. elec tric-arc  
furnace, th u s  again  w ith  d ifferen t m eans as em 
ployed by H eller and Ju n g b lu th . The influences 
of silicon, phosphorus, a lum inium , nickel, chro
m ium, and molybdenum were stud ied  and  the  
tensile s tren g th , B rinell hardness and  carbide 
con ten t also m easured. H ere  also th e  presen t 
w riter has deduced from  th e  published curves 
the sectional exponent a fo r tensile s tren g th  and 
c for the  B rinell hardness w ith th e  degree of
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accuracy possible; these a re  given in Table IV . 
I f  these values are  com pared w ith  those of the  
first P ap e r i t  is seen a t  once th a t  in  general 
they  a re  h igher, which is undoubtedly  due to  the  
fac t th a t  a d ifferen t b a r shape was used. I t  
is of in te rest, in  sp ite  of the  difference in  m elt
ing  conditions, to  a tte m p t to  correlate  th e  
values45 52 found by Piw ow arsky and  Sohnchen 
and those of Ju n g b lu th  and  H e lle r .4’ T his is 
na tu ra lly  only possible for the  unalloyed 
m aterials, and for these only in  so fa r  as the 
phosphorus con ten t rem ains w ith in  th e  lim its 
prescribed by H eller and  Ju n g b lu th . Therefore 
as regards analysis only th e  m elts No. 1, 2, 
and 18 are  of value, of which No. 18 is, how ever, 
useless, as th e  w all-thickness exponen t could not 
be determ ined sufficiently accurately . F o r  m elt 
No. 2 no values fo r th e  tensile s tre n g th  were 
g iven ; th e  exponent a fo r m elt No. 1 is in 
perfect accord w ith  th e  values found  by J u n g 
bluth and H eller49 and K och and  P iw ow arsky ,4* 
respectively, as a  glance a t F ig . 7 will show.

F o r th e  B rinell hardness th e  exponen t c of 
m elts Nos. 1 and  2 can be used, and i ts  m agn i
tude  also agrees w ith  the  values of H eller and  
Ju n g b lu th , as shown by F ig . 8. The curve is 
extrem ely sa tisfactory . A second observation  of 
a general n a tu re  is no t w ithou t in te re s t. I f  
all exponents a and c (F ig . 9.) a re  com pared 
w ithout regard  to  the  fac t th a t  H eller and J u n g 
bluth'18 employed unalloyed and  P iw ow arsky and  
Rohnchen45 alloyed m ate ria l, i t  is seen th a t  these 
values are  also in  satisfac to ry  accord. The curve 
draw n th rough  th e  various points conform s w ith 
th a t  a lready given by H eller and Ju n g b lu th  .4’ 
R egard ing  th e  influence of th e  alloy elem ents, 
they confirm the  facts a lready  deduced in  the 
first P a p e r .57 Nickel (m elts 7 and  14) reduces 
the sectional sensitiv ity , probably because the  
silicon con ten t can be lowered. A lum inium  
(melts 5 and 6) and  phosphorus (m elts 1, 2, 3, 
and 4) raise th is factor, phosphorus even if  the  
casting  contains 1.7 per cent, nickel (m elt 13). 
Chromium (m elts 15 and 16) and  m olybdenum
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(melts 9 and  10) have b u t li tt le  influence. I t  
was n o t possible to  estim ate  num erically  tb e  
influence of silicon, because m elt 18 d id  n o t allow 
the  calcu lating  of tb e  exponent.

Tbe num erical values published by Piw ow arsky 
and Sohnchen in  both th e ir  P ap e rs  a re  of g re a t 
im portance, because they  provide tb e  first 
num erical d a ta  ind ica ting  tb e  influence of alloy 
elem ents on tbe  sectional sensitiv ity . B u t these 
two investigators will them selves agree w ith  tb e  
w rite r th a t  th e ir  experim ents m ay be regarded  
m erely as ten ta tiv e  ones which requ ire  am 
plification by others of g rea te r precision.

(b) Castings

However in te re stin g  and im p o rtan t investiga
tions on te s t bars may be, i t  is n a tu ra l  th a t  in 
vestigations on tb e  sectional sensitiv ity  carried  
ou t on th e  castings them selves a re  of f a r  g rea te r 
im portance. Tbe difficulty of such investigations 
is, firstly, th a t  tbe  differences in tb e  properties 
of d ifferent wall thicknesses are  on th e  whole 
sm aller and besides depend closely on th e  shape 
of th e  castings. I n  sp ite  of these difficulties i t  is 
im perative to  a tta ck  th is  im p o rta n t problem, 
although i t  is realised th a t  only p a r tia l solutions, 
and these even only approxim ate ones, can resu lt.

I t  is logical to supplem ent th e  fundam en ta l in 
vestigations on the  effect of sectional sensitiv ity  
in  the  case of te s t bars of unalloyed m ateria l, 
w ith  those on simple castings of unalloyed cast 
iron. B u t, un fo rtu n a te ly , the  num ber of the  
observations available is m uch sm aller th a n  is 
the case w ith  te s t bars.

E . D ubi40 sl* has published two in te re s tin g  
Papers, already re fe rred  to , bearing  on th is  sub
ject. H e cast box-shaped te s t  castings of 
30 mm., 50 mm., 60 mm. and 70 mm. wall th ick 
ness and between 650 mm. and  2,200 mm* in  
length , the  inner core being in  m ost cases 
100 mm. by 100 mm ., b u t occasionally 300 by 
300 mm. and 300 by 600 mm. respectively. W ith  
the  same composition of iron he also cast te s t- 
bars of 30 mm. and 50 mm. in  d iam eter and ,



in te r  alia, determ ined the  relevant tensile and 
transverse  streng ths as well as the B rinell h a rd 
ness. The results obtained w ith  th e  te s t bars 
have already been discussed above. Of the  twelve 
castings investigated , only on the  first one was 
the effect of all fou r wall thicknesses studied, 
and th e  logarithm ic law satisfactorily  confirmed, 
thus ind icating  th a t  i t  is also valid for castings.

Hugo, P iw vsrsky andWpper <$ c a s tin g

C+Si
6,6

( •  te s t bars

6A 
6.2 

6.0 

5,8 

5.6 

5.5

5.2

5.0 

58 
56 
55
5.2

5.0

* \o castin

<Po • •

*

<8 3 » • •
4«

D

q i 0,2 Q3 0,5 0.5 0,6 0,7 0,8 -  a

F i g .  10.— R e l a t i o n s h i p  b e t w e e n  

C  +  S i  a n d  a , d e t e r m i n e d  o n  
C a s t i n g s  a n d  T e s t  B a r s  r e s p e c 

t i v e l y .

For th e  o ther eleven specimens only the streng th  
for a  wall thickness of 30 mm. and 70 mm. is 
given, so th a t , as w ith  the  te s t bars, the  ta n 
gen t has to  be draw n on the  basis of two points 
only. In  Table V and F ig . 10, the  a values of 
the te n  specimens are  given. The two missing 
ones were positive. F o r comparison purposes the 
a  values of the  corresponding te s t bars are also 
included. I t  is again  seen th a t  th e  a values of
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th e  boxes are  much sm aller th a n  those of the  
single bars. However, considering th e  very 
m oderate num ber of values, no a tte m p t can be 
made to determ ine a re la tio n  betw een th e  a 
values of the te s t bars and those of the  castings.

The following rem arks reg a rd in g  the  accuracy 
of th is work a re  of in te res t. I t  can be taken  
for g ran ted  th a t  w ith cast iron  the  g rea te st 
accuracy which can be obtained in  determ in ing  
the tensile s tren g th  does no t exceed ± 1,067 lbs.

Hugo, Pir/owarsky and Nipper^

He//er and U ungblułh.

F i g .  1 1 .— R e l a t i o n s h i p  b e t w e e n  E x p o n e n t s  
b a n d  a .

per sq. in. (0 .7 5  kg. per sq. m m .), i.e ., a n  o v e r -  
all range of 2 ,1 3 4  lbs. per sq. in . (1 .5  kg. p e r  
sq. mm.).* A difference in  tensile  s tre n g th  o f  
2 ,1 3 4  lbs. per sq. in. (1 .5  kg. p er sq. mm .) w ith  
a wall 3 0  mm. or 7 0  mm. th ick , corresponding 
to a sectional insensitiv ity , has an exponen t a 
of -  0 .0 9 . From  the  ten  casts of D iibi six a r e  
below th is value, and are  th u s  n o t affected by 
the  wall thickness. Only f our  a re  above — 0 .0 9 ,

* T h is  is o n ly  th e  a u th o r ’s p e rso n a l v iew . B u t  e v e n  i f  a  c r e a to r  
a c c u ra c y  is a ssu m e d , th e  re m a rk s  w h ic h  fo llow  s ti ll  a p p ly .  g r e a te r



namely, one w ith -  0.098, a second one w ith
— 0.103, a th ird  w ith — 0.108, and a fou rth  with
— 0.210. In  rea lity  only the  fo u rth  shows an 
appreciable difference in the  tensile streng th s of 
walls 30 mm. and 70 mm. th ick , viz., 6,686 lbs. 
per sq. in. (4.7 kg., per sq. m m . ) ; w ith the th ird , 
th e  m ateria l w ith  the  highest exponent, the 
difference am ounts only to  3,128 lbs. per sq. in. 
(2.2 kg. per sq. m m .), and therefore  is ju s t be
yond the  lim it of experim ental error. And ju s t 
the m ateria l w ith th e  highest a value has the 
lowest conten t of C +  Si. I t  is thus not possible 
to  establish a definite relationship  between the 
C +  Si fac to r and th e  exponent a, as was the 
case w ith te s t bars. F u rtherm ore, no systema
tic connection appears to  exist between the 
dimensions of th e  castings and the  exponent a, 
a t least w ith in  the  range investigated  by Diibi.

In  F ig . 10 th ree  values are also included from 
the  work of H ugo, Piwowarsky and N ipper50 50 
(to be discussed below), obtained w ith unalloyed 
m ateria l w ith a norm al phosphorus content. A 
glance a t  the  d iagram  shows a satisfactory  differ
en tia tion , as compared w ith Diibi, although the 
la tte r  did n o t go up to  C +  Si contents of about
6.45 per cent. W hether the reason for the  b e tte r 
d ifferen tia tion  is to  be sought in  th e  fac t th a t  
H ugo and h is collaborators used shorter (450 
mm.), b u t w ider (300 by 300 mm.) castings in  
th e ir  investigations cannot be established w ith 
certa in ty . As f a r  as the  a values are concerned, 
D iibi’s castings Nos. 10, 11 and 12 indicate some
th ing  of th is  kind, although the  values for 
Nos. 7, 8 and 9 do not confirm th is  assumption. 
In  these circum stances no a ttem p t can be made 
to u tilise the  exponents b and c for D iibi’s casts 
in the subsequent critica l analysis.

However unsatisfactory  th e  results obtained 
from Diibi's d a ta  may be, although these were 
assembled and collated w ith every care and are 
of extrem e in te rest, a t  least one im portan t fact 
can be gleaned from th is work. In  a g rea t many 
cases the  sectional sensitiv ity  of actual castings 
appears to  be very small, if no t altogether in 
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significant, th is  being an im p o rtan t p rac tica l 
conclusion. This s ta tem en t is, moreover, con
firmed by a  co-operative investiga tion  ea rn e d  
ou t by the  C ast Iro n  C om m ittee of th e  Y erein  
deu tscher E isenh iitten leu te  u nder th e  ch a irm an 
ship of th e  au thor, reg a rd in g  which full de ta ils 
cannot be furnished in  th is  P ap e r, since th e  in 
vestigations a re  still in  progress.*

As was th e  case w ith  th e  te s t  bars, th e  investi
gations of D iibi on unalloyed m a te ria l a re  supple-

F i g . 1 2 .— R e l a t io n s h i p  b e t w e e n  E x p o n e n t s  
c a n d  a.

rnented by researches ca rried  o u t by the  
Piwowarsky school, which were d irec ted  a t  e stab 
lishing th e  influence of alloy add itions on the  
sectional sensitiv ity  of castings. E . H ugo, E . 
Piwowarsky and H . N ipper50 52 em ployed’ for 
th e ir  investigations box-shaped castings w ith  an 
outside d iam eter of 300 by 300 by 450 mm . and 
a  wall thickness of 20 mm ., 40 m m ., 60 mm. and 
80 mm. The iron was tak en  from  th e  cupola and  
the alloys were added in  th e  ladle. They 
exam ined th e  influence of silicon, phosphorus,

* T,he «ar‘y  in s tig a tio n s  of Sulzer Broth., W interthur f ‘ C 
S S l  29 (1909)’ P1> 1177- 82>. gave the same'
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nickel, chrom ium , m olybdenum , tu n g sten  and 
copper. On account of the  wide range of th is  
work i t  is obvious th a t  of a to ta l of 31 m elts 
only two or th ree  heats were available to  ind ica te  
th e  influence of each separa te  e lem en t; we are 
thus again  dealing w ith  in troduc to ry  tes ts  only. 
The au tho rs  them selves already  calcu lated  the  
sectional exponents and  correlated  these in a 
d iagram . W ith  such accuracy as is determ ined  
by th e  small scale employed th e  w rite r  has

-a

F i g . 13.— I n f l u e n c e  o f  V a r io u s  E l e m e n t s  on  
t h e  S e c t io n a l  S e n s i t i v i t y , a c c o r d in g  to  
H u g o , P i w o w a r s k y  a n d  N i p p e r .

grouped in Table V I those exponents of p rin 
cipal in te rest. I f  these values a re  only roughly 
com pared w ith those found for te s t  bars (Tables 
I ,  I I  and  IV ), a first g lance shows th a t  the  
num erical values of a, b and  c a re  m uch sm aller, 
thus b ring ing  out the  influence of the  te s t objects. 
I f , in  o rder to  m ake a general survey of the  
num erical values available, th e  re la tionsh ip  
between a  and b and also a  and  c a re  p lo tted  
graphically  (F igs. 11 and 12), i t  is seen th a t ,
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con trary  to  H eller and Ju n g b lu th ,“  w ith Hugo, 
Pi, wo war sky and N ipper,52 the transverse streng th  
(F ig. 11) appears to  differ more th a n  the  tensile 
streng th . This is a rem arkable fa c t fo r which 
th e  present w rite r  cannot offer a  satisfactory 
exp lanation . Nevertheless, i t  m ust be borne in 
m ind th a t  H ugo and his collaborators in the ir 
bending te s ts  used machined bars, while the 
w rite r and his collaborator employed “ as-cast ” 
ones. The tre n d  of th e  relationsh ip  between a 
and c (F ig. 12) found by H ugo, Piwowarsky and 
N ipper is the  sam e as th a t  deduced by H eller and 
Ju n g b lu th , except th a t  the  la t te r ’s curve is 
higher, while they  also dealt w ith m aterials 
having h igher values.

F ig . 13 shows th e  relationship  between the 
alloy elem ents and a values, and confirms the 
long-known resu lt th a t  silicon and especially 
phosphorus raise th e  sectional sensitiv ity  con
siderably (phosphorus even in th e  presence of 
2 per cent. N i), and  th a t  molybdenum and nickel 
lower it , while copper has the  same effect up to 
1 per cen t., b u t beyond th is  has only a slight 
influence. The effect of tungsten  is doubtful. I t  
is w orth while to  study in more detail the effect 
of nickel. To do th is the  w riter has drawn 
F ig. 14, in  which th e  effect of nickel for three 
different silicon contents is represented. The 
values for zero nickel and the  requ isite  silicon 
con ten t are  obtained by in terpo lation  from the 
silicon curve in  F ig . 13. I t  is- seen th a t  a t  a 
high silicon content, viz., a t  about 2 per cent., 
th e  addition  of abou t 1 per cent, nickel con
siderably lowers th e  sectional sensitiv ity , bu t 
th a t  a fu r th e r  increase in nickel has no m arked 
additional influence. (The absolute streng th  did 
not in fa c t increase.) A t 1.65 per cent. Si the 
decrease in  sectional sensitiv ity  by adding more 
th an  2 per cent, nickel was only m oderate, and 
a t  1.12 per cent. Si practically  negligible (only 
the absolute stren g th  w ith a wall thickness of, 
e.g., 20 mm. increased from  about 13.9 tons per 
sq. in. (22 kg. per sq. mm.) to  16.8 tons per sq. in. 
(26.5 kg. per sq. m m .). The effect of the 
chromium a t d ifferent silicon contents is shown
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in F ig . 15, which th e  w rite r has also based on 
the  d a ta  of H ugo and  his collaborators. Accord
ing to  these investigations th is  effect—in each 
case betw een 2 and 3 per cent. Si and
0.3 to  1.2 per cent. C r—causes a  dim inution 
of th e  sectional factor, which is ap p a ren t a 
priori.

A t the end of th is  section reference may be 
m ade to  th e  sectional sensitiv ity  of castings in 
cluded in a norm al day ’s o u tpu t. The w riter was 
able to  study specimens of different wall thick-

-a
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F i g .  1 4 .— I n f l u e n c e  o f  N i c k e l  a n d  S i l i c o n  o n  
t h e  S e c t i o n a l  S e n s i t i v i t y ,  a c c o e d i n g  t o  

H u g o ,  P i w o w a e s k y  a n d  N i p p e r .

ness from  some discarded castings m ade by Fried . 
Kr u pp  A.-G., Essen. The G erm an standard  tes t 
b a r of 30 mm. d iam eter and 650 to  700 mm. long 
had also been separately  cast and  tested . In  
Table V II  the  m ost im p o rtan t d a ta  a re  collated, 
and F ig . 16 shows graphically  the  s tren g th  values 
for d ifferen t wall thicknesses. Nos. 1, 3 and 4 
were obtained from  locomotive cylinders, weigh
ing about 2,977 lbs. o r 1,350 kg., Nos. 2 and  6 
from  steam  storage tan k s  weighing about 331 lbs. 
or 150 kg., and No. 5 from  a  wheel body. A 
definite relationsh ip  between th e  various values 
is n o t im m ediately apparen t. All th a t  can be

N
— S*

-7,65 % S i

—
/  %  Si

¿.0

——  %/io
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deduced is th a t , excep t for No. 6, th e  sectional 
sensitiv ity  is on the  whole small.*

I I I .—d e la t io n s  betw een Streng th  C h a ra c te r is t ic s  
of W all-T h ick n ess  Specim ens and of T e s t  B ars
The question of th e  relationsh ip  betw een the  

s tren g th  properties of w all-thickness specimens 
and of separately-cast or a ttach ed  te s t bars  is
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VoCr
F i g . 1 5 .— I n f l u e n c e  o f  C h r o m i u m  

a n d  S i l i c o n  o n  t h e  S e c t io n a l  
S e n s i t i v i t y .

ju s t as im p o rtan t to  the  foundrym an as a  know 
ledge of the  sectional sensitiv ity  per se. I t  is 
so closely connected w ith  th is la t te r  charac te ris tic  
th a t  a t  least a brief discussion is necessary a t 
th is place.

H ere, too, only few system atic investigations 
have been carried  out. F irs tly , J .  W. B olton’s2*

* The very interesting and perhaps also im portant fact may be 
mentioned, th a t the difference between the strength of the 
separately-cast te st bar of 30 mm. diameter and the strength of 
the same wall thickness to  be interpolated is clearly related to the 
prac Meal value ' 3 whlch is obvious a  p r w r i  and of potential
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proposals m ust be recalled, th a t  the  te s t bars 
m ust have th e  same ra tio  of volume to  surface 
as th e  castings themselves. F u rtherm ore  M. v. 
Schwarz and  A. V a th 4'  on the  basis of th e ir  ex
perim ents concluded th a t  separately-cast tes t 
bars w ith  a d iam eter double the  wall thickness 
of p latelike castings have roughly the  same 
stren g th  properties as the  castings themselves. 
This would ind ica te , as simple m athem atical con
siderations show, th a t  for one and  th e  same iron 
the  sectional sensitivities of a casting and of 
the corresponding te s t hars would he th e  same, 
a fa c t no t supported  by the  experim ental da ta  
of o ther investigators. v. Schwarz and V ath  
also po in t o u t in  th e ir  P a p e r th a t  for castings 
of more com plicated shapes o ther laws would be 
valid th a n  those which they  had found in  regard  
to  castings of simple shape.

I t  is perhaps possible to  deduce a general law 
from  th e  observations m ade by the  w rite r on the 
above-m entioned discarded castings from  K ru p p ’s 
production , nam ely th a t  the  difference between 
the  streng th s of th e  te s t b ar of 30 mm. d iam eter 
and  of a  wall thickness of 30 mm. becomes. 
steadily sm aller w ith  im provem ent in  the 
quality  of the  cast iron. This difference is 
practically  zero fo r h igh-dutv  cast iron, and as 
th is m ateria l has also only a small sectional 
sensitiv ity  the  30 mm. te s t b ar already very 
closely represents, in  th e  opinion of the  au thor, 
the s tren g th  of th e  casting  itself.

I t  is due to  D iibi40 51 to  have in troduced an 
en tirely  new aspect of the  relationship  between 
wall thickness and  te s t b ar values, by his pro
posal of th e  “  hardness ch arac te ris tic .”  H is 
suggestion may be form ulated  as follow s: I t  is 
definitely n o t possible to  establish fundam ental 
relationships between the  different mechanical 
values of cast iron. B u t for specific cast irons 
of sim ilar class, relationships of th is  type can 
be found w ith  a satisfactory  accuracy to  apply 
to  such specific groups, which he deduces from 
some of his ea rlie r work.* H e therefore 
proposes to  cast w ith  th e  castings to  be tested

• Report of discussion No. 37 of the Swiss Institution for Testing 
Materials a t the E.T.H., Ziirich, Dec., 1928, pp. 7-18.
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two separa te  te s t bars of 30 mm. and  50 mm. 
d iam eter respectively, of which th e  tensile 
s tren g th  and B rinell hardness a re  determ ined. 
H e th en  plots th e  tensile s tren g th  of th e  bars 
as a function  of the  B rinell hardness, and thus 
obtains in  his d iagram  two points which are  
jo ined by a s tra ig h t line called th e  “  hardness 
characteristic  ”  (“  H a rte c h a ra k te r is tik  ” ). I f  
th e  casting  is now tested  for B rinell hardness, 
the hardness characteristic  will give th e  tensile

w»tf fhieknra —

F i g . 16.— S e c t io n a l  S e n s i t i v i t y  o f  C a s t i n g s  i n  
N o r m a l  P r o d u c t io n .

streng th  corresponding there to . In  F ig . 17 the  
hardness characteristics a re  given as d raw n from  
the average value. E . D iibi 51 suggests th a t  
the hardness ch aracteristic  H = /  (/3z) fo r a 
specific cast iron is a  su itab le  source of in fo rm a
tion  of th e  effect of the  wall th ickness or the  
sectional sensitiv ity . The w rite r  does not 
en tire ly  subscribe to  th is assum ption. H owever, 
a theoretical basis seems to  be provided, and  i t  
is now necessary to  collect more experim ental 
d a ta . The above-m entioned investiga tions of 
the  C ast-Iron  Com m ittee of th e  V erem  deutscher 
E isenh iitten leu te  are including consideration  of 
th is m atter.

— Sectional Sen sitiv ity  of O th e r  M etals
In  conclusion i t  is of in te re s t to  consider in 

w hat range of values th e  sectional sensitiv ity  of
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o ther alloys m ay lie, as th is alone will show 
w hether cast iron  in  th is  respect suffers from  a 
special d isability  or not. This is definitely the 
case if an iron  casting  is com pared w ith steel 
castings. The w rite r has analysed da ta  pub
lished by A. Rys* on alloyed and p lain steel 
castings. U p to  a wall thickness of 120 mm. no 
sectional effect can be found in  the  vast m ajority  
of cases considered. Even between wall th ick 
nesses of 40 to  400 mm. the  a values lie w ithin

iSS«. t

Ha

F i g . 1 7 .— H a r d n e s s  C h a r a c t e r is t ic s  o f  T e s t  
C a s t in g s  (D ubi).

the range of only 0.03 to  0.07, these values being 
in  fa c t derived n o t from  castings b u t from  tes t 
bars, which certa in ly  show a g rea te r variab ility  
th a n  th e  castings. B lack-heart malleable iron, 
too, gives b e tte r  results. H . Ju n g b lu th  and F . 
B riiggerf determ ined  th e  tensile stren g th  of 
American malleable iron on specimens of different 
diam eters. I f  these values are  plotted 
logarithm ically  a s tra ig h t line is obtained w ith 
a g rad ien t of —0.18, rep resen ting  a small value 
for te s t  bars. On th e  o ther hand , the  sectional 
sensitiv ity  of alum inium  alloys is of th e  same 
order of m agnitude as th a t  of cast iron. S .  v. 
Schw arzl gives a series of stren g th  values for

• "  Kruppsche Monatshefte,” 11 (1930), pp. 47-76. Cf. Stahl 
u. Eisen, 50 (1930), pp. 423-38.

t  " Schriften des Reichskuratonum fiir Technik in der Land- 
w irtschaft,” Berlin, S.W.l 1, No. 56 (1934).

X “ Zeitschrift fa r Metalik ande,” 25 (1933), pp. 269-74.
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alum inium  alloys, from  which H . Ju n g b lu th  and  
P. A . Heller* selected a  “ self-im proving ” 
G erm an alum inium  alloy and  com pared i t  w ith  
a cast iron  of the  Germ an s tan d a rd  Ge 14.91, 
w ith a tensile s tren g th  of abou t 8.8 tons per 
sq. in. (14 kg. per sq. m m .). A t the  tim e they  
already came to  th e  conclusion th a t  th e  sectional 
sensitiv ity  of th e  two alloys d id  no t differ very 
much. I f  they are  expressed by a values, the  
cast iron in question had a value of — 0.63 and 
the  alum inium  a value of — 0.69. These values 
are  in  good agreem ent w ith  those recen tly  found 
b y  E . Sohncheny  on tem perable a lum inium  alloys 
and which ranged  betw een — 0.13 and  — 0.75.

The m ateria l “  cast iron ” in  reg a rd  to  its 
sectional sensitiv ity  does no t occupy an  excep
tional position. I t  shares th is p roperty  w ith 
o ther cast alloys, while its  num erical value is 
also of th e  same o rder of m agnitude.

Conclusions
Sum m arising th e  above th e  follow ing con

clusions m ay be d raw n : —
(1) The problem as regards th e  genera l law of 

sectional sensitiv ity  of p la in  cast iron  te s t  bars 
can be assumed to  be solved. N um erical re 
lationship betw een th e  C +  Si and  th e  sectional 
exponent a, b or c can be s ta ted , w hich a re  as 
close as can be expected only in  th e  case of 
sta tistica l relationships.

(2) Investigations have also been conducted on 
the influence of alloy elem ents on th e  sectional 
sensitiv ity  of te s t bars, which m ust be regarded  
as ten ta tiv e  experim ents. They p resen t a 
qualita tive ly  consistent p ic tu re , b u t fo r q u a n ti
ta tiv e  evaluation  the  num ber of experim ents 
made is not ye t large enough.

(3) The d a ta  on the sectional sensitiv ity  of 
castings are  still more m eagre. I t  is fo r th e  
p resen t by no means sufficient to  give a  c lear 
conception of the  num erical relationsh ips. 
Especially ,n  th is d irection  a wide field is still 
open for research.

* "  St»111 »• Eisen,” 54 (1934), p. 1092 
t  Giesserei,” 22 (1935), pp. 100-108.
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(4) Concerning th e  influence of alloy elements 
on the  sectional sensitiv ity  of castings the  d a ta  
available are  as voluminous as those for te s t bars. 
H ere also only q u a lita tive  and no t q u an tita tiv e  
conclusions can be draw n.

(5) The relationship  betw een the  mechanical 
properties of th e  wall thickness in  castings and 
in te s t bars is likewise still obscure. A t m ost it  
can be said th a t  for h igh-duty  cast iron the 
mechanical p roperties of th e  tes t-bar coincide up 
to a  p o in t w ith  those of th e  casting. Sys
tem atic  investigations are  also urgently  
required in  th is direction, and in  Germany a t 
least are  now being carried  out.

(6) The sectional sensitiv ity  of cast iron is not 
peculiar to  th is  m ateria l alone. I t  shares it  
w ith o ther cast alloys, cast iron being thus 
comparable to  alum inium , while b lack-heart 
malleable iron has a lower and cast steel no 
sectional sensitiv ity .
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T H E  F R A C T U R E  O F  P IG -IR O N  A N D  C A S T  
IR O N

By A . L . N orb ury , D .Sc. (M em ber) and 
E . M organ, M.Sc. (A sso ciate  M em ber)

Introduction
The frao tu i’e of p ig-iron is in  some ways less 

im portan t in  the  foundry  now adays th a n  i t  used 
to  be, when i t  was the  only guide to  th e  f ra c tu re  
to  expect in castings made from  th a t  p ig-iron. 
Nowadays chemical analysis of th e  iron  is used 
in many« foundries to  control th e  p roduct, and 
in  some cases the  analysis is controlled rem ark 
ably closely, for exam ple to  w ith in  +  0.1 per 
cent, of to ta l carbon, silicon, m anganese and  
phosphorus. In  o ther ways, however, th e  
fra c tu re  of p ig-iron and  of cast iron—w hich is 
the same m ate ria l from  th e  presen t p o in t of 
view—-is tak in g  on a  new im portance, since 
chemical analysis of itself does n o t give a com
plete guide to  th e  properties of cast iron . I t  is 
possible for two pig-irons or two castings of the  
same general analysis to  have d ifferen t fra c tu re s  
and w idely-different m echanical and o ther p ro 
perties. The investigation  and  contro l of such 
differences is consequently of considerable 
im portance.

In  order to  recognise differences in  pig-irons 
no t revealed by general chemical analysis, i t  is 
first of all necessary to  u n ders tand  how v a ria 
tions in  general chemical analysis affect the  
frac tu re . Consequently in  th e  p resen t P ap e r, 
a fte r  describing th e  various frac tu res  of pig- 
iron, the  effect of composition, and  p a rticu la rly  
carbon and  silicon con ten t, on th e  fra c tu re , is 
first d ea lt w ith. Following th is illu s tra tio n s ’a re  
given of differences in  fra c tu re  w hich a re  no t 
revealed by the  general chemical analysis, such 
differences being produced by th e  presence in 
the m etal of finely divided non-m etallic 
t i ta n iu m 8’ p a rtlcu la rly those con ta in ing
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Num bering of Pig-Iron Fractures

The coarseness of the  frac tu re  of a pig-iron is 
conventionally ind icated  by a num ber or by a 
name such as “  h a lf-b a r,” “  fo rge ,” 11 cylinder,” 
etc. The coarsest frac tu re  is known as a No. 1, 
and th e  progressively finer ones as Nos. 2, 3, 4, 
etc. The openness of the  fra c tu re  depends on 
the size of the g raph ite  flakes, which are as large 
as about ^ in. across in  the  m iddle of a No. 1 
frac tu re  and up to  about -fV in - in the  No. 2 
frac tu re . B oth these frac tu res  are  coarser in 
the  m iddle th a n  round  the  outside. In  the 
No. 3 frac tu re , however, th is is not the case. 
A rem arkable difference occurs. The frac tu re  
is fine in  the  lower p a r t  of the  pig and  coarse 
in  the  upper p a rt, somewhat as shown in 
F ig . 1 b . * The differences in  the  coarseness of 
th is frac tu re  are  due to  local differences in  to tal- 
carbon content— as shown in  F ig . 1—the  carbon 
having floated up during  solidification. In  the 
fine p a r t  the  carbon conten t is n o t above the 
eu tectic composition and in the  coarse p a r t  i t  is 
above it , and  coarsens th e  frac tu re  as discussed 
in deta il la te r. The fine area  in  th is type of 
frac tu re  can vary  in  ex ten t from  a small patch  
in the  m iddle of the  lower half of the  frac tu re , 
to  a large area  extending  h igher up th an  shown 
in  F ig . 1 b , according to  the composition of the 
pig and consequent ex ten t of the  area  con tain 
ing less carbon th an  the  eutec tic  value. The rim 
of such a fra c tu re  may contain more carbon than  
the eu tectic and be coarse, since i t  solidifies more 
rapidly, and th is prevents carbon floating up out 
of if  and lowering its composition to  below the 
eutectic.

The n ex t frac tu re ' is a No. 4 or forge. This 
frac tu re  is below the  eu tectic composition 
th roughou t, and is coarser in  the middle th an  
a t th e  outside, due to  th e  norm al ra te  of cool
ing effect. Progressively finer frac tu res are  of

* From Bulletin, British Cast Iron Research Association, July, 
1931, p. 7. “ Flotation of Graphite in Cast Iron,” by A. L. Nor-
bury, D.Sc., and C. Rowley.
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sim ilar type, and are know n as No. 5, No. 6, 
cylinder, e tc ., and finally th e re  are, of course, 
m ottled, spotted  w hite and  w hite frac tu res .

In  passing, i t  may be noted th a t  th e  num ber
ing given by different fu rnaces to  given frac-

A B
T.C.Z N?2 Fractu re  TC.£ N?3 F ra c tu re  TC.%

4 02 f

T.C.Z N °4  F ra c tu re

2 41
„S IL IC O N  CONTENTS

l5/- ,7* 2'4%
1 -7 %  , . 5 %

M n  2  0 %  S O  0 6 / .  P O - 7 /o  ap p ro x  in  all cases.

F i g . 1 . — F l o t a t i o n  o f  G r a p h i t e  i n  P i g - i r o n s  o f  

D i f f e r e n t  F r a c t u r e .

tu res  varies considerably, since a fu rnace m aking 
close frac tu red  irons only occasionally m akes very 
open irons, and  vice versa. The re su lt is th a t  a 
different range of num bering, and  som etim es a 
different num ber fo r the  same type of frac tu re , 
is adopted. I t  would be an ad v an tag e  if  a 
stan d ard  system of num bering  could be devised 
which could be adopted by all furnaces.
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Effect of Carbon  and Silicon on Fracture

The two chief elem ents of composition which 
affect the  fra c tu re  are  th e  carbon and silicon 
contents. The h igher th e  carbon in  a given com
position, th e  coarser the  g raph ite  flakes and the 
more open the  frac tu re . Carbon is, however, n o t 
the  only elem ent which affects th e  f ra c tu re ; sili
con has an  alm ost equally im p o rtan t effect. The 
in terdependen t effect of carbon and silicon on 
th e  fra c tu re  is illu s tra ted  in  F ig . 2, which shows 
th a t  th e  frac tu re  of p ig-iron made in  a given 
furnace depends essentially on the  carbon and 
silicon contents. Phosphorus has a very sim ilar 
effect to  silicon in  reducing  th e  solubility of 
carbon and sulphur, if  n o t neu tralised  by m an
ganese, has a chilling effect, b u t the  chief 
elem ents of composition which affect th e  frac
tu re  are  the  carbon con ten t and th e  silicon con
te n t. This was pointed o u t by Siegle* in 1922. 
This is shown in  F ig . 2, where No. 1 and No. 4 
frac tu re  irons, all made in  th e  same furnace, 
are p lo tted  against to ta l carbon and silicon. I t  
will be seen th a t  a No. 1 fra c tu re  iron  contains 
about 4 p er cent, to ta l carbon when 2 per cent, 
silicon is present, b u t only 3-¿ per cent, to ta l 
carbon w ith  4 per cent, silicon. T ha t is to  say, 
silicon in  the  iron  lowers th e  to tal-carbon con
te n t necessary to  give a ce rta in  frac tu re . W hen 
about 10 per cent, silicon is  present— as in  ferro- 
silicon—the  blast-furnace product which has a 
No. 1 frac tu re  contains only about 2 per cent, 
carbon.

The reason i t  is possible to  obtain  a No. 1 frac
tu re  w ith  4 per cent, carbon and 2 per cent, 
silicon, and  w ith  2 per cent, carbon and 10 per 
cent, silicon is th a t  both contain  coarse kish- 
like g rap h ite  flakes, since silicon reduces the 
solubility of carbon in  m olten cast iron in  the  
following m a n n e r : W hen no silicon is present, 
pig-iron can dissolve as much as 4.3 per cent, 
carbon, b u t no more, when i t  is ju s t melted,

* Siegle, Proceedings of the Institute of British Foundrymen 
1922, p. 54.
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which occurs a t  about 1,150 deg. C. (I f  th e  
tem p era tu re  is raised , more carbon can be dis
solved:) This easily m elted 4.3 per cent, carbon 
composition is known as the  eu tec tic  = easily 
m elting composition, and  its  carbon con ten t is 
reduced by the  presence of silicon as fo llow s: 
W hen 2 per cent, silicon is p resen t and  th e  m etal 
is ju s t m elted a t  1,150 deg. C., th e  m eta l can 
only dissolve 3.8 per cent, carbon. S im ilarly , 
when 10 per cent, silicon is p resen t, only 1.8 per 
cent, carbon can  be dissolved. In  o th e r words,

4 5r
«.^6
CO:

[cr/c
•V,pOSj

= N® I f r a c t u r e  
= n ° 4  Fr a c t u r e

',r'0/v *

3 5

f N j ? -

25 2 0
Z  S IL IC O N
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F i g .  2 .— E f f e c t  o f

ON THE FfiACTURE
T o t a l  C a r b o n  a n d  S i l i c o n  C o n t e n t  

o f  P i g - ir o n  .

silicon reduces the  am ount of carbon th a t  pig- 
iron can dissolve a t  th e  eu tec tic  tem p era tu re ,
i.e ., when i t  is ju s t m elted. As th e  tem p e ra tu re  
is raised above the eutec tic  tem p era tu re , more 
carbon can be dissolved; very  roughly abou t 0.2 
per cent, more carbon can be dissolved each  100 
deg. C. rise in tem p era tu re . On cooling, th is  
excess carbon, of course, becomes insoluble and 
forms solid g rap h ite  flakes in  th e  m olten m etal. 
These grow to  the  la rgest size and  a re  seen In 
the No. 1 frac tu re . They also tend  to  float un  
out of the  m olten m etal and form  kish.

Consequently, in  F ig . 2 i t  will be seen th a t  
increasing th e  silicon con ten t, by reducing  th e  
carbon con ten t of th e  eu tec tic , reduces th e  carbon
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conten t a t  which cast iron begins to  contain the 
kisli-form ing g rap h ite  which produces the No. 1 
frac tu re . I n  F ig . 2, in  th e  case of irons con
ta in in g  less carbon th a n  th e  eutectic, i t  will he 
seen th a t  No. 4 frac tu res  are form ed, which are 
not nearly  so coarse as th e  No. 1, since they do 
not contain  th e  kish-form ing g raph ite , although 
they con tain  uniform ly d is tribu ted  medium-sized 
g rap h ite  flakes. As the  carbon is fu r th e r  re
duced below th e  eu tec tic  composition, the  micro-

F i g . 3 .— A n a l y s e s  o f  t h e  D i f f e k e n t  F r a c t u r e d  P ig s

P R O D U C E D  BY  T H R E E  T Y P IC A L  B l A S T -F U R N A C E S .

scope shows th a t  th e  iron  becomes in terlaced  w ith 
increasing q u an tities  of fine fern-like crystals 
which are  of a steel-like n a tu re , except in  so fa r  
as they are  b r i tt le  in  high-silicon irons, due to 
the  silicon dissolved in  them . T heir effect on 
the frac tu re  is to  m ake i t  finer, since they reduce 
the  am ount of eu tec tic  g rap h ite  present and re
s tr ic t the  grow th of g raph ite  flakes by the ir 
in terlacing  form ation.

Effect of B last-Furnace  O p era tio n  on Fracture
The production  of open or close frac tu red  pig- 

iron depends on th e  burden and  opera ting  con
ditions in  th e  b last-furnace and F ig . 3 gives a 
general idea of th e  average analyses of the
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various frac tu red  irons produced by th ree  ty p i
cal furnaces. I t  will be seen in  F ig . 3, first 
th a t  both carbon and  silicon increase as th e  
frac tu re  becomes m ore open, and secondly th a t  
the silicon con ten t of a given fra c tu re  is con
sisten tly  lower in  th e  case of th e  hem atite  irons 
th a n  i t  is in  the  case of th e  Y orkshire irons, 
and a t  the  same tim e the  carbon co n ten t is also 
lower in  the  la t te r , since th e  h ig h er silicon and 
phosphorus contents lower th e  carbon con ten t, 
as shown in  F ig . 2.
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F i g . 4.—D i f f e r i n g  A n a l y s e s  o f  No. 4. F r a c t u r e  P i g - i r o n s

PRODUCED BY TW O DIFFERENT BLAST-FURNACES.

The good qualities associated w ith  the  nam e 
cold-blast iron are, i t  is though t, now considered 
as being due to  the  irons being re latively  low 
in  carbon and  consequently stronger, th e i r  p ro
duction  resu lting  from  lower fu rnace  tem p era 
tures, which resu lt in  less carbon being picked 
u p .

Differences in Pig-Irons and C a s t  Iro ns  
N ot Revealed by O rd in ary  C h em ica l A n a lysis

Up to the  p resen t the  effect of s tra ig h tfo r
w ard chemical analysis on fra c tu re  has been 
considered, b u t th is  by itself, as s ta te d  a t  th e  
outset, does no t completely determ ine  th e  frac 
tu re  of pig-iron. This has long been observed
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and the  som ething else which affects the  frac tu re  
has been variously term ed the  “  inheren t pro
p e rty ,” “ he red ity ,” etc. An illu s tra tion  of this 
type  of v aria tio n  in  pig-iron is shown in  F ig. 4, 
where it  will be seen th a t  the  No. 4 fractures 
made by one furnace have n o t th e  same carbon

F i g . 5 . — M i x e d  F i n e  a n d  C o a r s e  
G r a p h i t e  S t r u c t u r e  o f  I r o n  

A ( s e e  T a b l e  I ) .  X  2 0 0 .

con ten t in  an otherwise sim ilar analysis as those 
m ade by ano ther fu rnace, and th a t  fo r a given 
silicon con ten t the  No. 4 iron  from  furnace B 
would tend  to be stronger th an  one from f u r 
nace A, since its  carbon conten t is lower.

In  the  past, th e  superior qualities of one pig- 
iron over ano ther were probably in  m any cases 
largely accounted for by a lower carbon-content



or some o th e r analy tica l difference which was n o t 
fully realised. N evertheless, a t  th e  p resen t tim e, 
w ith analy tica l and te s t-b a r control becoming 
more and more exact, i t  is becoming firmly estab 
lished th a t  differences do ex is t betw een d ifferen t

2 8 6

F i g . 6 .— U n i f o r m l y  -  C o a r s e  
G r a p h i t e  S t r u c t u r e  o f  I r o n  
B ( s e e  T a b l e  I) , x  200.

brands of pig-iron which a re  no t revealed bv 
ord inary  chemical analysis and  which m ay be 
reproduced in castings made from  them . ' One 
of the first investigato rs of th is  type  of 
varia tion  was F . J .  Cook* in 1908, who drew

menF iQnsCOi ki r reSiHeStiaT^,ddreS3’ In s titute of British Foundry^ men, JJ08, p. 14, and^F. J. Cook and C. Hailstone “ The Effect
1909, p 996 °n Phy8ical Properties of Cast Iron/* Ib id . , 1908-
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atten tion  to  differences in s tren g th  and phos
phide netw ork s tru c tu re  of grey irons of the 
same chemical analysis. T h a t grey cast iron 
can vary in  th is  m anuer is now well known 
and illu stra tions are  given in Figs. 5 and C 
and Table I , where th e  differences in the 
mechanical properties of irons A and  B of the 
same chemical analysis, are  due to  differences 
in  th e  size of th e  g rap h ite  flakes. The more

T a b l e  I .— Cast Irons A and B of the Same Analysis and 
Different Mechanical Properties. (1.2 in. Diameter 
Sand-Cast Bars.)

A B

Total carbon, per cent. 2.91 2.94
Combined carbon, per cent. 0.62 0.80
Silicon, per cent. 1.82 1.70
Manganese, per cent. 0.67 1.00
Sulphur, per cent. 0.03 0.03
Phosphorus, per cent. 0.03 0.03

Transverse strength (tons per
sq. in., 18-in. centres) 23.1 39.8

Tensile strength (tons per sq.
in-) ...................................... 14.4 23.4

Repeated impact (no. of blows
to fracture) 68 3,476

Brinell hardness (10/3,000/30) 207 241

uniform  g rap h ite  s tru c tu re  in  iron A, giving a 
stronger iron  in  th is low carbon composition, 
th an  th e  m ixed s tru c tu re  in  iron  B.

A more ex trem e difference in g rap h ite  size, in  
two high to tal-carbon  irons of th e  same analysis 
(cast in green sand in to  3 in. d iam eter bars, 
20 in. long) is shown in  F igs. 7 and 8. The frac 
tu res  of th e  bars are shown in  F igs. 9 and 10 
and  th e ir  d ifferent m echanical properties in 
Table I I .

In  th is  composition the  alm ost completely 
refined fine-graphite bar D is considerably 
stronger th a n  th e  coarse-graphite bar C.

Refining th e  g rap h ite  in  th is m anner increases
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th e  s tren g th  to  th e  g rea te s t e x te n t in  h igh  to ta l- 
carbon irons th a t  are  approaching  th e  eu tec tic  
composition in carbon con ten t. As th e  carbon 
con ten t decreases below th is , refin ing th e  
g rap h ite  produces a sm aller increase in  s tren g th  
and in  th e  case of very low to ta l-carbon  irons i t  
m ay even decrease i t  som ewhat. I t  should also 
be noted th a t  in  low to tal-carbon  irons* m ixed

T a b l e  II.—Cast Irons C and D of the Same Analysis and 
Different Mechanical Properties. (3-in. Diameter 
Sand-Cast Bars.)

C D

Total carbon, per cent. 3.59 3.47
Combined carbon, per cent. 0.73 0.28
Silicon, per cent. 2.78 2.87
Manganese, per cent. 0.72 0.59
Sulphur, per cent. 0.03 0.03
Phosphorus, per cent. 0.02 0.02
Titanium, per cent. 0.07 0.28

Transverse strength (tons per
sq. in. on 18-in. centres) 17.4 30.3

Tensile strength (tons per sq. 
in.) on |-in . bars machined 

from—
(1) Half-way between centre 

and edge 7.5 19.5
(2) Near centre. 8.5 12.3

Brinell hardness—
Edge 134 179

143 179
163 170

10/3,000/30 Centre .. 152 174

fine and coarse g rap h ite  s tru c tu re s  (as shown in  
F ig . 5) have lower m echanical p roperties th a n  
uniform ly coarse s tru c tu res  (as shown in  F ig . 6).

Effect of T ita n iu m  Slag Inclusio ns on 
G ra p h ite  S ize  and F ractu re

The change from  the  coaTse g ra p h ite  to  the 
fine g rap h ite  s tru c tu re  has been produced bv

a FaPer b? the  authors in the Journal of the Iron and Steel Institute, 1930 (i), pp. 367-392.



Piwowarsky* and o thers by superheating  molten 
cast iron to  above 1,500 deg. C. The au thors have 
found th a t  it  may be produced by dissolving a 
small am ount of ferro-titanium  in molten cast 
iron and oxidising i t  by bubbling carbon-dioxide 
gas th rough  th e  m olten m etal, t  Only about

2 8 9

F i g . 7 .— C o a r s e  G r a p h i t e  S t r u c 
t u r e  o r  I r o n  C ( s e e  T a b l e  I I ) .  
x 50 ( u n e t c h e d ) .

0.2 per cent. Ti is necessary, and  ferro-silieon- 
tita n iu m  is the  most easily dissolved ferro-alloy. 
The b ar D, shown in  F igs. 8 and 10, was ob
ta ined  by tre a tin g  in th is m anner a sim ilar 
charge to  th a t  used for bar C, shown in  F igs. 7 
and 9, which was u n trea ted . Both were crucible

* E. Piwowarsky, Transactions of the American Foundrymen’s 
Association, 1926, vol. 34, p. 914. 

t  British Patent 425,227 of 1935.
L



m elted. I t  is th o u g h t th a t  i t  is n o t th e  tita n iu m  
itself, b u t slag inclusions form ed by th e  ti ta n iu m , 
which produce th is effect on th e  way the  g rap h ite  
crystallises, since th e  tita n iu m  has to  be oxidised 
before i t  has th is effect. M oreover, if hydrogen is 
bubbled th rough  a m elt tre a te d  w ith  tita n iu m

2 9 0

F i g . 8 .— F i n e  G r a p h i t e  S t r u c 
t u r e  o f  I r o n  D ( s e e  T a b l e  I I ) .  
x 50 ( u n e t c h e d ) .

plus carbon dioxide, a coarse, in stead  of a  fine 
g rap h ite  s tru c tu re , is produced. I t  is also essen
tia l th a t  the  m etal to  be tre a te d  should be suffi
ciently  free from  o ther slag inclusions, and  th is  
is by no m eans usually th e  case w ith  cupola 
m elted m etal and is being fu r th e r  investiga ted . 
The m etal m ust also be below th e  eu tec tic  com
position for i t  to  be fine, since kish g rap h ite  
coarsens the  frac tu re .
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As a resu lt of th e  above finding, a num ber of 
pig-irons were analysed for titan iu m , and i t  was 
found to be an alm ost universal constituen t, b u t 
varied  considerably in  am ount. H em atites have 
been found usually to contain below 0.1 per cent, 
titan iu m , Y orkshire irons about 0.15 per cent.,

F i g . 9 .— F r a c t u r e  o f  3 - i n . d i a .
B a r  o f  I r o n  C  ( s e e  T a b l e  I I ) .  

x  l^ T H .

B urn  In d ian  pig-iron about 0.25 per cent., and 
certa in  N orw egian irons, such as V an tit and 
Norskalloy, as m uch as 0.5 per cent, or more. 
B urn , V a n tit and Norskalloy irons are  all chill 
c a s t; consequently th e  peculiar sooty n a tu re  of 
th e ir frac tu re  is probably often a ttr ib u ted  to 
th e ir  chill casting. Moreover, th e  sooty frac tu re
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is not ev iden t except in  small patches unless 
the  carbon conten t is below the  eu tec tic  and kish 
g raph ite  is absent. W hen, however, these high 
titan iu m  pigs are  rem elted in  a crucible w ith 
steel to  lower the  carbon conten t, th e  sooty frac 
tu re  is produced.
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F i g .  10.— F r a c t u r e  o f  3- i n . d i a . 

B a r  o f  I r o n  D  ( s e e  T a b l e  I I ) .  
x  1 t h .

The titan iu m  con ten t of a pig-irom increases 
as the titan iu m  con ten t of th e  ores used in 
creases and as th e  tem p era tu re  of th e  b last fu r 
nace increases, since i t  is only reduced from  th e  
ores and dissolved in the iron a t  high tem pera-
r 68'«  x ,Slag conditious> e tc -> in th e  fu rnace  

a afff c t th e  am ount dissolved. The hem atite  
ores only contain  a li tt le  ti tan iu m , th e  In d ian
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ores more and the  Norwegian ores still more 
titan iu m , which is in line w ith  the titan ium  
contents and frac tu res  of the pig-irons produced 
from  them . Some Ir ish  ores also contain appre
ciable am ounts of ti tan iu m  and were used some 
years ago in  hem atite  blast furnaces, and had the 
effect of g iving the  pig-iron produced quite  a 
different frac tu re , which was black and sooty 
when kish g rap h ite  was absent.

T itan ium  slag inclusions in the  m etal conse
quently  have a rem arkable effect in producing 
the  fine g raph ite , sooty frac tu res . As stated  
above, th e ir effect on the  fra c tu re  of pig-irons is 
no t very ev ident when the composition is above 
the eu tectic, b u t when i t  is below the  eu tectic a 
sooty black frac tu re  is formed in the  lower p a rt 
of the No. 3 frac tu re  shown in F ig. 1b , and all 
finer frac tu red  irons have a uniform ly sooty black 
frac tu re  like th a t  shown in F ig . 10. In  most 
compositions Cook’s netw ork s tru c tu re  can also 
be clearly seen in  the frac tu re  and becomes in
creasingly m arked as th e  phosphorus content is 
raised. O ther types of slag inclusions produce 
the coarse frac tu re , and there  appear to  be all 
sorts of in term ediate  conditions, depending on 
the am ounts of the  d ifferent sorts of slag inclu
sions in  th e  m etal. F or the  production of the 
fine g raph ite  stru c tu re , however, the titan ium  
slag inclusions appear to have the predom inat
ing effect and the  differences in frac tu re  and 
properties o rd inarily  m et w ith in  the  foundry 
which are no t revealed by o rd inary  chemical 
analvsis appear to  be related  to titan iu m  slag 
inclusions in the m etal more th an  to  anything 
else.

F inally , i t  should be pointed o u t th a t  on re
m elting there  is a tendency for o ther slag par
ticles to  form  in  the  m etal and remove, and 
ob literate  the  effect of, th e  original ones, and 
consequently to  obliterate the  original type of 
frac tu re . The ex ten t to  which th is occurs de
pends on the m elting conditions, which are  a t the 
present tim e u nder investigation.
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In  conclusion, the  au tho rs  wish to  th a n k  the  
Council of the  B ritish  C ast Iro n  R esearch Asso
c iation  fo r perm ission to  publish th e  p resen t 
results, and to  th an k  mem bers of th e  P ig -iron  
Sub-Com m ittee of the  B ritish  C ast Iro n  R esearch 
Association fo r d a ta  and  m uch helpfu l in fo rm a
tion and discussion on th e  subject.
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T H E  F O U N D IN G  O F  P R E S S U R E  C A S T IN G S

By H . H . Judson

(.American Exchange Paper)

G enerally speaking, eng ineering grey iron cast
ings can be divided in to  two broad classifica
tions, viz. : s tru c tu ra l castings and pressure
castings. The s tru c tu ra l casting  field covers 
those parts  of ap p ara tu s which serve as frames, 
foundations or beds. Exam ples of th is  class are  : 
m otor and genera to r fram es, pump and engine 
fram es, bedplates, gear and transm ission casings. 
The field of pressure castings includes those 
which, in operation , a re  subjected to  in ternal 
pressures, such a s : hydraulic  pum p cylinders
and casings, pipes, valve boxes and pressure 
fittings.

S tru c tu ra l castings are  designed from  a mass 
and rig id ity  s tandpo in t. The provision of suffi
c ient iron to satisfy  the  mass or in e r tia  require
ments autom atically  meets the  rig id ity  and 
streng th  requirem ents. The iron used in th is 
type of casting  need not he of such composition 
th a t , th roughou t any one casting, a  close-grained 
homogeneous m etallic s tru c tu re  exists. An open- 
grained s tru c tu re  in the  cen tre  of massive 
sections is not de trim en ta l. There are  excep
tions to  th is, however, noticeably machine-tool 
beds and fram es, b u t m any large stru c tu ra l 
castings do no t depend upon freedom from 
in te rn a l draws, spongy spots, coarse g raph ite  
carbon, and upon a dense fine-grained s tructu re  
for th e ir  efficiency. P ressure castings, on the 
o ther hand, are  quite  dependent upon the 
absence of draws, shrinks, spongy spots, coarse 
graph itic  carbon, and dem and a dense, fine
grained homogeneous s tru c tu re  in  order to be 
serviceable. The s tru c tu re  of the  iron, as, for 
instance, the  am ount of g raph itic  carbon 
present, and, more im p o rtan t still, the  condi-
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tion  in which th is  g rap h ite  exists, is of para* 
m ount in te rest in castings subjected to  pressure.

Scope of Paper

I t  is these requirem ents of cast iron in  pressure 
castings th a t  prom pted th e  au th o r to  accept the  
inv ita tion  to  w rite  th is  P ap er. Those foundry- 
men, whose casting  requ irem en ts a re  in  th e  s tru c 
tu ra l class, develop m ethods and  techniques to  
cover th e ir  needs. Occasionally they  a re  called 
upon to  produce pressure castings, and  th e n  are  
a p t to  find th a t  th e  technique developed for 
s tru c tu ra l castings is no t w hat i t  should be u n d er 
the a ltered  conditions. I t  is hoped th a t  the  
foundrym en whose norm al o u tp u t does n o t 
include pressure castings, can glean som ething 
of value from  th is  descrip tion  of th e  m ethods 
used in  the  a u th o r’s foundry . I t  is n o t in tended  
to  be a tre a tise  on the  m aking  of h igh  d u ty  iron  
in general. Inc iden ta lly , th is  P a p e r will deal 
solely w ith  pum p castings.

T w o  Types of M ixtures

There are  two d is tin c t types of iron  m ix tu res  
used in the Goulds Pum ps foundry . The first 
type, which is in  the  h igh du ty  iron class, is th a t  
in  which various percentages of steel ra ils  form  
the m ajor p a r t of th e  charge, the  balance being 
pig-iron and spiegeleisen. The second type  is 
th a t  in which no steel of any k ind is used, the  
charges being made up  en tire ly  of p ig-iron and 
scrap. The re tu rn s  from  th e  steel m ix, o r h igh 
du ty  irons, are  used in  th e  p ig-iron—scrap m ix
tu res for bedplates and fram e p a rts . The first 
type  of iron  is used in all castings which are  
subjected to  pressures above 500 lbs. p er sq. in. 
I t  is also used in  the  la rger sizes of low -pressure 
pumps. The opera ting  pressures of these pum ps 
may be low, b u t the overall load on large u n 
supported sections may be such th a t  a strong  iron 
is requiied . P ressure tigh tness  is of p rim ary  im 
portance, while ease of m achining is secondary

The pig-scrap m ix tu re  is used for th e  p a r k
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used in th e  small hand and power pumps in  
which th e  opera ting  pressures do no t exceed 
200 lbs. per sq. in. M achinability  is of equal 
im portance w ith pressure tigh tness in th is  class 
of work. C astings for pumps which operate a t 
pressures between 200 and 500 lbs. per sq. in. 
may or may n o t requ ire  a high du ty  iron. The 
small sizes in th is  range are  am ply strong be
cause of low over-all loads, and the  m etal sec
tions are ligh t enough so th a t  the cooling ra te  
is sufficiently rap id  to  ensure good snug iron. 
The la rger sizes in th is range usually requ ire  a 
high du ty  iron. M achinability  is n o t ap t to  be 
so im portan t, in  th is  class, yet pressure-tight- 
ness can be a problem.

T hat p a r t of th is class of castings which re 
quires iron m ix tu res in  which steel rails are used 
will be described first. All personal notions con
cerning the  founding of pressure castings, in 
which steel rails form  a  p a r t of th e  cupola 
charges, da te  back to  1926, which saw the  incep
tion  of the two-cupola process for m aking high 
du ty  iron pressure-castings in  the  au th o r’s 
foundry.*

The Tw o-Cupola Process
Two cupolas, one w ith a 54 in. bore and the 

o ther w ith a 72 in. inside d iam eter, are 
used to produce a high du ty  iron. The 54 in. 
cupola is used to  m elt charges of the 
following com position:— 1,400 lbs. of steel 
rails, 4 in. or la rg e r ; 135 lbs. of pig-iron 
(15 per cent, silicon), and 85 lbs. of spiegeleisen 
(20 per cent, m anganese). The tuyeres in  th is 
cupola are set 6 in. to  7 in. above th e  sand 
bottom. The heigh t of th e  bed when charging is 
begun is 34 in. above the  top  of th e  single row 
of tuyeres. The cupola stands fully charged for 
1^ hrs. before th e  blast is p u t on. The coke 
charges are 180 lbs. each, and the  blast volume 
is kep t a t about 5,500 cub. f t . per m in., w ith  
12 to  10 ozs. blast-pressure. Tapping is con
tinuous, and the  spout is of the skimm ing type.

* “  High Test Iron for Pressure Castings," A.F.A., Vol. 40, 
pp. 153-167, 1932.



All of th is  iron is tapped  in to  one ladle, and 
will yield the  following average analysis: T .C ., 
2.40; Si, 1.35; M n, 1 .0 ; S, 0.11, and P , 0.13 per 
cent. I n  the m eantim e th e  72 in. d ia. cupola is 
m elting, fo r norm al p roduction  work, th e  burden  
consisting of pig and scrap iron, a soft iron  of 
the following an a ly s is :—T.C., 3.25; Si, 2.40; M n,

P JG- 1-— L i n e  P u m p  C y l i n d e r , 2,300 l b s . i n  W e i g h t , t e s t e d  to 
D e s t r u c t io n  at  6,000 l b s . p e r  s q . i n .

0.55; S, 0.10, and P , 0.35 per cen t. A pre-
• determ ined am ount of th is  soft m ix tu re  is ru n  

into a crane ladle, suspended from  a crane scale, 
and is then  poured in to  the  ladle con ta in ing  th e  
hard  iron from th e  54 in. cupola. The resu ltin g  
analysis of th is m ix tu re  on the  basis of 4 tons of 
hard  iron  to  1 ton  of soft iron  is rouuhlv as



This iron is used fo r castings th a t  operate a t 
pressures up  to  1,500 lbs. p e r sq. in. on oil, 
and petrol, and which are  tes ted  up  to  3,500 lbs. 
per sq. in . These castings weigh from  500 lbs. 
up to  3,000 lbs. The wall thickness of these 
cylinders, valve boxes and  pip ing  details, average 
from  2 to 2 i in . in  thickness, w ith  valve deck 
sections as th ick  as 3 and 4 in. L ike o ther irons 
of th is  type  i t  shows a m arkedly uniform  struc
tu re  across a frac tu re . F ig . 1 shows a cylinder, 
weighing 2,300 lbs., th a t  was tested  to  destruc
tion , fa iling  a t  6,000 lbs. per sq. in . pressure. 
Fig. 2 shows th e  s tru c tu re  of th is  iron  a t  100 
m agnifications, etched, and F ig . 3 is th e  same 
specimen a t  500 m agnifications.

The tensile streng th , tak en  from  tes t 
specimens c u t from  th e  walls of ac tua l castings, 
runs from  17.8 tons per sq. in . up  to  21.4 tons 
per sq. in . The B rinell hardness varies from
207 to  217. A s tan d ard  1^ in. dia. te s t b a r is 
grey th roughou t, and castings as th in  as 1 in. 
in wall section are  qu ite  readily  machinable. I f  
there  be any w hite iron  in  th e  frac tu re  of the 
1 | in. b a r i t  is a definite indication  th a t  the  iron 
is “  off-grade,”  Two heats were made, accident
ally, w ith  th e  silicon a t  1.23 and  1.28 per cent. 
The iron was lifeless, freezing on the  lip of the 
ladle, and showed a  w hite n e t work in  the 
frac tu re  of th e  a rb itra tio n  bar. I t  was then  
found th a t  more th a n  a charge of 15 per cent, 
silicon pig had rem ained in  th e  drop, which 
accounted for th e  low silicon. A re tu rn  to  the 
charging scheme th a t  would ensure b ring ing  all 
of th is  silicon down in to  th e  ladle elim inated 
the  trouble.

F o r the  above reasons i t  is fe lt th a t  1.40 per 
cent, silicon is the  lower lim it fo r an iron 
runn ing  2.50 to  2.70 per cent, to ta l carbon. 
Silicon, in  th e  cupola charge, is a splendid de- 
oxidiser, and exerts a softening effect through 
preventing excessive oxidation. In  an a ttem p t 
to  force th e  carbon still lower th a n  2.50 per 
cent., a hea t was run  w ith the  bed and coke 
charge lower th an  standard , b u t w ith norm al
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blast and m etal charges. The carbon dropped to 
2.34 per cent, and th e  silicon to  1.39 per cen t., 
w ith  the  m anganese a t 0.77 p er cent. The hea t 
was a to ta l loss. The m elting  conditions were 
such th a t  iron  was actually  burned  in th e  cupola. 
The charg ing  door resembled a huge fireworks 
sparkler. The iron was lifeless, sh runk  badly and 
showed a dead white frac tu re  in  a 2 in . dia. 
pouring sprue. S trangely  enough, th is  ru n n e r  
was readily  m achined w ith  h igh speed steel, a

F i g . 2. T w o -C u p o l a  I r o n . E t c h e d . x  100.

tensile piece cu t and th readed  from  i t  failed a t 
20.6 tons per sq. in. I t  is fe lt th a t  w ith  th e  
method described the  low lim it of carbon is 2.40 
per cent, as there  have been produced successful 
heats w ith the  to ta l carbon ju s t u n d er 2 50 Der 
cent. v

Considerable relief from rejections, because of 
leaks, in te rna l draws and shrinkage on high- 
pressure p arts  and also from  low -bursting 
pressures has been had from  th e  use of th e  two- 
cupola iron. This is tru e  to  such an e x te n t th a t



the process and d a ta  deduced from i t  have 
influenced personal practice w ith  the high duty 
irons m elted in one cupola. A ttem pts were made 
to produce a sim ilar iron in one cupola, the 
54 in ., b u t w ith varying degrees of success. The 
same m ateria ls were used, b u t a charge of soft 
iron equivalent to  th a t  which would ordinarily  
be used in th e  m olten condition was added to 
the  steel-m ix charges. These additions were 
made in  several d ifferent ways. The results 
never reached standard . The heavy-walled 
high-pressure castings were ap t to  sweat 
a t test-pressures of 1,000 lbs. per sq. in. 
and upw ards, a t points where fins or flash 
had been chipped off, ind ica ting  a coarser 
struc tu re . The g rap h ite  was coarser, as 
shown by photom icrographs. The possible 
reasons for th is  g raph itic  condition a re  given 
la te r in  th is P aper. However, enough satis
factory  heats were ru n  to  indicate th a t  a 
technique can be developed th a t  will be quite 
as successful.

Conclusions on Tw o-Cupola Process
The fundam ental notions as personally 

envisaged in the  two-cupola process are as 
follow : —

(1) The m aterials charged into the 54 in. 
cupola are  almost en tire ly  free of carbon in the 
g raphitic  form, and the  carbon content of the 
charges is low. These conditions, coupled with 
others, m ake for a  finely-divided graphite .

(2) The iron  has a low carbon content, which 
is conducive to high streng th , early freezing and 
a uniform ly fine-grained struc tu re .

(3) The best results have always been obtained 
when th is  iron has been m elted hot and poured 
as ho t as possible. The h o tte r  a cupola-melted 
iron is poured, the  quicker and more uniform ly 
i t  cools th rough  the  freezing range.

M aterials Used
The first of these fundam ental notions deals 

w ith the  m aterials used. The steel rails, spiegel-
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eisen and high-silicon pig which are  charged in to  
one cupola, con tain  no free g rap h ite . Therefore, 
th e re  is none to  be dissolved. Shortly  a f te r  th is  
system was s ta rted  in  th e  a u th o r’s foundry , 
Piw ow arsky’s P ap e r en titled  “ P roduction  of 
H igh  Test Iro n  ”  was published. On page 9 5 6  
of the  1926 A .F .A . T ransaction  he s ta te s :—- 

“  I  have, therefo re , proposed a sim ple 
method fo r producing h igh-test cast iron , in

F i g . 3 .— T w o -C u p o l a  I r o n . E t c h e d . x  5 0 0 .

which all pig-irons—even those w ith  h igh sili
con content—are  specified to  the  furnaces on 
purchase, to  be m achine c a s t; and , if  possible 
to  be water-chilled in add ition , irrespective of 
w hat they  contain. I f  the  m elting  process in 
cupola a ir  furnace o r e lectric  fu rnace  is 
carried  th rough  sufficiently rap id , th e  carbide 
will nearly  all rem ain  in ta c t and  go in to  solu
tion  in  the  m elt, and a resu lt is obtained sim ilar 
to  th a t  when the m olten m etal is g iven an 
extended superheating  trea tm en t. T h a t is,



th ere  is less undissolved g raph ite  rem aining 
in the  m olten iron. Such iron will then  set 
under conditions of g rea te r spontaneous tem 
p era tu re  drops below th e  freezing p o in t.”

This m olten hard  iron, therefore , partakes of 
the v irtues of a superheated  iron. However, i t  
is too hard  fo r any of the  grade of castings 
under consideration, and has a high shrinkage, 
w ith little  or no graph itisa tion . This hard  iron 
properly m elted has plenty of m olten life, as 
sand-blast nozzles and  Sandslinger tip s are  cast 
from  i t  w ith no trouble from m is-runs. The soft 
iron added provides the  softening elem ents neces
sary, th a t  is, th e  g raph ite  nuclei and some 
silicon. Inciden tally , in  order to  re ta in  the 
benefits of a superheated iron, the soft iron is 
added to the  hard  iron as la te  as possible in the 
process so th a t  th e  g raph ite  s tru c tu re  will no t be 
coarse.

High- and Low -Tem p erature  Experim ents

This prem ise is based on a personal experi
ence of fou r years ago. Since th is high tes t 
iron  is poured quite  ho t i t  punishes the  dry  sand 
moulds and cores severely. The iron was held, 
in order to  cool i t ,  fo r 20 mins. before pour
ing. on two successive days. The cylinders from 
both heats bu rs t a t o rd inary  testing  pressures. 
Tensile specimens were cu t from  the  walls of the 
cylinders and were tested . There was a decrease 
of from  5.4 tons per sq. in. to  6.7 tons per 
sq. in . in  s treng th , as they  broke a t 14.3 tons 
per sq. in. to  15.6 tons per sq. in.

The chemical analyses were satisfactory . How
ever, a microscopic exam ination  a t 50 dia. 
showed a v ast difference in  the  g raph ite  struc
tu re . The g raph ite  in  the  dull-poured iron  was 
very coarse, which no doubt accounted fo r the 
decrease in streng th . F ig . 4 shows th e  graph ite , 
a t  50 d ia ., of a satisfactory  iron. The 
sample was taken  from the  2 in. wall of a 
cylinder, poured as hot as possible. F ig . 5 
shows the  g raph ite , a t  50 d ia ., in  a sample
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taken  from  th e  same location as F ig . 1, only 
from a cylinder poured on th e  dull side. The 
iron had been m elted hot, b u t was cooled down 
in  th e  ladle. Then an  exam ination  of the 
frac tu re  w ith  a low-powered m agnify ing  glass, 
th ree or four d ia ., showed small rounded dark  
grey patches in a norm al silvery grey m atrix .

D i Giulio and W hite, in  th e ir  P a p e r “  F ac to rs  
Affecting the  S tru c tu re  and P roperties  of Grey

A  4-r r z -

r  • ' y ^ S  ,  \ - v ¿ \
‘ * * >  ̂ .  .  ll ■ W  .

5> V  ' « A t - ' V .  

-it i~ ¿ ty .’.y w a frt 'g  r

F i g . 4 .— C y l in d e r  I r o n  P o u r e d  H o t . G r a p h i t e  at 5 0  x .

C ast Iro n ,” A .F.A . T ransactions, 1935, cover the  
subject adequately. They rep o rt on te s ts  to  
show th e  effect of pouring tem p era tu res  on the  
s tru c tu re  and properties. H ea ts  were ru n  a t 
various degrees of superheat, in  a 250-lb. electric 
furnace. A group of bars was cast a t  th e  m ax i
mum tem p era tu re  of each heat. The balance of 
each h ea t was then  allowed to  cool down in  th e  
furnace, and a t  in tervals more bars were cast. 
The tim e elapsed between the pouring  of th e  first



and last group of bars from  each hea t never 
exceeded 35 mins.

Physical d a ta  and photom icrographs were 
taken , upon which they  comm ent as follows:-—

“ The resu lts  of th is  series of tes ts  . . . .  
show th a t  fo r all irons th a t  have been investi
gated an optim um  pouring tem pera tu re  exists, 
th a t  above th is tem pera tu re  there  is a slight 
decrease in  physical properties, and th a t  below 
th is tem pera tu re  th e  decrease is of much larger 
m agnitude.

“ Photom icrographic study was m ade of 
represen ta tive  sections of all of these irons. 
However, i t  was th ough t sufficient to  report the 
typ ical appearance of only one of them . .- .  . 
In  th e  iron  poured a t  1,665 deg. C. the 
g raph ite  flakes are  sm aller and more evenly 
d is tribu ted  th roughou t the  m atrix  th a n  in the 
iron poured a t  1,358 deg. C.

“ A pparently , th e  tim e during  which cooling 
took place perm itted  some of the  large flakes 
to  partia lly  dissolve and th u s  decrease in size. 
As the pouring  tem p era tu re  is fu r th e r  lowered 
below 1,426 deg. C., the size of the  g raph ite  
flakes becomes larger. This process continues 
as cooling takes place u n til 1,358 deg. C. is 
reached, when the  finely flaked g raph ite  has 
alm ost d isappeared. The ra th e r  large patches 
are  p redom inant, and the  elongated flakes are 
much longer and th ick e r.”

H ence the soft iron  is added to  th e  h a rd  iron 
not more th a n  5 mins. before pouring is begun. 
The m ix tu re  is th en  poured prom ptly w ith as 
little  reduction  in  tem p era tu re  as possible. An 
optical pyrom eter read ing  indicates an apparen t 
tem pera tu re  of about 1,398 deg. C., or actual 
tem peratu re  around 1,482 to  1,510 deg. C. a t 
the spout of th e  hard  iron cupola.

I t  is th o u g h t from  personal experience th a t  low 
to ta l carbon, i.e ., from 2.40 to  3.00 per cent., is 
desirable in  unalloyed iron, for high pressure 
work, since i t  promotes a fine-grained stru c tu re
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both as to  m a trix  and g rap h ite , so necessary for 
pressure-tightness and  s treng th , if poured be
tw een 1,426 deg. C. and  1,482 deg. C. ac tu a l 
tem pera tu res. This i t  is adm itted  is abou t as 
hot as i t  can be m elted in a cupola. I t  m akes 
for un ifo rm ity  of s tru c tu re  in  v ary ing  wall 
sections, as judged  from  exam ination  of the

F i g . 5 .— C y l in d e r  I r o n  P o u r e d  D u l l . H e l d  i n  L a d l e  20  m i n s . 
G r a p h i t e  a t  5 0  x .

frac tu res of several hundred  heavy-walled 
cylinders. I ts  freezing range is such th a t ,  w ith  
proper risers, shrinkage and  spongy spots are 
readily  avoided. W hen sections do not exceed 
2 in. in thickness risers can be e lim inated .

Risers, Chills and Chaplets

If  risers be used, they  m ust be large enough 
to feed th e  casting  w ithou t pum ping or ch u rn 
ing w ith a rod. C hurn ing  feeding heads in  low- 
caibon iron m ixtures in personal e x p e r ie n c e  is

•
w



actually  harm ful. The ju n c tu re  of the rise r w ith 
the casting always showed large, open shrink- 
holes. Incidentally , it  was learned several years 
ago th a t  the  use of chills or denseners, as well 
as chaplets and anchors on low-carbon iron cast
ings, was detrim en ta l. Even though the  
denseners used on in te rn a l cores in  a large 
cylinder were qu ite  ligh t as compared to  the wall 
section against which they were used, a fine h a ir
line chill was form ed on the  inside. This re
duced the  b u rs ting  pressure of th e  cylinders 
trem endously. An im provem ent in  m elting con
ditions removed th e  need fo r the  risers, and 
the  use of chills. C haplets and  core anchors are 
a p t to  produce blow-holes in  the  castings. 
E vidently  th e  m etal begins to  freeze a t  such a 
high tem p era tu re  and develop the mushy sta te  
so early  in  th e  cooling cycle th a t  the  gas formed, 
when the  iron  strikes the  cold chaplets, is not 
released by th e  m etal. I t  is personal practice to 
bolt all cores down or hang them  in  the  cope. 
I t  is only on non-pressure sections of castings 
and um-machined p a rts  where anchors and 
chaplets are used.

Any flu ttering  of the  iron against the  mould 
o r core is de trim en ta l fo r low-carbon cast irons. 
The gas form ed is usually trap p ed  in the  cast
ing. Thus all core sand and moulding sand mix
tu res m ust be open and free-venting. Several 
so-called “  shrinkage ” problems were solved by 
the  use of a ven t wire.

Low  T o ta l Carbon  Content
The second fundam ental notion in  connection 

w ith th e  two-cupola process deals w ith the  low 
to ta l carbon conten t. The lowering of the  to ta l 
carbon is b rough t about in  th e  cupola by the 
use of steel rails in  th e  charges which a re  melted 
under th e  following conditions: —

A low bed is used so th a t  the  m olten iron 
has less coke th rough  which to  pass and  absorb 
carbon. Inciden tally , there  m ay be a slight 
tendency tow ards an  oxidising condition w ith  a  
low bed, which m akes fo r a reduction  in carbon
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in any m ix tu re . The by-product coke used is a 
very dense grade, and  its  analysis i s : —F ixed

F i g . 6 .— T i m e - T e m p e r a y u k e  R e l a t i o n s h i p  o f  
t h e  C o o l in g  o f  a C a s t i n g . ( S c h e m a t ic  
o n l y .)

carbon, 91.5; volatile m a tte r , 0.90; ash, 7.7, and 
sulphur, 0.58 per cent. I t  is slow b u rn in g  and 
holds up well. The coke charges are  low com



pared w ith th e  figures given in  o ther Papers 
w ritten  on the  subject of m elting a high steel 
charge in  th e  cupola. The b last used is norm al. 
E vidently  th is  dense, slow-burning coke, coupled 
w ith the  blast used, m ain ta ins the bed a t  a low 
point, w ithout dropping i t  too low. In  the  pig- 
iron—scrap iron m ix tures a definite decrease in 
the to ta l carbon conten t has been noticed. For 
vears i t  approxim ated  3.50 per cent, when using 
a bee-hive coke. Since a by-product coke has 
been used th e  carbon has gradually  decreased, 
to  betw een 3.25 and  3.30 per cent. Three 
different b rands of by-product coke were tr ied , 
each succeeding b rand  being denser-—th a t  is 
heavier per u n it volume—-than the  preceding. 
Each change b rought w ith i t  a lowering of the 
to ta l carbon. The present coke is the  densest 
and gives the  lowest carbon, possibly because the 
furnace can and does use less of i t  per charge, 
by w eight, th a n  any of the  others. Thus the  
grade of coke as well as the  bed heigh t affects the 
to ta l carbon.

The tuyeres are  set close to  th e  sand bottom,
i.e., 6 to  7 in . above i t .  Thus the  am ount of 
coke below th e  tuyeres is held to  a m inim um, 
and the  iron  has still less coke th rough  which 
to  pass. Because th e  tuyeres are  set so close to 
the  bottom  the  ta p  m ust ru n  continuously. As 
fa s t as the  iron m elts i t  is w ithdraw n from  the 
cupola and also from  th e  carbonising influences 
of the  coke in  th e  well of th e  cupola. The iron 
spout is of the  skim m ing type, for the  removal 
of the  slag.

Pouring T em p era tu res and Pouring Practice

The th ird  fundam ental notion is th a t  p e rta in 
ing to  th e  pouring tem pera tu re . Incidentally , 
w hat follows covers the  pouring practice used on 
the complete range of pressure castings. All 
low carbon h igh-test iron castings are  poured as 
hot as possible, i.e ., no tim e is lost between 
tapp ing  ou t and pouring  th e  moulds. I t  is a 
personal belief th a t  the  h o tte r the cupola-melted 
metal is poured, the finer and more uniform  the
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g ra in  s tru c tu re  and the g rea te r th e  freedom  
from in te rn a l defects and  chilled corners. M ost

F i g . 7 .— T i m e - T e m p e r a t u r e  R e l a t i o n s h i p  o f  
t h e  C o o l in g  o p  a C a s t i n g . ( S c h e m a t ic  
o n l y . )

of the investigational work done on th e  effect 
of superheating  cast iron  on its  physical p ro
perties has been done in  th e  electric fu rnace .
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The tem pera tu res reached in these experim ents 
are much h igher th a n  those obtained in a cupola. 
The cupola is poured a t  about 1,455 deg. C. 
actual tem pera tu re . This is approxim ately the 
best pouring tem p era tu re  fo r superheated 
electric fu rnace irons, i.e ., an  electric furnace 
iron superheated  to  1,537 deg. C. and 1,593 
deg. C. will give its best physical properties a t a 
tem pera tu re  betw een 1,426 deg. C. and 1,482 
deg. C. Thus s ta rtin g  off w ith  a cupola-melted 
iron in  which the  carbon is completely dissolved 
and a t  a tem p era tu re  about 1,480 deg. C. 
some of the  benefits of an electric-furnace refined 
iron are  obtained.

There was a  period, several years ago in the 
au th o r’s foundry , d u ring  which all castings, 
large and small, for heavy and ligh t pressures, 
cast in  green sand and dry  sand, were poured 
on the  dull side. I f  th e  m etal was ho t i t  was 
chilled down by adding  scrap to  th e  ladle. Then 
with no o ther changes, as fa r  as iron m ix ture , 
sand, m oulding, ga ting , etc., are  concerned, 
there followed a  period during  which all moulds, 
both green and  dry  sand, were poured as hot 
as the iron could be taken  to  them . The m achine 
shop losses from  leakers, d ir t, shrink  and spongy 
spots, decreased so suddenly th a t  i t  served as 
conclusive proof th a t  hot pouring is essential 
to pressure-tigh t castings. The im provem ent in 
the m achine shop results was so m arked th a t  
ho t pouring is now alm ost a religion.

Professor G. B. U pton, in  his book, en titled  
“ M ateria ls of C o n s tru c tio n ” notes th a t :

“ I f  th e  m etal be poured 1 cold,’ the  outer 
p a r t of the  casting cools sharply, in  heating  
up  th e  mould, and  the  centre cools very slowly 
during  freezing. I f  th e  m etal is poured 
‘ h o t,’ the  mould will be thoroughly heated 
long before freezing, and the  piece will be 
cooling rap id ly  th roughou t du ring  freezing .”

R eference to  the  cooling-rate curves of steels 
quenched in various liquids shows th a t  the idea 
behind the  above s ta tem en t is th a t  an appre-



ciable length  of tim e has passed, a f te r  pouring  
before the  establishm ent of th e  tem p era tu re  
g rad ien t th a t  governs th e  cooling ra te  of the  
casting , especially the  ra te  th rough  freezing. 
P ou ring  n ea r the  freezing tem p era tu re , brings 
about a quick freezing of th e  skin  of th e  cast- 
ing, by hea ting  up th e  cold m ould, b u t does 
not provide the  necessary tem p e ra tu re  difference
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F i g . 8 . - ¡ -C o o l in g  R a t e s  t h r o u g h  t h e  S a m e  
T e m p e r a t u r e  ( F r e e z i n g  R a n g e ) .  ( S c h e m a t ic  
o n l y .)

between the m etal and the  mould to  establish  
a  steep tem p era tu re  g rad ien t when freezing  is 
approached. Thus th e  in te rio r of th e  casting  
cools relatively  slowly. On th e  o ther hand , 
pouring  ho t heats up the  mould and  only a verv 
sligh t skin is form ed, leaving th e  in te rio r 
still m olten and  a t  a  sufficiently high 
tem pera tu re  so th a t  when th e  freezing 
tem pera tu re  is approached a steep  tem p era 
tu re  g rad ien t has already been established and 
relatively rap id  freezing occurs.



Fig . 6 and  7 rep resen t, schem atically only, the  
tim e-tem pera tu re  relationsh ips in  th e  cooling of 
tw o sim ilar castings, one poured from  dull 
m etal and one poured hot, from  th e  same ladle 
of iron. These curves a re  typ ical of cooling 
curves of quenched steels. The skin tem pera tu re  
drops very rap id ly  down th rough  th e  freezing 
range and beyond. The cen tre  does no t decrease 
in  tem p era tu re  a t  th e  s ta r t .  Soon, however, 
th is  decrease in  skin tem p era tu re  sets up  a tem 
p era tu re  g rad ien t between the  skin and the  
centre. The skin th en  begins to  draw  hea t from 
th e  cen tre , and  th e  decrease in  tem p era tu re  of 
the  skin to  th e  mould is re ta rded . The centre 
is now cooling and increasingly g rea te r cooling 
ra tes a re  being  established as th e  tim e in terval 
a f te r  pouring  increases.

In  th e  case of th e  “  dull ”  poured casting, 
F ig . 6, the  casting  is poured ju s t above the  freez
ing range, th u s  before sufficient tim e has elapsed 
to  perm it the  developm ent of a rap id  cooling- 
ra te , th e  casting  has begun to  freeze. The skin 
has already passed th rough  th e  freezing range 
a t a  very rap id  ra te , and  therefore shows a fine
g rained  stru c tu re . The curve rep resen ting  the  
casting  halfw ay between th e  cen tre  and  the  
skin ind icates th a t  th e  casting  is cooling less 
slowly th rough  th e  freezing range and will show 
a coarser s tru c tu re  th a n  the  skin. The centre 
is cooling s till more slowly th rough  the  freezing 
range and  will have a still coarser stru c tu re . 
There has been insufficient tim e fo r the  casting 
to  se t up  a steep tem p era tu re  g rad ien t in  the  
freezing range  so th e  resu lt is slow freezing and 
coarse g raph ite .

F ig . 7 represen ts a sim ila r  casting  poured 
“ h o t.”  The skin freezes very rap id ly  a t  the  
s ta r t  b u t no t as rap id ly  nor as deeply as in the 
“  dull ”  pour. Then th e  cen tre  section begins 
to  feel th e  effects of th e  decrease in  skin tem 
p era tu re  and  i t  begins to  cool also. This begin
n ing of th e  cen tre  to  cool occurs high enough 
above th e  freezing range to  perm it of the  estab
lishm ent of a steep tem p era tu re  g rad ien t so
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th a t  as th e  freezing range  is approached the  
m axim um  ra tes of cooling have been established 
clear to  the  centre of the  piece. H ence relatively  
more rap id  freezing of the  cen tre  of the  casting  
occurs, resu lting  in a finer g ra ined  s tru c tu re .

R eference to the  curves of both F igs. 6 and  7 
shows th a t  in th e  “ ho t ”  pour th e  cooling ra te s  
inside the piece are  n o t only fa s te r  b u t they  are

F i o .  9 .— S i x - i n ., 8 - s t a g e  C e n t r if u g a l - P u h p  C a s i n g s  O p e r a t in g  
AT 1,000-L B . PER SQ. IN . PRESSU RE ON PETROL.

more nearly  uniform  th a n  in  the  “  du ll ”  pour.
F ig . 8 shows schem atically the  re la tiv e  cooling 
ra te s  of the  various sections of th e  ho t and  dull 
poured castings, in  the  freezing range. The 
cooling ra te s  are m erely num bers rep resen ting  
the slope of the  cooling ra te  curves of F igs . 6 
and 7 in  the freezing range. The g re a te r  u n i
form ity of the  cooling ra te s  in  th e  “  h o t ”  pour 
over the  “ dull ” pour is noticeable, as a re  th e  
fas te r cooling rates.
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The practica l dem onstration  of the  above views 
on th e  effects of pouring tem p era tu re  on the 
ra te  of cooling in  castings is shown in the 
quenching of steel. G iven two pieces of steel 
of identical analyses, one of which is ^ in . dia
m eter and th e  o ther 3 in. d iam eter, to  be 
hardened. The % in. piece can be quenched ju s t 
above the  critica l tem pera tu re  and i t  will be 
hard  th roughou t. I t  will be h a rd  th roughout, 
because the  cooling ra te  of th is  small piece is 
sufficiently fas t. The 3 in . d iam eter piece m ust 
be heated  to  a m uch h igher tem pera tu re  before 
quenching in  order to  ge t th e  hardness th rough
out the  piece. The h igher quenching tem peratu re  
for the heavier piece is necessary so th a t  the 
tim e necessary to  develop th e  required  speed of 
cooling for th e  hardness to  ex tend  th roughout 
the  piece is available.

P rac tica l experience has shown th a t  results 
bear ou t th e  above theory , a t  least, for th e  cast 
irons m elted in  the  cupola. Since th e  ra te  of 
freezing affects both th e  am ount and size of 
the  g raph ite  particles and since hot-pouring will 
cause rap id  freezing, which in  tu rn  m akes fo r a 
fine-grained stru c tu re , all of th e  pressure cast
ings made by the  au th o r are  poured on the  hot 
side.

Di Giulio and  W hite s ta te  also, in  th e ir  sum
m ary of findings: —

“  C ast iron poured from  too low a tem pera
tu re  shows excessively large flakes. The reason 
fo r th is is to  be found in  th e  fa c t th a t  pouring 
from  such a low tem pera tu re  will resu lt in  a 
slower ra te  of cooling in  th e  moulds which 
perm its g raph itisa tion  to  occur to  a g rea t 
ex ten t. The form ation of large g raph ite  flakes 
effectively breaks up the con tinu ity  of the 
m atrix , thus producing weak iro n .”
R eferring  again  to  th e  experience which ob

ta ined  in  connection w ith th e  holding of iron 
in  th e  ladle fo r cooling. A dding th e  soft iron 
to  th e  hard  iron provided th e  g raph ite  nuclei 
necessary to  prom ote coarse g raph itisa tion . 
H olding the  m ix tu re  provided am ple tim e for
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any agglom eration of th e  g rap h ite  th a t  m igh t 
tak e  place and  b rough t about th e  low pouring  
tem pera tu re . I t  is fe lt th a t  th e  one-cupola p ro
cess produces heterogeneous resu lts because th e  
soft iron, both in  th e  solid and liqu id  form s, 
carries g raph itic  carbon in to  th e  m ix tu re  too 
early  in  the  process. I f  th is  soft iron  could be 
obtained in  th e  chilled form  ( th a t is, w ith  the  
carbon mostly in  the  combined form  in  th e  pig) 
be tte r results would be yielded.

One-Cupola Process
As was s ta ted  earlie r , th e  good resu lts  ob

ta in ed  w ith th is  two-cupola low-carbon iron  led 
to  the  closer consideration  of the  common one- 
cupola steel-mixes. These one-cupola steel-m ixes, 
charged in  the  cupola first and there fo re  tap p ed  
out first, to  avoid as fa r  as possible th e  m ixing 
w ith the soft-iron charges which follow, a re  used 
in pum p p a rts  which operate  a t  pressures between 
200 lbs. per sq. in. an d  1,000 lbs. per sq. in .

Charges.—The charges fo r these steel-m ix 
irons, or h igh-du ty  irons, m elted all in  one 
cupola, con tain  from  30 to  60 per cen t, steel 
rails, 3 per cent, spiegeleisen and  th e  balance 
pig-iron, one of which contains 2.25 p e r cen t. Si 
and th e  o ther 3.50 per cent. Si. No scrap  of any 
kind is used. The am ount of steel used is 
governed by th e  w all-thickness of th e  castings to  
be poured. The th icker th e  wall section th e  lower 
the to ta l carbon required , an d , the re fo re , the 
more steel rails per charge. This p a rtic u la r  
notion works ou t sa tisfactorily  when re la tin g  to  
castings up to  2 in. th ick . The silicon con ten t, 
determ ined by th e  pig-iron used, is governed also 
by th e  wall thickness, from  th e  m achinab ility  
standpo in t. The to ta l carbons of th e  various m ix
tu res  vary between 2.80 and  3.25 p er cen t., and  
the silicon con ten t between 1.50 and  2.00 per 
cent. The m achinability  of a ladle of iron  for 
the  p a rticu la r jobs to  be cast is de term ined  by 
the  dep th  of a chill in a  sm all bar, 1 in . by 2 in. 
by 6 in . cast open-sand, ag a in s t a  chill b ar. The 
th icker th e  wall section, th e  g re a te r  the  dep th  
of chill th a t  is desired.



Control of Chill Depth
Form erly the  various depths of chill were ob

tained  by using a fixed steel percentage in the 
charge and varying th e  silicon conten t. In  other 
words, the  to ta l carbon was reduced to  a more or 
less fixed point, by using the  sam e am ount of 
steel rails in each charge, while th e  silicon was 
varied. W hen a  deep chill was sought, the  silicon 
was lowered and when a ligh t chill was needed 
the silicon was raised . One objection to  th is 
system was th a t  the  chill tes ts were a p t to  be 
e rra tic . The low-silicon m ixtures, in tended  for 
deep chills, and therefore  heavy-walled castings, 
were a p t to give trouble. The m achine shop would 
report ce rta in  castings as being hard , and they 
were very hard , even though  the  chill te s t for 
th a t  p a rticu la r ladle indicated  th a t  the analysis 
was satisfactory . The leakers were definitely 
h igher a t  th a t  tim e also.

The p resen t m ethod is to  vary both the silicon, 
which is about 50 points h igher th an  formerly, 
and the to ta l carbon. The chill tests are  less 
e rra tic  w ith these m ixtures. Experience has 
shown th a t  th e  heavy-walled castings from 1^ in. 
up to  2 in. th ick, give best results on the  pressure 
tests a t  1,000 lbs. per sq. in. when th e  to ta l 
carbon is 2.80 to 2.95 per cen t., i.e ., a litt le  below
3.00 per cent. The silicon is then  controlled a t 
1.50 to  1.80 per cent. Inciden tally , personal 
experience checks closely w ith th a t  of o ther 
workers in  th a t  th e  lower-carbon cast irons are 
not affected, as to  u n it s tren g th  and g ra in  size, 
by ra th e r  appreciable varia tions in silicon. In  
th e  two-cupola process th e  silicon has been as 
high as 1.80 per cen t, when th e  s tan d ard  has 
been 1.50 per cen t., w ithou t any ap p aren t ill- 
effects from  softness and excessive g raph itisa
tion. D ecreasing the  to ta l carbon conten t of 
an iron m ix tu re , everyth ing else being equal, 
tends tow ards m aking the  iron freeze as white 
iron. However, ra ising  the silicon, in th is lower 
carbon iron offsets th is  tendency. Incidentally , 
the fe rrite  formed is stronger because of the 
increase in  silicon,
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F ig . 9 shows an e igh t-stage cen trifu g a l pum p 
now opera ting  a t  1,000 lbs. p er sq. in. on petro l. 
The lower half-casing weighs 2,000 lbs. and  th e  
upper half weighs 1,400 lbs. The analysis of the  
iron is these castings is:-—T.C., 2.9-3.0; Si,
1.65-1.8; M n, 1.04; S, 0.12, and  P , 0.15 per
cent.

They do n o t leak when tes ted  w ith  kerosene 
a t  1,600 lbs. per sq. in. pressure. They are
operated a t  1,000 lbs. per sq. in. on oil and
petrol so they m ust be qu ite  free from  in te rn a l 
defects of all kinds. The heavy p a rtin g  flanges 
are 2 |  in. th ick , as cast, th e  wall th ickness of 
the volutes is 1 | in. and th e  p a rtitio n s  between 
the  various stages are  in . th ick , as cast. 
The cored passages are  in tr ic a te  and  th e  sections 
vary ab rup tly  all th rough  th e  casting .

As the  wall sections decrease in  thickness, the 
to ta l carbon is increased by decreasing th e  p er
centage of steel ra ils per charge. The silicon 
may or may not be increased, depending upon 
the am ount th e  to ta l carbon is reduced. C ast
ings m easuring f  in. in thickness and  tes ted  a t 
500 lbs. per sq. in. a re  ru n  w ith  iron  analysing
3.00 to  3.20 per cent, to ta l carbon and  silicon 
a t between 1.85 and 1.90 per cent. Sm all p a rts  
th a t  are  from  ^ to  f  in . in  sections a re  poured 
w ith a m ix tu re  analysing 3.15 to  3.25 per cen t, 
to ta l carbon and 1.90 to  2.00 per cen t, silicon.

Compared w ith  the  prac tice  of 7 or 8 years 
ago, the  p resen t h igh-duty  iron  p ractice calls 
for m ix tures in  which th e  silicon con ten ts range 
from 40 to  60 points h igher and th e  to ta l carbon 
from 25 to  75 points lower. The ob ject sought
by the  use of h igher silicon in  th e  low carbon
cupola mixes, is th a t ,  i t  can serve as a  deoxi- 
d iser in the  m elt, and i t  also serves to  p reven t 
the low carbon irons from  freezing o u t w hite.

Some experim ents were ru n  recen tly  w ith  all 
scrap m ixtures in a 30 in. cupola. Silicon was 
added to  the  charge in  th e  form  of cem ent
briquettes d u ring  one series. In  th e  n ex t h e a t
a  com parable am ount of silicon in  th e  form  of 
lum p and powdered 90 per cent, ferro-silicon
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was added to  the  ladle. The iron was cast 
in chill moulds. The analyses from  th e  two heats 
showed : —

Nature of heat. T.C. C.C. Si.

Briquettes in cupola 3.40 0.34 2.20
90 per cent. Fe-Si to ladle.. 3.32 1.07 2.15

The resu lts were doubted and checks were 
made which were substan tia lly  the  same as the 
original. E vidently  the addition  of silicon to  
the charge is more p o ten t as a g raph itiser, pos
sibly because of its  deoxidising qualities. I t  is 
felt th a t  if the  to ta l carbon be lowered so th a t  
th e  silicon can be controlled a t  say, 1.75 per 
cent., in stead  of 1.25 per cent., th e  iron is 
benefitted by the  presence of th is h igher silicon 
in the charge.

Soft Iron

So fa r  th is  P ap e r has dealt en tire ly  w ith steel- 
ra il—pig-iron m ixtures. The o ther type of iron 
used in the  au th o r’s foundry  is th a t  in  which 
no steel ra ils are used a t  a l l ; i t  being a  m ix ture  
of pig-iron and scrap iron. The analysis which 
has been followed for years is as follow s:—T.C, 
3.30-3.50; Si, 2.30-2.50; Mn, 0.50-0.60; S, 
0.09-0.11, and P , 0.25-0.45 per cent.

This analysis is a  very common one for the 
general ru n  of small and m edium  castings. 
Reference has already been m ade to  the decrease 
in the  to ta l carbon of th is p a rticu la r m ix ture 
during the  p ast two or th ree  years. The analysis 
is so common th a t  i t  is no t necessary to  go into 
any g rea t detail in th is connection. I t  is used 
in the a u th o r’s foundry  for all th e  small parts  
and low pressure pumps where ease of m achining 
is a v ita l factor, and in  some of the  larger 
pumps where the  designs lend themselves to  such 
an iron. The sections in  which i t  is used vary 
from in. up  to  1 in ., in  castings weighing 
from 4 ozs. up  to  500 lbs.

Melting H ot and Pouring H ot
This m ix tu re , when used on pressure work, 

gives th e  best resu lts when i t  is m elted ho t and



poured hot. Every a ttem p t to  economise on 
coke, both as to qua lity  and q u a n tity  used, has 
resulted  in  lower spout tem p era tu res , more 
shrinks and draw s in  the  castings and  more 
leakers in  th e  te s t floors in  th e  m achine shops. 
Invariab ly , a hea t, in  which th e re  has been a 
dull period, is followed by an  increase in defec
tives due to  draw s or shrinks, a t  po in ts which 
a re  prone to shrink.

Com bating In ternal Defects

In te rn a l defects and  shrinkage m ay be the 
biggest sources of troub le  in  a  foundry  called 
upon to  cast pressure-w ork. T here a re  six fu n 
dam ental principles followed in  th e  a u th o r’s 
foundry to  com bat shrinks, draw s and  in te rn a l 
sponginess in  the  castings, which are  poured 
from th is soft iron mix. The princip les and the 
order in  which they  are  used a re :  —

(1) The in te rn a l defect commonly called 
shrinkage, may be caused by gas from  th e  mould 
or core. W henever sh rinkage is considered, re 
ference is made to (a) perm eability  of th e  m ould
ing and core sands, and (6) ven tin g  of the  
moulds and cores.

Innum erable  shrinkage troubles have been 
elim inated  th ro u g h  th e  use of add itiona l ven ts 
in  th e  moulds and cores. One ra th e r  simple job 
re tu rn ed  25 per cen t, loss in  leakers. R egard 
less of the  g a ting  practice , th e  iron  m ix tu res 
used, e tc ., the leakers continued. The ven ting  
of th ree  small pockets in  the  cores e lim inated  
the trouble, and the  loss dropped below 1 per 
cent. Im pellers for cen trifuga l pum ps de
veloped shrinks and spongy spots on th e  hubs 
and w earing rings. A very fine sand was used 
in th e  core in  o rder to  ensure smooth w ater- 
ways, for h igh efficiency. The use of a very 
coarse open sand and a special core oil which 
enabled the m anagem ent to  use an  oil-sand ra tio  
of 1 to  80 provided a  free-ven ting  core 
which removed the “  sh rinks.”  The smooth su r
face on th e  rough core was obtained by m eans 
of a high-grade plumbago-wash. Thus, re fe r-



ence is made to  th e  venting  of the  moulds and 
cores first whenever shrinkage shows up in a 
type of castings.

(2) I f  ven ting  does n o t cure the  trouble, ex
perim ents are  made w ith  the  gates. The in 
gate is placed so th a t  the po in t a t  which the 
shrinkage takes place . will get com paratively 
dull m etal, i.e ., ga te  as fa r  from  th e  sea t of 
shrink trouble as possible. Usually th e  ingate 
is made as small as will run  the casting. Thus, 
feeding is going on while the casting  is being 
run. P a r t  of the  ru nner which connects the down 
sprue w ith  the ingate  is always placed in  the 
cope, to  provide a m eans of ridd ing  the  iron of 
any slag .or loose sand.

(3) I f  th e  above ga ting  fails, th en  the  ingates 
may be placed n ea r the  massive p a rt th a t  shrinks 
and increased in  size. Possibly th e  ru n n e r is 
increased as well as th e  down sprue. A stra iner 
core is then  placed in  th e  pouring basin a t the 
top of th e  cope to  serve both as a choke for 
slow pouring and to  keep the basin full to  pre
vent slag and d ir t from being carried  into the 
mould. As soon as th e  mould' is full, th e  sprue 
then  acts as a  feeding head. If  the s tra in e r core 
is set in  the  jo in t of the  mould, the  sprue 
shuts off quickly, and so does n o t serve as a 
feeder. The ru n n er and ingate  may be enlarged 
as sta ted , to fu r th e r  the  feeding effect of the 
sprue.

(4) I f  the  above methods fail, a riser is used- 
The riser and the  opening from  i t  to  the  casting 
are m ade as large as the  casting  will perm it 
so th a t  feeding takes place u n til th e  casting 
is set. Q uite often th e  use of a riser w ith th is 
soft grade of iron m akes fo r a coarse open 
grained  s tru c tu re  where th e  riser joins the 
casting.

(5) If  th is  be so, then  chills are used, b u t no 
riser. The use of chills or denseners is never 
a complete cure, b u t considerable relief may be 
had from them .

(6) I f  all of the  above measures fa il on any 
one job, the  m anagem ent discontinues casting
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them  in  soft iron. I t  then  uses a high duty 
iron, analysing from 1.80 to  2.00 per cent. Si 
and 3.00 to  3.20 per cent, to ta l carbon, adding 
1 per cent, of nickel, in  the  ladle, for machin- 
ability . U sually one can dispense w ith risers 
and use common ga tin g  practice.

I t  is a personal belief, in  connection w ith th is 
soft iron m ix tu re , th a t  the  condition of the 
carbon in  the  charge affects th e  condition of 
the  carbon in  the  finished casting. T hat is, a 
finely-divided g rap h ite  in  the  pig-iron and the 
scrap used m akes for a finely-divided g raphitic  
carbon in the  casting , provided the  cupola is 
operated so as to  bring  the  charges down hot 
and rapid ly . The m odern pig now being cast, 
which weighs only 40 lbs. shows a much finer 
g ra in -struc tu re , and  a  slightly h igher combined 
carbon th a n  the  old pig of tw ice the size, be
cause the  small pigs cool much more rapidly. 
The use of some outside scrap, of such a size 
and wall section th a t  the  g raph itic  carbon will 
be finely divided and in not too g rea t a quan
ti ty  is good practice.

Conclusion

F o r castings to  w ithstand  in te rn a l pressures, 
the most im portan t elem ent in  cast iron is 
carbon. Personal p ractice indicates th a t  de
creasing the  to ta l carbon conten t below the per
centages usually encountered in  high du ty  irons, 
the m eans by which i t  is decreased, and the 
hot-pouring of theSe lower carbon irons make 
for a finer-grained stru c tu re . This refining of 
the grain-size provides both pressure-tightness 
and increased streng th .

An a ttem p t was made to  ascerta in  th e  m anner 
in which the  iron m ixtures, m entioned in th is  
Paper, freeze. D a ta  were taken  from  the  works 
of H anson, H onda, M urakam i, G onterm an, K riz  
and Poboril in  connection w ith  the  liquidus sur
face of the  iron-silicon-carbon system. Table 1 
gives these d a ta . The answer to  the  question of' 
why a casting  w eighing 2,000 lbs., consisting of 
sections vary ing  from  to  2^ in. in  thickness



and cast w ith no feeding heads does not show 
any signs of in te rn a l defects is no t ap p a re n t to  
the  au th o r in  th is  table. I t  does short’ why low 
carbon irons tra p  gases given off by th e  mould 
and core.

The au th o r takes th is  o p po rtun ity  to  express 
his thanks to  P ro f. G. B. U pton, of Cornell 
U niversity , for his aid.
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S Y M P O SIU M  O N  C A S T  IR O N

Jo int D iscussion  on the follow ing P a p e rs :
“ A S tudy of the  Influence of M anganese and 

Molybdenum Additions to C ast I ro n .”
“ The Influence of Wall Thickness on the 

M echanical P roperties of Cast Iro n .”
“  The F ra c tu re  of P ig-iron  and C ast I ro n .”
“  The Founding  of P ressure C astings.”

T h e  Tw o-Cupola Method
M r. F . J .  C o o k , re fe rring  to  M r. Judson ’s 

P aper, quoted an exam ple of w hat he ventured 
to th ink  was a k ind  of innoculation, and was to  
his m ind most in teresting . H e was fam iliar 
w ith a foundry in  th is  country  which had been 
doing sim ilar work for a long tim e, b u t from 
ra th e r  a d ifferent angle. This foundry was cast
ing th roughou t the day, and th e  general run  of 
the  work was two m ixtures, one of which was 
white iron, and the o ther consisted of one grey 
iron composition for general work. I t  also 
happened th a t th e re  was a  fa ir  am ount of high- 
pressure work in the  way of cylinders, which 
was a  nuisance to  produce, because i t  affected the 
regu lar ru n  of those two classes of m etal. As a 
resu lt the  foundry m anager had worked out the 
percentages of the  w hite and soft irons to pro
duce th e  analysis required  for the  cy linders; 
when he tr ied  i t  out, to  his am azem ent the  cylin
ders produced were very much superior. They were 
free from shrinkage troubles, and well w ith
stood the  pressure tests, w hilst the general s truc
tu re  and m achineability  were much improved. 
T ha t p ractice had been continu ing  for a very 
long tim e. Very much superior results were 
obtained in th is way th a n  by producing castings 
of the  same composition, made up of a  m ix ture  
practically  to  th e  same analysis. Ironfounders 
were generally recommended in th is  country not 
to  mix w hite and grey irons, b u t in m ixing them
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in th is way—m elting  them  separa te ly  and  m ix
ing them —there  was a rem arkable im provem ent 
in  s tru c tu re . Personally  he had  been in trig u ed  
w ith th is, b u t he could n o t fa thom  it , and  th is  
P aper did not help him  to  und ers tan d  w hat 
actually  took place, and  why these good resu lts 
should obtain . I f  th e  a u th o r could th row  any 
ligh t on th e  problem he would be help ing  them  
along th e  road.

M b . J u d s o n , in reply, rem arked  th a t  two years 
ago they had had a P a p e r on th e  sub jec t in  New 
York, and th a t  very question was asked by him 
self. Inc iden tally , they  tr ie d  several tim es to  run  
the m ix tu re  th rough  one cupola, and  they  did not 
get the  same re su lt a t  all. They would have a 
sw eating a t  3,000 o r 4,000 lbs. p ressure te s t. 
H e th o u g h t th a t , probably, if they  could g e t the 
soft iron add ition  in  th e  chilled form , th a t  was, 
chilled forcibly, they  m igh t be able to  ge t some
where.

M olybdenum and M anganese A d d itio n s
D r. A . B. E v e r e s t , dealing w ith  M r. H u rs t’s 

P aper, rem arked th a t ,  in  his opinion, the  P ap e r 
was a very valuable add ition  to  th e  li te ra tu re  on 
the subject of alloy cast irons. D r. E verest w ent 
on to  rem ark  th a t  he was somewhat puzzled a t  th e  
choice of the  alloy com bination which M r. H u rs t 
had made, since, generally  speaking, when two 
additions were made to  cast iron , they  were 
chosen so th a t  they  balanced one an o th e r in  re 
spect to th e ir  effect on chill. In  the  p resen t 
instance, however, bo th  m anganese and  molyb
denum acted in the  same d irection  in increasing  
chill, and no claim could be m ade to  th e  effect 
th a t  th is  was a balanced addition . This led 
n a tu ra lly  to  the  resu lt th a t ,  when m anganese 
and molybdenum additions were m ade, th e  cast
ings tended to become w hite, and  i t  would seem 
th a t  th e  in te re st of the  m ate ria l lay ra th e r  in  
its properties a f te r  a subsequent g rap h itis in g  
anneal, th e  necessity fo r which, of course, re n 
dered the  com bination of doub tfu l general 
u tility .
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Roll P ractice

Dr. E verest sta ted  th a t  M r. H u rs t claimed 
very high hardnesses for w hite irons w ith m ar- 
tensitic  s truc tu res  produced by the alloy addi
tions. H e would be in terested  to  know w hether 
these irons had any special advantage over the 
well-known “ N i-H a rd ,”  which was produced by 
adding nickel and chrom ium  to a  w hite iron. 
The s tru c tu re  amd hardness i n . “  N i-H ard  ” was 
very sim ilar to  th a t  shown in  the present series, 
and i t  would be of in te res t to  know, therefore, 
w hether any special advantage could be claimed 
for the hard  iron produced w ith m anganese and 
molybdenum. H e th ough t i t  of in te re st to men
tion  in  th is  connection th a t , in  “ N i-H ard  ” 
rolls, proportions of molybdenum were frequently  
used, and also as a resu lt of research  work in 
the  U nited  S ta te s  i t  was becoming th e  practice 
to increase m anganese to  abnorm ally high levels. 
I t  would thus appear th a t  in  the la te s t type of 
“ N i-H ard  ” rolls full advantages of the  nickel- 
chrom ium and also of th e  manganese-molytb- 
denum  additions were being achieved.

A point which appeared to  be of some in terest 
was m entioned about the  middle of the  P aper, 
where i t  was poin ted  ou t th a t , in  spite of the 
relatively h igh hardness of these alloy irons, they 
showed in  the  r ing -tes t less in te rn a l stress th an  
norm al. D r. E verest inquired  w hether th is  did 
n o t appear to some ex ten t to  be contradictory, 
since one would norm ally expect high in te rna l 
stress to  be associated w ith  hardness. D id the 
exp lanation  in  th e  present case lie in  the heat- 
tre a tm en t P

T h e  S ta r  T est

One o ther poin t th a t  in terested  the  speaker 
very much was the  s ta r  tes t, which M r. H u rst 
showed in F ig . 1 of th e  P aper. H e (Mr. 
Everest) believed th a t  th is  te s t orig inated  in the 
works of th e  M idland M otor Cylinder Company, 
and i t  had been used by himself in some of his 
early  work on alum inium  in  cast iron. This 
had been developed fo r a specific purpose, and,
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although sa tisfac to ry  as a check on autom obile 
irons, he had abandoned the  te s t as no t being 
generally applicable to  all irons. H e would 
therefore  be in terested  to  hear why M r. H u rs t 
had adopted th is  te s t now in connection w ith 
his p resent work.

Tw o-C up ola  Iron
Com m enting upon  M r. Ju d so n ’s P ap er, D r. 

E verest rem arked th a t  M r. Judson  said he cast 
the m etal as soon as possible. This was a  p o in t 
of p a rticu la r in te res t, in  view of th e  question 
of th e  relationsh ip  betw een th e  tim e  fac to r and 
inoculation. H e s ta ted  th a t  he would like to  
know w hether M r. Judson  found a change in 
the  form  of th e  carbon resu lting  from  holding 
the  m etal fo r any leng th  of tim e  or w hether the  
precaution  of casting  quickly was m erely to  en 
sure as high a  casting  tem p e ra tu re  as possible.

Section Sen sitiv ity
M b . Gr. L. H a r b a c h , dealing w ith  D r. 

Ju n g b lu th ’s P ap e r, rem arked  th a t  hav ing  
himself w ritten  a P a p e r on a  sim ilar sub ject, he 
had read D r. Ju n g b lu th ’s con tribu tion  w ith  g re a t 
in te re st and had found i t  very in fo rm ative . 
There were, however, one or tw o po in ts th a t  he 
would like to  em phasise. E arly  in  th e  P a p e r i t  
was s ta ted , quoting M. v. Schwarz and  A. V ath , 
th a t  under certa in  conditions sa tisfac to ry  ag ree
m ent between the  s tren g th  of a casting  as a 
whole and th a t  of a te s t  b a r  could be ob ta ined  if 
the d iam eter of th e  bar were m ade tw ice th e  wall 
thickness under tes t. L a te r  on in  th e  P ap er, 
however, D r. Ju n g b lu th  showed th a t  the  sensi
tiv ity  was much less, and in  fac t he quoted  a 
30-mm. b ar as having th e  same s tre n g th  as 
30 mm. in  th e  casting . T h a t supported  the  
results of h is own work and  confirmed th e  fac t 
th a t  sensitiv ity  to section th ickness varied  con
siderably w ith th e  qua lity  of th e  iron , so th a t  
th a t pa rticu la r reference to  th e  d iam eter of a 
bar being twice the  th ickness of th e  section to  
be represented could only be applicable u nder 
certa in  conditions, and those conditions would



have to  be very closely controlled. Then, quot
ing Coyle’s work, D r. Ju n g b lu th  had sta ted  
th a t  the  percentage d im inution  in  stren g th  was 
equal for each grade  of cast iron. The rem ainder 
of the  P ap e r and  personal experience certain ly  
suggested th a t  th a t  was n o t th e  case.

M ention of hardness as re la ted  to  tensile 
stren g th  m ade him  feel th a t  was going a  little  
fa r , except again  under very controlled condi
tions. To ta lk  in te rm s of percentage of increase 
in B rinell hardness in  re la tion  to  percentage in
crease in  tensile s tre n g th  was no t to  his m ind 
correct, because th e  B rinell hardness did not 
necessarily vary  consistently  w ith  the  tensile 
streng th . I t  was possible to  produce a low- 
carbon iron of 24 tons tensile  s tren g th  w ith  a 
B rinell hardness of 250 and  a low-silicon iron of 
14 tons tensile also w ith  a  B rinell of 250. More
over, th e  h igh-test iron would machine readily, 
w hilst the  low-silicon iron would only be m achin
able w ith difficulty. F rom  th is  i t  was obvious 
th a t  the  B rinell hardness of different types of 
iron had no real re lationship  to  tensile streng th , 
ne ither was i t  a m easure of m achining hardness 
of cast irons. M r. H arbach  concluded his 
rem arks on D r. Ju n g b lu th ’s P ap er w ith the 
observation th a t  th e  au tho r was to be congra tu 
lated for his P ap er undoubtedly covered a very 
wide field, and was in  his opinion a valuable con
trib u tio n  to  the  subject.

A  N ew  Specification and Tw o-C up ola  Iron
M r. H arbach  also m ade some observations on 

Mr. Judson ’s P ap er. He rem arked th a t , being 
in the  same line of business and having used 
irons sim ilar to  those m entioned, he had read 
Mr. Judson ’s P ap er w ith g rea t in te rest. The 
classification of th e  two types of cast iron—struc
tu ra l and pressure— and th e ir  respective requ ire
ments was welcome, particu larly  in view of the 
fact th a t  a  new specification for h igh-duty  cast 
iron would shortly  be issued in th is country, and 
i t  was very desirable th a t  th e  h igh-test irons 
should be used in  a reasonable m anner. Once i t  
was accepted th a t  th e  usual textbook quotation  of
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10 tons tensile  s tren g th  was low, th e re  was a 
danger th a t  th e  h igh-streng th  irons m igh t be 
adopted as s tan d a rd  and  specified fo r all types of 
castings, includ ing  those in  which m ass ra th e r  
than  s tren g th  was th e  deciding fac to r. Such a 
position would prove a  g re a t d isadvan tage  in 
foundries. A clear d is tinc tion  betw een th e  two 
classes of cast iron, and  th e  ra tio n a l use of the  
h igh-strength  irons was necessary, fo r th e  de
velopm ent of th e  technique for hand ling  low- 
carbon irons was essential and was often  an ex 
pensive business when changing  over from  the  
production of o rd inary  irons.

T urn ing  to  th e  m ix tu res used, M r. H arbach  
said i t  would be in te re s tin g  to  know w hat was 
the composition of th e  steel used, as th e  analysis 
of the  m etal from  th e  86 p er cen t, steel m ix tu re  
suggested a h igh silicon con ten t in  th e  steel and 
a low m anganese con ten t, o r a high loss of m an
ganese in  m elting. F rom  th e  fac t th a t  all the  
high-duty irons carried  no scrap re tu rn s , i t  
would appear th a t  e ith e r the  pig-scrap m ix tu re  
was over 50 p e r  cent, scrap or th e  tonnage  of 
bedplates and  fram es, e tc ., exceeded ha lf th e  
to ta l o u tpu t. H ad  M r. Judson  used th e  re tu rn  
scrap from  high steel m ix tu res in  th e  same m ix
tu re ?  I t  seemed a p ity  th a t  such good scrap 
should be used in  common iron , as i t  would 
obviate the  expense of duplexing to  ra ise  th e  
to ta l carbon— as ind icated  qu ite  ea rly  in  the 
P aper, a single cupola was capable of m eeting  
the  requirem ents—and enable the  common iron 
to  be ru n  w ith  a h igher phosphorus.

The high steel-m ix iron  w ith  2.4 per cent, 
to ta l carbon and 1.35 per cent, silicon would 
certa in ly  requ ire  some ad ju s tm en t, and  it  
matched personal experience w ith  a sim ilar m ix
tu re . F u r th e r  to  th is, i t  was often  difficult to  
obtain  a sufficiently high carbon from  a high 
steel mix w ithout scrap in  th e  charge—holding 
the liquid m etal in th e  cupola had little , if any^ 
effect on the  carbon— and th e  silicon was rarely  
over 2 per cent, as tapped , even if 3 per cent, 
was charged.



N ickel A dd itions Advocated fo r H igh-Duty Irons

Increasing  silicon had little  com pensating 
effect for low carbon around 2.5 per cent., and 
it  had been found th a t , w ith  a carbon of 2.6 per 
cent., ra ising  the  silicon from 2 to  3.5 per cent, 
had litt le  effect on the  tensile streng th , i t  being 
about 24 tons th roughout. R egard ing  the diffi
culty of using low-carbon irons, as fa r  as pos
sible i t  was advisable to  make full use of irons 
w ith 3 per cent, or more carbon, and, when a 
low-carbon iron became necessary, the  highest 
carbon com patible w ith the streng th  required 
should be used. I n  th is  respect the  use of 
nickel was often  w orth while, as h igher carbons 
m ight be used for th e  same s treng th , thus sim
plifying foundry  operations and giving more 
consistent results. The mixed m etal quoted by 
M r. Judson (2.5 to  2.65 per cent. T.C and 1.5 
to 1.7 per cent. Si) would personally be con
sidered so near th e  border line th a t  e rra tic  re
sults would be expected in the foundry machine 
shop and streng th s and frac tu res of te s t 
bars, and the low lim its quoted of 2.4 per cent. 
T.C and 1.5 per cent. Si much lower th a n  neces
sary for an iron around 20 tons tensile. I t  
would be expected th a t  an inocculated cast iron 
(with or w ithout nickel) carry ing  its own scrap 
re tu rns, w ith 2.8 to  3 per cent. T.C, would give 
the s treng th  required w ith improved casting 
properties, and probably save the ex tra  cost of 
nickel, if used, by preven ting  w aster castings.

C o st of Low -Phosphorus Castings

W ith  regard  to  th e  soft iron m entioned in the 
P aper, contain ing  0.25 to 0.45 per cent. P , and 
used “  where ease of m achining is a v ital 
fac to r,” i t  was a m a tte r  of some in terest, and 
he would be glad to  know w hether the phosphorus 
was kep t low deliberately w ith a view to  assist
ing m achining. W hilst th e  general view was th a t  
phosphorus acted as a hardener, and, therefore, 
was detrim en ta l to m achining, his own view was 
th a t, up to  1 per cen t., i t  acted to  some ex ten t 
as a  g raph itise r, and, also, by lowering the
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s tren g th  and  toughness of th e  iron due to  the  
presence of phosphide eu tec tic  in th e  s tru c tu re , 
the general effect of phosphorus was one of em 
b rittlem en t which im proved ra th e r  th a n  de
trac ted  from  the  m achining properties. This 
pa rticu la r p o in t m ight be o u t of th e  scope of 
the  presen t P ap e r, as i t  d ealt essen tia lly  w ith 
h igh-duly  irons, but i t  was of im portance to  the  
m anufactu rers of small and non-pressure castings 
from  th e  financial view point. In  th is  coun try  
the reduction  of phosphorus cost abou t Is . per 
ton for each 0.1 per cen t., so th a t  so ft 0.3 per 
cent, phosphorus iron w ithou t steel was roughly 
7s. a ton  deare r th a n  a 1 per cen t, phosphorus 
m ix ture . This m ade a big difference in  to ta l 
m etal cost, as over ha lf th e  o u tp u t was likely to  
be in  th is  class of iron. In  conclusion, M r. 
H arbach  said he wished to  th a n k  M r. Judson  
for a very in te re stin g  and  in form ative P ap er.

F ra ctu re  of Pig-Iron

M e . J .  6 .  P e a r c e  said he wished to  em 
phasise a few of th e  points dealt w ith  by 
Dr. N orbury  in  his adm irable P ap e r. (Constancy 
of frac tu re  did n o t m ean, and  never had  m ean t, 
constancy of silicon con ten t. This was well 
brought out in  th e  P ap er. Some w rite rs had 
made g re a t play w ith  silicon varia tio n s fo r th e  
same frac tu re  and  used them  to  condemn frac 
tu re , b u t, as was shown in  th e  P a p e r , if th e  
carbon varied  in  sym pathy th e  chilling  properties 
rem ained th e  same, which was w hat th e  founder 
was in terested  in . Some countries had  com pletely 
abandoned frac tu re  as a guide for classifying or 
purchasing pig-iron. D r. N orb u ry ’s P ap e r 
showed th a t  the  B ritish  feeling th a t  fra c tu re  did 
m ean som ething had  a  scientific justifica tion . I t  
told th e  ironfounder som ething no t necessarily 
gleaned from  analysis, b u t i t  had  to  be added 
th a t  pig-iron could n o t be purchased on a speci
fication including both analysis and  fra c tu re  
unless i t  was specially selected. The b las t fu r 
nace could n o t be controlled to  give both.

A nother po in t was th e  rem arkable way pig-iron



compositions followed the  eutec tic  line, and the 
closeness to  i t  of th e  m ost widely used foundry 
iron, No. 3.

T itan iu m  Refining Process
M r. Pearce, continuing, said th a t  the titan iu m  

refining process was a rem arkable development. 
Nobody had produced such uniform ly fine 
graph ite  in  such sections and w ith such high 
carbons. I t  was a developm ent, however, which 
a t th is  stage should be regarded as a funda
m ental investigation  in to  the cause and 
mechanism of g raph ite  form ation ra th e r than  as 
a process, although th e  possibilities of applica
tion  were, of course, not being overlooked. If 
fu r th e r investigation  confirmed th a t  coarse 
g raph ite  arose from the presence of silicate slag, 
and th a t  fine g raph ite  was formed when th is 
slag was e ith e r absent or prevented  from act
ing in a usual way (as in  the titan iu m  process), 
the  g rea test single step forw ard would have been 
taken in the understanding , and hence in  the 
control, of g raph ite  form ation, which m eant the 
control of properties. I t  looked as if fine 
g raph ite  was the  norm al condition of cast iron, 
and th a t in a sense coarse g raph ite  was the  ex
ception, due to the  universal use of silicon in 
pig and cast iron. Of course, m any o ther pos
sible methods of achieving the fine g raph ite  had 
been exam ined. M r. Pearce rem arked th a t  to  a 
body contain ing those in terested  in  the alum i
nium alloys and th e ir  modification there  was in 
te rest in  the  rem arkable sim ilarity  between these 
s tru c tu ra l changes in cast iron and those occur
ring  in  the  modification of the  alum inium  alloys. 
So much was th is  so th a t  we spoke of th e  cast 
iron as “  modified ”  when i t  underw ent th is 
change, and as “  demodified ” when th e  reverse 
was effected. The explana tion  in all probability 
was on sim ilar lines for both m etals, and, indeed, 
it  m ight be said th a t  the  m ain  problem facing 
all m etallurgists on cast alloys—cast iron, steel, 
non-ferrous—was th a t  of the  non-m etallic inclu
sion, and  investigation  on these lines would have 
far-reaching effects-
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An Ideal Exchange Paper
Com m enting upon D r. Ju n g b lu th ’s P ap er, M r. 

Pearce rem arked th a t , in his opinion, i t  form ed 
an ideal exchange P ap er, because i t  p resented  
developm ents in the  a u th o r’s coun try  over a 
period of years in a field w ith which the  au th o r 
was fam iliar and in  which he him self was a 
d istinguished w orker. H e th o u g h t they  were 
very fo r tu n a te  in having th is P ap e r from  D r. 
Ju n g b lu th . In  th is  country  the  effect of w hat 
in G erm any was called w all-thickness sensitiv ity  
had, of course, been recognised, and th e  effects 
of section, composition and alloy add itions had 
been studied , b u t n o t to  th e  ex te n t they  had 
been studied  in  G erm any. The reason fo r th is , 
he though t, was th a t  B ritish  investiga to rs were 
more concerned w ith  th e  prac tica l th a n  w ith  th e  
theoretical aspects of the  question, and  while 
we could whole-heartedly agree th a t  th e re  was 
a general law, such as th a t  given ea rly  in  the  
P aper, i t  seemed th a t  th e  varia tions in com
position and g rap h ite  size which were ob tainable 
in practice were so wide th a t  each cast had its  
own constan t c and exponent m, and  th a t  i t  
would be dangerous to a tte m p t to  p red ic t sensi
tiv ity  from  formulae derived from  te s ts  on one 
m ateria l applied to  ano ther, even of sim ilar 
composition. Also the  m oulding, casting  and 
m elting conditions had  to  be considered, as was 
pointed o u t by D r. Ju n g b lu th .

B rin e ll T e st and T en sile  Ratios
Perhaps th is po in t could be illu s tra ted  by say

ing th a t various C on tinen tal w rite rs had  sug
gested a connection (given in  a  specific form ula) 
between B rinell hardness and tensile  s treng th . 
These formula;, of course, differed from  each 
other, and clearly could not all be tru e , o r tru e  
of all cast irons. They were tru e  fo r th e  p a r t i
cular compositions studied , for th e  conditions 
under which the  te s t was m ade. We therefo re  
said th a t  there  was no general connection be
tween B rinell hardness and tensile s tren g th , b u t 
th a t  a connection found betw een these proper-
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ties for a given composition and thickness m ight 
rem ain tru e  for the same m ateria l made in the 
same way.

The difficulty of fo rm ulating  these general con
nections was abundan tly  shown in D r. .Jung- 
b lu th ’s P ap er, and  there  was cause for con
g ra tu la tio n  in th a t  he had made no a ttem p t to 
shirk or minim ise the difficulties. The difficulty 
of draw ing curves to  fit points in  F igs. 6, 7, 8 
and 9 was evident. D r. Ju n g b lu th  concluded 
th a t  th e  work on alloy irons was calculated to 
give q u a lita tive  resu lts only, and  d a ta  on cast
ings were m eagre, while the  relationship  between 
the  m echanical p roperties of wall thickness in 
castings and te s t bars was still obscure. I f  th is 
was the resu lt of the  volume of work embodied 
in the  p resen t review, how much more rem ained 
to  be done? The speaker had been struck  m any 
tim es w ith the  num ber of curves of a kind which 
len t themselves to  logarithm ic tre a tm en t and 
hence provided a m athem atical relation  between 
th e  quan tities concerned, b u t tre a tm en t on these 
lines had shown the resu lts to  be too scattered  to 
perm it a re lation  to be form ulated, even for one 
m aterial. Such curves had been given in  P apers 
to the  In s titu te  of B ritish  Foundrym en and else
where, and connected, for example, cast section 
size and  any m echanical tes t, such as transverse 
streng th , tensile s tren g th , torsional streng th , 
hardness, and also deflection and elastic modulus. 
Perhaps less e rra tic  resu lts would come ou t of the 
application of tests to  irons contain ing completely 
refined g raph ite , as described in a parallel P aper 
by D r. N orbury. M r. Pearce concluded w ith the 
rem ark th a t  some work on the connection between 
te s t b ar and casting  was also in progress.

T ensile  T e st and Casting  Thickness

M r . C . E .  W i l l ia m s  (P ast-P residen t) said he 
would like first of all to  th an k  the  authors 
of the Papers for the  Papers themselves, especi
ally th e ir  friend  from Germ any and th e ir friend 
from the U nited  S ta tes, for coming such a long 
way to  p resen t th e ir  adm irable Papers to  the



members of the  In s titu te . In  th e  P a p e r of D r. 
Ju n g b lu th  M r. W illiams said he was particu la rly  
in terested  in  th is question of wall thickness. 
R ecently h is  own firm had some castings w eighing 
3, 4 or 5 tons, of a th ickness of a t  least 6 in ., 
and they had to cast on to  them  tensile te s t 
pieces. They had had m uch trouble  in  g e ttin g  
the te s t  pieces—in fa c t they  had a good deal of 
trouble w ith the inspector. H e would no t pause 
to tell them  how they go t over th a t  difficulty. 
(L aughte r.) The question he would ask was : 
Was there  in ex istence a  proper connection be
tween no t only th e  break ing  te s t b u t the  tensile 
te s t and th e  thickness of th e  casting  piece which 
was being cast?  W as th ere  a proper set of d a ta  
in th is coun try?  I f  not, i t  was surely a very 
simple th in g  for th e  In s titu te  to  tak e  th e  m a tte r  
up and look in to  it , because he could assure 
them  th a t  the  specification th a t  came to  h is firm 
was im practicable, and i t  came from  one of th e  
largest users of castings in  th is  country . I f  th e re  
were not proper d a ta  in th is  coun try , he sug
gested th a t  th a t  was a m a tte r  which the In s ti tu te  
could very properly take  up.

Mir. A. S u t c l if f e  asked D r. N orbury  th e  
reason for discrepancies in th e  analyses of 
cast iron when received from  d ifferen t centres, 
and w hether a good analysis was a fundam en ta l 
factor in  the  m aking of a sound and sa tisfac
to ry  casting. O ther queries re la ted  to  th e  ascer
ta in m en t of the composition of the scrap used in 
cupola charges ; w hether sa tisfac to ry  figures could 
be obtained from  open sand-cast te s t bars ; and if 
there  were factors o ther th an  chemical composi
tion  which affected th e  rea l w orth of p ig-iron and 
which were appreciated  by th e  p rac tica l m an. In  
connection w ith th is  la s t question he cited  th e  
problems of carbon pick-up in  th e  cupola, rap id  
loss of “ life ” in  the  ladle and fro th in g  slags. 
F inally , he asked—assum ing the  m oulder had  
made a perfect mould—why th e  m eta llu rg is t 
should not provide perfect m etal which would 
elim inate any necessity for chills, denseners and 
nailing.

óóK)
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M r . B e n  H i r d  m entioned an instance t h a t  h a d  
come under his own observation bearing on w hat 
had been said about the  frac tu re  of pig-iron and 
the  resu ltan t frac tu re  in the casting. He 
adm itted  th a t  he spoke of a freak  batch  which 
had come w ith a delivery of hem atite  pig-iron. 
The frac tu re  was th a t  of a No. 3 hem atite  iron, 
tough to  break  and easy to  drill. The g raphite  
showed a peculiar form ation like a closed-up 
s ta r or a daisy. This iron was carefully melted 
in a clean crucible and poured in to  a green 
sand mould contain ing  1 in. by 1 in . by 14 in. 
tes t bars, which were allowed to  cool norm ally ; 
when broken, the  fra c tu re  was pure white. 
A nother piece of the  same pig was m elted in 
the same way and poured in to  a d ry  sand mould, 
containing a 4 in. cube block. W hen th is was 
split open, the  frac tu re  was w hite a t  the corners 
and along the  sides, and th e  rem ainder deeply 
m ottled w hite. H e though t i t  would be of in 
te rest to  the m eeting to m ention th is experience, 
because i t  was a very rem arkable resu lt to  get 
from w hat was to  all appearances a good No. 3 
hem atite iron. The compositions of the pig-iron 
and casting w e re :—P ig -iro n : T.C, 3.42; Gr,
2.64; C.C, 0.78; Si, 0.51; M n, 1.02; S, 0.092; 
and P , 0.068 per cent. Test bar : T.C, 3.294 ; 
Gr, 0.034; C.C, 3.26; Si, 0.47; Mn, 0.60; S, 
0.082; and P , 0.132 per cent.

M r. H ird  expressed doubt as to  the  accuracy 
of the  m anganese and phosphorus contents in 
the te s t bar, as these were checked over with 
slightly different results, b u t sim ilar proportions.

D r . H . A. N i p p e r  (Germany) congratu lated  
D r. N orbury on his very in teresting  P aper, and 
also the  In s titu te  and the B ritish  C ast Iron  
R esearch Association on the  valuable work i t  
was doing by its publication of such con tribu
tions. H e asked D r. N orbury  w hether he would 
offer an exp lana tion  of the  mechanism of the 
titan iu m  effect on graph itisa tion .

A  M e m b e r  a s k e d  M r .  J u d s o n  i f  h e  c o u ld  g iv e  
a n y  i n f o r m a t i o n  u p o n  h i s  c u p o la  p r a c t i c e  w i th  
r e f e r e n c e  t o  m e c h a n ic a l  o r  h a n d  c h a r g i n g .  H e



3 3 8

also felt sure th a t  M r. Judso-n m ust have en 
countered considerable difficulty in  connection 
w ith porosity. M r. Judson  did m ention th a t  
he had to  make a special po in t to u tilise  the  
m etal as hot as possible, bu t he d id  n o t m ake 
any m ention of w hat his tem p e ra tu re  actually  
was.

M r . J .  H .  C o o p e r  suggested th a t  th e ir  
object a t  such a conference was n o t so 
much to  criticise any P ap e r, b u t to  work to 
gether as a team  and suggest w hat should be 
done, and how, to overcome th is  or th a t  diffi
cu lty ; if  they  did th a t ,  he th o u g h t th ey  would 
be tak in g  a step in  the  r ig h t d irection .

The P r e s id e n t  (M r. H . W in te rton ) said he would 
like to  associate him self particu la rly  w ith  M r. 
Cooper’s rem arks. I t  was a te x t  w hich he h im 
self adopted  about the  year 1907 when he gave 
his first P ap e r before th e  B ritish  F oun d ry m en ’s 
Association. H e th o u g h t i t  was up  to  th e  mem
bers of th is  In s ti tu te  to  collaborate even more 
together in  the  fu tu re  th a n  they  had  done in  the  
past. As Mr. Cooper had  said, th ey  h ad  m et 
not actually  to  c ritic ise  one an o th e r’s work, 
except in a m anner which would help them  all to 
a tta in  th e ir  desired object, and  he was qu ite  
sure th a t  if they  did work to g e th er as a team , 
th a t  object would assuredly be well a tta in e d . The 
P residen t concluded by inv iting  the  au tho rs  of 
the various P ap ers  to  reply  to  th e  discussion.

A U T H O R S ’ R E P L IE S
M r . J .  E. H u r s t , in  replying to  th e  discus

sion, said w ith reference to  th e  points raised 
by D r. E verest in  connection w ith his P ap e r 
th a t  he would like i t  to  be clearly  understood 
th a t  th is  investigation  was u n d ertak en  purely  
for investigation  purposes a t  th e  ou tse t, and 
th e  object of choosing a  low-silicon iron  was th a t  
they were in te rested  in irons th a t  were likely 
to  be w hite in  character. H e was unable to  draw  
any comparison between m anganese-m olybdenum  
alloy cast irons and  th e  alloys know n as “  N i- 
H a rd ,”  b u t hardness alone was n o t necessarily 
the  sole crite rion  of th e  advantages of an  iron



of th a t  class. H e could im agine th a t  hardness 
m ust of necessity he accompanied by good
stren g th  properties in  all aspects of those
streng th  properties in the commercial application 
of alloy irons of th a t  type. H e could im agine, 
for example, th a t  i t  was highly advantageous for 
irons used in the  roll industry , and in other 
industries where drilled  irons were used, th a t 
they should possess h igh  resistance to  fa tigue, 
and consequently there  was a need ap p aren t for 
the investigation of the  properties of all the 
alloy irons of th is  type, including “  N i-H ard .” 
He suggested i t  would be worth while carry ing  
out an investigation  extended to  alloys of the 
“ N i-H ard  ” type. M r. H u rs t w ent on to say
th a t  the  in te rn a l stress figure was a figure ob
ta ined  by th e  m easurem ent of th e  movement of a 
tes t ring  when cu ttin g  the  gap, and i t  was 
assumed th a t  i t  was a revelation of the  in ternal 
stress th a t  existed  in th a t  ring  before th e  gap 
was cut. I t  had  always been a  m a tte r  of some 
astonishm ent to  him th a t  they had movements of 
such a substan tia l order in  these te s t  rings afte r 
trea tin g . These movements m entioned in the 
P aper were obtained on th e  te s t rings in the 
annealed condition, th a t  was to  say, the tes t 
rings th a t had  been subjected to an annealing 
trea tm en t, and they  had  always been led to 
understand th a t  such trea tm en ts  tended to  m ini
mise the in te rn a l stress. In  spite  of th a t, 
in ternal stress of qu ite  a  substan tia l order was 
revealed by these gap movements, and it  
appeared th a t  th a t  in te rn a l stress was minimised 
by an increase in  the manganese-molybdenum 
content. I f  these facts should u ltim ately  tu rn  
out to be of commercial advantage, th en  the ex
perim ents should prove w orth while. In  con
clusion, M r. H u rs t rem arked th a t  D r. E verest 
had comm ented on the  s ta r  te s t piece he had 
used. The reason why he used th is  form of te s t 
piece was th a t  i t  enabled him to  obtain  the  form 
of te s t rings he had used for th is  p a rticu la r test.

D r . . I u n g b l u t h  ind icated  th a t , as his know
ledge of the English language was somewhat
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lim ited, he proposed to  reply to  the  discussion in  
w riting .

D r. N o r b u r y , in  rep ly ing  to  the  discussion, 
rem arked th a t  M r. H ird  had  m entioned an 
in te resting  case. I t  was difficult to  say w hat 
it  m igh t be due to  w ithou t know ing th e  analysis 
and o ther p articu la rs , b u t he th o u g h t i t  raised  
the  in te resting  po in t th a t  one did ge t pecu liar 
cases arising  in  a  foundry , an d  if mem bers 
b rought such cases up a t  these m eetings i t  was 
calculated to prove very helpful. D r. N ipper 
had asked for in fo rm ation  on th e  m echanism  of 
the tita n iu m  effect. The ti ta n iu m  slag inclu
sions could be seen in  th e  m icro structu re  of the 
m etal, and he th o u g h t the  exp lana tion  lvas th a t  
they  were still liquid when the  g rap h ite  solidi
fied, and consequently did not have an  inoculat
ing action, and the  fine g rap h ite  s tru c tu re  
resulted. D r. N orbury  w ent on to  rem ark  th a t  in 
D r. Ju n g b lu th ’s P ap e r the  au th o r was in v es tig a t
ing how th e  s tren g th  varied  from  one section of a 
casting  to  ano ther. As D r. Ju n g b lu th  poin ted  out, 
these varia tions were not ob tained  in  steels, and 
were due to  variations in  th e  g ra p h ite  size, and 
therefore the  solution of D r. J u n g b lu th ’s problem 
was bound up w ith the  solution of the  problem 
of w hat affected the g rap h ite  size.

M r. J it d s o n , in  rep ly ing  to  th e  discussion on 
his P aper, said i t  had  been a very g re a t pleasure 
to him to  have been able to  m ake w hat li tt le  
contribution  he had made. I t  was particu la rly  
pleasing to  him , because his fa th e r  hailed from 
B radford. M r. Judson  w ent on to  exp la in  th a t  
the term  “ inoculation ”  was not used in  the  
Paper, because they did not w an t to  theorise 
and they  did not wra n t to  steal anybody else’s 
thunder. H e th ough t the photom icrographs in 
dicated th a t  too long a tim e could he allowed to  
elapse between the  inoculation  and  the  pouring . 
H e m ight say th a t  they  did no t le t th e  soft iron 
and the  hard  iron stand  m ixed any longer th an  
they possibly could. The p roportion  of high- 
pressure castings to  the rem ainder of th e ir  pro
duction was such th a t  th e  scrap re tu rn  was very



low. Definitely, they fe lt th a t  they w anted low 
carbon. In  reply to  ano ther query, he wished to 
say th a t  they  charged by hand. W ith  regard  to 
the question of porosity, he though t th a t , if  they 
had i t  operating  under 1,000 lhs. pressure on 
petrol, i t  would show it  up instan tly . The tem 
pera tu re  they  got a t  the  spout was in th e  neigh
bourhood of 1,310 deg. C. actual.

The P r e s id e n t , in closing the  proceedings, 
said he though t they  would all agree th a t  a t this 
conference some most excellent P apers had been 
presented, and he proposed a hearty  vote of 
thanks to  the au thors of the  various P apers as 
well as to  th e  members who had contributed  to 
the discussion.

A U T H O R S ’ W R IT T E N  R E P L IE S  
M r. H. H . Judson

M r. Judson  poiuted  ou t th a t  a P ap e r on the 
two cupola process was given to  the American 
Foundrym en Association m eeting in  D etro it 
four years ago.

The tem p era tu re  (1,410 deg. C.) of the  m etal 
a t the spout, referred  to  in  M r. .Tudson’s P aper, 
was taken  w ith no correction made for emissivity.

In  fu r th e r  reply to  M r. H arbach ’s re
marks, M r . J u d s o n  w rites th a t  the  steel 
used is norm al railw ay ra il scrap and 
shows the  following analysis: T.C, 0.55; Si, 0.15; 
Mn, 0.75; S, 0.06; and P , 0.05 per cent. The 
pig-iron used w ith  the  steel ra il charges, for 
the two-cupola process, has a  silicon content of 
15.3 per cent. The average m anganese loss in 
all of the  cupola operations in  which Spiege-
leisen, contain ing  20 per cent. Mn is used, is
40 per cent.

The use of the  re tu rn s  from  the high-duty
heats has already been covered. The am ount
of these re tu rn s  is so small as com pared w ith 
the  rest of th e  tonnage th a t  th e ir  use in  o ther 
m ixtures is not a serious m atte r . The foundry 
does no t use the  h igh-duty  re tu rn s in high- 
du ty  m ix tures, p referring  to  s ta r t  w ith as low 
a g raphitic-carbon conten t in  the  steel-rail
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charges as possible. The phosphorus con ten t 
of th e  common iron will be dealt w ith la te r.

Reference in  the  discussion was m ade to  
a m ix tu re  con ta in ing  2.40 per cent, to ta l c a r
bon and 1.35 per cent, silicon as req u irin g  
ad justm en t. N ever having ru n  such a m ix tu re  
it  is impossible to  say definitely. These figures 
are  the  low lim it, and th e  foundry  has never 
obtained both in  the  same h ea t, and  in  fac t 
has no t a ttem p ted  to  ru n  such a m ix tu re .

The rem ainder of th e  discussion which per
ta in s to low-carbon irons is answ ered by the  
following. H undreds of tons of castings fo r 
high-pressure pumps, opera ting  on crude oil and 
petrol, a t  pressures of 900 lbs. per sq. in . or 
over, have been cast from  m ix tu res  hav ing  2.50 
to  2.70 per cent. T.C and 1.50 to  1.70 p er cent. 
Si. The m ain th o u g h t behind th e  low-carbon 
iron described is th a t  of pressure-tigh tness 
ra th e r th a n  h igh s treng th . Tensile streng th s , 
always over 19 tons per sq. in ., a re  obtained 
from specimens cu t from  th e  walls of ac tua l 
castings and n o t from  te s t bars, a re  ample. 
W aster castings a re  no problem , and  in  fac t, 
there  are  m any jobs th a t  the  foundry  insists 
on casting w ith th is low-carbon iron  because 
of an alm ost complete freedom  from  leakers on 
test.

The la s t p a r t of th e  discussion refers to  the  
phosphorus con ten t of the  common iron . The 
phosphorus con ten t of the  pig-irons used for 
years ran  0.45 per cen t., which is n o t low, 
and does no t command a prem ium . I t  is only 
when th e  phosphorus is specified below 0.30 per 
cent, th a t  a prem ium  has to  be paid . In c i
dentally , no a tten tio n  is p a id  to  th e  phosphorus 
content when m achineability  is being considered.

D r. H . Ju n g b lu th s’ Reply.
D r . J u n g b l c t h  w ro te : —-
M r. G. L. H arbach  is correct w hen he says 

th a t the rule given hy M. V. Schw arz and A. 
Y ath to  make the  te s t b ar tw ice as th ick  as the  
wall-thickness is only valid in very ra re  cases.



In  fac t, th e  discussion of the relationship be
tw een wall-thickness sensitivity  in  castings and 
te s t bars (Section I I I )  was specifically designed 
to emphasise th is lack of generality .

The au th o r is not sure if M r. H arbach  quite 
understood his rem arks regard ing  Coyle’s in 
vestigations. H e does no t th in k  th a t the per
centage drop in tensile value is the same in all 
qualities of cast iron. B u t i t  m ust be inferred 
from Coyle’s work th a t  he held th is view. Hence 
to characterise different grades of cast iron he 
employed th e  coefficient (c) of the  exponential 
relationship between the te s t bar thickness and 
the tensile s treng th , while H eller and the  au thor 
in ten tionally  introduced th e  exponent (m) for 
th is purpose.

The au tho r agrees w ith M e. H arbach th a t  
a relationship between Brinell hardness and the 
tensile stren g th  is not easy to  establish, so th a t 
the Brinell hardness cannot be conveniently used 
for determ ining the wall-thickness sensitivity, as 
has been done by some investigators. I t  was the 
au th o r’s in ten tion  to  emphasise th is.

Mr. J .  G. Pearce, w ith  justice , indicates th a t 
owing to the  wide dispersion in the values i t  is 
difficult to forecast the  wall-thickness sensitivity 
of an indiv idual casting. As yet unpublished, 
investigations, however, show th a t  a t least high- 
grade cast iron has a very small wall-thickness 
sensitivity , so th a t  in practice the problem of 
th is fac to r is considerably simplified.

The au th o r also agrees w ith Mr. C. E. W illiams 
th a t  the problem of wall-thickness sensitivity  is 
closely associated w ith  the  relationship between 
the  tensile s tren g th  of a cast-iron te s t bar and 
th a t  of the casting  itself. Investigations on th is 
question also have been carried  ou t in Germany, 
details of which will be published shortly.
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C O M M U N IC A T IO N S

O n  Paper

By D r. A . L . N orbury  and Mr. E . Morgan

D r. J .  T. M ackenzie (B irm ingham , A la.)
wrote : —

In  regard  to F ig . 1, th e  segregation  of carbon 
in the  pig is a pecu liar phenom enon and  i t  is 
difficult to  believe th a t  i t  is all exp lainab le  on 
the  basis of eu tec tic  com position. Of course, i t  is 
tru e  th a t  w ith  a  hyper-eu tectic  i;'on such as 
shown in  P ig  A, the  tendency w ould be for 
kish to  seg regate  to the top . B u t th is  does n o t 
explain  th e  segregation of a  like percen tage in 
the  G P ig  which on th e  basis of an  average com
position would be d is tinc tly  hypo-eutectic.

I t  is qu ite  well established th a t  h o t iron 
loses carbon, as any perusal of th e  liigh-tem pera- 
tu re  work will im m ediately m ake ap p a ren t. 
P rac tica lly  no one has been able to  su p erh ea t cast 
iron w ithou t producing a  lower carbon iron a t  
the same tim e and a good deal of th e  speculation 
on th is superheating  has been unavoidably m ixed 
up w ith th is  phenom enon. I t  is qu ite  difficult 
also to check carbons between a th in  section and 
a th ick  section poured o u t of the  same ladle a t 
the same tem pera tu re . W hether th is  is a  diffi
culty of g e ttin g  th e  coarse g rap h ite  in to  the  
combustion boat or w hether i t  is ac tua lly  some 
phenomenon connected w ith  the  ox idation  of 
carbon du rin g  th e  solidification process has 
always been questionable from  a personal po in t 
of view.

The eutec tic  lines shown in F ig . 3 (and  i t  is 
presumed also in  I  igs. 2 and 4) do no t tak e  in to  
account the phosphorus con ten t. I f  the  usual 
rule of 0.3 per cent, phosphorus were applied  to 
th is figure i t  would be found th a t  th e  eu tec tic  
line will curve sharply to  th e  bottom  and  p rac
tically  bisect all th ree  lines. The eu tec tic  w ith 
2 per cent, silicon and  0.5 per cen t, phosphorus 
instead of being 3.80 as shown would be a t  3.65, 
and w ith 1.5 per cent, phosphorus would be 3.35. 
This ru le  has been checked personally in  c en tr i



fugal castings on phosphorus from  0.01 to  2 per 
cent., and i t  is ce rta in  th a t  i t  is of universal 
applicability , as the  cen trifuga l casting  process is 
the best index of the  eutec tic  available.

C onsidering the titan iu m -trea ted  iron in Table 
I I , i t  will be observed th a t  D is very close to  the 
eu tectic, being only 3 or 4 points above, quite 
w ith in  the lim its of analy tical e rro r, whereas C 
is 12 or 13 points above. N orm ally, quite a 
sharp break in s treng th  is found a t  the  eutectic. 
I t  is of in te re s t to  query if th is  should not be 
held responsible for the  increased streng th  
instead of the  tita n iu m  trea tm en t, especially in 
view of D r. N orbury ’s s ta tem en t a t  the  end of 
the first p arag raph  in the middle column of page 
455 th a t  “  The m etal m ust also be below the 
eutec tic  composition for the  g raph ite  to  be fine.” 
The example in  Table I  seems a very good 
exam ple of difference in  stren g th  w ith the  same 
analysis, b u t the  w rite r is certain ly  not impressed 
by the  au tho rs’ exam ple in  Table II .

A u th o rs ’ Reply

We find D r. M acK enzie’s contribution  very 
much to  th e  point, and agree w ith  practically  all 
he says. As he points out, P ig  C in F ig . 1 is 
hypo-eutectic in composition, b u t the carbon 
analyses show th a t  the  carbon has floated up 
even in th is case. Carbon can, however, segre- 
ta te  from  o ther causes, as shown in  the  accom
panying F ig . A, which shows varia tion  of carbon 
conten t from  edge to  cen tre  of a vertically  cast 
te s t bar. This type of segregation may also be 
occurring to a certa in  ex ten t in the pigs shown 
in F ig . 1, b u t the  m ain carbon segregation in 
these pigs appears to  be due to  flotation. We 
have observed th a t  there  is usually a certa in  
am ount of carbon b u rn t ou t of the  surface of 
a casting, and suggest th a t  th is  is due to  the 
action of steam  during  the  cooling of the  cast
ing in th e  mould. More carbon is b u rn t out in 
the case of more slowly cooled heavy castings.

W ith  regard  to  the  effect of phosphorus on the 
eu tectic composition, i t  is briefly sta ted  in  the
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P ap e r th a t  “  phosphorus has a very sim ilar
effect to  silicon in reducing th e  solubility of 
carbon ,” and th e  phosphorus conten ts of the 
pigs a re  given in  F ig . 3 , *but D r. M acK enzie’s 
observations are  extrem ely useful, as is his figure 
of 0.3 per cent, which had been obtained  from 
his personal observations. W hile th e  au thors 
agree w ith his observations reg ard in g  Table I I ,  
they  can assure him  th a t  they  have ob tained  ju s t 
the  same sort of differences in g rap h ite  size and 
s tren g th  on irons fu r th e r  removed from  the

F i g . A.— C a r b o n  S e g r e g a t io n  f r o m  C e n t r e  
t o  E d g e  o f  4 .2 - i n . d i a . V e r t ic a l l y -C a s t  
T e s t  B a r  i n  G r e y  C a s t  I r o n .

eutectic composition, although, as s ta ted , the  
differences in s tren g th  become progressively less 
as the  com position becomes fu r th e r  removed 
from  th e  eu tec tic  composition.

The au thors are p resen ting  a P a p e r  in  Sep
tem ber to  th e  Iro n  and Steel In s ti tu te , en titled  
“ The Effect of N on-M etallic Inclusions on the  
G raphite Size of Grey C ast I ro n ,” which deals 
more fully w ith  the  subject. They were very 
interested  in some of th e  round-tab le  discussions 
the  Am erican Foundrym en’s A ssociation have 
been having recently  on th e  qualities of pig-iron, 
and if Dr. M acK enzie could re fe r them  to  any 
fu r th e r  discussions and P ap e rs  of th is  sort, they  
would bë very in te rested  to  read  them .



M r. S. E . Dawson w ro te : —
In  in troducing  th is subject, so fundam entally  

im p artan t to  the foundry  industry , the authors 
have indicated  th e  func tion  of carbon and sili
con in  re la tion  to  the  eutec tic  composition and 
tem pera tu re . In  practice, however, fractures 
may vary irrespective of these factors, and  a 
No. 3 iron  be produced w ith a lower silicon 
th an  a No. 4, even for sim ilar carbons. Does 
not th is suggest o ther influences th an  eutectic 
balance of composition? F o r exam ple, the  effect 
of C 02 in th e  presence of Ti, referred  to  in  the 
Paper, suggests th a t  the  composition of the  gases 
in  the furnace and in  contact w ith the  m etal, 
m ight have some bearing  on th e  m atter.

Also Boegehold, investigating  the  same 
problem, and exam ining the  pig-iron from seven 
blast furnaces, found th a t  the  quality  of coke 
had a large effect on th e  properties and  frac tu re  
of the iron, and stressed the im portance of the  
com bustibility or m axim um  burn ing  ra te  of the 
coke in  th is  connection, a fac to r which may not 
be unconnected w ith th e  composition of the  gases 
in th e  furnace. H e fu r th e r  found th a t  such 
different properties were also present in  the 
cast m etal from  these pig-irons rem elted under 
identical conditions in  the cupola. This was 
especially observed w ith  regard  to  hardness and 
fluidity, and the  d ila tom eter te s t curves showed 
the  same form  and characteristics for each pig- 
iron and  the rem elt therefrom . Also, he showed 
th a t  the effect of m oisture in the blast increased 
the combined carbon and chill progressively for 
equal compositions.

The investigations of W . E. Jom iny on about 
a hundred  pig-iron casts, using two extrem es 
of fuel, namely, charcoal and coke, are w orth 
noting. A considerable difference in  s truc tu re  
and frac tu re  was observed in  the  two series, the  
g raph ite  in p a rticu la r being sm aller and b e tte r 
d is tribu ted  in  the  charcoal pig-iron. On re 
m elting tw ice over in  an electric furnace, under 
conditions to  preserve orig inal compositions, the 
first rem elt showed th e  charcoal irons to  be 20
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per cent, stronger in  tensile and  tran sverse  
streng th  th an  the  coke-melted pig-irons, and  th is  
same difference persisted th rough  th e  second re- 
m elt.

O ther factors influencing g rap h ite  size and 
frac tu re  may include the  so-called “  silicate 
slime ”  or colloidal silicates, th e  e lim ination  of 
which contribu tes to  the  im provem ent in s tru c 
tu re  which may be so obtained.

These points, am ongst others, were re fe rred  to  
in some deta ils by th e  w rite r  in  a  P a p e r  given 
before the  E ast M idlands B ranch in October, 
1935, and th e  sub jec t is of such im portance th a t  
the suggestion th en  m ade of a jo in t investiga
tion  by all in terests  concerned m igh t very  well 
be considered.
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R E C O M M E N D A T IO N S  FO R  T W O  L E A D E D  
G U N M E T A L S

By the N on-Ferrous Sub-Com m ittee of the 
T ech n ica l C o m m ittee

Leaded gun m etals are very largely  used for a 
wide varie ty  of purposes in  engineering practice, 
and in the absence of any s tandard  specifications 
for these, alloys are made by the  foundry in 
dustry  to comply w ith a very large num ber of 
different requirem ents of individual purchasers. 
The most widely known of the  gunm etals is the 
alloy known as “ A dm iralty  gunm eta l,”  for 
which the B ritish  S tandards In s titu tio n  have

T a b l e  I.—British Standard Specification No. 383— 1930, 
for 2/10/88 Bronze (Gunmetal) Castings for General 
Engineering Purposes.

Analysis :
Copper . .  . . 86.65—88.5 per cent.
T i n .................................9.75—10.25
Lead . . . . . .  0.50 maximum per

cent.
Zinc . . . . . . 1 75—2.25 per cent.
Nickel.. . .  . .  0.20 maximum per

cent.
Other elements .. 0.15 maximum per

cent.
Physical properties :

Tensile strength . . 16 tons per sq. in.
minimum.

Elongation . .  . . 8 per cent, minimum.

draw n up a specification, of which the precis is 
given in Table I  (B .S.S. No. 383/1930).

The user who requires a gunm etal o ther th an  
th a t  covered by B .S .S .383 and wishes, quite legi
tim ately , to  buy on analysis and physical pro
perties, is faced w ith  the  problem of d raw ing up 
his own specification or of adopting  some other 
p rivate  specification which may not be quite su it
able for a p a rticu la r du ty , or may, as is fre 
quently  the  case, be deficient in one or more
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p articu la rs  which should be in  every specification 
for a cast alloy to  ensure m ate ria l of good 
quality .

The resu lt has been the  production  of a very 
large num ber of specifications of vary ing  degrees 
of su itab ility , in m any cases differing from  one 
ano ther in m inor respects only. In  th e  p re 
lim inary  investigation  conducted by th e  Sub- 
Com m ittee i t  was found th a t  no few er th a n  37 
specifications in  c u rren t use by various purchasers 
fell w ith in  the range of composition given in 
Table II .

The necessity fo r constan t varia tions in  pro
cedure to  m eet small points of difference in  
specifications fo r w hat are  essentially  sim ilar 
m aterials is highly inefficient, and m ilita tes  
against the  regu la r p roduction  of artic les of 
uniform ly good quality .

T a b l e  I I .— Range of Leaded Gunmetals Covered in  37 
Specifications Examined.

Copper . .  .. . . 82—93 per cent.
Tin
Lead
Zinc

4—9
0—7
1—8

The Sub-Com m ittee considers, therefo re , th a t  
the in terests of m anu fac tu re rs  and users would 
be well served by the  stan d a rd isa tio n  of su itable 
compositions of leaded gunm etals which would 
cover the  range of m ateria ls  ind ica ted  in 
Table I I  and provide recognised and generally- 
used m ateria ls fo r du ties where a gunm etal 
cheaper th a n  A dm iralty  gunm etal would m eet 
the needs adequately  and possibly m ore effec
tively. Two compositions are  ind icated  in  the  
present report, which also con tains the  resu lts 
of large num bers of te s ts  carried  o u t in  various 
bronze foundries on selected alloys. In  o rder 
th a t  the results obtained in d ifferen t foundries 
should be com parable, special forms of tes t-b ar 
designed to give reproducible resu lts were de
vised and the  details of these test-bars, toge ther 
w ith reasons which led to  th e ir  adoption, are 
also indicated.



T est-B ar Preparation

In  investiga ting  the  problem of suitable alloys 
to  cover adequately the  range indicated  in 
Table I I ,  i t  was found th a t  much divergence of 
physical te s t d a ta  resulted  from  g re a t difference

F i g . 1 .— S t a n d a r d  C a s t  T e s t - B a r s  f o r  
G t jn m e t a d s , B r o n z e s  a n d  P h o s p h o r - 
B r o n z e s .

in th e  m anner of casting  test-bars, both as re 
gards the shape of these and the method of ru n 
n ing  them , and  the  character of the mould, i.e., 
green sand and dry  sand.

M uch confusion of though t appears to  exist



on the subject of th e  func tion  of test-bars in 
re la tion  to  cast non-ferrous alloys. T here is no 
reason why test-bars, e ith e r cast “  loose ” or 
“ a tta ch ed ,” should necessarily give th e  same 
physical properties as would he found by cu ttin g  
samples from the  casting  itself. Test-bars can 
only give an  ind ication  of th e  qu a lity  of the  
m etal which has been used.

To ob tain  correct knowledge of th e  physical 
p roperties of the  casting , i t  is necessary to  cu t

F i g . 2 . — P a t t e r n  f o r  S t a n d a r d  T e s t - B a r .

test-pieces from  th e  casting  itself in  various posi
tions, which is an  unnecessary and  commercially 
im practicable procedure fo r th e  m ajo rity  of non- 
ferrous castings.

The selection of the  most su itab le  type of tes t- 
bar and method of m oulding and pouring  should 
therefore be influenced n o t by an  endeavour to  
obtain  the  highest physical p roperties possible, 
bu t by consideration of un ifo rm ity  of resu lts 
th roughout the  m ajo rity  of foundries, and of 
methods no t subject to  wide v a ria tio n  in  resu lts
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due to sligh t varia tion  in tre a tm en t. The test- 
bar and the  method of casting  should be capable 
of adoption by any foundry  w ith  the  assurance 
of repe tition  of results obtained in  o ther foun
dries. S tudies of various test-pieces and methods 
of ru n n in g  in general use were m ade, and i t  was 
fe lt th a t  most of these had been designed to  give 
the highest te s t resu lts possible (under carefully

F i g . 3 . — T h e  T e s t - B a r s  a s  C a s t .

standard ised  and sensitive conditions), w ithou t 
due regard  to  th e  probable physical te s t resu lts 
in the  castings these bars w ere presum ed to 
represent.

As indicated  above, th e  Sub-com m ittee have 
taken  th e  view th a t  i t  is fu tile  to  a tte m p t to 
devise a te s t bar which will reproduce the 
physical characteristics of th e  re la ted  castings.

The Sub-com m ittee has therefo re  decided to



recommend a type of bar and method of casting 
the keynote of which is sim plicity. This is illus
tra ted  in F ig . 1. Two sizes are shown, the 
sm aller to tu rn  to 0.564 in. in the effective gauge 
length, and the  larger to  tu rn  to  0.798 in. in 
the effective gauge length . Both bars are su it
able for tu rn in g  to  su it any norm al type of test-

T a b l e  IV —Gunmetals—Physical Properties.

I.B.F.
designa

tion.
Specifica

tion.

Maximum 
stress. 

Tons per 
sq. in.

Elonga
tion. 

Per cent.

Min. Min.
G.M.l Admiralty Gun- 

metal or B.S.I. 
383/30 (88:10:2)

16 8

G.M.2 87 : 9 : 3 : 1 Gun- 
metal

14 14

G.M.3 85 : 5 : 5 : 5 Gun- 
metal

12 12

Material complying with the above tensile tests may be 
expected to give the following other physical proper
ties :—

I.B.F.
designa

tion.
Specification.

Brinell 
hardness, 

10 mm.
per 

1,000 kg.

Density
(machined

speci
mens).

G.M.l Admiralty Gun- 
metal (88:10:2) 
or B.S.I. 383/30

65 8.50

G.M.2 87 : 9 : 3 : 1 65 8.50
G.M.3 85 : 5 : 5 : 5 60 8.55

ing m achine grips, e ither wedge grips or collared 
ball seating  grips.

I t  has been th ough t advisable to specify the 
dimensions of the  in g a te  and riser for each size of 
bar and for norm al use the  Sub-com mittee recom
mend th a t  these should be m ade in teg ra l w ith the 
p a tte rn  as shown in F ig . 2. I t  is recommended 
th a t  the size of tes t-b ar used to  rep resen t any 
particu lar batch of castings shall be th a t  of which
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th e  cross section more nearly  approaches th e  wall 
thickness of th e  casting  concerned.

A fte r carefu l study of th e  prelim inar}- sets of 
te s ts  on various alloys by m em bers of th e  Sub
com m ittee and  p rom inen t bronze foundries which 
agreed to  carry  o u t tes ts , i t  was decided th a t  the 
alloys, the  composition of which is shown in 
Table I I I ,  would m eet all except very abnorm al 
requirem ents for th e  gunm eta ls in th e  range 
s ta ted  in  Table I I  o ther th a n  A dm ira lty  gun- 
m etal (B .S .I. Spec. No. 383—1930). F o r con
venience of com parison th is  alloy is shown in  
Table I I I .  Table IV  shows (B .S .I. Spec. No. 383 
—1930 included) the physical p roperties i t  is 
recommended be specified as m inim a for these 
a lloys; th e  d a ta  on which these recom m endations 
have been based a re  sum m arised in  Table V.

Seven bronze foundries w ere asked to  m ake a 
series of test-bars of these alloys— either in  green 
or dry sand, or both, using th e  tes t-bars  as shown 
in F ig . 1, and  subm it th e ir  resu lts to  th e  Non- 
Ferrous Sub-com m ittee. They were asked also to  
cast both large and  sm all bars a t  th re e  d ifferen t 
tem pera tu res, these to  be as n ea r as possible to 
1,200, 1,150 and 1,100 deg. C. This procedure 
in respect to  casting  tem p e ra tu re  was adopted  to  
give indication  as to the influence of casting  
tem p era tu re  on te s t resu lts and  to  gu ide mem bers 
of th e  In s ti tu te  in  any duplication  or critic ism  of 
the  results.

The complete schedule of resu lts  ob tained  by 
various members of th e  Sub-com m ittee and  co- 
operators is shown, in  Table V. Analyses of the  
alloys used by each co-operator have been p u r
posely om itted  b u t each co-operator has satisfied 
the Sub-com mittee th a t  his alloy fell w ith in  the 
lim its of Table I I I .  Likewise no m ention  has 
been made as to w hether all v irg in  o r a ll scrap 
m etal was used or a p roportion  of each. H av ing  
regard  to  the  large divergence possible, both  as 
regards composition w ith in  th e  lim its of th e  
specification and  grade of m eta l used, th e  Sub
com m ittee feels satisfied w ith th e  resu lts 
obtained.
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I t  is no t fe lt  th a t  any useful purpose could he 
served by discussing the  detailed  results, since 
many details regard ing  th e  exact procedure 
which each investigato r adopted are not avail
able. The resu lts are indicative of the  results 
to be obtained u nder s tric tly  works conditions, 
but na tu ra lly  w ith some m easure of control such 
as any well-ordered bronze foundry adopts to-day.

I t  has been th o u g h t advisable to  include in 
the physical p roperties (though not fo r accept
ance tests) both B rinell hardness and density  as 
both these are  simple inexpensive tes ts  which the 
most modest o‘f foundries and purchasers can 
adopt and  which will give a very good indication 
(even w ithout tensile tes t) of the  quality  of the 
m aterial.

The in troduc tion  of density  figures is somewhat 
novel, b u t th is  te s t  is of g rea t and insufficiently- 
appreciated  value in cast non-ferrous alloys, and 
can be easily applied to  a varie ty  of forms and 
pieces. The m ethod recommended for ascertain 
m ent of density  is the  simple one of weighing in 
a ir and  then  in  w ater. W eighing in  paraffin to  
avoid form ation of a ir  bubbles clinging to  the 
specimen is sometimes an im provem ent. By the 
usual form ula and using a reasonably sensitive 
balance resu lts accurate  to  the  first place of 
decimals can readily  be obtained.

The density  of the  alloys concerned is not 
seriously affected bv varia tion  in  composition bu t 
verv largely by quality  of m etal, m elting practice 
and casting  tem p era tu re .

In  th e  p a rticu la r series under discussion 
samples vary ing  from  7.9 to  8.9 have been 
exam ined by th e  Sub-com m ittee, the  form er 
represen ting  porous and weak m etal and the 
la t te r  close dense m ateria l resu lting  from chill 
casting in  small sections.

The Sub-com mittee is very anxious to  obtain 
the  fu llest expression of opinion on these recom
m endations both from  m akers and  users w ith a 
view to  m aking rep resen tations in  th e  proper 
quarte rs fo r th e ir  adoption as standards subject 
to any modifications th a t  may be deemed advis
able a f te r  all opinions have been secured.



D IM E N S IO N A L  T O L E R A N C E S  FO R  C A S T IN G S ,  
W IT H  P A R T IC U L A R  R E F E R E N C E  T O  M A L L E 
A B L E  C A S T  IR O N

By the M alleable Iron  Sub -C o m m ittee  of the  
T ech n ica l C o m m ittee

Introduction
There is no bibliography on the  sub jec t of 

“ Tolerances on D im ensions of C astings,”  and 
th is may be accounted fo r by th e  fa c t th a t  i t  is 
only in  recen t years th a t  th e  dem and fo r g re a t 
accuracy in  general castings has arisen . D uring  
the early p a r t  of 1933 th e  M alleable Sub-Com
m ittee  in  considering th e ir  R eport*  and  th e  dis
cussion thereon , presen ted  a t  th e  N ew castle Con
vention, gave some a tte n tio n  to  th e  subject 
of dim ensional tolerances. A b rief rep o r t was 
made to  the  Technical C om m ittee in  M ay, 1933, 
and fu r th e r  investiga tion  was u n d e rtak en  and 
a leng thy  repo rt m ade in  Decem ber, 1933. A t 
th is stage th e  co-operation of th e  Steel, Grey 
Iron and N on-Ferrous C astings Sub-Com m ittees 
was sought, and experim ental work was carried  
on by members of these C om m ittees th roughou t 
1934, and a fu r th e r  rep o rt was m ade in  Decem ber 
of th a t  year. This rep o rt has form ed th e  basis
for the  P ap e r here presented .

M odern methods of m ass-production and 
machine shop practice, toge ther w ith  th e  highly 
com petitive sp irit which is p resen t in  the
engineering world to-day, have established a 
need for g rea te r precision in  th e  m aking  of cast
ings. Difficult s itua tions o ften  now occur be
tween the  castings p roducer and  th e  consum er 
because of the difference of opinion as to  w hat 
is a reasonable degree of accuracy. U n
fo rtunate ly , th e  question of accuracy to  dim en
sions does not usually arise u n ti l  a f te r  th e  cas t
ings are  m ade and  supplied  to  th e  custom er, 
when th e  position n a tu ra lly  becomes very 
troublesome to  both  parties.

* Pro -, T.B.F., Vol. XXV, p. 254.
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M achining operations a re  perform ed upon cast
ings chiefly to  ensure accuracy of dimensions. 
The m achined dim ensions given upon draw ings 
always carry  a  to lerance. This, adm itted ly , may 
be small, b u t i t  is definitely s ta ted  and  may be 
measured du ring  m anufactu re . The am ount of 
th is to lerance is governed by two fa c to rs : (a) the 
accuracy necessary for th e  p a r t  to  fulfil its 
function  and  (b) th e  lim ita tions of the 
m achining equipm ent which can he utilised. 
S tandard  to lerances have been a rrived  a t  for the 
product of th e  rolling mills, and  th e  figures have 
been embodied in  specifications.

A tten tion  has been given to  the  permissible 
varia tion  in  dimensions of forgings, most 
notably by H . K aessberg,* whose recent publica
tion  is w orthy of close study, as i t  deals in a most 
comprehensive m anner w ith the  factors affecting 
variations.

C onsideration of ex is ting  to lerance specifica
tions upon various products, and such lite ra tu re  
as is available, shows th a t the  degree of accuracy 
specified is  w ith in  th e  lim itations of the  equip
m ent used fo r economical production. W hen 
closer lim its a re  requ ired , i t  m ay be possible to 
employ special technique, b u t where th is  is prac
ticable, i t  w ill always be a t  an  increased m anu
fac tu ring  cost.

Current Dimensional Clauses
A review of specifications fo r castings shows 

th a t  generally th e  subject of dimensions is dis
missed in  a clause, the  in te rp re ta tio n  of which 
is dependent on individual opinion. The follow
ing ex trac ts  from  ex isting  specifications will de
m onstrate  th is.

Specifications for Malleable Cast iron
B .S .L . 310/1927.— “ . . . shall conform as 

nearly as it is practically  possible to  the patterns 
or draw ings.”

A dm ira lty , D N C /M /W C ., A ugust, 1932 —

* “ Metal T reatm ent,” p. 198. Trans, from “ M aseh.-Betreit. 
Maschinenbau “ (Der Betrieb), No. 19-20, October, 1935.
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“ The castings are  to  be to  th e  dim ensions speci
fied w ith in  reasonable lim its. W hen requ ired , 
castings m ust adm it of being m achined to  the  
exact dim ensions s tip u la te d .”

Post Office, 75B .— “ The dim ensions to  be in 
close agreem ent w ith those given on th e  draw 
in g .”

B ritish  H allw ay .— “  . . . shall be accurately  
moulded in accordance w ith  th e  p a tte rn  o r draw 
ing supplied .”

Electrical F irm .— 11 A v a ria tio n  of fg  in. per 
ft. from dim ensions specified will be th e  m axi
mum varia tio n  allowable.”

Am erican Society  fo r Testing  M eta ls, 
No. A47-T, Ju n e , 1932. T en ta tiv e .— “  The cast
ings shall conform substan tia lly  to  the  p a tte rn s  
or draw ings furnished by th e  purchaser, and  also 
to gauges which may be specified in  ind iv idual 
cases. The castings shall be m ade in  a work
manlike m anner. A varia tio n  of J  in. p er f t . 
will be p e rm itted .”

A  n u m b e r  o f p r o m in e n t  m o t o r  v e h ic le  a n d  
r a i lw a y  c o m p a n ie s  do no t include a clause re la t
ing to  dimensions.

Specifications for G rey  C a s t  Iron
B .S .I .  321/1928.— “ The castings shall be 

accurately moulded in accordance w ith  th e  p a t
te rn  or w orking draw ings supplied by th e  en g i
neer.”

British B ailw ay.— “ . . .  to  be accurately  
moulded in accordance w ith the  p a tte rn  a n d /o r  
draw ings supplied .”

P rivate F irm .— “ All core holes shall be cast 
tru e  and all unlim ited  dim ensions shown in  the  
draw ings m ust be adhered to  w ith in  * in. (plus 
or m inus).”

Specifications fo r Steel Castings
B .S .I . 24, P art 4, 1930.-—“ The castings shall 

be accurately moulded in accordance w ith th e  
p a tte rn  or w orking draw ing supplied by the  en 
gineer (or by the  p u rch aser).”

A d m ira lty .— “ The castings a re  required  to  con
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form accurately to  the draw ings a n d /o r  tem 
plates. Reasonable local varia tions of thickness 
will be perm itted  a t  the  discretion of the over
seer, b u t a general excess or deficiency of th ick 
ness will not be p e rm itted .”

B ritish "Railway.— “ Each casting to  be
accurately moulded to  the  p a tte rn  supplied with 
the order by th e  railw ay com pany.”

P rivate F irm .— “  All castings shall perm it of 
being machined to  the  dimensions on th e  draw 
ings of the  parts . The dimensions of p arts  which 
are not machined shall be stric tly  adhered to .”

Specifications for N on-Ferrous Castings
B r i t i s h  S t a n d a r d s  I n s t i t u t i o n .

B .S .S . 208, 1924. Special Brass C astings.— 
<! The dimensions of the castings shall be in 
accordance w ith  the  draw ings and all surfaces 
m arked for m achining shall have a sufficient 
allowance for th a t  purpose.”

B .S .S .  383, 1930. Bronze (Ghm-Metal Cast
ings, for General E ngineering Purposes).— “ The 
castings shall be made to  th e  dimensions specified 
and shall be capable of being m achined to  the 
finished dimensions. All m achined surfaces 
shall clean up w ithou t visual evidence of th e  cast 
surface rem ain ing .”

B .S .S . 421, 1931. Phosphor-Bronze Castings 
for Gear B lanks.— “ The castings shall be made 
to th e  dimensions and tolerances specified by 
the purchaser or to  the  p a tte rn  supplied by him 
and, a fte r  m achining, shall be clean, sound, and 
free from  blowholes and o ther defects. Any 
casting may be rejected for fau lts  of m anu
fac tu re , defects, or incorrectness of dimensions, 
w hether discovered d u ring  inspection or subse
quently  du ring  m achining, no tw ithstanding  th a t 
i t  has been passed previously as conform ing to  the 
analysis and m echanical tests of th is specifica
tio n .”

A i r  M i n i s t r y

D .T.D . 264. A lum inium -A lloy Sand or Die 
C astings.—D .T .D . 289. M agnesium  Alloy Cast
ings.— (3) Dim ensions. “ The castings shall be
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made to  the  dim ensions specified w ith in  the  
lim its given in  Clause 4 and shall be capable of 
being m achined w here requ ired  to  th e  finished 
dimensions w ithou t leaving evidence of th e  cast 
su rface .”

(4) M argins of M anu facture . The thickness 
of castings where n o t m achined shall be n o t less 
th an  th e  nom inal thickness and shall n o t exceed 
it by more th a n  10 per cent. (These clauses are  
also incorporated  in  B .S .S . 361, 362 and  363 
for alum inium  alloys.)

A dm ira lty  Specifica tion .—301, G eneral. The 
castings are  to  he sound, clean, free  from  blow 
holes, etc. The thickness of th e  castings will 
be m easured by the  overseer, and any m ateria l 
increase of thickness discovered beyond the 
approved draw ing dim ensions will ren d e r them  
liable to  rejection.

Suggested Im provem ents
Such phrases as “  reasonable lim its ,”  “  close 

ag reem en t,” “  accurately  m oulded,” can n o t be 
tran sla ted  in to  definite dim ensions, and  th e ir  
m eaning m ust rem ain  a m a tte r  of opinion and, 
un fo rtuna te ly , a sub ject for d ispu te . The lim its 
given in  two of the  specifications quoted  are 
unsatisfactory , as will be seen la te r.

I t  is suggested th a t  the  p resen t s ta te  of affairs 
is capable of im provem ent by some or all of th e  
following m ethods: —

(a) The rem oval of lax  w ording from  speci
fications and the  su b s titu tio n  of unam biguous 
phraseology.

(b) The publication  of defined lim its which 
would form  an  au th o r ita tiv e  reference.

(c) The inclusion of such defined lim its in 
the dim ensional clauses of specifications.

(d ) The education  of engineers, inspectors 
and buyers in  the  operations of casting  p ro 
duction whereby they  m ay realise some of the  
phenom ena confron ting  th e  founder and  gain  
a more sym pathetic  outlook.
This R eport purposes to  show some of the
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problems w ith which the  founder has to  deal, 
to show how the  founder has by experim ental 
work and practical experience endeavoured to 
cope w ith these problems, and finally to  pu t 
forward ten ta tiv e  to lerance proposals which 
would be suitable for inclusion in  specifications, 
or, preferably  a t  th is  stage, as would be useful 
for reference p u r p o s e s .

Facto rs  G overn ing  the S ize  of a Casting

The u ltim ate  size of any casting  produced 
from a given p a tte rn  is dependent on a wide 
range of factors, both physical and mechanical. 
In h e ren t characteristics of th e  m etal used, 
physical and m etallurgical changes in the  m etal 
itself, and m any m echanical variables, all help to 
determ ine the am ount of varia tion  from pa tte rn  
size shown by the  finished casting.

W ith  negligible exceptions both ferrous and 
non-ferrous m etals show contraction  on cooling 
from the  m olten s ta te  to  atm ospheric tem pera
tu re . C ontraction  allowance, therefore, is 
perhaps th e  p rim ary consideration when produc
ing castings to m eet a definite requirem ent.

C o ntraction

Although slight expansions du ring  cooling may, 
and do, occur a t  various critica l tem pera tu res in 
certa in  m etals, these a re  rarely  g rea t enough to 
balance the  contraction  which occurs in cooling 
from the  casting  tem p era tu re , and a casting  is, 
generally speaking, always sm aller th an  the 
mould in which i t  was cast. The ex ten t of th is 
contraction  has been carefully  investigated  by 
foundrym en over a num ber of years, and i t  is 
usually expressed as a linear function. As 
determ ined a fte r  pouring m etal in to  a mould 
12  in. long and \  in. square, |  in. square, or 
1 in . square cross section, typ ical contraction  con
s tan ts  for a num ber of the common casting 
m etals may be cited  as examples.
G rey-Iron .—H igh  carbon hem atite  cast iron :

0.140 in. per ft.



3 6 6

Good quolity  engineering  east iron : 0.158 in. 
per ft.

S tee l.—L igh t section in. to  ^ in. th ick) : 
0.25 in. to  0.27 in. per ft.

H eavy sec tio n : 0.20 in . per f t .
W hitelieart Malleable Cast Ir o n .—A verage hard  

iron c o n tra c tio n : 0.255 in. per f t .
A verage annealed con trac tion  (net) : 0.278 in. 

per ft.
Blackheart Malleable Cast Ir o n .—A verage hard  

iron con trac tion : 0.230 in . per f t . (±0.007). 
Annealed con traction  (net) :

Total carbon 2.10 to  2.24 per cent. ; average 
0.141 in. per f t .

Total carbon 2.54 to  2.84 per cent. ; average 
0.127 in . per ft.

H igh tem p era tu re—short an n ea l; average 
0.134 in. per f t .

Low tem p era tu re—long a n n e a l; average
0.127 in . per f t .

N on-ferrous.—N on-ferrous m etals vary  consider
ably, b u t two extrem es m ay he given :

Monel M eta l: 0.25 in. per f t ..
W hite m eta l: 0.067 in. per f t .
U nfo rtunate ly  th e  am ount of th e  con trac tion  

becomes inconstan t im m ediately th e  conditions 
are changed. The above d a ta  re fe r to  castings 
of s tan d ard  section and unh indered  con trac tion . 
If  the section of the  casting  is less, th e  con trac
tion is usually g re a te r ; w ith  g rea te r sections, the  
contraction  is usually less.

W here special conditions in tervene , such as 
heavy cores, or special shapes, a  considerable 
reduction in  the  con traction  is o ften  found. 
Occasionally no con trac tion  is to be observed, the  
casting being of the  same dim ensions as the 
mould in which i t  was cast.

A fu r th e r  variab le  m ay be in troduced  by sub
sequent h ea t- tre a tm en t or annealing , i.e ., in  the 
cases of malleable cast iron, steel, c e rta in  of 
the non-ferrous m etals, and  some special cast 
irons. Even if th e re  is a com plete knowledge on 
the founder’s p a r t of the  con trac tion  charac
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teristics of his m etal, combined w ith a  w ealth of 
experience on the  effects of shape and section 
upon the  contraction , the  la t te r  factors will often 
produce varia tions which can he rem edied only bv 
“ tr ia l  and e rro r ” methods. The location of 
runners, feeders and chills often have a pro
found effect upon th e  u ltim a te  contraction 
exhibited  by the  casting.

V ariab les Introduced by Productio n  Methods
Assuming the  con traction  allowances made by 

the founder to  be accurate, he is still faced w ith 
production difficulties in  producing a casting 
which is “ accurate to d raw ing .” The th ree  chief 
media employed fo r m oulding are green sand, 
dry sand and loam. Oil sand moulding has some 
of the characteristics of both green and  dry 
sand. The following rem arks and da ta  apply 
m ainly to  green sand, though most are equally 
applicable to dry sand o r loam.

Systems of m oulding differ chiefly in  the 
method of ram m ing the  sand and w orking the 
p a tte rn . R am m ing may be by hand w ith  vari
ous shaped ram m ers; by jo lting  the  pa tte rn , 
moulding box and sand'; by squeezing by hand 
or pow er; by throw ing in  the sand from an im
peller; or by a com bination of these methods. 
The method chosen depends upon num erous fac
tors, such as the  shape and size of the  castings, 
the q u an tity  to  be produced, the equipm ent 
available and the general economics of the job. 
These diverse methods are  n a tu ra lly  prone to  
give different streng ths to the ram m ed sand and 
so affect the contraction  by th e  varying resist
ance of the mould.

The ex trac tio n  of the p a tte rn  from  the mould 
is ano ther po ten tia l source of trouble. Probably 
the most accurate  method is th a t  known as the 
“ s tr ip p e r .” In  th is case the p a tte rn  is p a rt of 
a rig id  m achine and works to and fro in guides, 
often draw ing the  p a tte rn  from the mould 
through  an  accurate tem plate  or “ stripp ing  
p la te .” No rapp ing  or v ibration  is used to re 
lease the p a tte rn  from the mould. Since the
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p a tte rn  equipm ent for s tr ip p e r work is very ex 
pensive, th is  m ethod of p roduction  is only w ar
ran ted  when very high ou tpu ts  from  one p a tte rn  
are called for.

In  o ther m ethods, the  p a tte rn  is m echanically 
loosened in the mould before w ithdraw al. This 
m ay be perform ed by hand  rap p in g  or by power 
v ibration . E ith e r  m ethod results in  th e  mould 
being enlarged beyond the  p a tte rn  size, and  in 
the  first case th is  depends en tire ly  on th e  in d i
vidual judgm ent of th e  operator. The p a tte rn s  
a f te r  (or in some cases during ) loosening, may 
be w ithdraw n by hand , depending en tire ly  on 
individual sk ill: o r may be strip p ed  m echanic
ally e ith e r by draw ing th e  p a tte rn  from  a 
s ta tionary  mould o r by rem oving th e  mould from 
the  p a tte rn .

O ther p arts  of m oulding equipm ent have an 
effect on the  accuracy of the mould to  th e  p a t
te rn . F o r example, e rro rs in box jo in ts , pins, 
snug o r dowel holes, etc., all affect th e  accuracy 
of the castings produced.

In  the case of very stra igh t-sided  p a tte rn s  
moulded in strong, smooth sands, th e re  is a con
s ta n t risk  of “ ram -offs.” This is caused by the 
ram m ing pressure of the  h igher layers of sand 
forcing the compacted sand aw ay from  th e  p a t
te rn  a t jo in t level, so form ing a mould slightly 
larger a t  th e  jo in t th an  was th e  p a tte rn .

S im ilar difficulties a tten d  the m aking  of an 
accurate core. In  addition  th e  in sertion  of the  
core is an operation  a ttended  w ith some diffi
culties. The mould m ust be so designed th a t  the  
core may be accurately  located and held firmly 
against the tendency of the  m olten m etal to  
displace it. To ensure accuracy, i t  is frequently  
necessary to  use gauges when p lacing the  cores, 
and to p reven t subsequent displacem ent by the  
use of m etal studs, chaplets, or ex te rn a l m echani
cal means.

In  addition  to equipm ent, m oulding m ateria ls 
such as sand have a g re a t effect on accuracy. 
G reat efforts are  made to  obtain  un iform  m ix
ing from batch to  hatch , b u t i t  is necessary to



alter the  grade and type of sand used for vari
ous castings, and  th is  may in troduce variables.

Core sands also p resen t problems, especially 
dried cores, since these are  subject to  expansions 
and contractions d u ring  the  dry ing  operation. 
I t  is frequently  difficult to  make a core strong 
enough to  w ithstand  handling and erosion by 
the m olten m etal, and which will yet yield 
readily to th e  con traction  of the  casting around 
it.

A part from  errors in troduced in  the  mould 
itself, dim ensional accuracy can be seriously 
affected by the  pouring operation  and other 
details a tte n d a n t upon it. The mould may be 
stra ined , due to pouring  too rapid ly  or to  in 
sufficient w eighting of th e  mould. V aria tion  in 
bulk of m etal and its  d is tribu tion  in the m ou ld ; 
the s itua tion  of runners, feeders and chills, may 
all resu lt in  dim ensional discrepancies by re s tr ic t
ing contraction  during  cooling, or by setting  
up d ifferential cooling ra tes in  the  casting. The 
“  head of m etal ” in itia lly  used in pouring can 
also produce some v a ria tion  in dimensions.

C ertain  of the factors discussed above may 
result in w hat m ight be term ed  “  d isto rtion  ” 
of the  castings as opposed to  ord inary  linear dis
crepancies in  size. F or example, some castings 
(flat plates in  pa rticu la r) may show “  cam ber,”
i.e., a perfectly  flat mould may yield a  curved 
or tw isted casting  due to  one face of the  casting 
cooling quicker th an  the o ther. R estrained  con
trac tion  in the  mould and d ifferential cooling in 
various p arts  of the  casting  due to  any of a  large 
num ber of causes will often resu lt in serious 
d istortion  of the  casting.

The “  firing ”  of castings susceptible to  cracks 
(spoked wheels, etc .), or h ea t tre a tm e n t of cast
ings, will frequently  resu lt in fu r th e r  consider
able d istortion .

I t  will be readily  appreciated  th a t  in sp ite of 
all th e  founder’s an tic ipation  and his p re
cau tionary  m easures, there  are few castings pro
duced which do not exhib it some dimensional 
inaccuracy, large or small, a ttr ib u tab le  to  one or 
more of the  above-m entioned factors.

3U9



Investigations C a rr ie d  O u t by the T echn ica l 
Co m m ittee

W hen considering the  d a ta  set o u t below, i t  
should be borne in  m ind th a t  all exam ples under 
consideration have been ex trac ted  from  regu la r 
production in  foundries, and  n o t from  special 
“  laboratory  type ” tests. M oreover, every 
casting  here considered is g iv ing fu ll satisfac tion  
to  custom ers, the  m ajo rity  of whom have a  re 
putably high s tan d a rd  of requirem ents. 
Although the  casting  m ay show a la rge  degree of 
change from  p a tte rn  size, ye t in  m ost cases the  
individual v a ria tion  betw een several castings 
from the  same p a tte rn  is com paratively  small.

The dim ensional d a ta  on castings have been 
selected to  illu s tra te  the  variables encountered  
in works practice, and should no t be regarded 
necessarily as examples of the  “ best possible ” 
accuracy obtainable on all castings. The m eta l
lurgical d a ta  were obtained as accura te ly  as 
possible, and are, generally  speaking, “  accurate  
and typical ” under the  p a rticu la r conditions 
existing.

The investigations of the  C om m ittee were 
divided into various groups, viz., m alleable cast 
iron, steel, grey cast iron and non-ferrous 
metals, and the  d a ta  obtained a re  set o u t below.

M alleable C a st  Iron
(From data subm itted  by the Malleable 

Sub-C om m ittee .)
The following notes apply generally  to both 

w hiteheart and b lackheart malleable cast- iron, 
bu t th e  d a ta  a re  taken  from te s ts  on b lackheart.

(1) C ontraction  of the  h a rd  iron is constan t 
within wide ranges of chem ical com position, 
casting tem pera tu res and m elting  conditions. 
(See da ta  given la te r.)

(2) C ontraction  of the annealed  iron  (i.e ., 
final contraction) is very varied  and  depends 
on m any factors. (See separa te  d a ta .)

(3) A s tan d ard  con trac tion  is used by 
patternm akers and may be J  in. or -fa in. 
per ft.
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(4) C astings show contraction  which digresses 
from th e  contraction  rule, due to  p articu la r 
shape and section.

(5) This digression from  contraction  rule 
can be covered by th e  p a tte rn m ak er e ither 
from experience or by “ t r ia l  and  e rro r .”

(6 ) Thus i t  is advisable for a founder to  pro
duce his own p a tte rn .

(7) A p a tte rn  supplied by a custom er may 
not be suitab le  to  produce an accurate casting 
because of lack of knowledge indicated  under 
3 and 5.

(8) I t  is th u s possible for a  founder to  supply 
a casting  from a custom er’s p a tte rn  which may 
no t agree w ith  the  custom er’s requirem ents, 
but may be “  tru e  to p a tte rn .”

(9) Assuming the accuracy of a pa tte rn  
according to  3 and 5, errors in  dimensions can 
now arise because of moulding difficulties.

(10) M ethods of m oulding vary in in trinsic 
accuracy obtainable. This has already been 
dealt w ith.

(11) As m entioned under 2, the annealed 
contraction can vary considerably. The main 
factors affecting i t  a r e :— (a) O riginal to ta l 
carbon conten t, and (6) ex te n t of décarburisa
tion, which is determ ined by : (1 ) packing 
m ateria l ; (2) tem pera tu re  and  tim e of anneal ; 
(3) composition of iron ; (4) effectiveness of 
pot-lu ting , and (5) composition of oven gases. 
(See separa te  d a ta  given la te r.)

(12) I t  appears from  th e  d a ta  ju s t mentioned 
th a t  th e  average contraction  on b lackheart 
a fte r  annealing  (per K eep’s bar) is 0.130 in. 
per ft. (approxim ately  |  in .) and th a t  v aria 
tions com patible w ith  good practice  are from 
0.112 in . to  0.151 in. (approxim ately in. 
to &  in.).

(13) Assuming castings in the  hard  s ta te  to  
be exactly  correct to  p a tte rn  (i.e., to  have suf
fered the  norm al contraction  only) then  the 
errors introduced by annealing  may be (per 
notes 3 and 12) : —
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Using J in. con trac tion  ru le  : from  plus 
¡¡'i in. to  m inus ¿ i n .

Using in. con traction  ru le  : from  plus 
in. to  plus -55 in.

Data on C o n tractio n  o f  B lackh eart M alleab le

(See notes, 1, 2. 11 and  12.)
The following sum m ary gives briefly the  results 

obtained on te s ts  carried  o u t over a period of 
12 years, using K eep’s 12 in . b ar cast in  chills. 
D uring  the  period as m any variables as possible 
have been exam ined. I t  m ay be tak en  for 
g ran ted , however, th a t  all te s t bars were free 
from  prim ary  g rap h ite  and  th a t  they  w ere com
pletely graph itised  on annealing .

H ard Iron  C ontraction .-—W ith  to ta l carbon
2.10 to  2.75 per cen t.— average =  0.230 in . per f t . 
( + 0.007). The h ighest con trac tion  is usually  
associated w ith  th e  lowest carbon and  vice versa, 
bu t th e  varia tion  is so sligh t th a t  i t  m ay be 
assumed th a t  th e  con trac tion  is c o n stan t fo r all 
conditions which conform  to  norm al p ractice .

Annealed Iro n  C ontraction  (h ard  con trac tion  
and soft expansion).—A verage =  0.130 in . per f t . 
(plus 0.047 in ., m inus 0.030 in .) . The h ighest 
contraction  is associated w ith  th e  lowest to ta l 
carbon and vice versa, e.g., o rig inal to ta l carbon
2.10 to  2.24 p er cent. =  average con trac tion  
0.141 in. per f t .  ; o rig inal to ta l carbon 2.54 to 
2.84 per cent. =  0.127 in . per f t .

Among the o ther facto rs no ted  u n d er 12, tim e 
and tem p e ra tu re  of anneal have a profound influ
ence, e .g . ,—

H igh  tem p era tu re  and long tim e—average con
trac tio n  0.134 in . per f t .

Low tem p era tu re  and  short tim e—average con
trac tio n  0.127 in. per f t .

From  a carefu l exam ination  of all d a ta  i t  would 
appear th a t  w ith in  the  lim its of chem ical com
position, tem p era tu re , tim e  and  o ther annealing  
conditions com patible w ith  good p ractice , th e  
annealed iron con traction  can v a ry : —



From  0.112 in. per f t . (approxim ately 5+ in. 
per f t.)

to  0.151 in . per f t .  (approxim ately ^  in. 
per f t .) ,

g iving a to ta l varia tion  of a little  over ^  in. 
per f t .

E ffect of R e-heating  B lackheart.—(As for 
“ s e ttin g .” ) K eep’s 12-in. tes t bars cast in chills 
were used. A fter annealing  the bars were heated 
to 700 deg. C. for 5 min. and cooled in  air.

Average of five bars.-—Annealed contraction  = 
0.106 in. per ft.

Average of five bars.—R e-heated contraction  = 
0.093 in. per ft.

N o te .—The ac tua l figures are lower than  
recorded in  the  previous d a ta , and are probably 
due to  these bars having higher to ta l carbon 
contents (2.6 to 2.74 per cen t.).

W hitelieart M alleable.— (Taken on K eep’s 
12-in. te s t bars cast in  chills.)

Average hard  con traction—0.255 in. per ft.
Average annealed con traction—0.278 in. per ft.
N o te .—In  th e  case of w h iteheart appreciable 

differences in  data ' obtained in different p lants 
may be encountered , due to  th e  wide range of 
chemical composition, annealing  conditions, and 
types of s tru c tu re  produced for various classes of 
work.

D ata on B lackh eart Castings from  Regular 
Production

(N o te -—These d a ta  cover all variables— 
mechanical and  m etallurgical.)

Since the  p rim ary  object of th is investigation  
was the  determ ination  of p ractical casting lim its 
on dimensions of castings produced under norm al 
works conditions, i t  was decided to  collect the 
d a ta  from  p a tte rn s  already in production ra th e r 
th an  from  p a tte rn s  made la te r  w ith th is investi
gation  in  m ind.

A num ber of p a tte rn s  were selected from 
several d ifferent foundries, all of which were
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producing castings acceptable to  the  custom ers 
concerned, and  m easurem ents were carried  out 
on six castings taken  a t  random  from  each 
pa tte rn .

Table I  given above shows p a rticu la rs  of 
m easurem ents tak en  on a num ber of h a rd  cas t
ings, m ainly w ith the  object of d e te rm in in g : —-
(a) The varia tio n  exhibited  betw een d ifferen t 
castings from th e  same p a tte rn  (th is, generally 
speaking, is found to  be reasonably sm all), and
(b) the  m axim um  con traction  from  th e  p a tte rn  
size. This will be seen to  vary  over a wide 
range, no t only as betw een d ifferen t p a tte rn s , 
bu t also between d ifferent dim ensions on the  
same casting.

On exam ining Table I , it  will be noticed th a t  
in the g rea t m ajo rity  of cases th e  am oun t of 
variation  between castings from  the  sam e p a tte rn  
is reasonably small. In  o ther words, i t  can  be 
s ta ted  th a t  under a given set of m an u fac tu rin g  
conditions, reasonable un ifo rm ity  of dim ensions 
can be a tta ined .

The am ount of con traction  from  th e  p a tte rn  
size exhibited  in  castings of d ifferen t design is, 
however, seen to  vary  to  a considerable ex ten t. 
Extrem es of change from  p a tte rn  size, expressed 
in inches per foot, vary  from  an expansion of 
-1% in. per ft. (exam ple C, l j t j  in . dim ension) 
to a contraction  of -if in. per f t . (exam ple D, 

in. dim ension). These are  both tak en  on 
small dimensions, and  a re  there fo re  som ewhat 
exaggerated  when expressed in  term s of inches 
per foot.

A lthough the  figures in  Table I  a re  self- 
exp lanatory , a few exam ples m ay be ex trac ted  
and compared in  term s of inches per foot con
trac tio n  from  p a tte rn  size.

E xam ples A and 73.—All dim ensions show a 
fairly  uniform  contraction  of approxim ately  
\  in. to  the  foot.

Exam ple C.— in.  dim ension shows 
approx. f  in. per f t .  con trac tion , while in. 
dimension actually  shows in. per f t .  expan 
sion.
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I

E xam ple  I> and E .—In  each case con trac
tions as high as in . per f t . are  shown on 
several dim ensions.

E xam ple F .—16if in. dim ension shows a con
trac tio n  of approx. in. per f t . ,  b u t 3x6 in - 
dimension shows -|% in. per f t . expansion.

E xam ple G .—A con trac tion  of 1J in . on a 
length  of 49^  in. rep resen ts a con trac tion  of 
about -fi in. per f t . ,  in  sp ite  of th e  rap p in g  
which a floor moulded job m ay be assumed to 
have h ad .
I t  will thus be appreciated  th a t  a job calling 

for g rea t accuracy may involve qu ite  a large 
am ount of experim ental work before th e  p a tte rn  
can be passed in to  production. The difficulty in  
producing accurate  castings (bearing  in m ind 
th is question of con traction  as re la ted  to  design 
and production  methods used) is th ere fo re  em
phasised when executing  small q u an tities , or 
when w orking a custom er’s p a tte rn , m ade to  a 
contraction  rule.

A fu r th e r  variable is in troduced by the  expan 
sion of the  castings in  th e  annealing  process. 
This is illu s tra ted  by the  d a ta  in Table I I .

E x tra c t from  B lack h ea rt D ata  Illu stra tin g  
Inaccuracies M entioned Above

In  most cases six castings from  each p a tte rn  
were taken  and m easured before and  a f te r  
annealing. They are all production  jobs, and 
are  proving acceptable to  th e  custom ers. Cored 
dimensions are ind icated  by an asterisk .

Col. A, in  Table I I ,  is p a tte rn  dim ension.
Col. B is m axim um  v a ria tio n  in  h a rd  cas t

ings dimensions.
Col. C is m axim um  hard  con traction  from 

p a tte rn .
Col. D is m axim um  v aria tio n  in soft castings 

dimensions.
Col. E  is maxim um  soft con trac tion  from  

pa tte rn .
On exam ination  of the  d a ta  in  Table I I ,  two 

facts will a t once become a p p a re n t :— («) The 
am ount of final con trac tion  shown by the
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annealed casting  varies considerably. This is due 
partly  to varia tions in hard  con trac tion , and 
p artly  to  varia tions in  th e  subsequent expansion 
d u ring  an n ea lin g ; and (6) th e  am oun t of v a ria 
tion  between d ifferent castings produced from  
the same p a tte rn  will be found to  have changed 
considerably a f te r  annealing . In  th e  m a jo rity  
of cases th e  varia tion  betw een annealed  castings 
is g rea te r th an  i t  was in  th e  case of the  iden tica l 
castings, before annealing . This is clearly  shown 
by com paring columns B and  D.

A few exam ples of ou ts tan d in g  v a ria tio n s are  
set ou t below : —

Exam ple  3.-—12&  in. dim ension. V aria tio n  
betw een castings before annealing  was -¡fa in. 
a f te r  annealing  was in.

Exam ple  2.—67r  in . dim ension. V aria tio n  
before annealing  was n il, b u t a f te r  annealing  
was 5V in. (N ote.—This rep resen ts a differ
ence of approxim ately  ^ in. per f t.)

Exam ples  1 and  4.—F in a l annealed con trac
tion  on several dimensions varies considerably. 
M aximum con traction  shown is approxim ately  
b ! in. per f t . ,  and m inim um  is approxim ately  
32- in. per ft.
Some fu r th e r  d a ta  were taken  on r in g  castings 

shown on Tables I I I  and  IV  re la tin g  to  Series 1 
and Series 2. Three d ifferent sizes of rin g  p a t
te rn  of the  same design were moulded (Series 1). 
The p a tte rn s  were th en  th ickened  up and  a 
fu r th e r set of castings were moulded (Series 2). 
Both series were th en  cast from  one ladle of 
m etal. A fte r carefu l m easurem ent, all th e  cast
ings were annealed in  close p rox im ity  and u nder 
identical conditions. F inally , the  castings were 
again  carefully  m easured and th e  average con
trac tio n  of the th ree  diam eters was calculated  in 
each case.

The increasing am ount of con trac tion  ex 
hibited by the la rg er d iam eter rin g s is of some 
in terest, and i t  should also be noted  th a t  th e  
heavier type (Series 2) exhib ited  a sm aller range  
of varia tion . W hile no t in tended  to  prove any 
fixed relation  between con traction  and  size or
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section, these figures do serve to  ind ica te  how 
size and section can influence dim ensional 
changes from  the  p a tte rn  size.

P ractica l T o le ra n ce s  fo r M alleable C a st Iron
Any a ttem p t to  define tolerances acceptable 

to both founder and consum er is f ra u g h t w ith  
considerable difficulty. I t  has already  been 
shown th a t castings can be produced which show 
com paratively small ind iv idual va ria tio n s, b u t 
which may seriously digress from  th e  con trac tion  
rule. Economic considerations are  bound to 
lim it the am ount of experim ental work done on 
any p a rticu la r p a tte rn , according to  th e  q u an 
ti ty  of castings to  be produced and th e  equip
m ent which is available.

I t  was felt, therefore, th a t  a lthough  certa in  
tolerances m ay be laid  down fo r w hat m igh t be 
term ed “  rep e titio n  ” work, yet considerably 
w ider tolerances should be allowed fo r small 
q u an tity  orders, and also on p a tte rn s  which are 
supplied by the customer.

Even so, in both rep e titio n  and non-repetition  
classes, there  are  bound to  be cases w here special 
circum stances or peculiarities of design will re 
sult in  exceptional am ounts of v a ria tio n  from  
the p a tte rn  size. I t  is fe lt, however, th a t  i t  
would be im practicable to  a tte m p t to  cover every 
possible variable, and th a t  such cases, w hen they  
occur, m ust be subject to  special consideration .

A fter very careful consideration  of th e  whole 
subject, i t  is suggested th a t ,  excep t in special 
cases, the following a re  reasonable to lerances to  
cover th e  m ajo rity  of variab les: —

Tolerances on Dimensions of Malleable Castings.
Repetition Non-repetition

Dimensional or and
range. “ mounted ” “ loose ”

patterns. patterns.

Below 4 in. +  or — 3̂  in. on +  or — jij- in. on
dimension. dimension.

4 in. to 8 in. +  or — Tt in. on +  or — ^  in. on
dimension. dimension.

Over 8 in. +  or — iV in. per +  or — ^  in. per
ft. ft.
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D im ensional To le ran ces on Steel Castings
(From  D ata  subm itted  by S tee l Castings 

Sub-C om m ittee.)
Considerable v a ria tio n  in  con trac tion  is ex

perienced in th e  production  of steel castings, due 
m ainly to  th e  following fa c to rs : —

(а) Section  of C asting .—C astings of ligh t 
and reasonably un ifo rm  section (say from  |  to 
i  in. section) will usually  show a n e t con trac
tion  from  p a tte rn  size of 0.25 to  0.27 in . per. 
ft . H eav ier sectioned castings w ith  a m etal 
section of 2 in . or over will, u n d e r th e  same 
production conditions, show a n e t con traction  
from  p a tte rn  size of as low as 0.20  in. p er ft.

N o te .—In  each case, no o ther variab les are 
taken  in to  account, and  the  above figures re 
la te  to  the  influence of section alone.

(б) H indered  C ontraction in  M ould .— C ast
ings are frequently  produced in  which the 
design is such as to h inder th e  con trac tion  of 
the casting  in  th e  mould, fo r exam ple, heavy
cored work, or fram e castings w ith  la rge  pro
jecting  fee t or brackets. In  such cases the 
ne t contraction  from p a tte rn  size m ay be as
low as 0.12 in. per f t . This would give rise
to  very considerable discrepancies in  size, 
especially on large castings.

(c) Scaling Allowance .—A scaling allowance 
of B-\ to  j'y in . is frequently  necessary to  cover 
dim ensional v a ria tion  due to  hea t tre a tm en t.

M echanical Facto rs
A large num ber of o ther factors, generally  as 

listed fo r m alleable cast iron , also have a 
profound influence on dim ensional accuracy.

P ract ica l T o le ran ce s
No comprehensive investiga tion  has y e t been 

undertaken  to determ ine su itab le  to lerances for 
steel castings, b u t th e  following have been p u t 
forw ard as an ind ication  of the  order of accuracy 
obtainable : —

(a) Jobbing W o rk .— + ^  to  tV in. for small 
castings.

+ to  ^ in. for large castings.
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(b) llep e titio n  or M achine W ork .— + to 
¿ i n .  on small sections.

±  ss  iV in- on m achined sections.

D im ensional T o leran ces on C a st Iron
(From D ata  subm itted  by Cast Iron  Sub- 

C om m ittee.)
(1) The v aria tio n  in  con traction  experienced 

iti th e  production of grey cast iron  castings is 
also dependent on a very wide range of factors. 
Generally speaking, those varia tions which are 
due to  m echanical ra th e r  th an  m etallurgical 
causes, a re  sim ilar to  those previously discussed 
when considering malleable cast iron.

(2) On the  o ther hand , cast irons vary  over a 
very wide range of chemical compositions and

T a b l e  V.—Shrinkage Data for Cast Iron.

Test
yoke.

Average 
reading 

shrinkage 
on 12 in.

Limits of 
variation.

Plus. Minus.

1 0.147 0 .0 10 0.009
2 0.151 0.007 0.006
3 0.141 0.010 0.0 12
4 0.147 0.009 0.005
5 0.146 0 .0 12 0.012
6 0.153 0.010 0.007
7 0.153 0.007 0.0 10
8 0.152 0.009 0.009

physical struc tu res, and the  contraction  figures 
directly  a ttr ib u tab le  to  m etallurgical factors 
alone can therefore show considerable variation .

(3) R esults taken  on the K eep’s te s t b a r on 
different grey irons have given n e t contraction 
figures varying from  0.129 to  0.163 in . per ft. 
Ind iv idual results tak en  w ith p a rticu la r irons on 
the K eep’s te s t b a r would appear to  indicate 
th a t  a lim it of ± 0.010  on 12  in. is as close a 
lim it as can norm ally be expected. The da ta  
are given in  Table V.

W hilst i t  is appreciated  th a t  dep th  of chill is 
an im p o rtan t fac to r influencing results on the 
K eep’s te s t bar, i t  m ust also be rem embered th a t



3 8 4

mechanical varia tions, such as unequal ram m ing, 
rapp ing  of p a tte rn , size of ru n n e r , e tc ., are  
practically  non-existent.

W o rk in g  T o le ran ces  for C a st Iron
Three investigations on dim ensional accuracy 

of jobs in  norm al production  were un d ertak en  
as follows : —

Exam ple (I)
Tests on a  num ber of b racke t castings for te x 

tile  m achinery were tak en , six castings being 
m easured in  each case, and th e  sam e quality  
grey iron being used th roughou t. (See Table V I.)

I t  will be seen from  Table V I th a t  th e  v a ria 
tions in length  on a d ry  sand mould a re  very 
slight. The green sand m ould gave th e  n eares t 
w idth to  draw ing size (viz., 3 |  in .) , th e  h igher 
figures in th e  dry  sand being accounted fo r by 
the sag of the mould d u rin g  hand ling  and  dry ing  
when lying mould face upw ards. This p a rticu 
larly  applies to the  hand-ram m ed moulds, which 
receive more handling  before they  reached the 
drying stoves th an  the  jo lt ram  moulds. The 
castings observed showed con traction  from  the 
original p a tte rn  size (2 1^  in .) , due to  all causes 
(m echanical and m etallu rg ical) by the  following 
am o u n ts : —

Cast in  green sand m o u ld s : £ in. to -fV in.
contraction  from  p a tte rn  size.

Cast in  dry sand m oulds: in . to  -ft- in.
contraction  from  p a tte rn  size.
The m axim um  v aria tion  in  th e  case of green 

sand moulds was 33 in. and  in th e  case of the  
dry sand moulds from  -f in . to  nil.

Exam ple (2)
Sixteen ra il cha ir castings from  the  daily  pro

duction were selected a t  random  and  checked 
for varia tions on dim ensions. (See Table V II .)

Q uite a p a r t from  th e  con trac tion  allowed 011 
the p a tte rn , th e  castings were found to  vary 
individually  as follow: —
1 1 -in. hole ce n tre : four castings only were

w ithin + 0 .0 10  in.
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M axim um  varia tions were +0.055 in . to 
-0 .0 5 3  in.

2| f  in. jaw  w id th : e igh t castings only were
w ith in  + 0.010  in.

The m axim um  varia tio n s were +0.020 in . to 
-0 .0 4 9  in.

T a b le  VII.— Variations in Grey Castings. 
Standard Rail Chair. 95 lbs. B.S. Rail Section. 

Hand rammed on turnover machine, gravity draw. 1 in. 
round holes at 11  in. centres, stripped with plungers. 
Jaws formed on pattern with loose slips, two for rail jaw, 
and one for key.

T he V aria tio n s  a re  g iven  in  T h o u sa n d th s  o f  an  in.

Chair number.
Hole centres 

1 1 -in. std. 
drawing.

Jaw width 
2-jf-in. std. 

drawing.

1 1 1 + 0 2 $ +  0
2 11  +  10 2 # -  2
3 11 +  13 2 #  - 2 1
4 11 +  23 2 t f -  «
5 11 -  53 2 f t -  49
6 11  -  12 2 $  +  17
7 11 +  38 2 # -  2
8 1 1 - 3 2 ^  +  17
9 11 +  15 2 $ +  2

10 11 +  29 2 t f -  8
11 11 -  38 2 t f -  2
12 11 -  17 2 $  -  23
13 1 1 - 3 2 # -  9
14 11 -  14 2 # +  20
15 11 +  1 2 ^ + 1 7
16 11 +  55 2 j& +  20

Hole centres max. +  variation +  55 \  =  Extremes of
»» »> i> -  „ -  63 /  108

Jaw width max. +  variation +  204 „  .,„ > =  Extremes of 69... », „ — „ — 4 9 /
In  term s of inches per foot, these  figures rep re

sen t extrem es in size between th e  la rg est and 
sm allest castings o f: —

0.118 in. per ft. on hole cen tres.
0.210  in. per f t .  on jaw  w idth.
Nevertheless, as i t  is im p o rtan t to  realise, these 

castings were tak en  from  production  and were



giving no cause for com plaint w ith the con
sumer.

The actual tolerances specified by the con
sum er were : —

+  35 in. on 2 |§ -in . jaw  w idth.
+ in. on w idth of 4-ft. 8J-in . road.

(This tolerance affects the  bolt centres on
which m easurem ents were taken .)

Exam ple (3)
Tests for dim ensional accuracy were taken  on 

num bers of drum  type castings in  regu lar pro
duction. Some four or five different methods of 
ga ting  were experim ented w ith, in th e  endeavour 
to obtain  maxim um  accuracy. The method finally 
selected for works production yielded th e  follow
ing d a ta :  —
(A) H and B am m ed.—M aximum contraction  on 

11.784 in. d ia. =  0.160 in.
M inim um contraction  on 11.784 in. d ia . = 

0 .102  in.
E ccentricity  varied from  0.020 in. to  0.045 in. 

^B) M achine B am m ed.—M axim um  contraction 
on 10.621 in. dia. =  0.157 in.

M inim um  contraction  on 10.621 in. d ia . = 
0 .1 1 2  in.

E ccen tric ity  varied  from 0.020 in. to 0.060 in.

In  the  lig h t of the  above investigations, i t  
would appear more la titu d e  on dim ensional accu
racy is necessary th a n  is generally appreciated.

N on-Ferro us Metals
(From D ata  compiled by the Non-Ferrous 

Castings Sub-C om m ittee.)
Since the  term  “ non-ferrous ” covers an  ex

trem ely wide range of m etals in  which castings 
are produced, any considerations on dimensional 
tolerances m ust be on a very general footing. 
As w ith  the o ther m etals previously discussed, 
the dimensions of castings produced from any 
given p a tte rn  will depend on th ree  prim ary fac
tors, viz. : —
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(1) The am ount of con traction  norm ally ex
hibited  by the  p a rticu la r m etal being  w orked.

(2) H indered  con trac tion  (or in  some cases 
expansion) due to  «restriction in  th e  m ould, or 
to the  size-mass or design of th e  p a rticu la r 
casting  to be produced. This also includes 
variables a ttr ib u tab le  to  ru n n e r  and  feeder 
location and the  use of chills.

(3) V ariables in troduced in  m oulding, i.e ., 
v aria tion  of mould size from  p a tte rn  size. 
Since the m any alloys in use have widely differ

ing physical properties, the  re la tiv e  im portance 
of any one fac to r will vary  according to  the  
alloy being worked. F or exam ple, ce rta in  alloys 
will exhibit much g rea te r s tren g th  and  rig id ity  
a t elevated tem pera tu res, and will therefo re  no t 
be so susceptible to  dim ensional v a ria tio n  due to 
restric tion  offered by the  mould du rin g  the  cool
ing period.

Examples of contraction  (determ ined on round 
bars cast in green sand between yokes) a re  given 
below for a few of the  commonly cast alloys : —

A lum inium  casting  alloys: J  in. per f t .
A luminium silicon a lloys: in. per f t .
A lum inium  and m anganese bronzes: in.

per ft.
Mond m e ta l: £ in. per f t .
Yellow brass and G erm an s i lv e r : ^  in. 

per ft.
Tin-base w hite m e ta l: -¡V in . per ft.
Lead-base wrhite  m e ta l : Jg- in . per f t .
Phosphor-bronze : fg  in. per f t .

I t  should be realised, however, th a t ,  so fa r  as 
foundry practice is concerned, these a re  purely 
em pirical figures, and will vary  g rea tly  w ith  the 
design of th e  casting  and w ith  th e  production  
technique adopted.

The vary ing  allowances made in  a p a rticu la r 
foundry when producing phosphor-bronze cast
ings are cited below as an exam ple: —

(1) N orm al sand-cast work up to about 2 ft. 
d ia . : in. per f t .
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(2) Wheels of about 5 f t . or 6 ft. dia. :
^ in. per ft.

(3) Wheels w ith arm s 10 ft. to 14 ft. : ,‘n in.
per ft.

(4) C entrifugally-east wheels, say 4£ ft . dia. : 
in. per f t .

These figures, of course, are probably depen
dent largely on the  p a rticu la r design of the 
example given, and cannot be considered as a 
guide to general practice. They do serve, how
ever, to  emphasise th e  difficulties involved in 
producing castings which are  “ accurate to draw 
ing .”

A m erican  Investigations on Casting  To lerances
Although none of the  work on tolerances, 

carried  ou t by the Technical Com m ittee of the 
In s titu te  of B ritish  Foundrym en during  the  last 
three years, has been previously made public, 
it  is of in te res t to  note th a t  the American 
Foundrym en’s Association also undertook a com
pletely independent investigation  during  1935 on 
th is same subject. Some correspondence has 
since been exchanged between the  two Com
m ittees concerned, and the  Com m ittee is greatly  
indebted to  the  Am erican Foundrym en’s Associa
tion for th e ir  kind perm ission to  re fe r to  th is 
work.

I t  may be of in te re s t to  rem ark  a t  th is stage, 
th a t whereas in  th is country  th e  subject has been 
mainly developed by the  malleable section of the 
industry , in  Am erica i t  was the grey iron section 
which was m ainly in terested .

The Grey Iro n  Division of The American 
Foundrym en’s Association circulated  privately  
in May, 1935, a set of ten ta tiv e  tolerances for 
grey iron castings, which was intended to  serve 
as a basis fo r discussion on the  subject. The 
suggested range of tolerances is set ou t below, 
and i t  is of in te re st to note th a t  the  figures 
suggested by these would appear to  ind icate  th a t  
they are  producing castings to  lim its very sim ilar 
to  those indicated  by the In s ti tu te ’s investiga
tions. The notes given below the  tab le  are  also



3 9 0

ex trac ted  from  th e  A .F .A . c ircu la r of th e  same
date.

“  The schedule of castings size to lerances listed 
above is proposed for review and  critic ism  of
A .F.A . members in te rested  in  the  production  of 
jobbing castings. The proposed schedule is 
in tended to  apply to  q u a n tity  production  of 
jobbing castings and n o t to  very  special cases 
where extrem ely close to lerances a re  requ ired  or 
to th e  few piece orders where to lerances a re  not 
o rd inarily  specified.

“ Specified Tolerances (see Table V II I )  a re  
c ritical geom etrical re lations specially requ ired  
and fully specified on draw ings or specifications. 
These specified tolerances a re  to  be used as a 
guide by th e  designer in  id en tify ing  his con
struction  m edia lim itations.

“  N ote .—W hen closer lim its a re  required , 
special casting practice technique m ay be em
ployed to  a tta in  th e  desired resu lts on certa in  
types of castings. This exacting  dim ensional re 
quirem ent is, however, when found p rac tica l to  
a tta in , accom panied by an increase in  the  m anu 
fac tu rin g  cost.

“ Unspecified Tolerances (see Table V II I )  are 
to be understood as th e  lim its th a t  bound general 
satisfactory  casting  prac tice  expected w ithou t 
special designation  on draw ing or specification .”

In  view of the fa c t th a t  these figures have not 
yet been published in  Am erica, i t  is desirable 
th a t  they  should not be used as a basis for 
discussion.

C o m p etitive  Position  of Castings
A lthough first im pressions on studying  th e  d a ta  

subm itted in  th is rep o rt m ay ten d  tow ards a 
feeling th a t  dim ensional varia tio n s on castings 
are somewhat wide, th is is no t th e  case. I t  
should be rem embered th a t  a very large tonnage 
of castings is produced annually  which meets 
very exacting  dim ensional requirem ents. I f  small 
q u an tity  orders are  excepted, th en  i t  is usually  
possible for a foundry  to  produce castings to  
any reasonable specified to lerance. M ost of th e



founder’s present difficulties lie in the  fa c t th a t  
reasonable p ractical tolerances on im portan t 
dimensions a re  rarely  specified on the  draw ing, 
w ith th e  resu lt th a t  u n im p o rtan t dimensions 
(from the consum er’s view-point) may be held 
w ith in  close lim its, sometimes a t  the  expense of 
accuracy on a dim ension which is im portan t.

The inclusion of defined lim its in  a  dimensions 
clause would pro tec t th e  founder against u n 
reasonable dem ands and unw arran ted  rejections,

T a b l e  VIII.—A.F.A. Tentative Proposal for Grey Iron 
Castings Size Tolerances.

(Notes extracted from A.F.A. circular of May 2, 
1936.)

Dimensional 
range 
in in.

Suggested tolerances in in. for cast 
iron.

Specified
tolerances.

Unspecified
tolerances.

Up to 2 +  or -  ST +  or -  ft
2 to 4 +  or — A +  or -  BV
4 to 7 +  or -  B’V +  or -  ft
7 to 12 .. +  or — ^ +  or — ft

12 to 24 .. +  or — & + or -  i
24 to 40 .. + or — i + or — ft
40 to 60 + or — + or -  ft
60 to 100 + or -  -ft + or — i
100 up + or — i + or — Î

and would safeguard  the  buyer from  undesirable 
inaccuracies. I t  would encourage the consumer 
to seek the  help of th e  founder in obtain ing  
g rea te r precision ; i t  would prevent disagree
m ents and im prove the  relations between the 
castings producer and  consumer. The a tta in 
m ent of g rea te r accuracy th a n  th a t  specified 
would in  no way be prejudiced  ; ra th e r  would the 
reverse be th e  case. I t  would provide a “  yard 
stick ”  by which th e  founder could m easure his 
efficiency, and th is  would encourage the raising  
of the  s tandard  of precision.

I t  is hoped th a t  the  publication of th is R e
p o rt will serve more purposes th an  was intended
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originally. I t  should be understood th a t  th e  
founder desires to  m ake castings w ith  g rea te r 
precision and is continually  study ing  ways and 
means to th a t  end. There is, however, need for 
g rea te r appreciation  by th e  designer and  engi
neer of the founder’s difficulties, and much could 
be done to  produce b e tte r  and  cheaper castings 
by the  proper kind of co-operation. So m any 
castings are  badly designed th a t  i t  is im pos
sible to  make them  reasonably accura te , w hereas 
the founder’s ex p e rt knowledge would enable 
him  to  suggest a lte ra tio n s which would facili
ta te  th e  achievem ent of a high degree of 
accuracy. Too often  the  proffered help of th e  
castings m an u fac tu re r receives no welcome from 
the  designer. M uch assistance would be afforded 
by the  inclusion of m ore in fo rm ation  on draw 
ings. F o r exam ple, the  dim ensions w here the  
g rea test precision is requ ired , and  po in ts where 
the castings will be jigged could be m arked on 
the  draw ing and the  sequence and n a tu re  of 
m achining operations could be sta ted .

I t  is realised th a t  th e  subject is contentious 
and the  ten ta tiv e  proposals here  p u t forw ard 
are likely to  be received w ith  m uch criticism . 
This is w hat is required , as, before con tinu ing  
th is activ ity , i t  is necessary th a t  these recom 
m endations should tru ly  rep resen t th e  foundry  
view point and th a t  they  should be such as will 
m eet w ith  the  approval of th e  eng ineering  in 
dustry . Co-operation of th e  foundry  and eng i
neering  trades is therefo re  m ost necessary before 
fu r th e r progress can be m ade.

Thanks are expressed to th e  m any organ isa
tions, foundries and individuals who assisted in 
collecting the d a ta  fo r th is  publication . The 
lis t is so g rea t th a t  th e  nam es a re  n o t m en
tioned, b u t special no te  is m ade of th e  A m eri
can Foundrym en’s A ssociation, who so k indly 
perm itted  th e  inclusion of a reference to  th e ir  
unpublished work upon 11 G rey Iron  C astings 
Si7,e Tolerances.”
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Scottish Branch

M E T A L  M O U L D S  FO R  C A S T  IR O N

By J. M cG randle  (A sso ciate  M ember)

The castings here d ea lt w ith, cast in  cast-iron 
moulds, are all of one type, all being a ir tu r 
bine rotors as illu stra ted  in F ig . 1. The cast
ings for these ro tors vary in w eight from  23 lbs. 
to 290 lbs. as cast. There are six different sizes, 
all in the form  of hollow cylinders. The th ick 
ness of section of the  castings varies from 1 |  in.

F i g . 1 .— A i r  T u r b in e  R o t o r  C a s t in g s  m a d e  i n  
C a s t - I r o n  M o u l d s .

in the sm allest size casting  to  4^ in. in the 
largest size, the outside d iam eters of the  smallest 
and largest being 54 in. and 134 in. respectively, 
and the  inside bores from  2-£ in. to  4 | in.

These castings were made in  drysand, w ith 
the exception of the  two sm allest sizes of 14 in. 
and 2|  in . thickness which were made in green- 
sand, before the  casting  of them  was undertaken  
in cast-iron moulds. The la rger sizes required ,
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when m ade in  sand moulds, a lower silicon con
te n t th a n  is norm ally used fo r th is  class of 
castings. The o rd inary  ru n  of castings m ade 
contain  2 per cent, silicon and  these large  ro to r 
castings requ ired  a  1  per cent, silicon iron. 
The syphon brick m ethod of ta p p in g  m eta l is 
used in the  foundry  necessita ting  a  la rge  well 
of m etal being k ep t in  th e  fu rnace . W hen a 
charge is changed th is  well m ust be em ptied  a t  
the correct tim e. This em pty ing  th e  well of the  
cupola causes a g re a t deal of tim e and  trouble.

The castings now m ade in cast-iron  m oulds are  
ru n  from the ord inary  2 per cent, silicon m etal, 
thus obviating  the  changing of charges. These 
castings when m ade in  sand moulds suffered 
occasionally from  shrinkage cavities, e tc ., which 
were no t always ap p a ren t before th e  castings 
le ft for th e  m achine shop.

Metal Mould Design
The design of m etal moulds a re  seen in  F igs. 

2 and 3. The cen tre  chills a re  of p lain  m edium  
carbon steel and fit in to  a  tap ered  hole in  the



bottom of the  mould, the end of steel centres 
p ro trud ing  th rough  the  bottom  of the  mould. 
In  the sm aller and medium size moulds, a guide 
p late is used to keep cen tre  chill vertical, a fte r 
the bottom end of the centre has become dis
to rted . The draw  or ta p e r  on steel centres is, 
in la rger sizes g in. on 12  in ., i.e ., th e  diam eter 
of the  top  of the  steel cen tre  is £ in. more 
th an  th e  d iam eter a t  th e  bottom  of th e  centre 
in con tac t w ith  the  casting. The ta p e r on 
the  sm aller sizes is -[V in - on 6 or 7 in. The 
ta p e r  on mould is sim ilar to  tap e r on centres.

The moulds as shown are  open a t  the  top and 
w ith the exception of the  two largest sizes of

F i g . 3 . D e s i g n  f o r  t h e  L a r g e s t  T y p e  
o f  M o u l d .

castings, regu la r in section. In  th e  case of the 
largest mould (Fig. 3) a recess is formed a t 
the top and bottom  of the casting  about 1 |  in. 
deep, and increasing the  in te rn a l d iam eter from 
41 in. to  8J  in. The bottom  fin which is shown in 
Figs. 2, 3 and 4, etc., was found to  be a sa tis
factory m ethod of p reven ting  difficulty in  the  
m achining of th e  bottom  of the  inside bore of 
the casting, any chill effect a t  th is  corner being 
tran sfe rred  to the  fin which is dressed off before 
leaving for the  m achine shop. This fin removal 
is the  only dressing necessary fo r these eastings 
when made in m etal moulds.

When the moulds are properly used, a t a fairly



definite leng th  of tim e a f te r  casting  and  solidi
fication, the  mould is inverted  an d  th e  casting  
removed easily by a  few lig h t blows w ith  a ham 
m er, on the  p ro tru d in g  end  of th e  steel cen tre . 
The casting  is th en  lifted  on to  an  iron  block, 
still inverted , and  th e  cen tre  piece is knocked 
ou t w ith  slightly more ham m ering. The tim e to  
knock ou t the  casting  is gauged by w atching th e  
top surface of th e  casting , and  a f te r  some ex-
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F i g . 4 .— S h o w i n g  t h e  T y p e  o f  M o u l d  U s e d .

perience, keeping w ith in  ce rta in  lim its of tim e 
and tem pera tu re , i t  is reasonably easy. I f  the  
rem oval of the  casting  be a ttem p ted  too early , 
th e  cen tre  piece may come o u t and  leave the  
casting in  the  mould w ith no ready  m eans of 
removing it.

Consequently, by the  tim e th e  casting  is re 
moved the mould has received no benefit, and 
the length  of tim e before an o th e r can be cast is 
consequently prolonged.

If  too g re a t a leng th  of tim e be allowed to  
lapse before knocking ou t, the  casting  is easily
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removed (except in the  case of castings having 
a recess a t  the bottom ), b u t the  mould has 
been heated  more th a n  is necessary, and con
sequently involves delay before ano ther cast can 
be made. The cen tre  piece requires more power 
to be removed th an  if  knocked out a t  the  correct 
time, because of its continued expansion, and the 
contraction  of casting  round it , w ith  the  result 
th a t  the  cen tre  is a p t to become d isto rted  and 
stra ins set up  in  casting. In  th e  case of recessed 
castings, th e  casting  contracts on th e  collar of 
the mould, and the  mould and casting may have 
to be cooled overnight in order to  affect removal.

F i g . 5 .— G r o u p  o f  M o u l d s , a n d  C a s t in g s

MADE FROM THEM.

N ature of Moulds
The moulds are made from  an ordinary  2 per 

cent, silicon iron of the  following approxim ate 
ana ly s is :—T otal carbon, 3.5 to  3.6; manganese, 
0.6 to  0.8; su lphur, 0.05 to  0.06, and phosphorus, 
0.4 to  0.6 per cent. This analysis is also used 
for th e  ro to r castings. In  the  m aking of the 
m etal mould, the  inside surface is formed by 
a steel core used cold o r nearly  so and th e  mould 
made in  drysand w ith chills or denseners, around 
the outside surface of the casting  of the  mould. 
The casting  of th e  m ould is afterw ards machined 
on the inside surface and top1 to  finished sizes.



Life  of Moulds
The life of a mould depends m ainly  on the  

casting  tem p e ra tu re ; th e  leng th  of tim e th e  
casting is in  th e  m ould; th e  tem p e ra tu re  of the 
mould d u ring  casting  and  th e  coating  used on 
the  mould surface. I f  ca re  be n o t tak en  while 
casting , of course, th e  life of m ould is seriously 
shortened and th e  casting  m ay fuse to  the 
mould a t  one or m ore points. The castin g  is 
effected as quickly as possible, th e  m etal, being 
well skimmed, is practically  th row n  in to  the

F i g .  6 .—A  P a ib  o r  M o u l d s ,  o n e  c a r r y i n g  
t h e  C o r e ,  t o g e t h e r  w i t h  t h e  F i n i s h e d  
C a s t i n g .

mould, allowing the  steel cen tre  to  ta k e  the  rush  
of m etal.

The la rg er th e  mould or casting  th e  shorter 
usually is the  life of th e  m ould. The la rge  re 
cessed mould has shortest life , averag ing  from  
90 to  100 castings per mould. This life  could 
be m ateria lly  increased by n o t fo rm ing  the 
bottom  recess in  th e  casting . The bottom  collars 
develop fire cracks, since th e  tem p e ra tu re  to  which 
they rise, w hilst th e  casting  is in  th e  m ould, is 
considerably h igher, and  cooling fa s te r  when the  
casting  removed, th a n  th e  ad jac en t m ould m etal. 
The casting  m etal ea ts  in to  these fire cracks and 
prevents th e  easy rem oval of castings. I t  is 
proposid when n e x t the  moulds a re  being m ade
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or when the p resen t moulds give trouble to  r ^  
place th is  collar by a detachable steel ring  or 
collar. The n ex t la rgest sizes give about 200 
to 250 castings before th e  mould is declared 
scrap. I n  th e  m edium  size, th a t  is those having 
a mould thickness of 21 in ., a thickness of casting  
of 2-g in ., and th e  cen tre  d iam eter of 3 in ., about 
250 to  350 castings a re  m ade before the  mould is 
scrapped. In  sm aller sizes about 500 castings 
are made before the  mould gives out.

F i g . 7 ( S m a l l e s t  M o u l d ).

The moulds are  scrapped when difficulty is ex
perienced in  th e  rem oval of the castings, due to  
fire cracks runn ing  paralle l w ith the  length  of 
the  mould. These fire cracks are ap p a ren t long 
before the  mould is finished or scrapped. The 
th ree  la rgest moulds usually crack th rough  on 
the  vertical sides when the  th ird  o r fou rth  cast
ing  is m ade. A steel collar is bolted round the 
mould in  case of accidents which however are 
very rem ote. T his crack opens up  to  about 

in. a f te r  the  casting  has ju s t solidified on 
the  top surface, b u t when the  casting is removed
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th e  crack becomes practically  invisible. This 
crack in  no way seems to  shorten  th e  life of 
the mould, since any fire cracks form ed have no 
relationsh ip  to  the  position of these firs t mould 
cracks.

Coatings of Moulds
The coatings tr ied  ou t on th e  surface of these 

moulds have been of various m ateria ls , such as 
clay washed and d r ie d ; th in  coatings of g an is te r

F i g . 8 .

washed and dried, w ith  and  w ithou t frequen t 
coatings of oil, and  oil and  g rap h ite , e tc. The 
claywashed moulds were n o t sa tisfac to ry  above 
a certa in  tem p era tu re , about 300 deg. C ., the  
coating being a p t to  flake off. W hen a  lig h t 
coating of oil and plum bago was applied  a f te r  
each casting  was removed, th e  life of th e  coat
ing was increased, b u t was still un sa tisfac to ry . 
In  applying oil or oil and  g rap h ite , th e  oil was 
m ade to  flash and  a coating  of soot was form ed 
on the  surface of th e  mould. Two types of
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gan is te r were tr ied , one type causing small 
blowholes on the  surface of the casting irrespec
tive of the  mould tem pera tu re , e tc. This coat
ing flaked off easily. A nother type of gan is ter 
gave very sa tisfactory  results, th e  coating stay 
ing on for several days w ith oil and graph ite  
coated lightly  on the  surface a f te r  th e  removal of 
eacli casting. This coating when properly dried 
gave no troub le  in respect to  blowholes and a 
good surface was obtained on the casting.

F i g s . 7 to  9 .— T h r e e  T y p ic a l  T i m e -T e m - 
p e r a t u r e  C u r v e s  o p  t h e  M o u l d s  u s e d .

A t the p resen t mom ent a th in  o rdinary  black- 
wash coating is used which, w hether necessary 
or not, is removed, and the  mould is recoated 
each day. This coating gives no troub le ; i t  is 
easily applied, and if the  mould tem p era tu re  is 
kept below 400 deg. C. when casting, the coating 
stays on well.

A piece of hot m etal heated  in a nearby stove 
to redness is placed in  th e  mould ju s t before the
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m idday break. A fte r lunch  tim e th e  now warm  
mould is coated w ith  blackwash and ag a in  a 
piece of red-hot m etal placed inside, u n til ready 
fo r casting. C asting  usually  commences about 
3.30 p.m ., and continues u n til abou t 5.20 p.m .

A coating of kaolin and sodium silicate was 
tried , b u t the  difficulty of ob ta in ing  th is  coating  
w ithout b listering  and the  tim e  necessary to  do 
so properly was found to  be no t w orth  while,

me. Ht

F i g . 10 .

although for small classes of castings w here a 
good surface is necessary on casting , and  no t 
machined all over as these castings are , there  
is every indication  th a t  i t  would be th e  best 
coating.

T im e Tem p eratu re  Readings
The tim e and  tem p era tu re  read ings ta k e n  of 

moulds du ring  casting  a re  shown in  F igs. 7, 8 
and 9. The outside tem p era tu res  were tak en  in 
a small hole, J  in . deep, on th e  outside of th e  
mould, halfw ay up  the  mould wall. The inside 
tem pera tu res were tak en  on a small hole, i  in. 
to -fg in. deep, on th e  bottom  inside surface of



the mould. The thermocouple on th e  outside was 
kept in  the hole all th e  tim e ; on the inside, the 
thermocouple was removed when casting and 
replaced im m ediately the  casting  was knocked 
out, 30 sec. being allowed to elapse before a 
tru e  read ing  could be taken . The thermocouple 
was of th e  nickel-chrome type, w ith a d iam eter 
of -ft in. a t th e  hot junction . The dotted  lines 
on the g raphs are  only hypothetical.
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F i g . 11.

F i g s . 10  a n d  1 1 .— A  T y p ic a l  F r a c t u r e  
e x h ib it e d  b y  C a s t in g s  m a d e  i n  
C a s t - I r o n  M o u l d s .

N ickel Used
The first casting  from  each size, except in  the 

smallest, has nickel additions added to th e  ladle, 
giving a nickel percentage of 0.3 to  0.6 per cent, 
nickel, which overcomes any tendency for chill
ing of the  bottom  corners of the  casting. In  
the sm allest size, th e  first casting is scrapped, 
being used solely as a m eans of heating  the 
mould, the  re s t having 0.4 to  0.5 per cent.



nickel present. In  the  n ex t size, i.e ., 2¿-in . 
thickness of casting , 0.2  per cent, nickel is all 
th a t is required  to keep casting  m ach inab le ; 
in o ther sizes no nickel is added, unless i t  be the 
first casting  of the  day.

The mould keeps hea ting  up , as can  be seen 
from Figs. 7 to  9, fo r th e  first hour, a f te r  which

F i g , 1 2 .— N e a r  S u r f a c e  o f  C a s t i n g .
X 50,. U n e t c h e d .

a g rea te r tim e-lapse m ust be allowed between 
each casting. Usually, m etal a f te r  th e  first hour 
is n o t so easily procurable, as th e  la rg er sizes 
of castings in the  foundry are  then  being cast, 
and there  is a lapse of 20 to  25 m in ., when no 
castings may be made in  th e  m etal mould, and 
this allows the mould to  cool down sufficiently 
to continue casting  a t  a ra te  approxim ately  to  
the centre of g raphs shown.
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These moulds were no t designed foe fas t pro
duction work, b u t the  cost of these castings now 
as against the  form er method of moulding is 
reduced some 50 to  75 per cent. Two moulds 
of the same type are usually  ru n  in  conjunction 
with one another, one m an effecting casting, 
knocking out, e tc ., in the  case of th e  sm allest

F i g . 1 3 .— N e a r  S u r f a c e  o f  C a s t i n g . 
X 2 0 0 . E t c h e d .

size, and one m an and  a  hoy in  th e  case of 
la rger sizes. The la rg er sizes a re  cast by 
labourers. The tim e chargeable aga in s t th e  cast
ings is therefo re  only casting  tim e plus the 
short tim e  necessary to  prepare the moulds.

The tim e for the  dressing of the  castings is



practically  nil, as all th a t  is done is to  remove 
the chilled fin a t  th e  bottom  of th e  casting . 
The floor space occupied by th e  mould and  equ ip 
m en t is considerably less th a n  th a t  ta k e n  up by 
boxes and  the  necessary m oulding sand fo r the 
same job. The cost of m aking  a new m eta l mould
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F i g . 14.— C e n t r e  o f  C a s t i n g , x  50.
U n e t c h e d .

is little  more th an  th a t  of m aking  two of the  
ro tor castings in  sand.

Soundness of Castings
1< rom th e  point of view of cav ities of any 

description the  soundness is p ractically  100  per 
cent, perfect. The only cases w here holes have 
been formed have been in  th e  form  of gasholes, 
which ap paren tly  are  evolved from  th e  mould or 
coating. In  one of th e  types of g an is te r  used 
fa irly  large blowholes were form ed up th e  side 
of the casting  ju s t below th e  skin. I f  th e  mould
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be used above a tem pera tu re  of 400 deg. C. 
small long blowholes, which ru n  in to  th e  casting 
nearly a t  right-angles to  the  mould surface, are 
found. These blowholes may a tta in  a leng th  of 
I in. to 1 ^ in. w ith a thickness of in. to  j  in.

F i g . 1 5 .— C e n t r e  o f  C a s t i n g . x  200 . 
E t c h e d .

Trouble was experienced due to  small hard  
pellets near th e  surface of castings. These 
were sm all splashes of m etal du ring  casting  which 
stuck to  the  sides of th e  mould, and  were ren 
dered w hite or chilled. W hen the  rising  m etal 
reaches these pellets, in  most cases i t  does not 
remove them . W ith  th e  present coating any 
splashes which strike  the  mould side fall back 
into the  m ain body of m etal im m ediately and



are  redissolved. The frac tu re  of ,two sizes of cas t
ings a re  shown in Figs. 10 and 11.

H ardness and M achinability
The hardnesses of th e  various sizes do no t 

differ very m uch from  each o ther, the 
sm aller sizes varying from 207 to 240 Brinell

F i g . 16.—S h o w s  b o t h  T y p e s  o f  t h e  
E x t r u s i o n , x  2 0 0 . E t c h e d .

between different castings, b u t th e  m axim um  
variations in  any one casting  is 10 to  15 B rinell 
points. The hardness when no nickel is p resen t 
wi.m 0re- var' a ^ e th a n  when nickel is p resen t. 
Y\ hen nickel is present th e  hardness th ro u g h  th e  
section is more uniform , being h a rd e s t abou t 
i  in. below surface of casting  and so ftest a t  
outside face. This softness a t  outside face is



due to ferrite-fine g raph ite  eu tec tic  a t  surface 
of castings.

The m achinability  of these nickel castings is 
much superior to  th a t  of nickel-free castings w ith 
even lower hardness. A B rinell num ber above 
240 is to  be avoided as expensive cu tte rs  are 
used to  m achine the  helical grooves in  the 
castings.

Physical Properties
The m icrostructures of these castings are shown 

in Figs. 12, 13, 14 and 15. The analyses of d rill
ings from th e  cen tre  of these rotors show com
bined carbon of 0.7 to 0.8 per cent, on the  small 
sizes, and 0.5 to  0.7 per cent, on the  la rg er sizes. 
The am ount of fine graphite-fine fe rrite  stru c tu re  
a t  th e  surface of th e  castings seems to 
depend to  a g re a t ex ten t on casting  tem pera
tu res  and mould tem pera tu res. The minim um 
am ount of ferrite-fine g rap h ite  is obtained by 
casting  a t  a low tem p era tu re  and using a  very 
warm mould. The m axim um  am ount—sometimes 
extending  to  alm ost i  in. in  thickness—is arrived 
a t  by casting  ho t w ith  a relatively cool mould. 
B u t th e  m ain  point, however, is the  casting  tem 
pera tu re , for which no figures are available. The 
m etal is allowed to  cool, w ith the  addition  of 
cast-iron scrap u n ti l ju s t past the  “  break ing  ” 
stage, when i t  is cast ; th is  gives th e  minim um  
thickness of fe rrite /f in e -g rap h ite  eu tectic. This 
fe rrite /f in e -g rap h ite  is not desirable, in so fa r  
as its w earing properties are  in fe rio r to  coarse 
g raph ite -pearlite  stru c tu re . U nder norm al c ir
cum stances th e  fe rrite /f in e -g rap h ite  skin is 
removed in ' m achining, leaving the  coarser 
g raph ite -pearlite  s tru c tu re  a t  the  surface of the 
finished ro tor.

Extrusions
A po in t w orth m entioning is th e  extrusions 

formed on th e  open surface of the  casting. These 
are of two types: (1) L arge extrusions a tta in in g  
as much as 1  oz. in w eight are sometimes formed, 
alm ost im m ediately a f te r  the  top  surface of cast
ing has solidified. This extrusion  takes place a t

4 0 9
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no more th a n  two or th re e  places on th e  open-cast 
su rface; and (2) a t  tem p era tu res  n ear 950 deg.
C. small globules force th e ir  way th ro u g h  the 
solid top open su rfa c e ; these globules a re  about 
tV in. to  £ in. in  d iam eter.

The first ex trusion , on exam ination , was found 
to be of fine-ferrite  / g rap h ite  eu tec tic  w ith  li tt le  
more phosphorus th a n  norm al in  casting , b u t the 
second type of ex trusion  is of a  high-phosphorus 
iron. F ig . 16 shows th e  s tru c tu re  of both  types, 
the fe rrite /f in e -g rap h ite  eu tec tic  ex tru sion  form 
ing first and  th en  a f te r  a c e rta in  period the  
small high-phosphorus globule m ade its  ap p ea r
ance inside th e  first ex trusion . The large nodules 
o r extrusions alm ost always go hand  in  hand  
w ith a  large thickness of fe r r ite /f in e  g ra p h ite  a t  
surfaces of castings, a lthough  im m ediately  below 
the extrusion  the  m etal is usually  coarse g rap h ite  
and  pearlite .

D IS C U S S IO N

M r .  E. J .  R oss, who opened th e  discussion, 
asked how M r. M cG randle determ ined  th e  th ick 
ness of th e  mould ; was i t  by tr ia l  and  e rro r  ? I t  
seemed to  him  th ere  were th ree  fac to rs to  be 
dealt w ith  or overcome, viz., h ea t transm ission , 
heat absorption, and rad ia tio n . The la s t was 
the most difficult to  control, and  i t  occurred  to  
him w hether i t  would no t be b e tte r  to  have a 
fluted mould. The first two factors, transm ission 
and absorption, could be calculated , b u t to  get 
the th ree  working in harm ony would give con
siderable trouble.

M r .  M c G r a n d l e  said th a t  the  real purpose of 
using m etal moulds was to  g e t b e tte r  castings 
and make them  cheaper. They d id  n o t cas t all 
day so they  did n o t have to  ta k e  such g re a t 
precautions to  p reven t overheating  of the  
moulds. V arious m ethods such as pins a t  th e  
outside or back of the moulds w here a ir  could be 
blown on, would increase th e  ra p id ity  of cool
ing. In  his case rap id ity  was n o t a  fac to r. 
They made the  th ickness of th e  casting  th e  same 
as the thickness of th e  chill. I f  th e  m oulds were
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made th icker they  k ep t h o tte r, due to  g rea te r 
mass, a lthough giv ing  b e tte r  rad ia tion . If 
they were m ade th in n e r they  would hea t up  too 
rapidly.

M r .  R . 1). L a w r i e  congra tu la ted  M r. 
"McGrandle on his P a p e r and on hav ing  adopted 
such unorthodox m ethods to  obtain  sound cast
ings. H e s ta ted  th a t  th e  average foundrym an 
was inclined to  tr y  ou t various dodges in the 
shape of gates, risers, and  denseners, and  few 
had the  courage to  go to  such unorthodox 
methods as had Mr. M cGrandle. H e was sur
prised to  see th a t  th e  moulds were cast open, 
as a covered mould would have given a  much 
more solid casting .

H e noticed th a t  th e  m etal contained 0.5 per 
cent. P , and  th o u g h t th a t  w ith th is  am ount 
there  m ust be a  considerable am ount of e x tru 
sion, firstly due to  g rap h ite  separation , and 
secondly to  phosphorus. H ad  th e re  been a  top 
on, th is  ex trusion  would have been p u t to  b e tte r 
account, fo r if the  walls of a perm anen t mould 
are unable to  give, a  denser casting  m ust be the 
result. R egard ing  mould dressings for per
m anen t moulds, he had  tr ied  m any and found 
th a t  o rd inary  m achine oil poured from an oil-can 
gave quite  satisfactory  results.

The oil ign ites on coming in to  con tac t w ith 
;he heated  mould, leaving a sooty deposit on the 
face. H e could n o t unders tand  why cracks 
should form  vertically , and suggested th a t  they 
m ight have orig inated  from  a  small blowhole or 
o ther surface defect causing a lum p on the  cast
ing which scores th e  mould when the  casting  is 
being w ithdraw n.

In  his opinion surface cracking was caused by 
th e  d is in teg ra tion  of crystals due to  repeated  
heating  and  cooling. M r. M cG randle referred  to  
a  small pro jection  on th e  bottom  of the  casting 
for the  purpose of rem oving chill, bu t he (Mr. 
Law rie) was surprised  to  lea rn  th a t  there  was 
any chilling p resen t w ith an iron contain ing  so 
much silicon and  nickel.
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M b .  M c G b a n d l e  replied  to  M r .  L aw rie th a t  
they  coated w ith  lam p b lack ; they  could do w ith 
o u t a  coating , b u t in  th a t  case th e  m ould did 
no t la s t so long. R efe rrin g  to  cracks, as a 
m a tte r  of fa c t th e re  are  some a t  th e  bottom  of 
the mould ra d ia tin g  from  th e  cen tre  hole. The 
most troublesome were th e  lo n g itud ina l cracks. 
W ith  repeated  hea tin g  and  cooling of th e  mould 
two or th ree  th ings could happen . Combined 
carbon could decompose w ith  deposition of 
g raph ite . Expansion of th e  mould face was a p t 
to  accen tuate  th e  m ain  cracks alw ays up  and 
down. There was a sligh t ox idation  on th e  su r
face a f te r  two or th ree  heatings. By allowing a 
q u a rte r  of an inch for m achining th ey  go t a fine 
surface on th e  moulds. H e  d id  no t ag ree w ith 
the  idea of a top on th e  mould as i t  would mean 
having a  g a te  and  dropping th e  m eta l which 
would be liable to  burn-on o r cause local erosion.

The C h a i r m a n  (M r. D. Sharpe) m ade t h e  sug
gestion th a t  hem atite  iron m igh t be tr ie d  w ith 
advantage. H e also suggested th e  use of a  cheese 
type of mould as was used in  th e  m aking  of ty res. 
H e proposed a vote of th an k s  to  M r. M cG randle 
for the P aper, which had given them  som ething 
to th in k  over and had been definitely helpful.



Lancashire Branch
SO M E P O IN T S  IN T H E  M O D ER N  P R O D U C 

T IO N  O F  C A S T IN G S

By A . P h illip s  (M em ber)

Expressed in the  sim plest term s, the m anufac
tu re  of sa tisfactory  castings consists of pouring 
“ correctly p repared  m etal ” in to  “  correctly 
made moulds ”  th a t  have been produced from 
“ p a tte rn s  suitably  designed.” The modern ten 
dency to  cu t down the  w eight of castings com
bined w ith increasing in tricacy  in  design, closer 
chemical specifications, and increased physical 
properties, calls for the best of every u n it of 
personnel, equipm ent and m ateria l concerned in 
the production of castings. D uring  the  last 
tw enty  years, foundry m etallurgy, sand p repara
tion , m oulding machines, foundry  technique and 
p lan t have advanced considerably, all of which 
have assisted th e  foundrym an to  im prove his 
products and m ain ta in  th e ir  place in the  modern 
world.

M oulding and Sand Preparation
To assist in  the  production of correctly made 

moulds th a t  will give correct clean castings the 
modern foundrym an has made considerable 
im provem ent in the  p rep ara tio n  of the  sands used 
for them . There has also been much im prove
m ent in  sand m ixing machinei'y. I t  is safe to 
say th a t  i t  would be difficult to  produce many 
of the in tric a te  castings now demanded w ithout 
the use of the  recently  developed artificially- 
bonded sands, commonly known as oil sand.

To m ain ta in  and im prove the  sand used in 
the m aking of th e  moulds, i t  is essential for 
the foundrym an to have a knowledge of the  sands 
he employs. H e can th en  m anufactu re  moulds 
and cores from  day to  day w ith a reasonable 
guaran tee  th a t  sim ilar conditions in  th e  sands 
are being produced. A ttem pts are now being



made completely to  s tandard ise  th e  te s tin g  of 
moulding sands, and  so control th e  essential 
properties. The ap p a ra tu s  now used by the
B .C .L R .A ., and The Sands C om m ittee of th e

F i g . 1 .— M a n s f ie l d  S a n d . x  3 0 .

In s titu te  of B ritish  Foundrym en is well known 
and is of g rea t advan tage  in  sand contro l. As 
sand is essential in  th e  m an u fac tu re  of castings, 
i t  will probably be of in te re s t if a few of the  
properties of m oulding sand are  described, w ith  
a num ber of tes ts used in  th e ir  control.



T
a

b
l

e
 

I.
—

Ph
ys

ic
al

 
Pr

op
er

tie
s 

of 
M

ou
ld

in
g 

Sa
nd

s 
Cu

rr
en

tly
 

Us
ed 

in 
La

nc
as

hi
re

.

A
na

ly
si

s.

415

I¿A

c co 5
% .2 
3 .1

O
O

o
cT

o
c2

o  o  o  o

O O O I X M

t-4©
2  5 « T!o o CJ X CC5 A  «,
§ “

33 5  3h © 2  M2 ro

=t

o O O t O C O

o W CO t> lO

Ph

o  CO o  o

P-1

c3O i*/
CC
S fr03 3

2 m

o  OT
-3

- I

CO CO O 00 
,  CO GO c<5 bfiOi l> î h o  
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Sands
Chemical and physical p roperties of m oulding 

sands have been determ ined  an d  given specific 
names, th u s :-—(a) chemical analysis and  m ineral

4 1 6

F i g .  2 .— M a n c h e s t e r  C o a r s e  R e d .  x  30

analysis; (b) fineness; (c) s tre n g th ; (J) perm e
ab ility ; (e) du rab ility .

1 able I  shows th e  analysis, fineness bv th e  sieve 
test, and the  re frac to ry  tes ts  on sands used in



X

the  Lancashire d is tric t. I t  will be seen th a t  
sea sand has a h igh  silica content, 90.70 per 
cent., bu t is a very coarse sand when looking 
a t  th e  sieve te s t, which shows th a t  60 per cent.

417

F i g . 3.— M a n c h e s t e r  F i n e  R e d . x 30.

is between the 30 and 60 mesh. Mansfield sand, 
which has 83.5 per cent, silica, is a very fine 
sand as shown by th e  sieve te s t, as 52 per cent, 
is finer th an  a 90 mesh. Tests of th is  character 
assist the  founder in g rad ing  his m oulding sands.

r
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Fineness or G ra in  S ize

This goes to  d is tingu ish  betw een open and  close 
sands, and  calls for li tt le  exp lana tion .

Figs. 1 to  4 show photom icrographs of Mansfield 
sand ; M anchester coarse sand ( r e d ) ; M anchester 
fine sand ( r e d ) ; and B ury  road sand. The first 
is a fine g rained  sand, hav ing  rounded g ra in s ; 
the second exhibits a difference in  g ra in  s iz e ; the 
th ird  has angu la r g ra in s  which carry  a very 
good bond. F inally , F ig . 4 shows a sand con
ta in in g  a  large percen tage of fine bonding 
m aterial, w ith  very large g ra in s of gravel.

T a b l e  I I .—Strength and Permeability of Sands.

New sands.
Average
permea
bility.

Length
after

fracture.

Bond.
Per

cent.

Ratio of 
water 

to sand.

Mansfield
Sec.

36.75
In.

3.83 52.55
Manchester 

fine (red) . . 34.91 3.33 58.25

Manchester 
coarse (red) 28.90 5.20 35.0

1 : 10

Bury road 
sand 28.37 4.50 42.5

G reen  Bond

The nex t consideration  is s tre n g th  or bond, 
and th is is of very g re a t im portance. This 
p roperty  is due to  the  am ount of clay (A120 3) 
and ferric  oxide presen t, and th e  ideal condition 
of th e ir  presence is in  the  form  of th in  films 
surrounding  each g ra in  and in  th is  condition  i t  
is a t  its  m axim um  efficiency, as i t  re ta in s  in 
contac t a ce rta in  am ount of w ater. M oulders 
sometimes tak e  a hand fu l of sand, compress i t  
and break i t  for a green bond, which fo r general 
purposes is sufficiently reliable, b u t .tests of a 
q u an titive  n a tu re  can be usefully  ca rried  out 
from tim e to  tim e, and a re  a m ore reliable 
control.
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Tests  for Cohesiveness
These a re  tak en  by pushing a standard-size 

green core over the  edge of a ho rizon ta l glass 
surface u n til fra c tu re  occurs. M easurem ent is 
then  tak en  of th e  unbroken, piece, and in  Table 
I I  are shown the  green-bond s tren g th s of a few 
of the  sands commonly used in Lancashire 
foundries.

Perm eab ility
Perm eability  is the  fac ility  w ith  which a body 

allows th e  free passage of a ir  o r  gas. One of 
the g rea test considerations in o b ta in ing  th is  is 
pore space evenly arranged . R ounded sand 
grains are a fu r th e r  consideration , b u t th e  one 
for which the  m oulder is responsible is the 
m anner in which h is ram m ing is perform ed, and

T a b l e  III.— Varying Ramming and Percentage of Water.

Test no.
Percentage

of
water.

Ramming.
Time to pass 
100 c.c. of air 

through a dried 
core.

Sec.
No. 1 12.0 Light rammed 47.5
„ 2  . . Normal ,, 53.0
„ 3  .. >5 Heavy ,, 82.5
„ 4  .. 16.0 Light ,, 79.0
„ 5  .. > > Normal ,, 263.0
„ 6  .. >> Heavy ,, 449.0

the condition of the  sand when th is  ram m ing 
takes place, also the am ount of w ate r w ith  which 
some moulders swab.

The perm eability  figures ob tained  as a re su lt of 
experim ents are m ost in te restin g , and  go to 
show th a t  too much care canno t be given to  the 
proper and equal tem pering  of sand, an d  th a t  
the m oulder m ust exercise every possible care in 
seeing he does no t add too g re a t a q u a n tity  of 
w ater e ith e r as a re su lt of his facing sand  d ry ing  
or by swab-pot m ethods. One is too a p t  to 
say th a t  as i t  is a dry-sand m ould i t  does not 
m a tte r to  w hat e x te n t w ate r is added. I t  
m a tte rs  very largely, p a rticu la rly  previous to



P i g . 5.— S ea S a n d , x 30.

No. 2 core is compared w ith  No. 5, they demon
s tra te  the  effects of d ifferent degrees of ram m ing, 
especially when the sand contains a large per
centage of w ater.

ram m ing or finishing, as w et sand ram s much 
more closely th a n  a d ryer sand.

Table I I I  shows th e  necessity for keeping a 
close control on the  in itia l m oisture content. If

421



A ddition  of W a te r  to the Face of a C o re
Table IV  shows an a tte m p t th a t  was m ade to  

produce sim ilar conditions as a dried-sand  mould. 
The sand used in  these tes ts  was tak en  from  th e  
corem aker’s bench. I t  dem onstrates, when com
paring  Nos. 1 and  3 aga in s t Nos. 2 and  4, th a t  
the am ount of w ate r sprayed on th e  face of a 
core, or mould, should he k ep t to  a m inim um , 
although the mould is subsequently  to be dried.

T a b l e  IV .— The Effects of the Addition of Water to the 
Face of a Gore made from Core Sand.

Test no. Condition of green 
core.

Time to pass 
100 c.o. of air 

through a dried 
core.

Sec.
No. 1 Light rammed 28.0
„ 2 Light rammed ; face of

core moistened with
water 35.5

„ 3 Normal rammed 32.0
„ 4 Normal rammed ; face

of core moistened
with water 49.25

D urab ility
One of th e  points of a t  least equal im portance 

to the previous ones is th a t  of d u rab ility , by 
which is m eant the  ab ility  w ith which sand  can 
be used and re-used. A sand which has a low 
degree of du rab ility  m ay not be profitably used 
even though the analysis, fineness, perm eability  
and cohesiveness tes ts  m ay ind ica te  its  su it
ability . N a tu ra l bonded sands possess th e  p re
sence of colloidal m a tte r , and  i t  is these which 
determ ine to a very g re a t e x te n t the  d u rab ility  
of the  sand. The problem is d is tin c t from  th e  
problem of refractoriness, o r th e  resistance  to  
fluxing, as i t  is conceivable th a t  even re frac to ry  
sand m ight have a short life.

The behaviour of much colloidal m a tte r  is dis
tinguished by its independence upon w ater, the



F i g . 6 .— T h e  M o u l d  C o n v e y o r  o f  t h e  P e n d u l u m  T y p e .
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con ten t of which varies both w ith tem p era tu res  
and the  neighbouring vapour pressure. Upon 
subjection to  sufficient h ea t these colloids are  
destroyed. T heir ab ility  to  tak e  up w a te r and  
again  become possessed of a bond is lost, an d  the  
sand becomes dead. I f  i t  is no t sub ject to  too 
g rea t a h ea t i t  will rehyd ra te  and  can be used 
for fu r th e r  work. The life of a bond is con
trolled by th is  critica l tem p era tu re . M any clay 
bonds will s tand  a high tem p e ra tu re  w ithou t 
breaking down, b u t are  u n fo rtu n a te ly  sub ject to 
sin tering , and in  th is  condition they  lose the

T a b l e  V.— Relation of Oreen Bond to Heat-Treatment.

Sand.
Heating 
tempera

ture. 
Deg. C.

Length 
in inches 

after 
fracture.

Green 
bond. 

Per cent.

Percen
tage of 
water.

r 110 3.9 51.2 10.0
Mansfield . . 400 4.11 48.7 10.0

700 5.64 29.5 10.0
Manchester ' 110 5.30 33.7 10.0

coarse 400 5.70 28.7 10.0
(red) 700 nil nil

700 5.80 27.5 26.0
' 110 4.45 40.6 10.0

Bury Road 400 5.97 25.3 10.0
sand 700 — — 10.0

700 5.66 29.2 18.0

colloidal property  of again  tak in g  up w ater, and 
consequently will no t again  tak e  up bond.

A combination of hyd ra ted  colloidal iron  oxide 
and clay will give a long-life bond, and  one th a t  
will readily  rehydrate . F rom  hea tin g  curves tak en  
on various sands i t  has been found th a t  th e re  is 
a flat on the  curve a t  110 deg. C., and  ano ther 
flat between 480 deg. C. and  580 deg. C., on 
the m ajority  of them , which points ou t th a t  p rac
tically all th e  w ater in th e  clay is driven off 
between these tem pera tu res. In  Table V are  
shown th ree  sands which were chosen for th is  
tes t—fine, coarse and open gra ins. They were 
heated uniform ly w ith  therm ocouples embedded 
in the sand, allowed to  cool, th en  the  required
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percentage of w ater added. The green-bond tests 
were carried  ou t as previously described.

A cursory exam ination  of the  results shows the 
fac t th a t  road sand decreases in stren g th  very 
rapidly, the  loss in  bond s tren g th  being 15.3 per 
cent, a t  400 deg. C.

I f  i t  is assumed that, th e  life or du rab ility  of 
a m oulding sand  depends en tire ly  upon the  
am ount of bonding m ateria l i t  can re ta in  a fte r 
being subjected to  h igh  tem pera tu res, i t  would 
be reasonable to  tab u la te  th e  th ree  sands as 
follow s:— M ansfield No. 1, having the longest 
life w ith  only 2.5 per cent, loss in  bond stren g th  
a t  400 deg. C .; M anchester coarse No. 2, w ith a 
loss in bond s tren g th  of 5 per cent., and Road  
sand No. 3, w ith a loss in bond s tren g th  of 15.3 
per cent.

Sands were heated  to  the  desired tem pera tu res 
and weighed. A fterw ards they were en tirely  
covered by w ater and allowed to  soak for 24 
hours. A t the  end of th is  period the  samples 
were heated  to 110 deg. C. to  constan t w eight, 
and th e  increase in w eight tak en  as th e  w ater 
of rehydration .

An in te re stin g  po in t of the  results of Table 
V is th a t  two of the  sands subjected to  a tem 
p era tu re  of 700 deg. C. required  more w ater 
to  obtain  a m edium  bond streng th . This points 
out th a t  the  heap sand contain ing  a  large 
am ount of b u rn t sand which will no t rehydrate  
is no t su itab le  fo r use in  sand m ixtures, as
excess w ate r is necessary to  obtain  a working 
bond.

O il Sand Co res
A recent im provem ent in  foundry technique 

is th e  use of oil sand cores. In  order to  obtain  
good oil sand cores i t  is essential th a t  the  raw  
m ateria ls employed should be of good quality . 
The sand should be refrac to ry , clean and free 
from  clayey and organic m atte r . The grains 
should be well rounded and of sm aller size.
F ig . 5 shows th e  large rounded grains, w ith
absence of fine bonding m ateria l characteristic
of sea sand. The oil used m ust be of sufficient
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stren g th  to  enable th e  core to  re ta in  its  form  
in the  green s ta te , its  viscosity m ust be low to 
perm it of its  m ixing w ith th e  sand  and  the  
film value m ust be high in  order th a t  i t  may 
bind a large q u an tity  of sand. The oil m ust 
oxidise a t such a ra te  th a t  the  core breaks
readily, and in  the  oxidised condition  should
enable the  core to  w ith stand  th e  wash of m olten 
m etal. W hen properly baked and  d ried  the  core 
should no t be susceptible to atm ospheric
moisture.

F or certa in  b ind ing  oils th e  operations of 
m ixing the sand, w ater and  oil are  best carried  
ou t by em ulsifying the  oil and w ater, then
adding the emulsion to  the  sand im m ediately 
before en tering  the  m ixer. The viscosity of th is 
emulsion should be low and  the  in te rfac ia l 
tension between the  emulsion and  the  surface of 
the g rains of sand m ust be low to  pe rm it the  
grains to be w etted.

The process term ed “ d ry ing  ”  consists of two 
d is tinc t operations:-— (a) d ry ing—which removes 
all the  m oisture, and  (b) bak ing—which oxidises 
the oil and gives s tren g th  and hardness to  the  
core.

Mechanised Plant
R ecent additions to  the m odern foundry  are  

the continuous m echanised p lan ts. These are  
very varied  and  every in s ta lla tion  is a special 
and complete problem in  itself. The one to  be 
briefly described is of th e  pendulum  type . F ig . 
6 shows a view of the  pendulum s “  P  ”  used 
for conveying the  moulds to  the  pouring  s ta tion  
and then  to  the knock-out g rid  “ K .”  The 
knock-out g rid  is in the  fro n t fo reground, and 
the pouring sta tion  is ou t of s igh t a t  the  extrem e 
rig h t background. The sand hoppers “  H  ” and 
moulding m achines can be seen on th e  rig h t.

F ig. 7 shows a closer view of th e  sand hoppers 
and p a tte rn  draw  m oulding m achines w ith g ra t
ing “ G ” under m achines for th e  sp ilt sand 
to  fall th rough  on to- the  sand  conveyor fo r 
re tu rn  to the  sand m ill. I t  will be no ted  th e  
machines are of the  portable type. This allows



429

for th e  production  of small q u an tity  orders as 
duplicate m achines can  he previously assembled 
w ith  th e ir  necessary p a tte rn  p lates and held in 
readiness to  be placed under th e  hoppers. This 
change-over does no t tak e  m any m inutes and 
has a considerable advantage over the  method of 
fixing sta tio n ary  m oulding m achines under the 
sand hoppers.

A t the  side of each machine will be seen a 
dual pegging and fla t ram m er “  R .”  This is 
m ade the  exact w eight of a spade. In  the  
moulding practice  away from  the conveyor the 
men used th e ir  spades to fill th e  sand in  the 
boxes, and the handle to  ram  w ith. This tool 
allows them  to  have som ething they  are  fam iliar 
w ith and have th e  necessary “ feel ”  when ram 
ming. As i t  is m ade of wood, the  p a tte rn s  do 
not receive heavy dam age, also i t  is a very 
useful tool to ram  sand to  the  desired consistency 
around p ro jecting  pieces on the  pa tte rn s.

F rom  th is  view the  pendulum  conveyor “  P  ” 
can be seen behind the operator, and i t  is ev ident 
th a t  the  moulders spend the  m ajo rity  of th e ir  
tim e m aking moulds, as they have only to  pull 
the lever for sand and tu rn  round to place the 
moulds on the mould conveyor. Coal dust is 
added in m inute reg u la r quan titie s  on the  sp ilt 
sand conveyor by m eans of a ja r r in g  action on 
a coal dust con tainer a rranged  over the g ra ting .

F ig . 8 shows on the  righ t-hand  side, the  sand 
elevator “ E  ”  for conveying the sand from  the 
knock-out up to  th e  m agnetic separa to r and 
sand riddle seen on the left. On the  top can 
be seen the  sand scrapers (or push plates) “ P  ” 
which feed the sand to  the m agnetic belt “  M .” 
A fter the  pieces of iron  have been separated , 
the  sand falls on a flat riddle “ R ,” through  
th is in to  th e  sand mill “  M .L .,” then  i t  is dis
charged on to  th e  sand conveyor belt “  C ” for 
the hoppers “  H .”

The sand conveyor “ C ’’ to feed the  hoppers 
is seen in the le ft foreground, w hilst the  knock
out end of the  pendulum  conveyor is seen in 
the r ig h t foreground. B oth here and a t  various 
places on the  p lan t are placed emergency stop-
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ping bu tton  switches “  E .S .”  These im m ediately 
stop the  whole p la n t if desired.

F ig. 9 shows a  closer view of the  push plates 
“ P  ” on the  sand conveyor w ith upper gangway 
“■ W ” and emergency switches “  E .S .”

O utstanding  advantages of mechanised plants 
are th a t  all moulds a re  poured a t  one point, -v 
and all castings are  collected a t  one point. The 
m etal is conveyed to  the  pouring sta tion  by 
means of an overhead m onorail runw ay.

F ig . 10 shows a m odern Telpher arrangem ent 
for conveying the  m etal from  th e  various cupolas 
to the  different pouring  stations. I t  will be 
seen th a t  the  branch lines run  a t  r ig h t angles 
to the m ain rail, also note the various by-passes 
“ B ” to  avoid congestion, and to  allow free con
veyance of m etal in  any direction. The rail 
on the  le f t side is to  feed the  pendulum  conveyor- 
pouring sta tion  “ C .”

A llo y  C ast Irons

C ast iron, brasses, bronzeg and alum inium  
alloys are th e  m etals the  founding of which 
chiefly concerns the  general foundrym an. O rdi
nary  cast iron can be regarded  as a complex alloy, 
which in  the  p ast has been considerably mis
understood and in  some instances condemned by 
engineers and designers. This condem nation has 
been in some instances due to the  fac t th a t  engi
neers have form erly experienced failures a t  cer
ta in  p a rts  of cast-iron castings which they 
considered had been designed w ith sufficient 
safety m argin. These failu res were due to  both 
foundrym en’s and engineers’ complete lack of 
inform ation on the  different streng th  of cast 
iron a t  vary ing  sections.

The te s t shown in  Fig.- 11 was prepared  
to  dem onstrate the existing  difference between 
shear-test specimens taken  from  varying th ick 
nesses of cast iron from one casting, and 
illu stra tes the physical difference, although the 
chemical composition is the same. The casting 
was made of 8-in. cube w ith vary ing  wall th ick 
nesses. Test-pieces when taken  from  different
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p arts  gave en tire ly  d ifferent resu lts as will be 
seen. On each side is shown an  unetched micro
s tru c tu re  of the  g rap h ite  form ation correspond
ing to  the wall thickness, from  which will be 
clearly seen the large difference in the  s tructu re  
of varying sections of m etal.

The following figures show th e  difference in 
physical properties of o rd inary  cast iron w ith 
varying sec tio n s:—Three bars of 3 in ., 2.2 in. 
and 1 .2  in. dia. poured w ith the  m etal used for 
a large casting  gave 10.18, 12.05 and 15.65 tons 
per sq. in. respectively.

The change in  the  electrical p roperties is
clearly shown in cast iron of varying sections 
from  the  same m elt by the  following s ta te 
m e n t:— B ars in. sq. gave 94.3 microhms per
C. s q .; bars f  in. sq. gave 105.3 microhms per
C. s q .; bars f  in. sq. gave 109.5 microhms per
C. sq.

This shows the  difference in specific resist
ance of d ifferent sections of cast iron of the 
same chemical composition. Recently-developed 
alloy cast irons are  now being m anufactured  
which give physical p roperties though t u n a tta in 
able a few years ago. Tensile tests of 18 to 
20 tons are now regularly  produced, also alloy 
cast irons have been developed for special p u r
poses, such as non-m agnetic cast iron and special 
heat-resisting  iron.

In  the alloy cast-irons group there  a re : —
(1) M ixtures w'ith varying steel additions, (21 
m ixtures w ith varying nickel additions, (3) m ix
tu res  w ith  vary ing  nickel and chrom ium  addi
tions, (4) liquid w hite cast iron trea ted  with 
calcium silicide, (5) liquid w hite cast iron trea ted  
w ith ferro-silicon and (6) liquid white cast iron 
tre a te d  w ith  nickel.

In  the  special cast irons there  a r e :— (1) C ast 
iron, w ith  add ition  of N i and Mn, which gives 
machinable non-m agnetic cast ir o n ; (2) specially- 
produced alloy cast irons, such as Silal and 
N icro-Silal for heat-resisting  purposes; (3) close- 
grained cast iron poured in to  preheated moulds 
and called P e rlit.
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Full}' to  describe all th e  characteristics of 
any one of these recently-developed alloy cast 
irons would take  up excessive space, b u t there  is 
one im portan t po in t which m ust no t be over
looked. All these special alloy irons have the ir 
lim itations, and w ith  some the  production of 
com plicated-shaped castings m ust be viewed w ith 
caution  owing to  th e ir  h igh-contraction values 
a t  critica l tem pera tu res during  the  cooling 
down in the  mould.

F ig . 12 shows tw o test-blocks of Association 
goal-post shape. A round them  will be seen 
castings following the same contour. This was 
an  experim ent to  te s t the liab ility  to  cracking 
of different alloy cast irons and th e ir  su itab ility  
for com plicated-shaped castings. These tests 
were carried  ou t under sim ilar conditions as to 
dimensions and the like. The different m etals 
were poured round the  cast-iron shapes and 
allowed to  cool in the moulds. The one on the 
le ft was poured from an ordinary  cast iron and 
gave 11.5 tons per sq. in. tensile on a sepa
ra te ly  cast “  M ” bar and was of the following 
com position:—G.C. 2.85, C.C. 0.60, Si 1.75, 
Mn 0.86, S 0.08 and P  0.62 per cent.

As will be seen, th is  did not exh ib it any frac
tu re . The one on the  rig h t was poured from an 
inoculated alloy cast iron which gave 20 tons 
per sq. in. tensile on an “ M ” bar, and frac
tu red  a t  the corner. F rom  th is and o ther tests, 
i t  appears th a t  the  full characteristics of high- 
tensile alloy cast irons m ust be fully understood 
before they  are  used for castings of complicated 
shapes which require  a “ b reath ing  tim e ” 
du ring  the cooling-down period in the mould. 
One of the  claims for the  m ajo rity  of these 
alloy cast irons is the  uniform  s tru c tu re  th rough
out the  different sections of a casting. An 
exam ple is the  uniform  B rinell hardness taken  
th rough  a section of a flanged bush casting  made 
in P e r lit  cast iron, an iron  produced by the 
control of th e  two elem ents, carbon and silicon, 
together w ith a correct mould tem pera tu re . 
This exam ple is shown in  F ig. 13 against the



4 3 6

ir reg u la r B rinell num bers of an  o rd in ary  cast 
iron tak en  on a sim ilar section of a casting .

Associated w ith the  recen t developm ent of 
alloy cast iron  has been th e  ex tended  use of 
sodium carbonate  as a  de-sulphurising  agen t. 
This is ano ther addition  to  th e  im provem ents 
m ade in  th e  qua lity  of cast iron.

TEST P/ECES 
o'5 D/AMETTEP 
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CHEMICAL COMPOSITION

I n f l u e n c e  o f  S e c t io n  T h i c k - 
o n  G r a p h i t i c  S t r u c t u r e .

Drying, Venting and Pouring Moulds
Among the  chief points in  the  successful p ro

duction of large castings a r e :— (a) The mould 
and cores to  be completely d ry ; and  (6) fu ll free 
dom for the gases and a ir  to  escape from  th e  
cores and mould. D uring  recen t years, consider
able im provem ents have been m ade in  th e  
methods for dry ing  moulds and  cores. In  all 
modern foundries th e  tem p era tu re  in  th e  la te s t 
type of core stoves is equal in  all p a rts . This is 
a g rea t asset in d ry ing  m oulds and  cores.

A recent type  of mould d ry e r which is very 
successfully used is one which ejec ts h o t a ir  in to  
the mould from  a coke fire and  can  be opera ted
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by the  compressed a ir  from  the shop mains. An 
excellent fea tu re  about th is type of d ry ing is 
the passing of hot gases th rough  the down 
runners and ingates. This ensures th a t  they are 
completely dry, especially if the  ingates are 
long and the down gates a good distance away 
from the mould. M any a casting has been 
scabbed on p a rts  ad jacen t to  the  ingates, which

T i g . 12.— T h e  “  S o c c e r  ”  G o a l - P o s t  T e s t  to

SHOW HP LIABILITY TO CllACK.

has been due to  incorrectly-dried runners, when 
the old method for drying moulds was used.

Full freedom for the  escape of the  gases from 
the cores is best taken  care of by arranging , 
wherever possible, for each core to  have a 
separate vent to  th e  outside, and not to have a 
num ber of cores w ith th e ir  vents escaping into 
one common cinder bed.

Instances have been found where the escape
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of th e  gases from  sm aller cores has been re 
s tric ted  owing to  the heav ie r pressure exerted  
by la rger cores, when all the  ven ts a re  allowed 
to escape in  one common ou tle t. A nother in 
stance of defects caused by th e  a ir  being trap p ed  
is sometimes ev iden t by a series of small blow
holes on the  face of the  castings along th e  flash 
line where draw -backs have been used. To p re 
vent th is  a ir, which increases in  volume when 
heated, becoming trap p ed , channels are  cu t up 
th e  jo in t faces of the  draw backs, and  the  a ir  is 
allowed to  escape o u t th rough  th e  top  p a rt. An 
exam ple of th is  is shown in  F ig . 14, which shows 
a mould p a rtly  closed w ith  one draw back to  fit 
in. Along the  vertical wall can be seen the  a ir  
channels a t  X , which allow fu ll freedom  fo r the 
escape of any a ir  accum ulated  in th e  draw back 
jo in ts . The calculation of th e  size and  num ber 
of runners for large castings is m ain ly  based on 
previous experience, and varies w ith  th e  size and 
shape of the  casting . The range  will probably 
vary from 1.5 to  1.85 sq. in. of inga te  per ton  
of casting.

The am ount of in g a te  for a casting  is very 
im portan t, as it  m ust be sufficient to  allow the  
mould to  be filled a t  all po in ts and  no t too large 
to p reven t the  m etal in  th e  ru n n e r  basis being 
kept up d u ring  pouring. F ig . 15 shows the 
pouring  of a 54^-ton tu rb in e  casing in  a m odern 
foundry. Over 70 tons of m etal were poured 
from  five ladles w ith  25, 18, 15, 10 and 8 tons 
capacity . Three supplem entary  ru n n e r  channels 
can be seen jo in ing  in to  tw o large basins. H ere  
is th e  resu lt of over 5,000 m oulding hours. The 
re su ltan t casting  showed th a t  th e  m ould and 
cores had been fully dried , th e  ven ts and  a ir  
channels sa tisfac to rily  cleared, and  also th e  cal
culations of the  ingates were correct, to g e th er 
w ith the  tem p e ra tu re  and  condition  of the 
molten m etal.

C up ola  O p eratio n
To produce sa tisfac to ry  castings in  e ith e r 

o rd inary  or alloy cast iron, th e  m olten m etal 
m ust not be produced indifferently . The m ost
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common form of m elting cast iron in the  foundry 
is by the  cupola, and recent developm ents have 
been made to cupola m elting by the  introduction

F i g . 13.—  B r i N e l l  H a r d n e s s  T e s t s  o n  O r d i n a r y  
a n d  P e r m t  C a s t  I r o n .
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of the  Poum ay and balanced-blast cupolas. The 
design and  type of a cupola a re  no t th e  only 
considerations, as a correctly-designed cupola in 
correctly  operated  will n o t give sa tisfac to ry  re 
sults.

Assuming th e  tuyeres and  tuyere  a rea  a re  in 
line w ith  m odern cupola prac tice , th e  condition 
of th e  lin ing  is satisfac to ry , th e  brickw ork and 
holes are  patched  up, and  th e  ta p p in g  holes 
and bottom  a re  correctly  m ade ; th en , a f te r  the  
fire is s ta rted  and well burned  up , th e re  is the  
question of th e  coke bed—an im p o rtan t fac to r in 
th e  m elting  of iron  sa tisfacto rily . I t  m ust be 
made and m ain ta ined  a t  a sufficient h e igh t above 
the tuyeres to  p reven t the iron  com ing in  con
ta c t w ith the  blast. The size of th e  coke bed 
should not be determ ined by w e ig h t; th e  safest 
p lan  is to  have an  iron rod cu t to  th e  required  
length , then , by in sertin g  i t  th ro u g h  th e  charg
ing door, th e  depth  of the  bed may be ascer
ta ined . The heigh t of th e  bed, usually  18 to 
24 in. above the  tuyeres, should n o t be m easured 
un til th e  bed charge is burned  th rough  
thoroughly, and i t  is preferable to  use la rge  coke 
for the  bed charge.

Co ke  Charges
All m aterials should be p referab ly  weighed on 

the cupola platform . The coke and iron charges 
m ust be kep t level a t all tim es, as th e  m elting 
zone is lim ited  in  height, and if m a te ria l reaches 
th is zone, irreg u la r, poor iron is to  be expected. 
I f  all m ateria l is charged indifferen tly , in 
different m etal will resu lt. The cupola spout 
and all ladles should be well heated  before using 
—a very im p o rtan t factor.

W hen coke and a ir  have been fixed in calcu
lated  proportion , the  iron  charges m ay be de
term ined by experim ent, and will be found to 
vary, according to  the  cupola characteristics, 
m etal composition and section of castings, from
7.5 to as much as 12.0 ra tio . Changes should 
be only gradual, and each change should be 
given several days’ tr ia l before proceeding w ith
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any fu r th e r  a lte ra tion . In  th is  way there  is
little  danger of such experim ents causing any 
serious loss of castings.

H aving  decided on the  coke charges and a ir 
supply, which is generally s ta ted  as 6-in. deep 
coke charge, and  30,000 cub. f t .  of a ir  per ton 
of iron m elted for the  complete combustion of
225.5 lbs. of coke w ith 88 per cent, carbon con
te n t, th e  only fluctuation  th a t  sound practice 
allows is in the w eights of the iron charges.

F i g .  1 4 .— A ik  C h a n n e l s  s h o w n  a t  X  X  e o k  V e n t i n g  D r a w b a c k s .

The combustion factors, coke and a ir, should 
be le f t unaltered . A lthough th is  has been 
proved to  be sound and is qu ite  logical, i t  is 
seldom found in operation . The influences of 
the  properties of coke on cupola p ractice shown 
in Table V I ind icate  th a t  i t  is always necessary 
to  use good-class foundry  coke. I t  embraces a 
sum m ary of two tes ts  th a t  were carried  out 
in  a 36-in. dia. cupola under conditions sim ilar 
to  these obtainable in  general practice. The 
coke from  wagon No. 20 was used for th e  first
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(lav an r coke from  wagon No. 3 for th e  nex t 
day. The hours in blast and pounds of m etal 
melted are  com parable, b u t th e re  is a d is tin c t 
difference between m etal m elted per h r., 
11,530 lbs. aga in s t 9,820 lbs., coke ra tio s  a re  
com parable 1 :7 .4  and  1 :7 .5 . The carbon con
te n t of the  coke is slightly  h igher from  wagon 
No. 3—85.76 aga in s t 83.10 per cent. I t  will be 
seen th a t  the  b las t pressure fo r th e  second day 
is h igher, b u t the  cubic fee t of a ir  per m inute  
is lower th an  th a t  of the  first day, the  size of 
the coke on the  bed charges being as n e a r equal 
as possible. F rom  th is i t  appears th a t  th e  soft 
spongy coke used from  wagon No. 3 crushed 
under the w eight of the  charges, form ing a  mass 
of solidified m ateria l, slag and  iron  ju s t  above 
the tuyeres. This resistance caused an  increase 
in the  b last pressure and reduction  in  the 
volume of a ir  supplied. The tem p e ra tu re  con
dition  of the  m etal on th e  second day was very 
low, an  average of only 1,310 deg. C ., taken  
w ith an  optical pyrom eter on th e  stream  of 
m etal leaving the  spout. The sam e in s tru m en t 
was used for both tes ts  as the  tem p e ra tu re  read 
ings would be com parable. The d irection  and 
velocity of th e  w ind was tak en  so th a t  all 
variable factors could be included.

Changes in the Metal after M elting
As long as the  m olten m etal is in  con tac t w ith 

the  fuel, it  is no t likely th a t  any d irec t control 
can be exercised w ith  a definite analysis speci
fication in view. H owever, some contro l can be 
obtained in th e  m elting  of cas t iron  if th e  
changes tak in g  place du rin g  m elting  are  clearly 
understood, and steps tak en  to  ob ta in  definite 
m elting conditions. The g rea te s t difficulty in 
m elting iron in the  cupola is th e  carbon con
tro l, and in a large percentage of special work 
the q u an tity  and condition of th e  carbon is the  
deciding fac to r betw een a good and bad cast- 
ing. To explain  th is  th e  cupola can be usefully  
divided up in to  th ree  zones: —

Zone  1 .—E xtend ing  from  th e  charg ing  door
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sill down to the  beginning of the  m elting  zone. 
For p rac tica l purposes, cast iron and  steel m ix
tu res  in th is  zone absorb very  li tt le  e x tra  carbon 
u n til ac tua l m elting  begins, a lthough  steel does 
carburise a little .

Zone 2, or the A ctua l M elting  Z one .—-Cast 
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  the h o tte s t zone in  small drops. 
This ho ttest zone has a tem p e ra tu re  of a t  least 
1,650 deg. C. These drops absorb carbon rap id ly ,

T a b l e  VII.— Steel Charges Melted in a 36-in. dia. Cupola-

Time. Volume 
of air. Pressure.

Cub. ft. In. H..O.
11
11
11
11

20
25
50
55

2,600
2.700
2.700 
2,600

15
17
16.8
16.2 Tapped

Analysis 
2.61 
0.120 
1.58

“ C.” 
T.C. 
Si. 
Mn.12 00 2,550 17.0 n l Qi Q

12
12

5
10

2,600
2,600

16.8
17.4 Tapped

U. lo l
0.115

O.
P.

12 15 2,300 13.8 Analysis “ D.”
12 20 2,300 13.6 2.94 T.C.
12 25 2,300 13.4 0.13 Si.
12 30 2,250 14.0 Tapped 1.61 Mn.
12 35 2,200 13.8 0.128 S.
12 40 2,200 15.6 Tapped _ 0.125 P.

due to  th e ir  h igh tem p era tu re  and being in  in 
tim a te  con tac t w ith  incandescent coke, more 
carbon is absorbed in th is zone th an  in  any o ther 
p a r t of the  furnace.

Zone  3.—This ex tends from  th e  m elting  zone 
to th e  well. The m olten m etal ly ing in  th e  well 
gradually  falls in  te m p e ra tu re ; su lphu r is 
absorbed in  th is  zone and in  th e  second zone. 
From  these points one can  draw  conclusions th a t  
for high to tal-carbon irons, m elt hot, b u t slowly, 
and for low to tal-carbon  m etal, m elt ho t and 
rapidly. C ast iron, includ ing  m a te ria l w ith  a 
range of to ta l carbon from  2.8  to  3 .5  per cent, 
when m elted in  the  cupola, will ten d  to  absorb
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t h e  m axim um  am ount of carbon th a t  can go 
into solution, a t the  tem p era tu re  a tta in ed  in 
the m elting zone. A t any ra te , if the maximum 
am ount of carbon is no t absorbed in th e  m elt
ing zone, i t  is very probable th a t  sufficient is 
absorbed to preclude any fu rth e r addition  by 
the bed coke.

The th ree  m ain  points for carbon absorption 
in cupola operations are tem pera tu res in the 
m elting, zone, tim e in  the m elting zone, and the 
in itia l analysis of the  m ateria l m elted. This is 
borne o u t by slow-melted hot iron, as i t  is much 
higher in carbon th an  quick-m elted hot iron.

Table V II  shows an all-steel m ix tu re  melted 
in  a cupola w ith  vary ing  blast and volume of 
a ir  supplied. F or th e  m etals C and D, 1,000-lb. 
charges of steel, plus 25 lbs. of FeM n (80 per 
cent.) were used, and  m elted u nder conditions 
sim ilar to those obtained in general practice 
for the  coke charges, etc. I t  will be seen, when 
the  h igh volume of a ir  and high blast pressure 
is noted, th a t  in m etal C a to ta l carbon con
te n t of 2.61 per cent, was obtained, b u t in m etal 
D, w ith a lower volume of a ir and lower blast 
pressure, 2.94 per cent, to ta l carbon content 
results.

The au th o r wishes to  th an k  M r. Jolley, 
foundry  and patternshop  superin tenden t, for 
his advice in p reparing  the  P a p e r; and Messrs. 
M etropolitan-V ickers E lectrical C o m p a n y ,  
L im ited, for permission to present th is  P aper.

D IS C U S S IO N

The C hairm an of the  Section, M r .  L a w s o n  
W h a r t o n , said he was sure th ey  had all heard  
M r. Phillips give a very in teresting  P aper, on 
w hat he would call a com bination of technical 
and prac tica l knowledge of the foundry.

Vote of Thanks

M r . A l e c  J a c k s o n , p r o p o s e d  a  v o t e  o f  t h a n k s  
to  t h e  l e c t u r e r ,  a n d  s a id  t h e y  h a d  h a d ,  a s  e x -
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pected, a very fine address on various points 
of foundry  work, well w orth  coming some dis
tance to  listen  to . E ven if mem bers had  a  fa ir  
am oun t of p rac tica l experience, when i t  came to  
such lectures, which took them  o u t of th e ir  
practice, they  fe lt ra th e r  small.

Mb. J .  H o g g , seconding, said th a t  a lthough  M r. 
Phillips was a m eta llu rg ist, he had  m ade him self 
clear to  every foundrym an presen t. I t  had  been 
said sometimes th a t  those men spoke over th e ir  
heads, b u t i t  could no t be said th a t  evening.

The vote of thanks was h ea rtily  carried .

T h e  S ilt  Q uestio n
M b . J .  P ell said th a t  th e re  was one th in g  the  

lecturer had  om itted  to  m ention. T h a t was the  
s ilt in  sand bogey. One sen t a  sam ple of sand 
away to  be analysed, and  i t  came back w ith  a 
de trim en ta l repo rt, to  say th a t  th e re  was too 
much s ilt in  it. T ha t was his experience, b u t a t  
th e  same tim e they  were producing high-grade 
castings. H e would like to  know why th e  lec tu re r 
had not m entioned th e  m a tte r  of s ilt in  sand.

The L e c t t jb e r  replied  th a t  he only ju s t  touched 
upon the subject of sands. H e  had  n o t exp lained  
everything th a t  was in  sands and  silt. Some 
people, especially in Am erica, washed th e  s ilt out, 
because they had artificially  bonded sands th e re , 
and th e  g ra ins became so broken w ith  co nstan t 
reheating  th a t  they  were reduced to  a  very 
fine dust. S ilt was th e  useless co n stitu en t of 
sand, b u t could he removed, sim ilarly  to  coal 
and like m ateria l, by flotation. F o r m edium - 
g rade  castings, however, a  s ilt was no t d isad 
vantageous. N evertheless, i t  would be d e tr i
m ental in core sand, where m ixed in  th e  round- 
grained  sea sand, since i t  would collect betw een 
th e  grains, thus reducing its  perm eability .

A n aly tica l Reports
M r . H o g g  said he th o u g h t M r. P ell was really 

questioning the com petence of th e  analyst. 
Everybody knew th a t  som etimes, for in stance , 
plumbago was analysed. A fte r th e  ana ly s t had 
ascertained th e  fixed carbon, and  one o r two
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m inor constituen ts, such as m oisture, he 
described the  residue as ash. H e, him self, had 
blacked a mould w ith  plumbago, which consisted 
of the  ash th a t  had been le ft a f te r  fixed carbon 
had been removed, and had had perfectly good 
results, as long as i t  was no t g ritty . H e did not 
th in k  th a t  the  analyst M r. Pell had  in mind 
understood th e  functions of w hat he was 
analysing.

M ore About S ilt
Mb. P h i l l i p s  said th a t  probably i t  would be 

of in te re st to  describe a little  b it more about 
the  silt. One of th e  tes ts  to  which sand was 
subm itted was th e  sedim entation process. They 
placed an  inch of sand in  a tube, filled i t  w ith 
w ater, and violently ag ita ted  it. On being left 
to stand , one would find th a t  all th e  large grains 
im m ediately settled a t the  bottom , and th en  the 
o ther g rains in  layers superimposed themselves, 
whilst the clay m a tte r  rem ained suspended. 
F inally , there  was the upperm ost layer, contain
ing a milk-like m ateria l in suspension, which 
was term ed a colloid. I f  some sand core or sea 
sand th a t  had been used for a long tim e and 
had had rough tre a tm e n t was shaken up in a 
bottle, i t  would be found th a t  the  large grains 
were se ttling  down rap id ly , while the o ther 
m aterial formed stayed in suspension, bu t 
finally i t  settled. There was no bond, b u t there  
was a fine, silty m ateria l, which rem ained a t 
the top. T hat was the silt th a t  they had in 
sand.

As for M r. H ogg’s reference to  plumbago, 
he certain ly  agreed w ith him th a t , when the 
fixed carbon had been separated  from the  ash, 
there  rem ained m ateria l sufficiently highly re 
frac to ry  to  be th e  equal to  carbon itself. This 
question of refractoriness of ash in plumbago 
was one bound up  w ith the  su lphur content.

Speed of Pouring
M r. J o n e s  said, w ith  regard  to  the speed of 

pouring  m etal, 1.55 sq. in. per ton  was found
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to  be qu ite  satisfac to ry  fo r d ry  moulds, b u t he 
would like to  know w hether i t  was adequate  for 
steep castings, w ith  J-in . th ickness, ran g in g  
from  10 cwts. to  3 tons, as he found th a t  the  
best speed was about 2.5 sq. in . per ton .

M r . P h i l l i p s  said he should have m ade some 
qualification abou t th a t .  H e was m eaning  
castings round  abou t 4 f t .  to  6 f t .  deep m ade in  
dry-sand moulds. H e agreed w ith  M r. Jones 
th a t  they  had to  vary  th e ir  ru n n ers  in  some 
cases. There were ce rta in  castings w here they  
would probably have a ra tio  of 3 sq. in . per 
ton  of castings, b u t he m entioned th a t ,  when 
he was ta lk in g  about castings which were 6  f t . 
deep and 12 ft. wide. Sometim es i t  was qu ite  
difficult to  know w hat size of ru n n ers  to  use, 
if one used too m uch ru n n e r  area  one would 
not be able to  keep th e  ru n n e r  full. I f  one 
did not p u t sufficient ru n n er on th e  m eta l would 
not reach to  the  top  of th e  job. T h a t was why 
he ju s t gave an illu s tra tio n  of w hat was abou t 
the average to  work upon. B u t, he certa in ly  
agreed w ith Mr. Jones th a t ,  for exam ple, in 
green-sand moulds, one reached as m uch as 
3 sq. in.

Runner A re a  Ratios
M r . J o h n  J a c k s o n  (L ancashire B ranch-P resi- 

dent) asked if i t  were wise to  enunc ia te  an 
am ount of ra tio  of ru n n e r  area  for castings. 
For instance, th e  lec tu re r had  said th a t  a cer
ta in  area of ru n n er size fo r a c e rta in  w eight 
of casting  varied  according to  w hether th e  mould 
was of d ry  or green sand. H e  d id  n o t th in k  i t  
m attered  so much, b u t asked him self how 
they would fare  w ith  jobs of th e  descrip tion  of 
long channel ra ils such as were used on sp in
ning fram es. Such a job was a ra il from  14 f t . 
to 16 ft. long, to  be ru n  a t  one end, w ith  a 
wall-section thickness of J  in ., w ith  m id- 
fea th er arm s round abou t 1  in . across. They 
found th ere  th a t  they  had  to  swill the  m etal 
th rough  as large a ru n n e r  as they  dare  pos
sibly use—a ru n n e r would tak e  th e  m etal 
w ithout bu rs tin g , though , in  o rder to  g e t the



m etal to  the end of the  mould, and ye t due to 
w hat m ight be term ed the  filtra tion  shape of 
the ingate , they  did ge t clean castings w ith it. 
H e would im agine th a t  these castings were 
som ething of th e  o rder of 4 cwts. or even less. 
The ru n n e r  size would be double the  size the 
lecturer had  given for a casting  of th a t  w eight. 
M uch depended on th e  n a tu re  of th e  job, and 
no hard -and -fast ru le could be m ade.

M r . P h il l ip s  said th a t  i t  was a question, as 
he had said before, of previous experience on 
th e  p a rticu la r job, in  fixing th e  ru n n e r area. 
H e agreed w ith M r. Jackson th a t  the  question 
of ru n n er size was very a rb itra ry . B ut he gave 
a job of th e  ty p e  th a t  one had  only once to 
try  out. There were m any jobs, indeed hundreds, 
where they  had arranged  for runners in  some 
cases up  to  six sq. in . to  a ton , because they 
were only ju s t li tt le  b its  of arches. B u t the 
reason why he m entioned th a t  was, if they 
took large castings, any th ing  say round about 
from  12 to  40 or 50 tons, and  they  took the 
ru n n er ra tio  of w hat he had  said, he did not 
th in k  they  would be very fa r  wrong. On sm aller 
castings he would n o t ta lk  about ru nner ra tio  
because one could no t definitely say anything, 
as each casting  was a problem in  itself.

Mould Drying
M r. F . H a r r is  raised  the  question of drying 

by m eans of a mould dryer, as the  lec tu rer 
had  m entioned th a t  the  h o t gases were passed 
down the  dow ngates, th rough  the  ingates, into 
the mould, and up to  the  riser. T ha t was as 
fa r  as he understood it . W as th a t  sufficient to  
d ry  th e  whole of th e  mould thoroughly, or did 
he recommend some o ther special methods in 
order to  ge t satisfactory  results by placing a 
special dow ngate for the  gases to  pass down, 
and ano ther fo r them  to  pass out of the  mould 
cavity  ?

M r . P h il l ip s  said i f  h e  h a d  in f e r r e d  t h a t  
in his rem arks, he was m istaken. A mould 
a fte r  receiving its  top  p a rt , dryers were in 
stalled on the  la t te r . The hoi gases entered

Q
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th rough  openings in  the  top p a rt , and  in to  the 
mould cavity , and came o u t th rough  th e  end 
runners of th e  two gates a t  both ends. H e said 
th a t  an  excellent fe a tu re  abou t th a t  type  of 
dry ing  was the  passing of ho t gases th ro u g h  th e  
ru n n e r and  th e  ingates. In  th e  old m ethod as 
compared w ith  th e  new, if  one used coke fires 
one sent m oistu re  to  th e  face, and  th is  d id  not 
effectually d ry  th e  runners. W ith  a la rg e  mould 
such as one for a heavy tu rb in e  casing, o r a big 
base tan k , w ith  down runners , and  one placed 
a modern dryer on th e  top  of th e  ru n n e r , and 
operated for a couple of hours, they  w ould be 
surprised a t  the  results they  would g e t in  all th e  
p a r t ad jacen t to  the  corner.

A  Novel Sand-D rying  Process
Me. H a r r is  asked w hether M r. P h illip s when 

he was m ixing sand, used th e  sand dry , or not.
The L e c t u r e r  said th a t  they  used d ried  sand. 

They had various methods of d ry in g ; one was 
the u tilisa tion  of stoves. A nother m ethod in 
corporated th e  use of tw o para lle l ra i l
way lines, over which ra n  a ro ller ca rry ing  a 
series of p ig -pattern s all over th e  surface. Men 
filled in  th e  area  in  betw een w ith  sea sand, and 
a fte r  levelling i t  off, rolled i t ,  and  so form ed a 
series of moulds like the  o rd inary  pig bed in 
blast-furnace practice. Any spare  m etal made 
during  the  course of the  day was poured in to  
these moulds, and in  doing so d ried  th e  sand 
ad jacen t, and th a t  was how they  d ried  th e  sand.

Bury Road Sand
M r . H o g g  said he did no t th in k  B ury  road 

sand was clearly understood locally. B ury  
road sand was one of th e  finest sands, in his 
opinion, th a t  they  had in the  coun try , as fa r  as 
it  w ent, b u t i t  should n o t be m illed.

M r. P h i l l i p s  said he fully agreed w ith  w hat 
Mr. Hogg had  said. H e had  been unable 
to find any sand the  equ ivalen t of B ury  road 
sand, e ith e r in th is  coun try  or on th e  C on tinen t, 
bur there  was one th in g  about B u ry  road sand,



and, as Mr. Hogg said, they destroyed a lot 
of its  characteristics if they milled it . Also 
Bury road sand was used in m aking cases ad ja 
cent to runners where they  got a very hard 
scouring action of th e  m etal. I f  one mixed 
Bury road sand w ith a handfu l or bucketful of 
iron tu rn in g s, or iron filings, and used i t  ad ja 
cent to  the  runners on a heavy casting, one had 
in th is region a facing which would stand  any 
of the  scouring action of the  passing of probably 
50 or 60 tons of m etal off th a t  ru n n er point.
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Lancashire Branch

D IE  C A S T IN G

By A . H . M U N D E Y  (M em ber)

Die casting  is generally  understood  in  our 
own country  as th a t  m ethod of production  by 
pouring or by forcing m etal in to  h ighly  finished 
moulds or dies, th e  resu lt being a casting  tru e  
to dimension and form , w ith  holes and inserts 
as may be required , and  frequen tly  w ith  in te rn a l 
and ex te rna l screw th reads com plete, so th a t  
a p a rt from a small am ount of tr im m in g  and  also 
polishing and p la tin g  th e  casting  is ready  for 
service or for assembling in to  m achine p a rts , 
w ithout subsequent m achining operations.

In  the  U n ited  S ta tes  th e  te rm  die casting  is 
reserved for th a t  process which we usually 
describe as pressure die casting , w hilst the 
method known to  us as g rav ity  die casting—th a t 
is by pouring from  a ladle or crucible in to  
the die, depending upon th e  Jiead and  ru n n e r 
for filling the  mould completely—is variously 
spoken of as perm anen t mould casting , single 
purpose and m ultip le purpose mould casting .

In  1923-24, Anderson and Boyd classified the 
methods of casting  then  in use. M ortim er in 
1926 adopted th is , and  C artland  and  th e  au th o r 
expanded th is in a lecture to  th is  In s ti tu te  in 
1929. Now, as a t th a t  tim e i t  is proposed to 
divide the  a r t  in to  two m ain divisions—g rav ity  
die casting  and pressure die casting .

I t  is qu ite  impossible to  s ta te  when castings 
in m etal were first produced, and , in te re s tin g  as 
th is subject may be, i t  is o u t of place to  a tte m p t 
i escarches in  th is d irection , bu t i t  is perm issible 
to po in t ou t th a t  bronze spear heads and  axe 
heads were produced by easting  in  long-life 
moulds carved ou t of stone or m ade in  baked 
clay, by preh isto ric  craftsm en  of several
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thousands of years ago. I t  is thus evident th a t 
the desire to  avoid th e  destruction  of the 
beautifully  finished work of the moulder a fte r 
each cast was very strong  in the  minds of the 
ancient foundrym an.

Coming to  com paratively recent tim es the 
application of die casting  s ta rted  e ither w ith the 
type caster or the bullet caster, the  la t te r  being 
developed du ring  the A m erican Civil W ar.

Typ e  Casting
I t  is perhaps hardly  realised th a t a t  the present 

tim e the  g rea test users of die castings and in 
fact the largest and most num erous die casters 
are the p rin ters . Every  type is die cast. In  the 
old days type was die cast by pouring molten 
metal in to  a th ree -p a rt mould held in the hand, 
or it  was g rav ity  die c a s t ; now i t  is all pressure 
die cast. F ounders’ type, or as i t  is sometimes 
called case type, is cast in special machines, the 
m etal being in jected  by a p lunger pump in to  the 
mould, the  character being formed by the m atrix .

Composing machines, such as the linotype and 
in tertype, cast slugs or p lates w ith a line of type 
faces cast along its edge. The monotype casts 
single le tte rs. These m achines a re  pressure-cast
ing machines of marvellous accuracy. Every day 
and still more every n igh t hundreds of tons of 
metal are cast in to  stereo-plates for the produc
tion of newspapers, the  moulds being of a  papier 
mache m ateria l called flong, an example of 
g rav ity  die casting  of ou tstand ing  in te rest and 
im portance.

The accuracy and high finish of the  die-cast 
type is such a  commonplace of life th a t  i t  is 
hardly appreciated . [H ere  the au thor invited 
members to inspect a few specimens.] I t  m ust 
be remembered th a t  these types are not hand 
finished in  any way w hatever.

Slush Castings
Probably the simplest and best known castings 

produced in perm anent tw o-part moulds is the 
toy so ld ier; th is is not only a die casting, b u t it 
embodies ano ther fea tu re  of considerable



economic im portance, i t  is a hollow casting  pro
duced w ithou t “  co ring .”  The m eta l is poured 
in to  the mould, allowed to  cool sufficiently to 
form a solidified lin ing  to  the form  of the 
in terio r of the  mould w hilst the cen tre  is still 
fluid, the  mould is quickly in v erted , th e  still 
fluid m etal poured out, and  the  mould is now 
opened and th e  hollow casting  ejected . Small 
s ta tu e ttes  and a r t  castings are  produced, and 
the process is called “  slush ca s tin g .”

The C o rth ia s  Process
A nother process which has some app lica tion  in 

a r t  work is the  C orthias m ethod, used for 
shallow casting . A perm anen t and  well finished 
mould is p repared  and provided w ith  a core 
corresponding to  th e  form  of th e  in te rio r of the  
vessel to  be cast. A m easured q u a n tity  of m etal 
is poured in to  th e  mould, and im m ediately  the 
core is pressed by m echanical m eans in to  the 
molten mass. C en trifugal casting  is so well 
understood by th e  p resen t day foundrym an th a t  
any description would be superfluous. B u t i t  is 
successfully applied to th e  p roduction  of die 
castings, p a rticu la rly  die-cast bearing -liners , b u t 
the u tility  of cen trifuga l casting  is n o t confined 
to cylindrical or even to  sym m etrical castings.

G ra v ity  and P ressure D ie Castings
G ravity  die castings are  no t as a general rule 

so highly finished, as to  surface, nor are  th ey  so 
accurate and fine in  dim ension as p ressure die 
castings ; th e  reason is obvious, th e  w eight of the 
fluid head and ga te  is th e  only pressure applied.

The m etallurgical s tru c tu re  of a die casting  is 
generally superior to  th a t  of a sand or loam 
mould casting, and i t  is claimed th a t  a g rav ity  
die casting  is in tu rn  superior as to  s tru c tu re  
and solidity to  a pressure casting . This is hotly 
d isputed  by th e  m odern pressure die casters, who 
claim w ith well established reason th a t  in  the 
cast of h igh pressures now employed a degree 
of soundness and density  is ob tained  w hich can
not be reached by any o ther m ethod. I t  is,

454
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however, held th a t  when a well regu lated  therm al 
balance between the  mould and the  fluid m etal is 
m aintained the  m etal freezes layer by layer, 
each succeeding portion  feeding th a t  below, un til 
the  ga te  is reached which should solidify last. 
The core is removed as quickly as possible to 
avoid se ttin g  up  s tra in s  due to  contraction 
stresses. In  fac t, one of the  most im portan t 
factors in the  technique of the  operators is the 
removal of cores and the  rap id  s tripp ing  and dis
m antling  of th e  mould.

The displacem ent of the  a ir  contained in  the 
mould is in  g rav ity  die casting  a relatively simple 
operation and  only a  lim ited  provision for vent
ing  is necessary, b u t th a t  depends upon the 
form of the  casting  to  be produced and naturally  
th a t of th e  die. A nother fac to r sometimes over
looked in  die casting  as in general foundry work 
is th e  dissolved or occluded gases, which are 
largely released as th e  m etal approaches the 
solidifying p o in t; provision m ust be made for the 
elim ination of the  gases, or the  collection of them  
in the heads and risers, or unsound castings will 
be produced. Y et ano ther cause of d isappoint
m ent is th e  form ation  of cavities which on close 
inspection are found to  differ in  form  from air 
or gas holes. These a re  shrinkage cavities. They 
are seen u nder a m agnifying glass to  be angular 
in form, and are caused by th e  m etal crystallising 
in its  n a tu ra l way w hilst solidifying. M ean
while, the still fluid portion d ra in s away, leaving 
small holes or spaces.

G ravity  die casting  is all im p o rtan t in  in 
dustry , and as sta ted , th e  principle is very old. 
Presen t day practice en titles i t  to  the  grea test 
respect both for th e  am ount of work produced 
in perm anent moulds w ith  g rav ity  feeding only, 
bu t for the  excellence of the  p roduct in design 
and m ateria l.

All the m etals and alloys used in  th e  industry  
can be and a re  regularly  die-cast, although there  
are  m any designs placed before th e  producers 
which a re  so in trica te , th a t  th e  use of grav ity  
methods would be courting  failure .
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A llo ys U tilised  C o m m ercia lly
The num ber of artic les now produced by 

g rav ity  die casting  is enorm ous. B earings and 
liners are made in  lead-base and  tin-base m etals, 
ba tte ry  plates and g rids—a very im p o rta n t and 
ra th e r  difficult job in  lead-antim ony alloy or in 
lead hardened w ith  calcium  and th e  a lkali m etals. 
Numberless sm all jobs a re  m ade in  zinc-base alloy, 
bu t pressure casting  is m uch to  be p referred  
in  th is type of work. A lum inium  and  o th e r ligh t 
alloys, both  g rav ity  and  pressure casting  receive 
favour according to  circum stances. A notable 
job for g rav ity  casting  in  a lum in ium  alloy is 
the piston for autom obile engines. The ease and 
rap id ity  of casting  depends g rea tly  on th e  v a ria 
tion in  design, th u s  some p istons a re  so contrived 
th a t  in  o rder to  w ithdraw  th e  cores, from  small 
pockets, a cen tra l th ree  or fou r p a r t  core is 
required, and th is  is w ithdraw n in  sections. 
Portions have to  ro ta te  th ro u g h  a  p a r t  of a 
circle before they  a re  free. This so rt of th in g  
emphasises th e  desirab ility  of a conference 
between the designer of th e  casting  and  th e  die 
d esig n er; m uch tim e, energy  and  money are 
wasted by neglect of th is  simple and  obvious 
course.

A lum in ium  G ea r Boxes
A splendid exam ple of h igh efficiency in  design 

and organisation  is given in  th e  p roduction  of 
an alum inium  g ear box by th e  eng ineers of 
Messrs. Leyland M otors. The finished w eight of 
the casting  was 52 lbs. The alloy was copper 
per cent., silicon 3 |  per cen t., th e  rem ainder 
being alum inium . The con trac tion  allowance was 
0.008 per in. The die weighed 1 ton , and  was 
made of cast iron in  two m ain  sections, b u t 
contained tw en ty -e igh t w orking p a rts . The 
tem pera tu re  of pouring  was 750 deg. C ., and  the  
mould heated  to 400 deg. C.

A comparison of tim e of production  was k indly 
fu rn ish ed :—F o r sand castings, 3 f hrs. per box; 
die casting , 1 2  mins.

Four men were engaged in  th e  o pera tion , and
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2,000 castings had been made up to the tim e 
of report w ithout replacem ent of mould parts. 
There was a saving of 10 lbs. of m etal in  the 
die casting over the  sand casting.

A lum in ium  Bronze
For the casting  in alum inium  bronze, grav ity  

die casting is employed almost exclusively, and

F i g . 1 .— M e d iu m  H y d r a u l ic  M a c h in e  f o b  D ie  C a s t in g — O n e

O p e r a t o r  .

most successfully. [Exam ples were then shown 
of castings thus produced.] Pressure casting 
can be employed, b u t having regard  to  the wear 
and te a r upon the die, i t  cannot be regarded as 
an economic success. H igh-tensile brass, is 
grav ity  die cast, w ith success, as is also 
alum inium brass. The GO copper, 40 zinc, brass
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is oast w ith success by e ith e r g ra v ity  or pressure 
process, b u t the  m ethods and  technique used in 
the la t te r  is of th e  g rea te s t in te re s t.

N ickel A llo ys and the H o lley  Process
Nickel alloys, th a t  is so-called nickel-silver, and 

also nickel add itions w ith  or w ithou t iron  and 
manganese to  the  alum inium  bronzes, a re  capable 
of g rav ity  die casting. They can be pressure die 
cast also, b u t th e  effect on th e  dies is so severe 
th a t  the  proposition is, though  fu ll of in te rest, 
not an economic one. F ina lly  in  review ing the 
possibilities of g rav ity  die casting , th e re  is the 
Holley process, successful m eans of casting  in 
iron. The walls of the  dies a re  re la tive ly  th in , 
and the  ex te rio r is fu rn ished  w ith  vanes fo r a ir 
cooling sim ilar to  an air-cooled engine. The 
in terio r p a rts  are  carefully  coated w ith  a  very 
th in  wash by spraying, leaving a refrac to ry  
lining. This is fu r th e r  pro tected  by a coating  of 
soot produced by an acetelyne flame. The moulds 
are  arranged  upon a ro ta tin g  tab le  or a moving 
platform , and b rough t under th e  ladle. The 
moulds are  stripped  very rap id ly . This m ethod, 
together w ith very carefully  selected iron  for the 
charge, results in castings which a re  dense and 
strong, ye t capable of m achining, and  a re  not 
chilled as would have been expected  in  early 
days from  an iron charge cast in  a chill or m etal 
mould.

M achines
Pressure die casting. This is so closelv 

associated with the methods employed th a t  i t  will 
be in te resting  to  re fe r to  th e  m achines and  th e ir 
products in  d irec t re la tionsh ip . The au th o r 
repeated  the  analogy of th e  te a p o t to  th e  early 
com bination of m etal p o t and  pressure m achine. 
Im agine a m etal pot, shaped essentially  like a 
teapot, the  lid is removed and  replaced by a 
plunger, the  die is fastened  to  th e  spout, m olten 
m etal is m ain ta ined  in  th e  po t or vessel. A 
sharp blow on a twooden knob a t  th e  top  of 
the plunger ejects a charge of m olten m etal 
lom the  spout in to  the  die. An apparatus
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paten ted  in  1872 was in  ac tua l operation. 
I'liroughout the  past six ty  years and particularly  
during the las t fifteen years, the machines and 
appara tu s  have been elaborated  and improved, 
yet th roughou t in the  case of plunger machines 
the same general principle has obtained. Let 
it not be th ough t th a t  because the process is 
simple in principle th a t  i t  is an easy operation, 
for th a t  is not the  case, the  illustrations will 
serve to indicate som ething of the  progress which 
has taken  place in  recen t times.

The D oehler Machine

The Doehler hand-operated  m achine which was 
introduced nearly th ir ty  years ago is still in use, 
and a more excellent ap p a ra tu s for studying the 
fundam ental principles of pressure die casting 
can hardly be im agined. The plunger is operated 
by a long arm connected by a bell-crank lever to 
the plunger, and moves in  the cylinder which 
term inates in the  nozzle, the  axis of which is a t 
rig h t angles to  th a t  of the p lunger, the  cylinder 
being e ither a p a r t of or immersed in the  well 
contain ing th e  m olten m etal. The die is held on 
a hinged p late, the  two p a rts  being held together 
by a toggle jo in t. The cylinder is filled by w ith
draw ing the p lunger a sta ted  distance sufficient 
to uncover a po rt. The die is locked down so 
th a t the  ap e rtu re  or sprue is in  close contact 
w ith th e  nozzle. The forw ard m otion of the 
piston closes the  po rt and forces the  contained 
molten m etal th rough  the  nozzle in to  the die. 
The die p late  is unfastened , swung away on its 
hinge and the die opened by the  toggle, the cores 
if present are w ithdraw n, the casting ejected by 
ejection pins, and the  whole cycle of operations 
repeated.

I t  is not the  m echanical operations, although 
they are of the utm ost im portance, to which 
special a tten tio n  is directed. I t  is of special 
in terest to  watch the m an a t  work operating  the  
lever. The experienced operator varies the 
speed and character of the  pull according to 
the size and form of the  casting. A short sharp
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pull is sometimes needed, w hilst a long pull w ith 
a decided “  follow -through ”  is advisable in  an 
o ther case. The success of these varia tio n s is 
qu ite  m arked. The lesson to  be learned  is th a t  
a simple m echanical opera tion  canno t copy fa i th 
fully the  hum an skill. B u t when an air-opera ted  
system is in terposed th e  resilience of th e  com
pressed a ir accomplishes th e  slightly  prolonged 
action.

The positive action of th e  toggle is also a 
good lesson for the  designer or th e  m ore m odern 
and high-powered m achine, for in these cases the 
tendency is to  force the  dies a p a r t , due to  the 
inrush  of m etal a t h igh pressure, and  th is  has 
to be counteracted  by pow erful devices, o u t of 
all proportion  to  the  ap p a re n t needs of the 
operation.

Out of th is simple m achine has evolved 
m echanically-operated casting  ap p a ra tu s  which 
is tu rn in g  o u t thousands of sm all castings daily, 
in various establishm ents. The tem p era tu re , con
sistency, and general charac te r of the  lower m elt
ing point alloys, th a t  is, zinc base, lead base 
and tin  base m etals, can be stud ied  and  s tan 
dardised.

The difficulty in  m anaging  th e  p lunger and 
cylinder as devised in th e  D oehler m achine and 
others of th is type a t  the  tem p e ra tu re  necessary 
for alum inium , and th e  action  of m olten 
alum inium  on a w ell-fitting p lunger and  pum p 
cylinder which is constantly  subm erged in  the  
m etal, b rought about th e  use of a ir  p ressure to 
squ irt the fluid m eta l in to  th e  die.

Vessels m ade on th e  princip le of th e  chem ists’ 
wash bottle or the  lad ies’ scent-spray were 
devised. These had obvious d isadvantages which 
were overcome gradually  by a rran g in g  th a t  the  
a ir  from  high-pressure cylinders should be cun
ningly adm itted  in to  an an n u la r space in  the  
upper p a r t  of the  m eta l con ta iner, th e  pressure 
on the  surface of th e  alloy being suddenly raised  
and the  m etal squ irted  o u t of th e  nozzle 
com m unicating w ith  th e  bottom  of th e  vessel 
w ithout spraying, b u t in a full s tream  or je t .
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Pressures as higli as 600 lbs. per sq. in. are used 
w ith success.

G oose-N eck Machine
The principle of the  U-shaped tube was also 

introduced, care being tak en  th a t  th e  m etal 
should no t pass beyond the  lower p a rt of bend ;

F i g . 2 .— L a r g e  M a c h in e . C l o s e - u p  o f  D i e  i n  p l a c e  w i t h  C a s t in g

j u s t  e j e c t e d .

in some cases a fluid p lunger of molten lead was 
introduced. F rom  th is, i t  would appear, was 
evolved the goose-neck machine, one of the  most 
favoured type of m achines in general use.

The goose-neck m achine is so designed th a t  
a fte r  each casting operation  the  nozzle of the 
m etal pot shall dip in to  a well of m etal and
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take up a fresh  charge, which is in  tu rn  forced 
in to  the  die im m ediately th e  nozzle has been 
brought in to  in tim a te  con tac t w ith  th e  sprue 
or en try  in th e  die. The die is held togethei 
with g rea t firmness and th e  con tac t of th e  nozzle 
w ith the  sprue passage is ad ju s ted  w ith  care, 
any looseness or bad fitting  in  these positions 
give rise to  bad castings, th ick  fins, splashing, 
etc. The operations a re  au to m atic  and  th e  
sequence of the stages is carefully  guarded  and 
controlled.

The ejection  of th e  sprue or ta i l  piece has been 
a problem, and  so a sp lit sprue a rran g em en t 
which fac ilita tes th e  ejection  of th e  casting  has 
been devised. The cover die rem ains s ta tio n a ry  
over the  m elting  pot, and  th e  e jec to r die is 
pulled back th rough  a cam shaft opera ted  by a 
worm and worm wheel. Cores are  rem oved au to 
matically.

Mr. M arc S tern  describes in  his book a fu r th e r  
m odification; the e jec to r die is s ta tio n a ry  and 
the cover die is movable. An a ir  cylinder 
operates a p lunger, which forces th e  m etal 
th rough  the cen tre  of the  cover die. This u n it 
and the furnace a re  supported  up a saddle, and 
w ith i t  are  movable. This a rran g em en t p ro tec ts 
the die from  excessive h ea t by rad ia tio n . These 
machines are  adap ted  for use w ith  all th e  alloys 
up to  and including th e  alum inium  alloys, th a t  
is, those opera ting  up to  tem p era tu res  n o t ex
ceeding 700 deg. C . ; actually  th e  w orking tem 
p era tu re  is usually  well below 650 deg. C.

The in troduction  of th e  use of th e  p lunger 
type of machine so arranged  th a t  i t  shall no t be 
constantly  immersed in  the  m olten m eta l and 
w ith a different m echanism  owes m uch to  Josef 
Polak and several of his contem poraries.

Polak M achine

The Polak  type  of m achine uses hydrau lic  
power for opera ting  a p lunger ac ting  d irectly  
upon the  m etal, as illu s tra ted  in  F igs. 1-3. As 
hydraulic power does n o t fu rn ish  th a t  resilience 
which is so desirable, th e  inven tors added high-
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pressure a ir  to  the  hydraulic  fluid, thus a 
pressure of upw ards of 3 tons per sq. in. can 
be obtained, and a t  the  same tim e the plunger 
is ac tua ted  in  a fashion which is a greatly  
augm ented copy of the hum an pull on a 
sensitive lever.

The g rea t advantages which accrue to  these 
modern m achines are  immense power and 
pressure, producing sound, dense castings, g rea t 
stab ility , capacity  for production of very large 
castings of h igh finish.

The valve mechanism and intensifiers are very 
complex and ingenious. A clever device for the 
removal of the  excess of the m etal a fte r  the cast
ing operation  is a special fea tu re , and beyond 
this the  m achine is capable of and designed for 
the production of die castings in 60:40 brass a t 
n tem pera tu re  of about 950 deg. C. to  970 
deg. C.

Modifications of the  type of m achine which 
has been illu s tra ted  consist chiefly of th a t  known 
as the “  p a rtin g  line device.” The features 
were described in an article* by D r. Ladislav 
Jenicick. The m achine is operated in such a 
m anner th a t the  m etal con tainer is a p a rt of the 
die, a m easured portion  of the m etal in a semi
solid or plastic condition is in troduced, and the 
plunger in jects i t  in to  the form of the  die, 
which when p arted  allows the casting with the 
gate and surplus of m etal a ttached  to  be 
removed as a whole.

A nother system* also described and illustrated  
in the same article is the  B uhler machine, which 
operates in the  horizontal direction. In  th is 
case the die p a rts  and leaves the  casting with 
gate and surplus a ttached .

The Pack m achine w orking in  a vertical plane 
is yet ano ther example of the  same character of 
m aking the die a p a r t  of the machine, or ra th e r 
it embodies the m etal con tainer as a p a rt of the 
die, and delivers the  casting  gate  and surplus 
a ttached.

* “ Metal Industry ."
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Yet ano ther m achine by E k a r t  has the  p lunger 
working vertically  bu t from  un d ern ea th . The 
m etal is tem porarily  contained in a th in  asbestos 
cup. This is also a  p a rtin g  line m achine.

i t  is no t possible to  describe or even to  re fe r 
to every m achine which has been inven ted  d u ring  
the past few years. The engineers have been 
very busy in  devising methods of overcom ing the  
difficulties which have been encountered  and also 
in avoiding the  special fea tu res  of m achines of 
competitors.

M etals and A llo ys

The alloys employed in  the  in d u s try  of die 
casting are of necessity very num erous. I t  is 
fa ir  to say th a t  practically  the  whole fam ily 
of w hite m etals, th a t  is, those com binations of 
lead, tin  and antim ony w ith  o r w ithou t small 
am ounts of copper, and even cadm ium  and  bis
m uth can he and are  employed to  a g rea te r or 
less ex ten t. Tlius there  are  the  P r in te rs ’ m etals, 
of which the  following are rep re sen ta tiv e : —

Sn.
Per cent.

Sb. 
Per cent. Pb. Cu.

Founder’s
type 12 to 25 20 to 30 Remainder 1 per cent.

Linotype 3 to 4 10 to 12
(max.)

Intertype . . 3 to 4 10 to 12
Monotype . . 5 to 10 15 to 19
Stereotype . . 5 to 10 14 to 17 J J

Lead Base A llo ys for Bearings
These vary from 5 to  10 per cent, t in , 12  to 

15 per cent, an tim ony and th e  rem ainder lead. 
Sometimes copper and o th e r m etals a re  added 
for special fea tu res, and include m any im p o rtan t 
brands, such as M agnolia, E yre, T andem , A tlas, 
etc. Lead-base alloys, consisting of lead 
hardened by the  add ition  of calcium , barium , 
sodium may be die cast. B a tte ry  p lates and 
fittings for accum ulators are  of lead hardened by 
antim ony of from  5 to  10 per cen t., and also



lead hardened by the alkaline earths. Regulus 
alloys of special p u rity  for chemical engineering 
are also die cast.

Tin-base alloys as used for an ti-fric tion  metals 
are all capable of being die cast. These range
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F i g . 3 .— L a r g e  H y d r a u l ic  D i e -C a s t in g  
M a c h in e  w i t h  A i r  R e in f o r c e m e n t

CAPABLE OF EX E R T IN G  P R E SSU R E  OF

350 T O N S .

from 93 per cent, t in  down to 5 per cent. tin . 
The high grades, are  lead-free, and special add i
tions of the  ra re  m etals are added to give 
special resistance to  fa tigue  stresses; all of these 
are die cast if required.

Special tin -an tim ony  alloys are used for cer
ta in  p arts  of gas m eters, they contain upwards 
of 70 per cent, of t i n ; they resist the action
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of hydrocarbon gases to  a  rem arkable ex ten t. 
They a re  capable of being die cast w ith  rem ark 
able accuracy. All th e  pew ters and  so-called 
B ritta n ia  m etals lend them selves to  die casting .

Zinc-Base A lloys

This is probably th e  m ost im p o rtan t fam ily 
of die-casting alloys, a d is tinc tiqn  which i t  may 
be said to  share w ith th e  alum inium  alloys. The 
reports in a P ap e r to  the  In s ti tu te  of M etals, 
Vol. X L, No. 2, by Russell, Goodrich, Cross and 
Allen, gave num erous figures w hich were the 
basis of those given to  th is  In s ti tu te  in  1929. 
The alloys in  th is  series are  divided in to  two 
d is tinc t g ro u p s :— (1 ) the  older-fashioned com
position, in  which zinc is hardened  by the 
addition  of tin  and copper, w ith  a small p ropor
tion of alum inium , and (2) th e  alloy which is 
in most general use a t  the p resen t tim e, zinc 
hardened by alum inium  and copper, w ith  a 
small addition  of magnesium .

U nder (1) the  alloy consisted of t in  7 to  10 per 
c e n t .; copper, 4 to  7 per cent, and  zinc balance, 
while about 0.2 to  0.5 per cent, of alum inium  
is added for a double purpose— as a deoxidiser 
and to preven t the  tendency to  galvanise th e  dies 
and machine p a rts  in to  which i t  comes in to  con
tac t a t  a high tem pera tu re . This alloy gives 
fine finish, g re a t accuracy as to  dim ension, bu t 
i t  is accused of being liable to  age-hardening  and 
cracking, w ith subsequent in te rn a l corrosion and 
disto rtion . Im purities a re  a p t to  produce these 
effects. The s tren g th  of these alloys is found  to  
be about 9 tons per sq. in ., as a p rac tica l 
maximum . They are  n o t ductile.

(2) The second type  of zinc-base alloy contains 
about 4 per cent, alum inium , 3 per cen t, copper, 
and about 0 .1  per cent, m agnesium , w ith 
occasionally small traces of ra re r  elem ents, the 
rem ainder being zinc. I t  is essen tia l th a t  the  
constituen t m etals shall be of th e  h ighes t p u rity  
possible. Tensile tes ts  give 18 to  20 tons per 
sq. in ., w ith a reasonable am oun t of d u c tility . 
This is shown more definitely in  a tw is t or torsion
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tost th an  by a m arked elongation in a tensile 
test.

A lum inium  A lloys
For g rav ity  die casting, alum inium  w ith 8 to 

12  per cent, of copper is used for pistons for 
in te rna l combustion engines. M anganese up to 
1 per cent, is sometimes added, b u t i t  decreases 
the therm al conductivity.

Y alloy 4, which consists o f: M agnesium, 1.2 
to 1.7; nickel, 1.8 to  2.3; copper, 3.5 to 4.5 per 
cent., and alum inium  rem ainder, is an excellent 
m aterial, capable of hea t tre a tm en t for the  im
provem ent of its  physical properties. For 
pressure die castings, the  alloy of 11 to  13 pei 
cent, silicon, rem ainder alum inium , is un 
doubtedly first favourite .

There are m any special alloys which have high 
properties, and are  highly recommended in view 
of th e ir s tren g th  ductility  and resistance to 
corrosion. The m ost recent is th a t  developed by 
Mr. A. J .  M ui'phy, of Messrs. Stone & Company, 
called Ceralum in. [Some specimens were then 
exhibited.]

A lum inium  Bronze
G ravity  die castings in alum inium  bronze are 

of the g rea test im portance. They are as strong 
as a medium grade steel, have a beau tifu l skin 
and colour, w hilst the m achined surface is like 
gold. They resist corrosion to a m arked degree, 
and are very reliable. A whole section of the  in 
dustry  is devoted to  the production of th is work, 
the value of which cannot be over estim ated.

Brass D ie Castings
Both g rav ity  and pressure work are success

fully carried  out in brasses of approxim ately 
copper 60 per cen t., zinc 40 per cent. I t  is this 
alloy which is the  basis of brass pressure die 
castings. H ere a fea tu re  of the work is the pro
duction of the  castings a t a tem pera tu re  between 
the solidus and liquidus, the consistency of the 
metal being th a t  of m elting snow, and the  pro
duction of the casting  under high pressure. 
Excellent results a re  obtained, and the process
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which is p ast the  experim en ta l stage is fu ll of 
prom ising possibilities. Tensile s tren g th s of over 
25 tons to  the  sq. in. a re  ob tained , and  th is  
would no doubt be increased, b u t th e re  is one 
handicap. The high stresses upon th e  surface of 
the die, coupled w ith the  high te m p e ra tu re  and 
the speed of the  m etal trav e llin g  over th e  die 
lace, produces a crazy p a tte rn  of ha ir-like  lines 
upon i t ; these g radually  deepen, th u s  in  most 
cases the  die-life is short. I t  is possible th a t  
th is may be overcome in  tim e, and  researches 
in to  various kinds of alloy steels and  h ea t t r e a t
ments are  going forw ard. The problem is a diffi
cu lt one, bu t i t  is hoped th a t  i t  is n o t an 
insoluble one. I t  has a d is tin c t bearing  upon 
the economic position of pressure die casting  
in the  alloys of th e  h igher class.

D ie Design

Die design is the  m ost im p o rtan t fac to r in 
the whole industry . The eng ineer m ust see in 
im agination  th e  finished casting , th en  reverse 
the whole conception, as in  th e  case of general 
foundry practice, h u t w ith  th is  ca rd in a l differ
ence, the  m ateria l of his mould and  in  alm ost all 
cases his cores is of hard  steel, difficult and 
expensive to  fashion in to  shape. The m ould or 
die m ust fit toge ther w ith ex trem e accuracy, 
adm it of being opened to  deliver th e  casting  
w ithout d is to rtion  or dam age, and  provide for 
crystalline and therm al con trac tion  and  p erm it 
the expulsion of a ir  contained in  th e  die and  of 
gases dissolved or occluded in the  m olten  m etal. 
There are m any more factors, b u t these serve to 
show the  scope of th e  problem se t th e  die 
designer. The dies a re  w ate r cooled by w ater 
passing th rough  closely placed channels.

The m ateria l of th e  die is of g re a t im portance. 
As a ru le the  base is of good cast iron , th e  body 
of the die, both u pper and  lower p a rts , of h igh- 
g rade steel forging, frequen tly  of chrom e-vana- 
d ium  steel. A fter fo rg ing , th e  steel m ust be 
norm alised, and a f te r  a c e rta in  am oun t of 
m achining a fu r th e r  annealing  is given. The



4 6 9

cores and special working parts  are of liigh- 
tungsten  steel. The dies are, a fte r  finishing and 
testing , generally hea t-trea ted  and hardened and 
tem pered under s tr ic t pyrom etric control.

The die m aking is carried  out by craftsm en— 
engineer-m echanics who are  a rtists . The 
m achining and fitting  operations are  of the 
h ighest o rd e r; in  fac t i t  would be difficult to 
describe th e  excellence of both design and work
m anship w ithou t superlatives. W hen a die is 
nearing  completion wax or p laster casts are 
taken , and a f te r  necessary ad justm ents i t  is 

.tested by placing in  th e  machine for tr ia l cast
ing before the  harden ing  and tem pering 
operations.

In  the  production  of alum inium  bronze and of 
brass castings in  the  g rav ity  process, alum inium - 
bronze dies are  sometimes used and sand or loam 
cores for in tric a te  in terio rs. I t  is suggested th a t  
an inspection of the  specimens [exhibited] indi
cate to  some ex ten t the scope of the present-day 
application of die castings. The references 
already made should reinforce th is m ental 
p icture. As to  its  fu tu re , who knows? One 
th ing  is certa in  ; die casting  is not a process 
which sometimes provokes a comment on mass- 
production m ethods as som ething unw orthy, 
cheap and nasty . I t  has not destroyed any 
industry  or trad e , b u t has created  and fostered 
its own and o ther m arkets. The fact th a t  pres
sure casting  cannot be considered as a means of 
production unless num bers of, say, 10,000 can be 
ordered, makes i t  clear th a t  there is no real 
com petition w ith general foundry work of the 
best grade. This a p a rt from  the lim itation  of 
size.

I t  is useless to  ask fo r a quotation  for die 
castings a t  a price per pound, for the  more in 
trica te  and valuable products are  often too light 
to be valued in  th is fashion. Y et, in considering 
very large num bers i t  is a very inexpensive 
method of production  and the  only way th a t the 
articles [exhibited] could possibly have been
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made. As a m ass-produetion job die casting  does 
not destroy the in g enu ity  or in itia tiv e  of any 
of the operatives, b u t encourages skill and  con
cen tra ted  application . The finishing, polishing 
and p la tin g  of die casting  co n stitu te  a  section 
which involves much technical skill and  which 
repays genuine study. I t  is fa ir  to  claim  the 
whole industry  of die casting  as a valuable 
addition  to  the eng ineering  and m an u fac tu rin g  
world.

V o te  of Th a n k s
U p o n  the  m otion of M r . J .  H o g g , seconded 

by M r. A . P h i l l i p s , a hea rty  vote of thanks 
was unanim ously accorded to  M r. M undey for 
his extrem ely ins truc tive  and  in te restin g  P ap e r.

D IS C U S S IO N

M r. A. P h i l l i p s  m entioned th a t  M r. M un
dey had n o t described the  “ Soag ” m achine. 
Did th is m achine compare favourably  w ith 
the “ Polak ”  m achine in  reg ard  to  the  
“  push th ro u g h ?” H e would also like to  be 
informed as to w hat m ethod M r. M undey 
adopted for heating  up dies, as th is  was of g re a t 
im portance to. th e  steels.

M r . M u n d e y  replied th a t  he was no t very 
fam iliar w ith the  “  Soag ” m achine, b u t he did 
not know th a t  any m achines o ther th a n  the

Polak ” were w orking hydrau lieally  on th e  a ir 
principle. There was no reason why they  should 
n o t ; but the re  would have to  be a re-designing 
of the  valves, etc. H e did no t th in k  th e re  was 
any p a te n t to  p reven t th is being done.

M r. A. P h i l l i p s  said th a t  th e  “  Soag ” 
machine functioned w ith  a ir  and w ater.

M r . M u n d e y  replied th a t , in  th a t  case, the  
l! Soag ”  machine should function  in  a  sim ilar 
m anner to  the  “ P o lak .” As a general ru le, 
before work s ta r te d  in  the  m orning th e  dies 
were heated  up by m eans of gas je ts , and  ex
trem e care was used by th e  casters in  doing so. 
H e had a g re a t adm ira tion  for the  casters, who
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worked very h a rd  and tended th e ir machines as 
though they were babies. The dies were heated 
fo r a few m inutes, sometimes for as long as a 
q u a rte r  of an  hour, and  th en  a few castings 
were m ade. No w ater was ru n  th rough  u n til 
everything was ready. Then th e  w ater was 
tu rn ed  on very carefully . All th e  dies were 
water-cooled, the  die designer being very careful 
to  keep his w ater channels well back so th a t 
the cooling was only done by conduction and 
absorption.

Mb. A. P h i l l i p s  asked w hat annealing tem 
pera tu re  was used in  th e  production of dies 
made from  forged chrom e-vanadium  steel.

M r . M u n d e y  said fo r chrom e-vanadium  steel 
a tem pera tu re  of som ething like 950 deg. C. was 
required. F o r th e  h ea t-trea tm en t of the  higher- 
grade  steels 1,300 deg. C. was necessary, because 
they were very hard . The tim e depended upon 
the mass. Q uarter of an  hour would he sufficient 
for a small die casting , b u t a large one m ight 
required  a prolonged period.

M r. A. S u t c l if f e  (Bolton) asked w hether M r. 
Mundey could cast gun-m etal, because if  he 
could th en  he knew of a firm who would a t once 
dispense w ith  the services of two moulders. He 
had b rought a num ber of samples of gun-m etal 
castings w ith him  which were typ ical of about
4,000 now lying useless a t  the foundry simply 
because a correct copper alloy was not ob tain
able. H e would be pleased to  receive some in 
form ation from  M r. M undey w ith regard  to  a 
way ou t of the  difficulty.

M r. M u n d e y  said gun-m etal was very difficult 
to die cast. H e did no t say th a t  i t  could not be 
die cast, b u t he did no t th in k  i t  would be worth 
it. H e had referred  to  th e  work of the  c ra fts
men of ancien t Greece and  Rome in  the  pro
duction of gun-m etal castings of axe and spear 
heads in  perm anent moulds. B u t these were 
simple castings. G un-m etal has a very short 
plastic range ; th a t  is, th e re  is a very short gap 
between the  solidus and liquidus. The early 
worker was able in the cases m entioned, working
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on an alloy very n ear th e  eu tec tic , to  m ake 
good castings, b u t th is  is no t easy if the  casting  
be of complex design.

M r. M oreland, who was p resen t, had  experi
m ented w ith the m aking of die castings in gun- 
m e ta l; perhaps he would say if i t  were a reason
able operation.

M n . M o r e l a n d  h e r e  s t a t e d  t h a t  g u n - m e t a l  is  
n o t  a n  a p p r o p r i a t e  a l lo y  f o r  d i e  c a s t i n g s  a s  a 
c o m m e r c ia l  j o b .

M e . M u n d e y  fu r th e r  rem arked  th a t  when all 
was said and done die casters generally  d id  not 
care to undertake  jobs which were n o t paying 
propositions. T here would be too m any w asters 
in the  case of gun-m etal. The specimens 
exhibited  by M r. Sutcliffe had  a  zinc base.

Mu. A. S u t c l if f e  replied th a t  th a t  was so. 
H e had been inform ed th a t  th e  casting  could 
be made in gun-m etal. H e  was pleased to  learn  
from Mr. M undey th a t  th a t  was n o t possible.

M r . M u n d e y  said th a t  castings could be m ade 
in 60/40 brass, commonly known as “  M untz  ” 
m etal, which was practically  th e  sam e as m an
ganese bronze, except th a t  the  la t te r  had  a few 
small additions. Those small add itions were 
somewhat of a nuisance for die casting . T here 
was one small poin t he would like to  b rin g  out 
in connection w ith one of the  exhib its produced 
by Mr. Sutcliffe, which was a zinc-base casting . 
I t  was broken. There was a g re a t deal in  the  
psychology of a user. I f  th e  user was d riv ing  
his car ou t of the  garage and ju s t  touched the  
handle of th e  door on the  side of th e  garage  
see th a t  i t  broke off, then , if i t  was m ade of 
brass, he would say, “ W hat a nu isance; I  m ust 
have given i t  a really good b iff ' ” I f  w^hen h  
was broken i t  shewed up as w hite m etal, he 
would say, “ Well, th a t ’s ro tten  s tu ff,”  though 
it m ight have been equally as s trong  as brass. 
He would not blame him self as a d r iv e r; he 
would blame the  handle.

M r. A. P h i l l i p s  a s k e d  w h y  w a s  a  l a r g e  
s w e e p e r  c a s t i n g ,  w h ic h  h a d  b e e n  d e s c r ib e d ,  m a d e  
o f  13 p e r  c e n t ,  s i l i c o n - a l u m i n i u m  a l lo y .
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M r . M u n d e y  said i t  was the  only alloy i t  
would cast in. The idea was th a t  if i t  was not 
possible to  cast a  casting  of alum inium  with 
13 per cent, silicon alloy i t  was not possible to 
cast a t  all. I t  was the best alloy for casting 
alum inium  alloy.

M r . ¡SUTCLIFFE asked w hether i t  was possible 
to  die cast a pressure gauge for a  boiler. He had 
to  sand-cast hundreds of them  each week. Was 
there  any difficulty concerning contraction  or 
cracking if  cast in  a  die?

M r . M u n d e y  s a i d  t h e y  w o u ld  n o t  c o n t r a c t  o r  
c r a c k  i f  m a d e  p r o p e r ly .

M r . E. S u t c l i f f e  said he was m achine mould
ing them  in  yellow brass, and  no t m aking them 
from zinc-base or alum inium  alloys.

M r . M u n d e y  said he did not like yellow brass 
for die casting. The difficulty was th a t  brass die 
castings were cast a t  a tem p era tu re  of 950 to
1,000 deg. C. A t th a t  tem p era tu re  the  m etal 
rushed in to  the die, and set up stresses upon its 
face. The h ea t was conducted away by the  mass 
of the  die. This w ent on tim e a f te r  tim e un til 
presently hair-like lines appeared on the face 
of the die very sim ilar to  crazy pavem ent 
p a tte rn . These lines became deeper, and as a 
rule i t  was only possible to  get about 1,000  cast
ings from the  die. This am ount of production 
was not sufficient in  the case of an  expensive die. 
Therefore in  a  general way i t  was no t a p rac
tical commercial proposition to  make pressure 
castings in  yellow brass. This is not a universal 
ru le  fo r as m any as 15,000 castings had been 
produced, b u t they  were of suitable form  and 
thickness. Of course, i t  could be done in  other 
cases if one was p repared  to  pay for it.

M r . A . P h i l l i p s  a s k e d  i f  a n y  d r e s s in g  w a s  
p u t  o n  t h e  f a c e  o f  t h e  d ie .

M r . M u n d e y  said th a t  a  litt le  china clay was 
used, and sometimes a li tt le  g raph ite  m ixed with 
a w hite F rench  chalk. I t  was not sprayed on, 
bu t p u t on very quickly by m eans of a  rod. 
Sometimes they  were smoked.
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In  fu r th e r  reply to  M r. P hillips, M r. 
M undey said th a t  deep dies were som etimes 
sprayed. He was speaking of pressure casting . 
For g rav ity  casting  sp ray ing  was qu ite  a 
different m a tte r  and  was good.

The proceedings th en  concluded.
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East Midlands Branch
SO M E  P R O P E R T IE S  O F  M O U L D  A N D  C O R E  
M A T E R IA L S  A T  E L E V A T E D  T E M P E R A T U R E S *

By F. Hudson (M em ber)

Now th a t  th e  rou tine te s ting  of mould and 
nore m ateria ls is rap id ly  becoming established 
in m any foundries th e re  is a g rea t need for 
research re la tive  to  the  properties of these 
m aterials a t  elevated tem pera tu res. I t  is obvious 
th a t  the p roperties of sand in a  mould a t  room 
tem pera tu re  will not he th e  same when i t  is 
heated by th e  casting  of th e  m etal into 
th a t  mould. F o r instance, one of the  m ajor 
problems of the  steel founder is th a t  of contrac
tion  cracks and th ere  is no doubt th a t  some 
reliable inform ation  relative to  the  question of 
sand expansion in  conjunction  w ith the  streng th  
of the sand a t  elevated tem pera tu res will be 
helpful in the  elim ination of these defects. I t  
is known th a t  the  additions of such substances 
as coal dust, saw dust, old crucibles, crushed fire
bricks, horse dung, oils, etc., profoundly effect 
the production of castings, b u t the  technique of 
the ir action is quite  ano ther story. P erhaps 
some knowledge of the  tru e  function of these 
substances will be obtained by high tem perature  
study. The need of inform ation on the proper
ties of mould and core m ateria ls a t  elevated 
tem pera tu res is n o t alone to  the  steel-founder, 
although perhaps his need comes first. The iron- 
founder does succeed in  producing a few cracked, 
scabbed and o ther sorry looking objects which 
could have undoubtedly been used for the ser
vices of m an, instead of being given an ignomi
nious grave, if the  te x t of th is  P ap e r had been 
in evidence. Even the  non-ferrous founder can 
conjure innocent objects of his own production 
back in to  the  m elting pot in a most mysterious 
m anner ye t perforce have to  suffer seeing the 
worst casting  ever produced occupying a most

* See also page 155.
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conspicuous place in  th e  m achine shop. I t  is 
iiopcd th a t  the resu lts published in  th is  P ap e r 
may in some m easure lead  to  a m ore peaceful 
life, in the non-ferrous foundry  no tw ith stan d in g  
a saving in fuel.

A review of previous work conducted re la tive  
to  the  study  of mould and  core m ateria ls  a t

T a b le  I .— M a te r ia ls  u s e d  i n  th e  In v e s t ig a tio n s .

Designation. Mixture.

Steel foundry “ Compo.” Proprietory.

Iron foundry green sand 98.9 per cent, green sand 
floor sand.

0 .7  per cent. Scottish ro tten  
rock.

0 .3  per cent, coal dust.
0 .1  per cent, wood extract. 

(Milled for 2 min.)

Iron foundry dry sand . . 98.9 per cent dry sand floor 
sand.

1.1 per cent. Bentonite. 
(Milled for 10 min.)

Oil sand 87.0 per cent. Irvine sea
sand.

10.0 per cent. Scottish rotten
rock.

3 .0  per cent. Semi-solid 
core oil.

(Mixed for 5 min.)

Brass foundry green sand W ormit red sand. 
(Milled for 5 min.)

elevated tem pera tu res is no t a difficult task . 
A part from  some investigations upon the  re frac 
toriness of foundry  sands, th e  effect of h e a t upon 
perm eability  and  expansion tests, one can  find 
little  else of value. M uch of th e  p resen t know
ledge of high tem p e ra tu re  effects in  th e  foundry  
is due to workers in  the  re frac to ry  field and 
there is definitely room for o rig inal investiga
tions from the foundry  view point. D u ring  the 
p».st few years work of th is  n a tu re  has been
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forthcom ing from the U nited  S ta tes  of America 
through the efforts of D. W. T ra iner Ju n r .,  
W. M. Saunders, H . W. D ie te rt, and A. H . 
D ierker. From  Sweden, by S ix ten  0 . V. Nilsson 
and from  G erm any by F . M aske and E. 
Piwowarsky. The available foundry lite ra tu re  
in th is country , however, does not contain

F i g . 1 .— A p p a r a t u s  f o r  d e t e r m in i n g  t h e  
E f f e c t  o f  H e a t  o n  P e r m e a b i l it y .

A. Electric furnace. B. 2-in. bore vitreosil. C. Richardson’s 
permeability apparatus. D. Method of ramming test- 
piece. E. Sand test-piece. E. Pyrometer.

records of any B ritish  investigation  directly  con
nected w ith th e  properties of mould and core 
m aterials a t  elevated tem pera tu res and i t  is 
hoped th a t  th is p resen t work will help to  correct 
th is omission and a t  the same tim e contribu te  
in a small way to  the  progress of th e  trad e  
as a whole.

The effect of h ea t on the  properties of five 
samples of mould and Core m aterials has been 
investigated, the  designation of these samples



being given in  Table I . The norm al physical 
properties of th e  sands a t  room tem p e ra tu re  
are ind icated  in  Tables I I  and I I I .

The Effect of H eat on P erm eab ility

The ap p ara tu s  used fo r de term in ing  th e  effect 
of h ea t on perm eability  is illu s tra ted  in  F ig . 1.

J I s j c i l E e s n & B a u IUUC DF

Temper rture *C.
F i c .  2 . — D r i e d  P e r m e a b i l i t y  V a l u e  o f  V a r i o u s  S a n d s  a t  E l e v a t e d

T e m p e r a t u r e s .

The sand sample E u nder te s t is ram m ed by 
double-compression, as shown a t  D, in  a vitreosil 
tube B. To m inim ise th e  chance of gas leakage 
between the  sand and th e  v itreosil tu b e , the  
surface of the  tube  in  con tac t w ith  th e  sand is 
coated w ith p laster of P a ris  and th e  te s t section 
ram m ed in to  place before th e  p las te r has com-
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pletely set. The tube  is nex t placed in  the 
electric fu rnace  A, hav ing  tem p e ra tu re  con
tro lled  by pyrom eter F , and  connected to 
R ichardson’s perm eability  a p p a ra tu s  C. The first 
perm eability  de term ination  is conducted a t  room 
tem peratu re , and  th en  th e  fu rnace  is sw itched

48 0

F i g . 3 .— T h e  E f f e c t  o f  G a s e o u s  E x p a n s i o n  u p o n  t h e  P e r m e a b il it y  
N u m b e r  o b t a in e d  b y  t h e  P a s s a g e  o f  a i r  t h r o u g h  t6"i n - B ore 
V i t r e o s i l  T u b e .

on and determ inations conducted a t  every 
50 deg. C. rise in  tem p e ra tu re  up  to  200 deg. C., 
and every 100 deg. C. th e re a f te r . A t every te s t 
point the fu rnace  tem p e ra tu re  was m ain ta ined  
for 10 min. to  ensure the p en e tra tio n  of hea t 
to the cen tre  of the  specimen. I t  should be

A
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pointed out th a t  the size of test-p iece employed 
is 2 in. d ia. x 2 in. long, and  th e  perm eability  
num ber determ ined by th e  passage of 2,000 ccs. 
of a ir  exactly sim ilar to  th e  s ta n d a rd  method 
recommended for th e  te s tin g  of sand a t  norm al 
tem peratu res. A tten tion  is p a rticu la rly  draw n 
to  th is la t te r  s ta tem en t in  view of th e  work 
conducted in th e  U nited  S ta tes  on th is  question 
by Saunders.1-2

Saunders employed a test-p iece 1 in. dia. x 
2 in. long and  m easured th e  perm eab ility  by 
m om entary pressure readings. A p a rt from  these 
modifications the  tes ts  conducted by th e  p resen t 
au tho r a re  on sim ilar lines to  those done by 
Saunders, b u t i t  was fe lt th a t  by using the 
s tandard  size of test-piece the  resu lts obtained 
would be d irectly  com parable w ith  recom mended 
practice. F u rtherm ore , Saunders m easured  the  
perm eability  by m om entary pressure readings, 
as he considered th a t  th e  passage of 2,000 ccs. 
of moist a ir  th rough  the  silica tu b e  would tend  
to  complicate the  determ ination  of th e  pressure, 
especially a t  the  h igher tem p era tu res  employed. 
In view of th e  enormous effect of gaseous expan
sion when th e  cold a ir  comes in  con tac t w ith  the  
heated sand sample, i t  was considered th a t  the 
m easurem ent of perm eability  by pressure alone 
was inaccurate , and i t  would be advisable to  
conduct the te s t in  th e  usual way. Accordingly 
in all th e  tests conducted th e  perm eability  
num ber was obtained by passing 2,000 ccs. of a ir  
th rough  the silica tube  and  no tin g  th e  pressure 
a fte r  half the  a ir had passed. I t  was found  th a t  
th is  am ount of a ir  had li t t le  or no cooling effect 
on the  test-piece when the  Ti“in - je t  was em
ployed in the  perm eability  ap p a ra tu s .

F ig . 2 illu s tra tes the  effect of h e a t on the 
perm eability  of th e  various sands te s ted  as p re 
viously described. These resu lts a re  sim ilar to  
those obtained by Saunders. A t first sigh t one 
m ight n a tu ra lly  conclude th a t  the  effect of h ea t 
m arkedly decreases th e  perm eability  value of 
mould and  core m ateria ls . S aunders pu ts 
forw ard th is  conclusion, and  also tenders  the



p
suggestion th a t  the  breaks shown in the con
tin u ity  of the  curves obtained are  due to  the 
effects of o ther gas form ing substances such as 
moisture or oil b inders, w hilst the  decrease in 
perm eability is due to  th e  expansion of sand 
grains cu ttin g  down th e  flow of a ir. In  these 
tests, however, th e  g rea test fac to r of all has not
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F i g . 4 .— E x p a n s io n  o f  A i r  at  E l e v a t e d  T e m p e r a t u r e s .

yet been tak en  in to  account— namely the expan
sion of the a ir  due to  h ea t as i t  passes through  
the sand test-piece. V ery few founders fully 
appreciate th e  enormous effect of th is change.
I f  instead of using the  large 2-in. bore silica 
tube and its  sand test-piece, a tVA11- tube is 
substitu ted  and the  foregoing experim ents re 
peated, some in te resting  results are  obtained, as

r 2



shown in F ig . 3. I t  will be observed t h a t  a  
jjg-in. vitreosil tube has a perm eability  num ber 
a t room tem p era tu re  of about 22, which de
creases down to  about 3 a t  1,000 deg.^ C ., a s  
shown by the  full line curve. V itreosil, how
ever, is no t affected by h ea t of the  degree shown,

T e w p e h a t u u c 'C .

F i g . 5 .— D r i e d  P e r m e a b il it y  V a l u e  o r  V a r io u s  S a n d s  at  E levated  
T e m p e r a t u r e s  a f t e r  C o r r e c t io n  f o r  E x p a n s i o n  o f  A i r .

and, practically  speaking, does n o t co n trac t or 
expand. Consequently i t  can be very positively 
sta ted  th a t  the  bore of the  tu b e  has no t a lte red , 
and consequently ne ith er has th e  tru e  p er
m eability, which m ust still be th e  same, namely 
22, a t  1,000 deg. C., as shown by th e  broken 
line. The reason why th e  te s t m ethod indicates



a decrease in the  perm eability  is clue to the fact 
th a t  w hilst one employs 2,000 ccs. of a ir a t  normal 
tem pera tu re  and pressure, a t  100 cleg. C. the
2.000 ccs. has expanded to 2,900 ccs., a t  500 deg. 
C. to  nearly 6,000 ccs., and a t  1,000 deg. C. to 
nearly 15,000 ccs. These figures can be easily 
arrived a t  by employing the results obtained in 
F ig . 3 in  conjunction  w ith the usual perm ea
b ility  form ula, arid are  plo tted  in F ig . 4. Now 
if the orig inal perm eability  values, as indicated 
in F ig . 2, a re  corrected for the degree of a ir 
expansion a t  various tem pera tu res, the  tru e  
effect of h ea t on the  perm eability  of mould and 
core m aterials can be indicated , as shown in 
F ig . 5. The corrected figures clearly indicate 
th a t  the tru e  perm eability  is not affected by heat. 
Theoretically th is  s ta tem en t requires th a t  the 
curves ind icated  in F ig . 5 should exist as stra igh t 
lines, b u t i t  should not be fo rgo tten  th a t  only 
the  effect of h ea t on th e  expansion of the  a ir 
used in  the  te s t has been tak en  in to  present 
account. All foundry  sands contain e ither 
m oisture or carbonaceous m a tte r , and through 
the  effects of hea t these elem ents are  tu rn ed  into 
steam or gas, which goes to  increase the  degree 
of expansion already occasioned by the  air. 
F urtherm ore, the volume of gas evolved should 
be corrected for pressure, as shown in Table IV. 
I t  was no t found possible to  allow for these 
additional factors in  th e  present calculations, 
and th is  causes th e  curve to  d ep art from  the 
theoretical s tra ig h t line. Once the  m ajo rity  of 
the gas-form ing substances have been removed 
by heat the perm eability  figure rises and a t
1.000 deg. C. the  p resen t tes ts clearly indicate 
th a t  the perm eability of mould and core m aterials 
is g rea te r th an  a t  room tem peratu re . A fairly 
accurate idea of the effects of hea t on the per
m eability should be obtained from  F ig . 5 by 
joining th e  resu lt a t  room tem pera tu re  w ith th a t 
a t 1,000 deg. C. The increase in  perm eability 
is probably due to  the expansion of the  indi
vidual sand grains, in  conjunction w ith the  pro
motion of ex tra  voids through  the removal of
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gas-form ing elem ents. This conflicts w ith the 
conclusions reached by Saunders, b u t, qu ite  
a p a r t from  the  experim ental evidence, one can
not see how th e  expansion of sand  g ra in s  will 
reduce perm eability , and  i t  would ap p ea r th a t  
unless the  very im p o rtan t effect of gaseous 
expansion be clearly tak en  in  account th e re  is 
a grave risk  of inaccura te  conclusions being 
reached.

P roof th a t  expansion of th e  sand  has litt le  
effect on perm eability  is given in  F ig . 6. This

T a b l e  [V.—Pressure Correction Data.

Manometer
pressure
(cms.).

To obtain volume 
a t atmospheric 
pressure X by

0 1.0
10 1.01
20 1.02
30 1.03
40 1.04
50 1.05
60 1.06

g raph  illu stra tes th e  effect of h ea t on th e  per
m eability  of a specimen of g raded  S illim anite  
bonded w ith 5 per cent, sodium  silicate. Accu
ra te  expansion tes ts  conducted on separa te  
samples ind icated  th a t  th is  m ate ria l, as an tic i
pated, did not appreciably expand or con trac t 
when heated. The perm eability  value, however, 
is still considerably reduced .by th e  effect of 
heat. Obviously, i t  cannot he due to  any change 
in the  g ra in  size of th e  test-specim en itself, as 
th is could no t a lte r. (The ac tua l expansion tes ts  
conducted to  determ ine th e  ex ten t of volume 
change in  the  m ateria l a re  illu s tra ted  in  the 
section dealing w ith  expansion.)

Conclusions
I t  can be concluded from  these te s ts  th a t  the 

perm eability  value for mould and core m ateria ls  
is decreased w ith increase of tem p era tu re . This 
decrease is p rincipally  due to  the  effect of 
gaseous expansion and  no t due to  any pronounced
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s truc tu ra l change, such as expansion or contrac
tion of the  m ateria ls themselves. The ideal 
m ateria l for foundry requirem ents would be one 
th a t  becomes more perm eable w ith increase in 
tem pera tu re  in order autom atically  to allow for 
the removal of the increasing volume of mould

T e m p c r b t u p e  °C

F ig . G.— D r ie d  P e r m e a b il it y  V a l u e s  o b t a in e d  o n  S i l h m a n i t e  B ond ed

WITH 5 PER CENT. SODIUM SILICATE AT ELEVATED TEMPERATURES.

or m etal gases. In  the absence of th is  ideal the 
practical founder should keep in mind th a t  the 
need of employing mould and core m aterials of 
high in itia l perm eability  becomes more pro
nounced a s : — (1) The tem pera tu re  of the  metal 
employed increases; (2) the  g rea te r the per
centage of gas-form ing elem ents present in the



sand or m eta l; (3) the larger the  ca s tin g ; (4) the  
higher the  pouring  speed; (o) th e  sm aller the  
degree of artific ia l v en ting  or size of risers 
employed.

The Effect of H eat on Expansion  
The ap p ara tu s used for expansion te s ts  is 

shown in  F ig . 7. The lay-out is self-explanatory  
and is adapted  from  th a t  used extensively in 
the refractory  trad e . I t  is accepted th a t  th is 
type of equipm ent is capable of p roducing very 
accurate results. The test-p iece is j i  in. dia. 
by 2 in. long, ram m ed by double compression

F i g . 7 .— A p p a r a t u s  f o r  d e t e r m i n i n g  t h e  
E x p a n s io n  o f  R e f r a c t o r y  M a t e r ia l .

A. Electric furnace. B. Fixed closed-end tube in transparent 
vitreosil. C. Moving rod in transparen t vitreosil.
D. Drive m icrom eter rigidily a ttached to  v.treosil tube.
E. Specimen under test. F. Pyrometer.

to the ap p aren t density  as shown in  Table I I ,  and 
tested  green or, a f te r  dry ing, according to  the 
type of sand employed.

The expansion curves obtained on the  various 
sands are illu s tra ted  in  F ig . 8. The fa c t th a t  
sands do expand when heated  has been known 
for some considerable tim e. In  1933 S ix ten  
O. V. Nilsson3, of the  Swedish M an u fac tu re rs’ 
Association, drew a tten tio n  to  th is  fac t, and  a t  
the last Conference of the  A m erican F oundry- 
men’s Association a P ap e r on th e  sub ject was 
given by H . W. D ie te rt and F . V a ltie r .1 The 
present investigation  indicates th a t  th e  degree 
of expansion varies according to  th e  n a tu re  of 
the sand. The add ition  of m ateria ls  such as 
coal dust, saw dust, e tc ., have a m arked effect
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in reducing th e  degree fof expansion. I t  is not 
proposed, however, to  go in to  th is side of the 
question in  th is present P aper, except to offer 
it  as a possible exp lanation  for one of the 
reasons why, for example, the ironfoundry greeD

F i g . 8 .— E x p a n s io n  of V a r io u s  S ands at 
E lev a ted  T e m p e r a t u r e s .

sand has less expansion th an  th e  ironfoundry 
dry sand. A t the present tim e the  im portan t 
points to appreciate  a r e :— (1) The grea test de
gree of expansion in all th e  sands investigated 
takes place between 500 and 700 deg. C. ; and 
(2) the  to ta l degree of expansion is of such mag
nitude as to  w arran t very serious consideration 
in the  production of castings.

The fac t th a t  the  g rea test degree of expan
sion takes place suddenly, between 500 and 700
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deg. C., may possibly lead to  th e  p roduction  of 
defective castings. I t  should be perfectly  obvious 
th a t, if d u ring  casting  one p a r t  of th e  mould is 
heated to  a h igher tem p era tu re  th a n  ano ther, 
the degree of expansion will va ry  and  buckling 
of the mould surface may occur. In  fac t, th is  
does arise very often , due to  the  design of cast-

F i g . 9 .— E x p a n s io n  o p  S i l l i m a n i t e  at  
E l e v a t e d  T e m p e r a t u r e s .

iog or th rough  incorrect “  ru n n in g  ”  methods. 
In  regard  to  th e  to ta l degree of expansion, th is  
varies from 0.109 in. up  to  0.149 in. per f t . ,  and 
the d a ta  for all th e  sands tes ted  is shown in 
Table Y.

I t  is ap p aren t th a t  the  degree of expansion is 
equal to  the  norm al con trac tion  of grey  iron and 
accordingly th e  question of th e  expansion of



mould and core m aterials should be trea ted  with 
considerable respect, particu larly  if the  expan
sion is associated w ith high-compression streng th , 
a factor to  be considered in a la te r  p a r t of th is

+ -r .

F i g .  1 0 .— A p p a r a t u s  f o r  d e t e r m i n i n g  
C o m p r e s s i v e  S t r e n g t h  a t  E l e v a t e d  
T e m p e r a t u r e s .

A. E lectr ic  fu rn ace. B . Oil cy lin d er for a p p ly in g  load . 
C. N i-ch rom e ram s. D . Pressu re gau ge for in d icatin g  
load . E . Sand tes t-p ie c e . F . P yrom eter.
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Paper. There is no doubt th a t  a sand hav ing  as 
little  expansion on h ea tin g  as possible would be 
ideal and of g re a t advan tage  to  th e  founder, and 
there  is no reason why continued  research should 
not be productive of som ething tan g ib le  in  th is  
direction. F or exam ple, if  any of th e  expansion 
test-pieces be reheated  and  tes ted  a  second tim e, 
the  expansion will be m ost m arkedly  reduced. 
Such an exam ple is given fo r “  iron -foundry  dry

T a b le  V .— Expansion Daia on Various Types of 
Sand.

D esig n a tio n
A p p .
D e n 
s ity .

T o ta l  e 
p e r  : 

h e a t in g  
deg

cp an s io n  
t .  on  
to  1,000 
.C .

S tee l fo u n d ry  "  com po  ”  . . 1 .6 9
1 .7 8

In s .
0 .1 2 6
0 .1 4 9

P e r  c e n t . 
1 .0 5  
1 .2 4

I r o n  fo u n d ry  g re e n  s a n d  . . 1 .5 1 0 .1 0 9 0 .9 0

Iro n  fo u n d ry  d ry  s an d  
(S econd  re h e a t in g  to  
1,000 deg . C.)

1 .7 6 0 .1 4 6

0 .0 8 1

1 .2 2

0 .6 7

O il s an d 1 .4 6 0 .1 1 1 0 .9 2

B ra ss  fo u n d ry  g re e n  sa n d 1 .7 5  
1 .5 5

0 .1 4 9
0 .1 4 2

1 .2 4
1 .1 8

S illim a n ite  b o n d e d  w ith  
so d iu m  s ilic a te  (F ig . 9.
C.) .......................... 1 .6 0 0 .0 1 4 0 .1 2

sand ”  in Table V, when th e  in itia l expansion of 
0.146 in . per f t . has been reduced down to  
0.081 in. • Thus i t  can be concluded th a t  old 
sand which has already been subjected  to  liigh- 
tem peratu re  effects has a lower expansion th an  
new sand. A nother re frac to ry  m ate ria l, known 
as S illim anite (anhydrous a lum in ium  silicate) 
gives very litt le  expansion, and  th is  has already 
been employed for m aking  sem i-perm anent 
moulds for rep e titio n  castings. F ig . 9 illu s tra te s  
th e  expansion of S illim anite . In  th is  g rap h  i t
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m ight be pointed o a t-  t h a t  s a m p le  C  1* t h a t  
em ployed, and p r e v io u s ly  m e n t i o n e d ,  i n  t h e  t e s t s  
conducted upon t h e  e f f e c t  o f  h e a t  o n  p e r m e 
ability .

T h e  Effect of H eat on Strength
T h e  p r e v io u s  i n v e s t i g a t i o n s  r e l a t i v e  t o  t h e  

e f f e c t  o f  h e a t  o n  p e r m e a b i l i t y  a n d  e x p a n s io n

F i g . 11 .— V ie w  o f  t h e  A pt  a u d it s  s h o w s  
D iagp.a m m a tica lly  i n  F i g . 10.

i r e r e  a c c o m p l is h e d  w i t h o u t  u n d u e  d if f ic u l ty ,  b u t  
w h e n  t h e  q u e s t i o n  o f  s t r e n g t h  a t  e l e v a t e d  t e m 
p e r a t u r e s  a r o s e  t h e  w o r k  b e c a m e  r e a l ly  i n t e r e s t 
i n g .  I n  t h e  f i r s t  p la c e  n o  p r e v io u s  w o r k  h a d  
b e e n  d o n e  i n  t h i s  d i r e c t i o n  b y  a n y  o t h e r  i n v e s t i 
g a t o r  a n d  t h e  e v o l u t i o n  o f  t h e  a p p a r a t u s  a lo n e
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required considerable though t, and  even modifi
cation, as th e  work progressed to  m eet m inor 
un though t of points which came to  ligh t. Space 
does not perm it descrip tion  of th e  tr ia ls  and 
tribu la tions experienced in the  evolution of the  
equipm ent u n til sa tisfac to ry  operation  was 
obtained w ith  the  a p p a ra tu s  as shown in 
F ig. 10.

The test-piece employed is the  usual A .F .A , 
s tandard  2-in. by 2-in. section, ram m ed by the 
drop-ram m ing method and  broken by th e  appli
cation of compressive loads. The m ethod of con
ducting  th e  te s t can readily  be ob tained  from  
Fig. 10, and fu r th e r  descrip tion  is superfluous. 
I t  should be poin ted  out, however, th a t  i t  was 
found necessary to  fit an  in se rt m ade from  
m aterial having heat-insu la ting  properties to  the 
bottom ram , to  preven t overheating  of the  oil 
cylinder a t  the  h igher range of tem pera tu res  
employed. This in se rt is clearly observed in 
Fig. 11. The sand samples were slowly heated  
to prevent the form ation of cracks and  to  en
sure uniform ity  between edge and  cen tre  and 
the heating  tim e averaged about 4 to  5 hrs. 
Any a ttem p t to  hasten  th is  operation  invariab ly  
resulted in cracked test-pieces and inaccura te  
results.

'flie effect of heat on th e  various sands tes ted  
is shown in F ig . 12, and th e  resu lts  obtained 
are ra th e r  sta rtlin g . I t  will be observed th a t ,  
w ith the exception of “ ironfoundry  green 
sand ” and “ oil sand ,”  the  effect of h ea t in 
creases th e  stren g th  of the  sand to  a m arked 
degree. F o r instance, the  d ried  compression 
streng th  of the “ brassfoundry green sand ”  is 
133 lbs. per sq. in ., a t room tem p era tu re , and 
th is increases to  a m axim um  of 1,260 lbs. per 
sq. in. a t 900 deg. C. F u r th e r  increase in  tem 
p era tu re  causes th e  s tre n g th  of th e  sand to 
rap id ly  drop to  the  low figure of 25 lbs. per 
sq. in. a t  1,000 deg. C. D uring  the  first period 
of stren g th  increase, from  room tem p e ra tu re  up 
to 900 deg. C., th e  test-pieces break  suddenly 
with the usual characteristic  shear fra c tu re , b u t



during the  period of streng th  decrease, from 
900 deg. C. upw ards, the effect of heat causes 
softening of the  refrac to ry , w ith the  result th a t 
flow takes place and the  application of load 
causes bulging instead of frac tu re , as shown in

4 9 5

F i g . 1 2 .— D r i e d  C o m p r e s s i o n  S t r e n g t h  of V a r io u s  S a n d s  at 
E l e v a t e d  T e m p e r a t u r e s .

Figs. 13 and 14. Consequently, in  conducting 
the compression te s ts  when th e  degree of tem 
p era tu re  reached was sufficient to  cause flow, it 
was found necessary to  indicate the  compression 
stren g th  by the  load necessary to  cause compres
sion of the  test-piece by ye in. on its  length.
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I t  is also in te resting  to  note from Fig, 12 
the rem arkable effect of coal dust on the  stren g th  
of moulding sand a t  elevated tem pera tu res. 
O bservation of the values obtained on “  iron- 
foundry green sand ”  in comparison to the  
“ brassfoundrv sand ” previously discussed,

F i g s . 13 a n d  14 s h o w s  t h a t  B u l g in g

RATHER TH AN F R A C T U R E  OCCURS AT
H i g h  T e m p e r a t u r e .

which does not contain  coal dust, ind ica tes th a t  
the addition  of coal dust p revents softening 
under load a t  th e  range of te m p e ra tu re  covered 
by these tests. More im p o rtan t still, th e  coal- 
dust addition  seems to  p reven t the  la rge  increase 
in streng th  which occurs as th e  te m p e ra tu re  of 
the sand rises, and the  value of th is  fa c t can
not be over-estim ated in its  effect on casting



production. I t  m ight be wise to s ta te  a t  this 
point th a t  th is  conclusion is no t based on the 
results of the present tests alone, bu t has been 
confirmed by the  au th o r more positively in other 
directions.
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F i g .  1 5 .— D r i e d  C o m p r e s s i o n  S t r e n g t h  o f  V a r i o u s  S a n d s  
a f t e r  C o o l i n g  f r o m  E l e v a t e d  T e m p e r a t u r e s .

In  regard  to the  effect of hea t on oil sand, 
the results obtained confirm the  general opinion 
of foundrym en.

Conclusions
In  reaching final conclusions upon the effect of 

elevated tem pera tu res upon the  compression
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strength  of mould and  core m ateria ls , i t  is 
necessary to  couple the  resu lts w ith  those 
obtained in  connection w ith  expansion,. I f  th is  
be done, i t  will be found th a t  th e  sands which 
expand most are  also m ost subject to  increase 
in  stren g th  a t  elevated  tem pera tu res . Such a 
com bination is particu la rly  dangerous, and  m ust 
be responsible for a  large percen tage of defec
tive castings in th e  foundry  tra d e  to-day. There 
is only to  be considered ho t tea rs , cracked and 
d isto rted  castings in  th e  steel in d u s try , cracked 
castings in  the  various branches of th e  iron 
trade , e tc ., to  see the  resu lts  of some of these 
previously unknow n properties of mould and 
core m aterials. F u rtherm ore , i t  would seem to  
the au thor th a t  th e  p resen t m ethods of over
coming these defects, such as “  b rack e tin g ,” 
“ easing ” of cores, e tc ., are a t  th e  best only 
m akeshift remedies, and th e  proper technique of 
th e ir  elim ination  will u ltim ate ly  depend upon 
the use of mould and core m ateria ls hav ing  su it
able properties a t  elevated tem pera tu res. In  
the production of large grey-iron castings in 
loam it is common practice to  rely upon  loam 
bricks as a m eans of relieving contraction  
stresses on cores. The usual m ix tu res  employed 
for th is purpose cannot possibly be of advan tage  
unless th e  full te x t of th is  P ap e r he ta k e n  in to  
consideration.

The Effect of H eat on Strength after Cooling  
from Elevated Tem p eratu res

In  the previous section some idea  has been 
obtained of th e  effect of h ea t on th e  p roperties 
of mould and core m ateria ls  such as would 
apperta in  du ring  and  im m ediately a f te r  th e  cast
ing operation. There is still an o th e r fac to r 
which requires consideration  before th e  conclusion 
of th is P ap er, and th a t  is th e  effect of h e a t on 
the  stren g th  of mould m ateria ls  a f te r  cooling 
from elevated tem p era tu re . In fo rm ation  in  th is  
direction determ ines to  a la rge  degree th e  ques
tion  of fe ttlin g  costs.

Accordingly s tan d ard  A .F.A . compression test-
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pieces of the various sands were heated up in 
an electric muffle furnace to  the  tem peratures 
required and allowed to cool slowly overnight in 
the fui'nace. W hen cold they  were broken under 
compression, and the  results obtained are shown 
in F ig . 15. I t  will be observed th a t  the  increase

F i g . 16.— M a x im u m  T e m p e r a t u r e  r e a c h e d  
b y  t h e  S a n d  i n  M o u l d s  f o r  C a s t in g s  o f  
V a r io u s  T h i c k n e s s .

in stren g th  a t  elevated tem pera tu res of mould 
and core m ateria ls, as illu s tra ted  in  F ig . 12, is 
not m ain ta ined  a f te r  these m ateria ls have cooled 
to room tem pera tu re  under conditions of normal 
foundry practice. The decrease in streng th  can 
be undoubtedly ascribed to  th e  effects of con trac
tion stra ins in  the  refrac to ry  m ateria l itself.
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Given a sufficiently slow ra te  of h ea tin g  and 
cooling, ex tend ing  in to  several days in  e ither 
d irection, the p roperties a t  e levated  tem p e ra tu re  
would undoubtedly be m ain ta ined  w ith  th e  re su lt
ing production of firebrick artic les such as can 
be observed in  brick  works. The resu lts obtained 
in  F ig . 15 are  in te restin g , however, as they  
indicate th a t  th e  type  of mould and  core 
m ateria ls employed, toge ther w ith  th e  tem p era 
tu res reached, determ ines th e  ease or otherw ise 
of the  fe ttlin g  operation . Coal dust add itions 
seem to  play a very large  p a r t  in  p rev en tin g  th e  
sand grains from  “  f r i t t in g  ”  to g e th e r, and 
promotes rem oval of th e  sand from  th e  casting . 
I t  should also be observed th a t  h ea t affects some 
sands in  a d ifferent d irection  to  o thers. F o r 
example, if a mould be considered as m ade from  
the steel foundry  “  Compo,”  th e  g rea te r th e  hea t 
on the mould the  g rea te r th e  difficulty in  fe ttlin g , 
whilst the reverse holds good for “  iron  foundry  
drysand .”

From  the  d a ta  given in  th is  P a p e r  one can 
obtain a proper appreciation  of the  p roperties of 
mould and core m aterials a t  elevated tem p era 
tures. The only inform ation  now necessary for 
the tran scrip tion  of these resu lts in to  prac tice  
is some idea of the  ex is ting  mould tem p era 
tures arising  from the casting  of various sec
tioned m etals and alloys. No work has been 
done in th is direction  by th e  p resen t au tho r, 
but Fig. 16 has been draw n up  from  experi
m ents conducted by D ierker5 and M aske and 
Piw ow arsky6, and w hilst th e  in fo rm ation  re la 
tive to cast iron may n o t he too com plete, the  
particu la rs given for steel castings should de
finitely prove of value.

I t  is hoped th a t  th e  results given in th is  P ap e r 
will prove of benefit to  the  foundry  tra d e  as a 
whole, not only in advancing  th e  technique on 
a subject which has been fa r  too long over
looked, bu t also in ind ica ting  new lines of re 
search for sim plifying and im proving th e  pro
duction of castings. In  p resen ting  th is  P a p e r  to  
the In s titu te , the  au th o r fully  apprec ia tes th a t



more could have been said, particu larly  relative 
to  the effect of the  composition of mould and 
core m aterials on the  physical properties 
obtained a t  elevated tem pera tu res, b u t this 
omission has been more or less in tentional. 
Continued research  in  th is  la t te r  direction has 
resulted in  the  production of some extremely 
in teresting  d a ta , which will form  the basis of 
another P ap er a t  some la te r  date. F o r the 
present it  can definitely be assumed th a t  the 
results embodied in th is  present P aper are  by 
no means exceptional to  the m aterials tested, 
but are definitely rep resen ta tive  of existing  con
ditions in nearly  every foundry to-day. F u rth e r
more, the m ain  in ten tion  of th is work is to  out
line some h ith e rto  unknow n properties of mould 
and core m aterials, properties v irtua lly  of fun 
dam ental im portance, and if th is has been 
accomplished, the  m ain object of the P ap e r has 
been served.

In  conclusion, the  au thor desires to express 
his thanks to  the  directors of Messrs. Glenfield 
& K ennedy, and M r. H enry  G ardner for permis
sion to  publish these results, and also to  place 
on record th e  valuable assistance given by Mr. 
R. F . H udson, who was responsible for conduct
ing m any of the te s ts  described. The au thor is 
also indebted to  M r. T. R. W alker, chief 
chemist of th e  E nglish Steel C orporation, for his 
courtesy in supplying samples of steel-foundry

Compo.”

A p p e n d i x .

In  regard  to  the  “ dried compression 
streng th  ” values a t  elevated tem perature, 
shown in  F ig . 12, i t  should be noted th a t  a t
1,000 deg. C. th e  stren g th  of steel foundry 
“  Compo ” was 1,360 lbs. per sq. in. Sim ilarly, 
in regard  to  F ig . 15, ind ica ting  -the strength  
a fte r cooling from elevated tem pera tu re , the 
value fo r steel foundry  “ Compo ” was found to 
be 240 lbs. per sq. in. a f te r  cooling from  1,000 
deg. C.

These fu rth e r tests have been completed since
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the P ap e r w ent to  press in  view of th e ir  
probable in te rest to steelfounders.
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D IS C U S S IO N

M r . S. H .  R u s s e l l , P ast-P re s id en t of the 
In s titu te , thanked  the au th o r and  said some of 
th e  results had  surprised  him ; o thers explained 
th ings he had known to happen , b u t had  n o t been 
able to  give a reason for th e ir  occurrence. He 
asked w hether M r. H udson would explain  w hat 
was m eant by “ Scottish R o tten  R ock ,” as he was 
afra id  th a t  the te rm  was unknow n in th e  M id
lands d is tric t. H e noticed th a t  th e  m ix tu re  for 
green sand in the ironfoundry  was principally  
used sand. To the  o rd inary  foundrymam, the 
numerous curves explained m any th in g s noticed 
in practice, b u t seldom appreciated . All had 
noticed how a ir  rushed o u t of th e  ven ts and 
had heard  the  peculiar noises caused by re 
stric ted  vents. I t  was obvious to  all th a t  the  
volume of cold a ir  in  the  mould could n o t be 
responsible for producing th e  noises m ade by 
the rush  of a ir  th rough  the  vents. The results 
shown on the  test-cores did no t show a point 
he had noticed in o rd inary  practice . H e re 
ferred to  the issue from  th e  mould jo in t of a 
liquid. One could see a “ gum m y liq u id ,”  and 
it  was fa irly  certa in  to  assume th a t  would tend
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to block the pores and cause vent restriction . 
He had noticed th a t  the s tren g th  of sand con
ta in ing  coal dust did not rise when heated. 
Could M r. H udson give any theory why th a t  
was so, because in most foundries, particu larly  
when using sand over and over again, coal dust 
would be persisten t th rough  the m ix ture? He 
was rem inded of a period when he had to  over
come “ p i t t i n g ”  troub les; he used only a fine 
grade of coal dust, and i t  took six m onths to 
elim inate the coarse coal dust in the  old sand, 
a lthough using 25 per cent, of new sand in the 
m ixture.

Scottish  Rotten Rock

M r . H u d s o n  replied th a t  perhaps he should 
have explained th a t  “  Scottish R o tten  Rock ” 
was a very strongly-bonded sand, sim ilar to  th a t  
known in the  M idlands as “ York Yellow,” etc. 
S im ilar results could be obtained w ith Ben
tonite, b u t the  am ount of B entonite he would 
have to use in the  m ix would be about one- 
sixteenth of 1 per cent., which was im practic
able. H e had to resort to  a m ateria l w ith lower 
bond th an  B entonite, b u t g rea te r bond than  
the average m oulding sand. The sands as shown 
were used for the  tests, b u t to  supplem ent the 
results he had obtained samples from other 
foundries, and the actual m ix tu re  type did not 
make much difference. I f  he used 98 per cent, 
old sand, and another 50 per cent., th e  results 
obtained were identical so fa r  as the present 
investigation was concerned. W ith  regard  to 
the condensation of volatile m atte r , th a t  could 
not happen in the  laboratory tests, as the  sand 
and tubes were a t  high tem peratu re . In  prac
tice, M r. R ussell’s theory would apply, as the 
mould surface was hot, and fa r th e r  back the 
mould was cold. This would cause condensation, 
and probably reduce the  perm eability . H is 
theory on the effect of coal dust could probably 
be explained as follow s:—H e assumed i t  was 
due to carbonaceous m atte r , so he had tried  
blacking and crushed coke breeze, and had
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though t he would get sim ilar resu lts as when 
using coal dust, b u t i t  was n o t so. B lacking 
did not p reven t the  rise in stren g th . F if ty  per 
cent, breeze- and  clay gave no reduction  in 
streng th . Coal dust gives the  reduction  in 
streng th , and th is is probably due to  th e  vola
tile  m a tte r  present.

The m etal, on hea tin g  th e  sand to  tem p era 
tu re , caused a m in ia tu re  explosion, due to  the 
condition of th e  volatile m a tte r  in  th e  coal dust, 
which shattered  the bond and  so caused the  
reduction of s tren g th . One should, when adding  
coal dust, use a fine grade.

T h e  Q uestion  of S ilt
Mb. S. H . R u s s e l l  th en  asked how M r. 

Hudson disposed of th e  silt in  th e  sand.
M b . H u d s o n  said his theory  of silt, so fa r  as 

the ironfounder was concerned, was th a t  i t  ju s t 
did no t form. I t  was p u t th ere  by th e  foundry- 
man. H e had ru n  for th ree  years on his present 
m ixture, and sieve tes ts  were tak en  every week, 
which indicated  th a t  the  s ilt was a t  least 40 per 
cent, lower th a n  two years ago, and  probably 
50 to  60 per cent, lower th a n  th ree  years ago, 
when ordinary  facing sand was used. Excess silt 
indicated uneconomic use of new sand.

Coal Oust Replacem ent

Mb. T. G o o d w in  said the  a u th o r’s m ix tu re  
showed 0.3 per cent, coal dust. W h a t was the  
to ta l percentage of coal dust in th e  m ix tu re . 
Also, w hat was the  reason for add ition  of wood 
ex trac t to  the  m ix tu re  P

Mb. H u d s o n  said th a t ,  as M r. R ussell had 
indicated, one could n o t get rid  of coal d ust, and 
he had found th a t  0.3 per cent, was all th a t  was 
required  to  replace th a t  b u rn t ou t. H e m ain 
ta ined  a figure of 10 per cen t, coal d u s t by a 
batch addition  of 0.3 per cen t. The reason for 
the  use of wood e x tra c t was as follow s: — To 
obtain  good castings th e  two im p o rtan t fac to rs 
were green-bond s tren g th  and  dry-compression 
streng th . H e had found th a t  to  ge t satisfac-
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tory castings he m ust have a green bond of 4 to 
0 lbs. per sq. in ., and  he did n o t like the dried 
streng th  to  fall below 50 lbs. per sq. in. The 
am ount of new sand added was only sufficient to 
bring up the green bond. If  he had to  rely 
on new sand additions, the am ount to  be added 
to give th e  specified dried stren g th  would bring 
the green bond too high. H e added wood ex trac t 
to get the correct dried streng th , and in  th a t  way 
he was able to  ge t the  p roperties righ t.

S ilt  Problem
Mh. F . B u t t e r s  asked the  w eight of th e  cast

ings being produced in the green-sand m ix ture , 
as he though t the silt question depended largely 
on th e  type and w eight of castings being pro
duced.

M r . H u d so n  said th e  green-sand m ix ture  was 
used on castings up to  10 cwts. in w eight, b u t he 
pointed ou t th a t  he had also given a dry-sand 
m ix ture w ith 98 per cent, old sand, which was 
used for castings up to  20 tons w eight. H e could 
not find any increase in  silt, even w ith th is  sand. 
The dry-sand m ix tu re  was lower in silt th an  a 
year ago, and he did not have any large per
centage of casting  defects th a t  could be a t t r i 
buted to the  sand.

M r . H . B u n t in g  said th e  lecture had given a 
new line of though t, and asked w hether the ex
pansion of the  sand gave a perm anent grow th to 
the grains, or did i t  decrease as the sand cooled 
off? M r. H udson had m entioned th a t  an  ideal 
sand would be one th a t  would give a lesser degree 
of artificial venting . H e (M r. B unting) was of 
the opinion there  were more w aster castings 
through the  lack of understand ing  of venting 
th an  any o ther cause. M any moulders, in fact 
he would go so fa r  as to  say th e  m ajority , did 
not understand  the  idea of venting . Could Mr. 
Hudson give them  a sand th a t  would require no 
artificial ven ting?

Seeking a Com m on Denom inator
M r . H u d so n  said the  m ain object of his P aper 

was to  give an idea of w hat was happening. He
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would say th a t  in  rea lity  th is was only h a lf a 
Paper, the  rem ainder to  he published a t  some 
la te r date. P erhaps in th e  second p a r t  he would 
be able to  te ll M r. B u n tin g  how to  m ake th a t 
foolproof sand, b u t he did n o t know a t  present. 
One would probably still have to  rely on g e ttin g  
the excess a ir  and gas away th rough  some a r t i 
ficial channel. F o r th e  p resen t, he had  stopped 
a ttem p tin g  to  decrease th e  perm eability  any 
fu rth e r. In  the  course of collecting d a ta  for 
th e  In s t i tu te ’s Sand Sub-com m ittee he had  ex
am ined sands from  all over the  coun try , and  was 
amazed a t  the  varia tion  of the  p roperties of 
sands. He had seen large castings m ade in  sands 
th a t  were sim ilar to  those used in  a lig h t stove- 
g ra te  foundry. One firm m aking large castings 
had a perm eability  figure of 200, and  a firm 
m aking sim ilar work had a perm eability  figure 
of only 25, and they both made good castings, 
bu t handled th e ir  sands in  a d ifferen t m anner. 
The low -perm eability sand was used w ith  a r t i 
ficial vents and risers. F u rth e rm o re , where the  
sand had a low perm eability  num ber th e  work
men were tra in ed  to  ram  ligh te r. T h a t was 
where the  skill en tered . A t one tim e he th o u g h t 
lie could produce a completely foolproof sand, bu t 
he had now nearly  given up th a t  idea.

G as Expansion

M r. P . A. R u s s e l l  said  i t  was d is tu rb in g  to  
find th a t  M r. H udson was saying th a t  th e  ex
pansion of gas did not conform  to  th e  norm al 
physical law, and he th o u g h t i t  would be in te re s t
ing to  see a theore tica l c u rv e ; he th o u g h t i t  
would add to  th e  value of th e  P a p e r  if th a t  
point was elaborated . M r. R ussell ad m itted  
th a t  the  evidence as to  th e  action  of coal dust 
was conclusive, and also th a t  M r. H udson ’s 
theories were possible, b u t m ore possible in th e  
mould th a n  in  the  experim ents. D id M r. H udson 
in tend to  indicate these explosions tak e  place a t  
a ce rta in  tem p era tu re , say, for exam ple, 400 
deg. C. P In  th a t  case, one would n o t expect 
increase in  s tren g th  up  to  th e  p o in t of the



explosion. R eferrin g  to silt, i t  was possible to 
be misled. H is firm were using clay-bonded 
sands, and he understood th a t  i t  was from clay 
th a t  silt came, and i t  was never possible to 
elim inate silt.

S ilt  Reduction
Mil. H u d s o n  said the  point of theoretical cal

culation had already been taken  up strongly. 
M r. T. R . W alker, of Sheffield, had supplied 
him w ith steelfoundry  compo for the  tests, and 
he had seen the  resu lts and had raised the  same 
point. H e (M r. H udson) though t i t  b e tte r  to 
do the  work in  a practical m anner instead of 
by theoretical calculation. In  his test, using 
the R ichardson perm eability  appara tu s, the  air 
was passed th rough , due to displacem ent of 
w ater. H e was n o t c lear w hether he was getting  
small particles of m oisture going th rough  with 
the a ir. I f  i t  existed as w ater vapour, the  law 
should still apply, b u t not if one had fine 
particles of w ater held in suspension. H e had 
thought i t  advisable to  adhere to  p ractical con
ditions, as fa r  as possible. There was possi
bility of clim atic conditions requ iring  considera
tion ; for exam ple, fog m ight d r if t  into the shop. 
Could fog be classed as a perfect gas? I t  was 
suggested th a t  he should h ea t up the a ir  to
1,000 deg. C. and pass i t  th rough  the  specimen, 
but i t  was difficult to  pass hot a ir  and control 
it. Fu rtherm ore , as all sands contain carbon
aceous m atte r , he though t he would get CO and 
CO, coming out, which would increase the  ex
pansion due to  hea t alone, and th is was not 
adequately taken  care of in  theoretical calcu
lations.

W ith regard  to artificially-bonded sand and 
the silt question, he did no t th in k  the  foundry 
need utilise artificial sand to  prevent the  for
mation of silt. H e though t in telligen t sand 
control would go a long way to  prevent the for
m ation of silt. The average foundry used a 
too-heavily-bonded sand. The clay grains, so 
fa r  as size is concerned, come into the  silt classi
fication, and one can only d is tribu te  a certain
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am ount of clay around a silica g ra in . I f  one 
had too much clay, i t  reduced perm eability  and 
caused a large percentage of fines. I f  every 
foundry  p u t in  sand control and  m ade tests , 
they would be in a position to  reduce silt by 
using a sand w ith lower green s tren g th . H e 
was convinced the  solution of th e  silt problem 
was system atic sand control.

M r . H . S a n d er s asked w hat was th e  am ount 
of new sand used per ton  of castings produced.

M r . H u d so n  replied th a t  th e  figure w a s 
approxim ately 0.03 to  0.06 tons of new sand 
per to n  of castings.

M r. J .  F . D r iv e r  (B ranch-P residen t) asked 
w hether the viscosity of th e  a ir  a t  high tem 
pera tu re  had any th ing  to  do w ith perm eability  
figures. Also, he th o u g h t M r. H udson  had  no t 
answered M r. B u n tin g ’s query as to  w hether 
grow th of sand gra ins was perm anen t, and he 
also was interested  to  hear th e  answ er to  th a t  
question.

M r . H u d so n  said he could no t say any th ing  
about viscosity of a ir. T ha t was a po in t he had 
not considered in the tests. H e apologised for 
om itting  M r. B u n tin g ’s question. The expan 
sion on sand gra ins was n o t com pletely per
m anent, b u t p a rtly  so. Silica goes th rough  
changes, and they  are  dependent on tim e  and 
tem pera tu re . Theoretically, if  silica sand was 
heated up to  1,000 deg. C., th e re  would be a 
change a t  about 870 deg. C. H is  te s ts  had  ind i
cated a p a rtia l reduction in expansion a fte r  
cooling, b u t not complete.

V o te  of Thanks

M r. A. E. P ea c e , in voicing th e  th an k s  of the 
m eeting, said i t  was n o t necessary for him  to 
stress the excellence of th e  P ap e r, as th a t  had 
been done so well by those ta k in g  p a r t  in  the  
discussion. I t  m ight be of in te re s t in connec
tion  w ith the  am ount of new sand, th a t  he was 
recently  in  a foundry  where they  lite ra lly  used 
no new sand, b u t in p a rticu la r, green  sand, which
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was made from  b u rn t core sand. W hether th a t 
foundry were influenced by the  facts of pre
heating, he did no t know. There was one ques
tion  he would like to  raise, and th a t  was w hether 
the degree of ram m ing fo r the  test-pieces was 
sim ilar to  foundry practice.

The vote of thanks was received w ith applause.
M r . H u d s o n  expressed his appreciation , and 

said he got a good deal of pleasure in  coming 
down to give the  P aper. Before replying to 
Mr. Peace, he would like to  make a fu r th e r  re
m ark in  reg ard  to  M r. B u n tin g ’s question of a 
foolproof sand. This was the  effect of mould 
and core facings on perm eability. Some tests 
he had conducted for dry  sand and oil sand 
showed the average blackwash completely sealed 
the pores. A test-piece m ight give a figure of 
200 A .F.A . perm eability , bu t a fte r  blackwashing 
th e  perm eability  would drop to  a figure of 6. 
W hat was th e  use of a perm eable sand if one 
c-oated i t  w ith a wash th a t  was im pervious? 
In  reply to  M r. Peace, all test-pieces were 
ram med to a density  to correspond with the ir 
norm al practice.

C O M M U N IC A T IO N S  
From  Mr. T . R. W a lk e r  

G ay-Lussac’s Law
M r. T. R . W a l k e r  w ro te :—I  have been look

ing th rough  your P ap e r and find myself unable 
to  follow your reasoning and rem arks regard ing  
the  increase in  volume of a ir  on heating . F or 
instance, you s ta te  th a t  “  2,000 cc. of a ir  a t 
norm al tem p era tu re  and  pressure ”  (by which I 
understand  the  tem p era tu re  of 0 deg. C. and 
760 mm. pressure) becomes nearly  6,000 cc. a t 
500 deg. C. and nearly  15,000 cc. a t  1,000 
deg. C.

Actually, a ir  a t  constan t pressure expands by

of its  volume a t  0 deg. C. for each degree

rise in  tem pera tu re , so th a t  a t  1,092 deg. C. its 
volume will be 10,000 cc. aga in s t your 15,000. 
The expansion of a ir  a t  constan t pressure is a t
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a constan t ra te , and , therefo re , gives a  s tra ig h t-  
line g raph , so th a t  I  do n o t qu ite  see how you 
obtain the  k inks shown in  F ig . 4. I  presum e 
the exp lana tion  is bound up w ith  th e  fac t th a t  
you s ta r t  w ith 2,000 cc. of a ir  a t  o rd in ary  tem 
pera tu res and th a t  as soon as you s ta r t  passing 
i t  th rough  the specimen i t  expands considerably, 
so th a t  by th e  tim e  2,000 cc. of ho t a ir  has passed 
through  th e  specimen th e re  is still a good deal 
of th e  orig inal cold 2,000 cc. le ft. I t  seems to  
me, however, th a t  th e  only logical way of dealing 
with th is is to  h ea t th e  o rig inal a ir  up  to  the  
same tem pera tu re  as th e  test-p iece and  pass
2,000 cc. of th is  a i r  th rough  th e  specimen.

The A u t h o r  then  re p l ie d : — In  reg ard  to  my 
rem arks about G ay-Lussac’s Law i t  should be 
understood th a t  i t  is not my in ten tio n  to  d ispu te  
its valid ity  except so fa r  as the  issues in  my 
P aper are concerned. U nder carefu lly  controlled 
laboratory conditions th e  Law m ay be correct, 
bu t under the  prac tica l foundry  conditions which 
my P ap e r is in tended  to  rep resen t, i t  canno t be 
accepted w ithout reservations. I  would consider 
th a t  Gay-Lussac’s Law is correct for a  perfect 
gas. U nfo rtunate ly , u nder foundry  conditions 
there  are so m any variable facto rs which upset 
Gay-Lussac’s Law. T aking th e  effect of m oisture 
in the a ir , you assume th a t  the  m oisture exists 
en tirely  as w ater vapour. No doubt i t  does in 
th e  norm al atm osphere. You do a t  tim es, how
ever, get th e  m oisture ex is ting  in  the  finely- 
divided liquid form. W hen th is  condition  arises 
th e  w ater will be changed in to  steam  as soon 
as 100 deg. C. is exceeded, w ith  th e  consequent 
form ation of a m ate ria l hav ing  1,600 tim es 
g rea te r volume. U sing R ichardson’s perm e
ability  ap para tu s, i t  is debatab le  as to  w hether 
or not the  a ir  being passed th rough  th e  heated  
specimen contains w ater vapour or w ate r p a r
ticles in  suspension. I f  th e  a ir  con tains any 
liquid-w ater partic les i t  is perfectly  obvious th a t  
th is will effect Gay-Lussac’s Law, and  th is  was 
one of the reasons why we p refe rred  to  adop t the  
fine-bored silica-tube m ethod for th e  de te rm ina
tion  of expansion ra th e r  th a n  calculation .
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Sim ilarly, in  regard  to  carbonaceous m atter, 
the te s t specimen is being heated  w ith a  lim ited 
supply of oxygen, insufficient to cause a full 
gaseous reaction. However, when th e  a ir  is 
blown th rough , excess oxygen is supplied which 
enables the combustible m a tte r  to  react readily 
and form  gaseous products of large volume. In  
regard  to  your query as to  th e  heating  tim e, it 
m ight have been m entioned th a t  the to ta l tim e 
to reach 1,000 deg. C. was about 5 hrs., giving an 
average of 30 m in. tim e in te rva l for each 100 
deg. C. rise in  tem p era tu re , 10 m in. of th is 
being spen t m a in ta in ing  the  tem pera tu re  a t  each 
test-point. As a m a tte r  of fac t we conducted 
prelim inary tes ts  to  ensure th a t  heating  was 
carried  th rough  to  th e  cen tre  of the  specimen, 
and the above schedule was found to  be satis
factory.

I am not in favour of the  use of nitrogen 
alone, instead  of a ir, for conducting the perme
ability  te s t a t  elevated tem pera tu res, as th is is 
not represen ta tive  of foundry conditions.

I t  is obvious, however, th a t  from your com
ments, you have taken  a  considerable in te rest in 
the P aper, and consequently th is is g ra tify in g ; 
whilst a t th e  same tim e  you have not produced 
any evidence to  shake the  conclusions reached, 
namely, th a t  th e  reduction  in perm eability  is 
principally  due to  the effect of gaseous expan
sion.

A second com m unication from M e . W alker  
re a d s :—W ith  regard  to  your rem arks about Gay- 
Lussac’s Law, I  m ust disagree w ith you com
pletely regard ing  the valid ity  of th is  law a t 
high tem pera tu res. There is no doubt w hatever 
th a t  all the perm anent gases obey th is law to  a 
fa r g rea te r degree of accuracy th an  you could 
possibly determ ine in your experim ents, to  a 
much higher tem pera tu re  th a n  1,000 deg. C. 
C onstant-pressure gas therm om eters have been 
constructed and are  employed for the  accurate 
m easurem ent of high tem peratures, and in this 
connection the coefficients of expansion of most 
of the  perm anent gases have been determ ined 
repeatedly  w ith very close agreem ent in the
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results. F o r exam ple, Jaquerod  and  P e rro t de
term ined th e  expansion of a ir  from  0 deg. C. 
to  1,067 deg. C. (the m elting  p o in t of gold) and 
found the  value of the  coefficient to  be 0.0036663. 
This is alm ost identically  the  same figure as is 
obtained for the  coefficient of expansion between 
0 deg. C. and 100 deg. C., showing th a t  th e  ex
pansion of a ir  between 0 deg. O. and  1,000 deg. 
C. is, fo r all practical purposes, a t  a un iform  
ra te .

You refer in your le t te r  to  th e  effect of 
m oisture in  the  a ir  as being sufficient to  upset 
the law. A ctually, the  coefficient of expansion 
of w ater vapour betw een 0 deg. C. and 247 deg. 
C. is given in th e  Sm ithsonian  tab les as
0.003799. This figure is somewhat g re a te r  th an  
the coefficient of expansion of dry  a ir , b u t i t  
dim inishes as the  tem p era tu re  rises, and above 
its c ritical tem pera tu re , which is 347 deg. C., i t  
rapidly approaches th e  coefficient of expansion 
of the  perm anent gases.

I  notice th a t  you also re fe r to  th e  presence 
of combustible m a tte r  in the  m oulding m ateria ls 
v itia tin g  the  results of volume calculations, bu t 
surely, if combustible or o th er m a tte r  is vola
tilised during  the period of hea ting , o r du ring  
the  period of stand ing  a t a constan t tem p era 
tu re  (which la t te r  tim e, inciden tally , I  feel is 
much too short to  ensure un ifo rm ity  of tem 
pera tu re  th roughou t th e  specim en), i t  will 
escape, since the  specimen is presum ably in con 
ta c t w ith the ex te rna l atm osphere, from  a pres- 
sure po in t of view, except when th e  te s t if 
actually being carried  ou t?

I t  is tru e  th a t  any carbonaceous m a tte r  
present in the m ateria l a t  high tem p era tu res  will 
be oxidised by th e  passage of heated  a ir  th rough  
the specimen, b u t th is  could be obviated  by 
using n itrogen  as th e  gas to  he passed th rough  
instead of o rd inary  a ir. In  any  case, a t  th e  
high tem pera tu res you are using, th e  carbon
aceous m ateria l will mostly consist of carbon 
itself, which, on oxidation , gives carbon dioxide



of precisely th e  same volume as the oxygen 
which is used up  d u ring  the process.

R e tu rn in g  to Figs. 3 and 4, assuming, for 
the sake of argum ent, th a t  the  smooth curve 
shown in  F ig . 3 is correct as a record of the 
experim ental resu lt obtained, it  is qu ite  clear 
th a t F ig . 4, which is obtained from F ig. 3 merely 
by calculation, m ust also he a smooth line in
stead of a series of s tra ig h t lines as shown. 
The fac t th a t  i t  has k inks in  i t  is merely because 
you have taken  only five points and joined them  
up by s tra ig h t lines. Actually, there  appears 
to  be an arithm etica l e rro r in your calculated 
volume a t  200 deg. C., which, by your own 
method of calculation (reading the  value for the 
perm eability  from  F ig . 3 as accurately  as the 
size will perm it), should be 3,220 c.c. instead of 
the figure shown in  F ig . 4 of a little  over
4,000 c.c. W hen th is  value is inserted  and a 
num ber of o ther points are  calculated, a smooth 
curve may be draw n th rough  all the points, giv
ing th e  resu lt shown on th e  enclosed diagram . 
I th ink , on (reckoning your own figures, you will 
agree w ith th is point.

I  qu ite  agree w ith your rem arks th a t  there 
has so fa r  been fa r  too little  work done on the 
properties of mould and core m aterials a t 
elevated tem pera tu res, and I  am sure th a t  th is 
offers a profitable field for investigation .

To th is th e  A u t h o r  re p lie d : —In  regard  to 
your le t te r  of November 28, I  am interested  to 
note your rem arks in regard  to  the  expansion 
of a ir. As a m a tte r  of fact, we tr ied  to cal
culate out, as you have done, the  degree of 
expansion a t  1,000 deg. C. using the  law of 
Gay-Lussac. U nfortunate ly , th e  theoretical re
sults obtained were nowhere near actual prac
tice. A fter w asting a good deal of tim e, I  came 
to the  very definite conclusion th a t  Gay-Lussac’s 
law cannot be applied u nder the  conditions 
adopted in  my P aper. You will appreciate  th a t 
even the  m oisture in the a ir  is sufficient to 
upset Gay-Lussac’s law when tem pera tu res are 
employed of a degree sufficient to  transform
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m oisture in to  steam . In  view of these variables, 
we decided not to  employ the  theo re tica l calcu
lation , b u t to  ob tain  a definite p rac tica l re su lt 
by passing th e  a ir  th rough  a hot-silica tu b e  such 
as outlined in the  P ap e r and as recorded in  
F ig. 4. W e also considered th e  idea of reh ea t
ing the a ir  up to  the  requ ired  te m p e ra tu re  and 
passing the  hot a ir  th rough , as you suggest, 
but found th a t  th e  control and  m easurem ent of 
th is hot a ir was so difficult as to  p rev en t its 
adoption. W hen all is said and  done, th e  re 
sults given in  th e  P ap e r come back to  your 
argum ent, for, in stead  of passing 2,000 c.c. of 
hot a ir, we employed 2,000 c.c. of cold a ir , b u t 
bv the  previous determ ination  of its  expansion 
we can readily  calculate th e  effect of 2,000 c.c. 
of hot a ir. F u rtherm ore , I  would rem ind  you 
th a t  when you pass ho t a ir th rough  a core con
ta in in g  combustible m a tte r , although  you may 
have measured the  a ir  very accurately , th is  
m easurem ent is of no value, due to  th e  fac t 
th a t  the combustible m a tte r  in th e  core gasi
fies, and th is upsets all your calculations.

From  Mr. A . T ip p er
M r. Tipper w ro te : —
I  expect you will be in terested  in  th e  curve 

I enclose showing the  theore tica l expansion of 
a ir, F'ig. A, w ith increase of tem p e ra tu re  com
pared w ith  the  curve you obtained from  the  
perm eability readings.

W ith  constan t pressure th is  is, to  all in ten ts  
and purposes, a  s tra ig h t line, since dry  a ir  obeys 
Boyle’s law very closely.

The correction for pressure is as follow s: —• 
M anom eter C orrection

pressure. factor.
10 cms........................................... 1.00967
20 cms.
30 cms.
40 cms.
50 cms.

I t  is evident, therefo re , tha 
l esults for tru e  expansion will be slightly  below 
the theoretical curve.

1.0193 
1.0290 
1.0387 
1.0483

t  the  prac tica l



I  was in terested  in  the figures you gave for 
the core sand, and I note th a t  you are using a 
10 per cent, add ition  of Scottish ro tten  rock.

Tests we have made on th is ro tten  rock have 
given a clay con ten t of about 10 per cent., and 
1 am wondering how you have obtained 3 per 
cent, clay in your core sand, as shown in your
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F i g . A .— T h e o r e t ic a l  a n d  D e t e r m in e d  E x 
p a n s io n  o f  A i r  a t  E l e v a t e d  T e m p e r a t u r e s .

table of Sieve Tests, etc. I  presume th a t  the 
clay figures were obtained by the  A .F.A . method, 
and not by é lu tria tion .

I  am of the opinion th a t  the compression test 
for s tren g th  of baked cores is not nearly  as satis
factory  as transverse or tensile tests, though for 
the  purpose of such work as yours the  compres
sion te s t is, of course, the  most convenient. The 
compression s tren g th  of our tes t cores is usually 
in  th e  region of 700 to  1,000 lbs. per sq. in., 
so I  conclude you are  working with a m ixture 
having a relatively high green bond, bu t very 
low dry  streng th .

This will have a bearing  on the very rapid 
drop in stren g th  you obtained, even a t as low a 
tem pera tu re  as 300 deg. C.

This question of s tren g th  of cores a t various 
tem peratu res is one which well m erits fu rth e r 
investigation , and I  hope to do some work in 
th is direction  myself very shortly. s2
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To th is M r. H udson replied : —I  m igh t s ta te  
th a t  in first commencing ou r te s ts  on th e  p er
m eability values a t e levated  tem p era tu res , we 
adopted the  theoretical value for th e  expansion 
of a ir, b u t found too large a d isagreem ent w ith 
p ractical results. Consequently the  curve you 
enclose is an old friend . One of my principal 
reasons for actually  determ in ing  the  effect of a ir 
expansion was to  see the exact re la tion  w ith  the 
norm al perm eability  a t  room tem p era tu re , and 
there are several factors which could no t be 
assessed theoretically. Likewise, your correction 
factors a re  fam iliar, b u t I  decided to  b ring  the 
results to  second decimal place, as published in 
the P aper, in  order to  perm it easy m em orising,
i.e ., 10 cms. 1.01, 20 cms. 1.02, etc. In  o ther 
words, add 0.01 for each 10-cm. rise in  pressure. 
The practical results fo r tru e  expansion will be 
slightly above your theoretical curve and  not 
below it, as s ta ted  in  your le tte r .

In  regard  to  your comments on th e  am ount of 
clay in the oil-sand m ix ture , i t  should be noted 
th a t  there  are m any types of sand in  th e  ro tten - 
rock group, and they  usually  con tain  from  8 to  
20 per cent, clay by th e  A .F.A . method- On top 
of th is the  sea sand used is an in land  deposit 
and is contam inated  w ith clay from  0.5 to  1.5 
per cent. I f  you take  th e  top  lim its I  have 
given, it  will be found possible to  o b ta in  a clay 
content up to  3.3 per cent, in  th e  m ix tu re .

Your conclusions re la tive  to  my using a core
sand m ix ture  having a high green-bond s tren g th  
and low dry  stren g th  are  correct.

The im portance of core s tren g th  a t  elevated 
tem peratures cannot be over-estim ated , and I  
am particu larly  glad to  see th a t  you hope to  do 
some work in  th is d irection  shortly . The rap id  
drop in the  s tren g th  of oil sand between 200 and 
300 deg. C. is an asset providing the  s tren g th  
a t  h igher tem pera tu res  can be m ain ta in ed  a t 
some lim it, say between 50 to  100 lbs. per sq. in ., 
to tak e  care of the  longer solidification periods 
common to  castings of heavy section or m etals 
having a high casting  tem p e ra tu re  such as 
obtained in the steel foundry.
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East Midlands Branch
A  C O M P A R IS O N  O F  SO M E M E L T IN G

F U R N A C E S  IN A G R E Y - IR O N  F O U N D R Y

By T . R. Tw igger (A sso ciate  M em ber) 

In tro ductory
This P ap e r does no t profess to  be a complete 

guide to m elting furnaces in  a grey-iron foundry 
—its m ain purpose is to  bring ou t points of 
comparison which appear to  be of some im por
tance. In  add ition  i t  includes a more detailed 
reference to  some new er types of furnace, w ith 
which the  au th o r has been in tim ate ly  connected 
in two separa te  foundry  departm ents, one o pera t
ing continuously on cen trifugal castings for piston 
rings, cylinder liners, brake drum s and valve 
seat inserts , and the o ther operating  on a non- 
continuous basis for a varie ty  of sand castings.

Choice of Furnace for G rey-Iron  Melting
A part a ltogether from  economical considera

tions the  choice of a m elting  u n it appears to  
depend largely u p o n :— (1) W hether th e  quality  
of m etal required, or the  tem pera tu re  require
m ents are  such th a t  ce rta in  m elting furnaces 
are particu la rly  su itab le ; (2) w hether or not a 
continuous supply of m olten m etal is required 
over several hours or a complete working da^v 
and (3) w hether or n o t a  large varie ty  of d if
fe ren t m ixtures is required in  relatively small 
quan tities.

In  some instances the  above considerations 
may outweigh the  ex tra  operating  cost of a 
p a rticu la r m elting  process. I t  is obvious how
ever th a t  fo r any pa rticu la r furnace steps should 
be tak en  to  see th a t  the  operating  conditions 
are on th e  m ost economical basis for th a t  type 
of furnace.

Sources of Heat
Goal.—On account of its  abundance and the 

im m ensity of the  reserves coal still rem ains the 
prim e source of h ea t in  th is  country. I t  has
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however been little  used in  its  raw  s ta te —except 
to  a small ex ten t fo r a ir  fu rnace  m elting , a 
m ethod b u t litt le  p rac tised  except fo r roll m ak
ing in grey-iron foundries. Coal has, however, 
recently come in to  use on a considerable scale 
w ith the  adoption of pulverised fuel furnaces 
of the Brackelsberg and Sesci types. Coal in 
the form  of coke (cupola and  crucible furnaces), 
gas (crucible furnaces), and  elec tric ity  (arc and 
induction furnaces) still rep resen ts by fa r  the  
g rea te r proportion  of th e  h e a t u n its  genera ted  
in m elting grey iron.

Oil.— Oil, the  advantage of which is its 
controllability , is now a com petitor, being used 
for crucible furnaces, and to  an increasing ex ten t 
a t the present tim e for ro ta ry  and  o ther types 
of m elting furnace. There being li tt le  or no 
oil found in  th is country , and supplies of oil 
from coal being a t  p resent very lim ited , m eta l
lurgists are dependent upon ex te rn a l sources of 
supply. The position of doubt b rough t in  by 
the in troduction  of a ta x  on fuel oil appears 
to  have been clarified by the  fa c t of th e  ta x  
no t being fu r th e r  increased on oil used for 
industria l purposes.

An in teresting  comparison of th e  cost of hea t 
un its  in  various fuels was given by T. I«1. Unwin*' 
and is here reproduced.

In  conjunction w ith th e  descrip tion  shown on 
Table I  there  is of course an o th e r fa c to r which 
en ters in to  final costs and  th a t  is th e  therm al 
efficiency of the  furnace. The a u th o r’s opinion 
is th a t  so fa r  as grey-iron m elting  is concerned 
the  desired efficienc}' can in genera l only be 
obtained w ith a fu rnace of e ith e r rocking or 
completely ro ta tin g  types—w ith , in  the  case of 
combustion furnaces, th e  m axim um  recupera tion  
of the waste heat.

Basis of M elting Costs
In  com paring the  costs of m elting  by various 

furnaces, some clearly-defined m ethod of deter-

* Foundry Trade Journal, November 17,1932,
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m ining the  m elting  cost per lb. of m etal de
livered is obviously necessary. A tten tion  has 
recently been given to  th is m a tte r  by th e  I n 
s t i tu te ’s Costings Sub-Com m ittee.*

In  the  a u th o r’s opinion, i t  is necessary in a 
foundry using several types of m elting  furnace 
th a t  a separa te  m elting  cost should be de te r
mined for each p a rticu la r fu rnace. In  the  works 
with which the  au th o r is connected a com pari
son of m elting  costs from d ifferen t fu rnaces has 
been made during  the past two years on the 
basis of the  following ite m s :— (a) P ow er; (b) 
fue l; (c) lab o u r; (d ) re frac to rie s; (e) deprecia
tion  ; (/) repairs  and m a in ten an ce ; and  (g) m etal 
lost in m elting. I t  will be noticed th a t  these 
items follow closely the  basis recom mended by 
the In s ti tu te ’s Costing Sub-Com m ittee. W ith  
regard  to  labour costs, i t  is fa irly  clear th a t  the 
appropria te  overhead charge should be added, 
although in cases where the  overheads norm ally 
contain some of all the item s given above, the  
overhead charges in  a rr iv in g  a t  th e  m elting  cost 
will be correspondingly reduced. I t  is considered 
better to  determ ine the  cost of m olten m etal 
delivered by the  m elting  u n it m aking  no allow
ance for the  yield of good castings, due allow
ance for th is being m ade in the  final cost figure, 
which will, of course, include m oulding, core- 
making, finishing, e tc ., in add ition  to  m elting.

I t  is obvious th a t  m elting costs depend very 
largely on the  p revalen t conditions—type of 
work, e tc.—in various fo u n d rie s ; therefo re , i t  
is seldom sa tisfactory  to  com pare th e  figures 
obtained in one foundry w ith  those from  an
other. I t  is, however, possible fo r any  p a rticu 
la r foundry using various types of m elting  fu r
nace to  obtain  a fa irly  accurate  com parison be
tween the  various u n its  on th e  basis of the 
methods suggested above.

A comparison of some m elting  costs fo r v a ri
ous furnaces was given in  a P a p e r t  by J .  E .

* Foundry Trade Journal, "November 8,1934.
t  J. E. H urst. “ The Cupola Furnace.” Foundry  Trade 

Journal, November 19, 1931.
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H u rst a few years ago. These figures were 
obtained in  a C ontinental works, and do not, of 
course, include th e  cost of the  m aterial.

T o ta l  M e lt in g  C o s ts  f o r  1 T o n  o f  M a te r ia l.

Crucible furnace ..  . .  . .  3.564
Cupola furnace ..  . .  . .  0.74
Oil furnace .. .. . .  . .  i  _ 86
Brackelsberg funii.ce . .  . .  . .  0.78
Electric furnace . .  . .  . .  2.6

Cupolas
No a ttem p t is here made to  describe the work- 

ing of th is  fu rnace, which has so long been re 
cognised as the  s tandard  m elting u n it for grev 
cast iron. In  spite of its relatively low therm al 
efficiency, i t  is usually considered the  cheapest 
m elting u n it in general use. There is little  
doubt th a t  in m any instances the  cheapness of 
m elting and the  general convenience of opera
tion  have been the cause of Jack of a tten tion  
being paid  to  the  obtain ing of maxim um  effi
ciency. U nder conditions of s tr ic t control the 
cupola can be m ade to  give over a period of 
many hours a supply of hot, clean m etal of 
good consistency as regards composition, 
although frequently  some slight changes may be 
necessary in th e  charges a t various tim es in 
the day to  offset v a ria tion  in composition 
(especially in to ta l carbon) which may occur 
according to  th e  heigh t of th e  bed in  th e  cupola. 
This may especially happen a t th e  commence
m ent of a long blow, using a high coke bed in 
which case a q u an tity  of steel is frequently  
added to  th e  early  charges.

Considerable a tten tio n  has recently been 
focused on the subject of carbon pick-up. R e
sults of actual tests were published in  th e  re
port* of th e  C ast Iro n  Sub-Comm ittee or the 
In s titu te  presented to  th e  annual conference in 
19.M. Personal experience has been th a t  the 
quality  of th e  coke has a considerable bearing

* Proceedings, In s titu te  of British Foundrym en, Vol. xxvii, p. 76.
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on the  percentage of to ta l carbon in  th e  iron. 
Softer coke of th e  Sonth  W ales ty p e  gives an 
iron of m axim um  tem p era tu re , b u t th e re  is a 
tendency to  obtain  d is tinc tly  high to ta l carbon. 
Coke of the  D urham  type, on th e  o ther hand, 
which is usually h a rd e r and som ewhat h igher 
in su lphur, tends to  give lower to ta l carbon. 
In  the  au th o r’s experience, two types of coke 
are u sed ; the  proportions of these are  usually 
kep t the same, b u t they  are  som etimes varied 
as special conditions arise. In  connection with 
the developm ent of cupola p ractice, devices for 
ensuring a constan t w eight of a ir  supplied to 
the cupola a re  becoming more common, especially 
in America.

The balanced-blast type  of cupola as developed 
by the  B ritish  Cast Iro n  R esearch Association 
appears to be gain ing  favour, 95 cupolas now 
having been converted or b u ilt for th is  type  of 
working. Claims are made fo r g rea te r economy 
of operation, and th is , in  sp ite of th e  h igher 
bed which is necessary. I t  is claim ed th a t  40 
per cent, of the  bed coke is recovered in good 
condition. E xperience on the  operation  of 
balanced-blast cupolas will be found in a P ap e r 
by H . Shepherd.*

The au thor has no personal experience on 
balanced-blast cupolas, as his firm ’s cupolas are 
of the type which is more difficult to convert, 
and, owing to the  restric ted  space between the 
foundry wall and the  cupolas, the  la t te r  would 
have to be moved to  ano ther position.

The g rea t d isadvantage to  which any cupola 
appears to  be subject is the g rea t difficulty of 
accurately separa ting  charges of d ifferent com
position. Some in te resting  experim ents in  th is  
direction were recorded by P . A. R ussell t  in  a 
P aper presented to  th e  London and E a s t M id
land Branches la s t year.

The w rite r’s experience in  try in g  to  separa te  
m etal charges in  the cupola has been definitely

•Proceedings, In s titu te  of B ritish Foundrym en, Vol. xxvi. 
1>. 348.

t  Proceedings, In s titu te  of B ritish Foundrym en, Vol. xxviii 
p. 482.
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unsatisfactory , particu la rly  when the charges 
have been fairly  h igh  in alloy add itions; for 
example, charges of iron contain ing  1 to  per 
cent, nickel and 0.3 to 0.5 per cent, chromium 
have shown less th an  half th is  am ount when 
tapped from the  cupola a t  th e  precise tim e 
which the alloy iron should have appeared. In  
the case of charges contain ing  a large percent
age of steel, th ere  is often  a considerable v aria 
tion  in the composition of successive tappings 
from a cupola, particu larly  if the la t te r  is small.

F i g . 1 .— M o r g a n  O i l -f i r e d  C r u c ib l e  F u r n a c e  
(C e n t r a l -A x i s  T y p e ).

W hen m elting  charges of austen itic  iron i t  has 
frequently  occurred th a t  not only has the  sup
posed austen itic  iron as tapped  from the cupola 
had to  be scrapped, b u t a  considerable am ount 
of the following m ateria l as well, owing to the 
high alloy additions which are found in  the 
succeeding charge. Should i t  be necessary to 
m elt a  charge of austen itic  iron during  a day’s 
run  i t  is found b e tte r  completely to “ blow 
down ”  the  cupola and  add a fresh bed of coke 
before m elting  the  charge of austen itic  iron, 
b u t o ther methods of m elting austen itic  iron aTe 
now more common. In  th e  case of the  cen tri
fugal foundry a  charge of special m ix ture  is
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sometimes ru n  a t th e  comm encement of a  blow, 
th is special charge being separa ted  from  the  
s tandard  m ix tu re  which follows by an  e x tra  
charge of coke. W ith  considerable care  a high 
degree of accuracy is m ain ta ined , b u t generally  
the  m etal tap p ed  im m ediately following the 
special charge is used fo r hea ting  th e  cen trifu g a l 
moulds.

Rotary Pulverised C o al-F ired  Furnaces
The au tho r has no personal experience of the  

Brackelsberg or Sesci types of fu rnace , a lthough 
both have been considered in  re la tion  to  the 
foundry w ith which he is connected. The am ount 
of pulverising and storage p lan t requ ired , w ith 
its consequently large dem and on floor space, 
also the high in itia l cost, appear to  render its 
use of doubtful economy in the  case of small 
installations. In  the  case of foundries m elting  
large quan tities of special grey iron or refined 
pig-iron, these furnaces appear to  bh capable 
of u tilising  cheap raw  m ateria l to  produce high- 
quality  m ateria l a t  an economic cost. I t  is 
understood th a t in these types of fu rnaces the  
m elting losses are  always relatively  low. Con
siderable trouble was an tic ipa ted  in connection 
w ith the  refractory  linings, bu t in fo rm ation  to  
hand is th a t  a furnace of the  Sesci type using a 
ram med lin ing of F rench m ateria l (m ix tu re  con
ta in in g  6 per cent, m oisture as ram m ed) gives, 
w ith a certa in  am ount of pa tch ing  du rin g  its 
w orking life, a to ta l of from  200 to  240 heats 
on a 10-ton furnace and from  100 to  140 on a 
2-ton furnace. This is fo r iron rela tive ly  low in 
carbon, which renders th e  opera ting  conditions 
more severe. Also, th e  m eta l is frequen tly  held 
for some tim e on account of ad ju s tm en ts  of com
position. I t  is considered th a t  for norm al types 
of grey cast iron  the  lin ing  life should be in  the  
region of 300 heats for th e  10-ton fu rnace  and 
200 heats for th e  2-ton furnace.

C ru cib le  Furnaces
In  spite of the relatively  high cost of m elting  

in these un its , due to  th e  in d irec t transm ission
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of h ea t and also to the  fac t th a t  i t  is difficult 
to m elt and superheat iron in less th an  about 
3 or 3£ h rs ., these furnaces are used to  the 
a u th o r’s knowledge in  some instances where the

F i g . 2 .— M o r g a n  O i l -f i r e d  C r u c ib l e  F u r n a c e

( L i p -A x i s  T y p e ).

iron is of a very special n a tu re . They have the 
advantage of exact control of m etal composition 
due to th e  absence of oxidation.

The oil-fired crucible furnace appears to  score 
over the  coke-fired u n it  for grey-iron m elting on
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account of the  g re a te r  ce rta in ty  w ith  which the  
desired high tem p era tu re  can be ob tained  and 
the  g rea te r convenience in  operation . These fu r 
naces (typical m odern exam ples of which are  
illu strated  in F igs. 1 and  2) m ay be e ith e r of the  
lip-pouring o r cen tral-ax is type. The lip -pouring  
type is n a tu ra lly  more expensive—b u t is of 
advantage in some instances, although in  a grey- 
iron foundry provision can usually be m ade for 
w ithdraw ing the  m etal on d ifferen t levels, as, of 
course, happens w ith th e  cen tra l-ax is type  
furnace.

In  the  B ritish  P iston  R ing  C om pany’s foundry , 
oil-fired crucible fu rnaces are no t used for m elt
ing except in very ra re  cases, b u t they  have 
proved extrem ely useful in  holding m etal fo r use 
as required over a period of several hours. They 
frequently  enable a special charge of m etal to 
be m elted in  th e  cupola a t  th e  com m encem ent of 
a blow and  stored, thus fu rn ish ing  a supply of 
molten m etal which may be sufficient to  operate  
one or more cen trifuga l casting  m achines, which 
run  continuously for several hours on end. A 
m ethod frequently  practised  is to  m elt a special 
charge, tra n sfe r i t  to  the  crucible fu rnace , and 
then  use a percentage of th e  crucible-stored m ix
tu re  w ith a percentage of s tan d a rd  cupola m etal.

U nder such conditions crucible life is norm ally 
approxim ately 120 hrs. fo r s tan d a rd  S alam ander 
crucibles, b u t shorter life  is, however, likely to  
be experienced if m etal h igh in  nickel or 
chromium is stored in  th e  crucible.

Rotary O il-F ired  Furnaces

A furnace of th e  S tein  type , hav ing  a nom inal 
capacity of 1 ton , is installed  for use in  the  
sand-casting foundry , which is n o t opera ted  on 
continuous lines (Figs. 3 and  4). Obviously, 
one ro ta ry  furnace could mot operate  in a con
tinuous casting  foundry, unless used fo r duplex
ing on th e  principle of co n stan t add ition  and 
w ithdraw al of molten m etal. This fu rnace  was 
installed largely on account of th e  difficulty of 
separating  m ix tures of d ifférent composition in
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the cupola. As will he seen from the illu stra
tions, the furnace consists of a cylindrical shell

R o t a r y - F u r n a c e  I n s t a l l a t io n .

having a special oil bu rner a t one end w ith an 
e x it a t  the  o ther end for the  products of com
bustion, which are conducted by a hood
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and elbow to  underg round  flues, from  which 
they pass in to  th e  recupera to r. The la t te r  con
sists of a brickwork cham ber con ta in ing  a series 
of “  U ’’-shaped tubes th rough  which cold a ir 
from  the fan  is blown, to  be heated  by passage 
th rough  th e  tubes and then  conveyed th rough  
the  insulated  pipe to  the  bu rner. W hen first 
s ta rtin g  the  furnace, all th e  products of com
bustion go th rough  the  recupera to r, b u t, should 
the tem pera tu re  in  th e  flue a t  th e  bottom  of the 
recuperator rise  above 900 deg. C., i t  is neces
sary to open th e  bypass flue so th a t  some of 
the h ea t goes to  the  stack. I t  m ay also be 
necessary to  close th e  flues lead ing  from  the 
recuperator.

In  the  ease of the  p lan t w ith  which the  
au tho r is connected, difficulty was a t  first ex
perienced due to  th e  fac t th a t  th e  tem p era tu re  
a t the  base of the recupera to r quickly rose to
1,000 deg. C., necessita ting  res tric tion  in  the 
flow of h ea t th rough  th e  recupera to r, under 
which conditions the  a ir  p rehea t was consider
ably lower th a n  it  should have been. This is 
a ttr ib u ted  to the  fac t th a t , as w ater was found 
a t flue foundation  level, w aterproof concrete 
was used fo r the  flues, and th is has an  in su la t
ing effect. The difficulty has now been elim i
nated by the  use of an in jec to r system, which 
uses a small je t  of a ir  from  th e  fan  to  in tro 
duce a considerable volume of atm ospheric a ir 
into the flue. By th is m eans the  recupera to r 
tem pera tu re  is restric ted  som ewhat, b u t an  a ir 
preheat of up to  300 deg. C. is obtained.

Owing to a certa in  am ount of difficulty w ith 
the furnace charging door, which is norm ally 
opened for charging and k ep t closed during  
melting, the door was removed, and th e  fu rnace 
is now charged d irect th rough  a hole, 11-in. 
dia., in the charging end.

Furnace Lin ings
The lin ing  life p resented  one of th e  la rgest 

unknown factors in th e  choice of th is  fu rnace. 
I t  can be sta ted , however, th a t  th e  p resen t



lining life is satisfactory , using B ritish  re frac
tories. The lin ing, which is originally  10 in. 
th ick , is worn down to about 2 | in. th ick  be
fore renew ing. A t the present tim e the practice 
is to chip hack the rem aining lin ing  m aterial 
and renew the lin ing bj' pneum atic hamm er 
ram m ing w ith new refractory  (the m oisture con
te n t of which is carefully  controlled a t  6 per 
cent.). To renew  a worn lin ing takes about 3 |

tons of refrac to ry , and th is norm ally lasts about 
120 heats.

R ecuperato r Life
A fter 14 m onths of operation, leakage was ex

perienced in the  recupera to r, due to  the  screwed 
jo in ts  a t  the  bottom  of th e  tubes having fa ile d ; 
the rem ainder of the tubes are, however, in 
satisfactory  condition.

Fuel Consum ption
The fuel used is heavy fuel oil, averaging 

0.92 specific g rav ity . I t  is pum ped from  the 
m ain  storage ta n k  in to  a service tan k , which
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m ain ta ins a constan t pressure to  th e  bu rners. 
E lectric heaters a re  provided in  th e  service ta n k  
and also in  th e  supply line  to  th e  bu rn er. The 
fuel consum ption over th ree  h ea ts  per day 
averages about 18 to  20 per cent, by w eight of 
the  to ta l w eight of m etal charged. This is for 
m etal required to have a high degree of super
heat as tapped  from  th e  furnace.

M elting Losses
These are  usually  in re la tion  to  th e  leng th  of 

tim e the  charge is in th e  fu rn ace ; consequently 
the first heat, which norm ally takes 2 j hrs., 
shows m elting losses of approxim ately  0.5 per 
cent, carbon and 0.4 per cent, silicon ; fo r sub
sequent heats the  losses are  reduced to  0.3 per 
cent, carbon and 0.3 per cent, silicon. This is 
for charges contain ing  a  considerable am oun t of 
small chippiings (obtained from  th e  fe ttlin g  de
pa rtm en t of the  cen trifu g a l foundry). The 
losses are  always considerably h igher when using 
fine scrap. F inely-crushed gas coke is  used to  
offset some of th e  reduction  in  carbon, b u t th is  
should n o t be added to  the  ex te n t of m ore th a n  
2 cwts. per ton , th is  am ount being sufficient to  
offset a loss of about 0.3 per cent, in  th e  carbon 
content. Crushed petroleum  coke has been used, 
bu t th is  does no t appear to  have any  advan tage  
over gas coke in m inim ising carbon losses. W ith  
the use of borings, the  losses are  very m uch 
higher, and charges of all borings do n o t appear 
justified, even when using a considerable am ount 
of crushed coke. Inc iden tally , the  charge has 
60 lbs. of limestone added per ton  to  tak e  care 
of oxidation products.

Econom ic C o nsiderations
To give the m axim um  efficiency w ith  reg ard  to 

fuel consum ption, the  fu rnace  should be k ep t 
in  regu lar use, m elting n o t less th a n  th ree  heats 
per days (preferably  fou r), in  w hich case the  
first heat is charged o v e rn ig h t; th is  consider
ably minim ises th e  p rehea t period. I t  is obvi
ously inadvisable and uneconomical to  hold the
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heat of m etal in the  furnace fo r any length  of 
time while tapp ing . C areful records of cost 
obtained over a considerable period indicate 
th a t , provided the  num ber of heats is no t less 
th an  th ree  per day, the  m elting  costs are 
approxim ately sim ilar to those of cupola-melted
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F i g . 4 .— S t e i n  R o t a r y  O i l -f i r e d  F u r n a c e , 
1 -t o n  C a p a c it y  ( R e c u p e r a t o r  n o t  s h o w n ) .

m etal of the same quality , b u t th is is only tru e  
when th e  charge for the  S tein  furnace contains 
low saleable value scrap and low-price pig-iron, 
as compared w ith the  use of higher-priced pig- 
iron or refined iron in the  cupola.

E le ctric  Furnaces
The d irect-arc furnaces, as commonly used for 

the m elting of steel, appear to be very little
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used in  th is  country  fo r cast iron . I n  A m erica 
the  “ L ectrom elt ”  d irect-arc  fu rnace  is used on 
a considerable scale, tog e th e r w ith  th e  D e tro it 
rocking indireot-arc furnace. The w rite r’s ex
perience extends solely to  two furnaces of the 
la tte r  type (50- and 350-lb. cold-m elting capa
city). The la t te r  will be seen in  F ig . 5. I t  is 
the L .F .A .-type  furnace of 350 lbs. cold charge 
or 500 lbs. molten capacity . The fu rnace  con
sists of a cylindrical shell lined w ith  suitab le  
refractory , the  electrodes en te r in g  th ro u g h  su it
able refractory  sleeves on the  axis of th e  fu rnace. 
On the  smali 50-lb. cold capacity  fu rnace  an 
ingenious rocking mechanism is employed, by 
means of which the  angle of rock, which, of 
course, is very small, soon a f te r  charg ing  cold 
metal, autom atically  increases to  th e  m axim um  
rock by the  tim e the  charge is m elted, th e  
principle being th a t  much h ea t is tran sfe rred  
d irect from the lin ing  to  the  m etal charge. In  
the case of the  la rg er types of fu rnace , au to 
m atic rocking has not yet been developed, the 
angle of rock being gradually  increased by v a ri
able stops controlling the  angle of rock. A uto
m atic electrode control has no t been applied to  
the sm aller types of fu rnace, as th e  advan tage  
does no t appear to  outw eigh th e  e x tra  cost. 
Such mechanism could no doubt profitably be 
applied to  the  la rg er sizes of fu rnace . There 
appears to  have been reluctance on th e  p a r t  of 
some electricity-supply au th o ritie s  to  perm it 
single-phase operation , which is requ ired  w ith 
the horizontal arc furnace, from  th e  m ulti-phase 
supply. I t  is understood th a t  these objections 
are now being w ithdraw n. This has a consider
able bearing  on th e  developm ent of th is  ty p e  of 
furnace, as a very costly tran sfo rm er equipm ent 
is needed should single-phase c u rre n t be desired 
from a  m ulti-phase supply. W here th e re  a re  a  
num ber of furnaces, in d iv id u a l u n its  can be 
wired across separa te  phases. I n  th e  case of the  
furnaces w ith which th e  a u th o r is fam ilia r, no 
objection has been ra ised  to  single-phase opera
tion, and cu rren t is supplied a t  norm al bulk-



supply tariff, th is  ra te  applying provided the 
furnaces are  not used between 4.15 and 5.45 p.m. 
du ring  November, December, Ja n u a ry  and Feb
ruary . I t  is understood th a t o ther power cor
porations in the country  have gran ted  special 
concessions, which indicates a commendable de
sire to extend the  use of electric power for in
dustria l purposes.
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F ig . 5 .— B ir l e c  D e t r o it  R o c k in g  I n d ir e c t -A r c  F u r n a c e  ( L .F .A .  T y p e !.

C u rre n t Consum ption
In  m elting charges of grey cast iron in  the 

L .F .A . type of furnace, the  cu rren t consump
tion  averages 650 kw.-hrs. per ton. This is for 
good m elting conditions, where charges follow 
one ano ther in quick succession, and th is  con
sum ption is considered satisfactory  for a small 
furnace. W hen duplexing charges, the  cu rren t
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consum ption n a tu ra lly  varies w ith  the  am ount 
of solid m ateria l added and the  degree of super
heat desired.

M elting Losses
One of the  principal advantages of th e  rock- 

ing-arc fu rnaces is th e  close contro l w hich can 
be m ain tained  over m etal composition. The 
losses of carbon and silicon are  ex trem ely  low, 
being v irtua lly  negligible except w hen th e  m etal 
is held any length  of tim e in  th e  fu rnace . An 
example of the  losses of carbon, silicon and m an-

T able I I .—Electric Furnace Losses. 
Cast U.59.

Frac
ture.

T.C.,
per

cent.

Si,
per

cent.

Rockwell
hardness

value.

As charged into 
furnace Grey 3.38 2.03 C.19

After 1 hr. in fur
nace 3.36 1.95 _

After 2 hrs. in 
furnace 3.28 1.89 C.20

After 3 hrs. in 
furnace 3-34 1.81

After 4 hrs. in 
furnace . . Mottled 3.20 1.72 0.25

ganese a fte r  4 hrs. in the fu rnace is given in 
Table II .

W here it  is desired to  increase th e  carbon 
content over th a t  of th e  o rig inal m ix tu re , 
crushed petroleum  coke is added, and  w ith  hypo- 
eutectic irons th is  is usually  effective to  th e  
ex ten t of 75 per cent, of the  carbon con ta ined  in  
the  coke.

L in in g |L ife
Linings of fused alum ina, sillim anite , and  

ram med m agnesite have been used fo r o rd inary  
types of grey iron, and a  lin ing  of special m agne
site bricks has been contem plated . The alum ina  
or sillim anite ap p ea r to  give sa tisfac to ry  resu lts 
on norm al grades of iron—th e  life depending 
npon w hether or no t th e  lin ing  is patched  during
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its  working life. I t  is understood th a t  in 
America on furnaces which are patched each 
week-end linings have been in  use two to  three 
years. The sillim anite, and to  a  lesser ex ten t the 
alum ina, appear to  be somewhat readily  a ttacked  
by irons high in  nickel and  chrom ium . The best 
resu lt so fa r  a tta in ed  is 150 heats for an alum ina 
lin ing  in the  L .F .A . furnace. I t  is hoped by 
patch ing  to obtain  200 heats before the  lining is 
completely unserviceable. I t  is not general to 
use any flux in  m elting  grey cast iron, although 
in th e  case of very d ir ty  or ru s ty  scrap some 
crushed glass may be used.

T able  III.—Re-melting Borings in the Electric Furnace.

Total Silicon, Manganese,
per cent. per cent. per cent.

Borings as charged 3.35 2.25 0.88
Melt as tapped 3.14 2.14 0.84

Econom ic Considerations
As w ith th e  oil-fired ro ta ry  furnace, i t  is not 

economical to  u tilise the  fu rnace for holding 
m etal fo r any length  of tim e, largely on account 
of the  c u rre n t consumed, and partly  because of 
the destructive action on the  refractory  m aterial. 
W here i t  is desired to  hold m etal for any length 
of tim e, i t  is probably b e tte r  practice to empty 
th e  contents of the  electric furnace in to  a 
crucible furnace. I t  is obvious th a t  a num ber of 
m ethods of using the  fu rnaces are open to choice, 
am ongst these b e in g :— (1) D irect cold-m elting;
(2) d irec t cold-m elting, m ixing the electric-fur- 
nace m etal w ith  s tan d a rd  cupola ir o n ; (3)
duplexing cupola-m elted m etal w ith varying 
am ounts of alloys and solid scrap, and  (4) duplex
ing on the basis of constan t additions of solid or 
m olten m etal and w ithdraw ing the equivalent 
am ount of m olten m etal.

As th is  type of fu rnace has a  high cap ita l cost 
i t  is obviously desirable to  m inim ise idle tim e. 
In  a rriv in g  a t  m elting  costs, th e  w ater used for
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cooling th e  electrode holders and  th e  cost of 
electrodes m ust be tak en  in to  account, in  ad d i
tion to  th e  general item s m entioned earlie r . As 
w ith th e  oil-fired ro ta ry  fu rnace  i t  is obvious th a t  
the electric fu rnace can only com pete w ith 
cupola m elting  when low-value scrap  is used. 
I t  is understood th a t  in  A m erica charges of 
100 per cent, borings are  som etimes used, 
although personal experience has been th a t  a 
high percentage of borings ha's n o t been an  u n 
qualified success fo r im p o rtan t work.

Conclusion
In  the a u th o r’s opinion th e  n ex t decade is 

likely to  w itness the  still fu r th e r  adoption  of 
ro ta ry  furnaces fo r grey-iron m elting  and also a 
considerable extension of elec tric-furnace m elt
ing for high-grade castings. E lec tric-fu rnace  
m elting would be grea tly  stim u la ted  by a  reduc
tion in electric ity  charges. I t  will be realised 
th a t  details of operation  of various fu rnaces have 
not been exhaustively dealt w ith in  th is  P ap er, 
as the  desire was ra th e r to  consider th e  principles 
underlying the  choice of p a r tic u la r  fu rnaces.

The au thor wishes to  acknowledge his th an k s 
to the  M organ Crucible Company, Messrs. S tein  
& Atkinson, L im ited, and B irm ingham  E lectric  
Furnaces, L im ited, for illu s tra tio n s  supplied , to 
Messrs. A rm strong W hitw orth , L im ited , fo r 
inform ation regard ing  lin ing  life in  Sesci fu r 
naces, and to  th e  d irectors of his own firm  (the 
B ritish  P iston  R ing  Company, L im ited) for 
permission to  give th is P aper.
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T H E  M A N U F A C T U R E  A N D  U T IL IS A T IO N  O F  
E L E C T R IC  S T E E L  IN T H E  F O U N D R Y

By T . R. W a lk e r , B .A . (M em ber), and C . J.
Dadsw ell, Ph .D ., B .Sc. (A sso ciate  M ember)

H isto rica l
A lthough th e  production of large quantities 

of steel by electric m elting  is of com paratively 
recent grow th, Siemens, as fa r  back as 1878, 
took ou t a p a te n t fo r a n  electric-arc furnace 
which, in  its  essentials, is very sim ila r to  the 
furnaces operated  a t  the  present tim e. The fact 
th a t  th is  Siemens fu rnace was no t used com
mercially was due, p rim arily , to  the prohibitive 
cost of genera ting  elec tric ity  a t th a t  tim e and 
for m any years afterw ards. I t  was no t u n til 
th e  early  years of the  tw entie th  cen tury  th a t  
e lec tric ity  became cheap enough to  be used on 
a large scale industria lly . About th a t  tim e many 
types of electric m elting furnaces were designed, 
u tilising  d ifferent principles, and the  first elec
tr ic  steel m anufactu red  in th is  country  was made 
a t the V ickers Sheffield W orks in  1907. The 
furnace employed was a K je llin  furnace, which 
operated  by u tilising  th e  heating  effect of low- 
frequency cu rren ts  applied to  the  charge. This 
furnace had a brief and  undistinguished career, 
as it  was uneconomical in  operation  and had the 
g re a t d isadvantage th a t  p a r t of the  charge had 
to  be le ft in  th e  fu rnace to  conduct the  elec
tr ic ity  for th e  following charge, so th a t  i t  was 
im practicable to  make successive charges of sub
stan tia lly  different chemical analysis.

In  1910 the  first H erou lt furnace in  th is 
country  was p u t down a t  E d g ar Allen’s works 
in Sheffield, and th is  was followed a year la te r 
by one a t th e  V ickers W orks. These furnaces 
were of th e  three-electrode type , using electric
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arcs, and arc furnaces of th is and sim ilar de
signs have been very popu lar both  in th is  
country and elsewhere ever since.

In  th e  early  days of electric m elting  i t  was 
commonly though t th a t  good elec tric  steel co-uld 
be m ade from  any type of raw  m ateria l, w hether 
th is was good or bad. The same opinion was 
held shortly a fte r  the  in troduc tion  of th e  basic 
open-hearth process, b u t in each case i t  has been 
found subsequently by experience th a t  th e  m anu 
fac tu re  of good steel by th e  basic process de
m ands good raw  m ateria l and care a t  each stage 
during  its  m anufacture.

Steel for Castings

From  a foundry po in t of view, steel which is 
to be regarded as good should lie qu ie tly  in  the 
moulds w ithout any evolution of gas, i t  should 
be fluid over a wide range of tem p era tu re , and 
it  should not a tta ck  the  mould m ateria ls. To 
some ex ten t these requirem ents are incom patible. 
I f  the mould m ateria l is not to be a ttacked , the 
steel should be poured a t  as low a tem p e ra tu re  
as possible. This p ractice is likely to  in troduce  
difficulties in the  way of short runs, cold shuts, 
cold laps and o ther defects, and also to  lead  to  
the occurrence of skull in  a ladle a f te r  casting. 
Castings made from  electric steel a re , in  general, 
small compared w ith  those m ade from  open- 
h earth  steel, and th is often  involves a consider
able num ber of openings and closings of the  
ladle nozzle. I t  is quite common, for exam ple, 
for the nozzle of a 3-ton ladle to  be opened and 
closed between 50 and 100 tim es du rin g  the  
pouring of a hea t, and th e  steel m ust be hot 
enough and sufficiently fluid to  allow th is  to  be 
carried  out. W here large num bers of small 
castings are made in th is way, i t  is c lear th a t  
if the steel is of th e  correct tem p e ra tu re  a t  first, 
it will be cold by th e  tim e the  las t castings are 
poured, and if i t  is correct a t  th e  end of the  
pouring i t  will be too hot fo r th e  first castings 
run . This may lead to  enlarged shrinkage cavi
ties where the  steel is too ho t and cold laps or
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short runs where the steel is too cold, so th a t  a 
compromise m ust be adopted to  su it th e  various 
circum stances as well as possible.

The fluidity , “ castab ility  ” or runn ing  life of 
electric  steel is no t en tire ly  governed by the  tem 
pera tu re . In  some cases th e  steel m ay be ex
trem ely hot, b u t a t  the  same tim e sluggish and 
difficult to  run . I t  is then  said to  be “ dazed,” 
over-killed or too dead. This condition of the 
steel is extrem ely difficult to  correct in  anv 
reasonable tim e when once i t  has been allowed 
to  develop its  occurrence, and m ust, therefore, 
be prevented  by a tten tio n  to  de ta il throughout 
the  operation  of m aking the  steel.

Basic E le ctric  Steel
Steel m anufactu red  in  electric furnaces may 

be m ade in  furnaces w ith  e ither an acid or a 
basic lining, th e  difference being th a t  in the 
case of acid-lined furnaces no reduction of sul
phur and phosphorus is possible, w hilst w ith 
basic-lined furnaces a considerable reduction in 
these elem ents, p articu la rly  in the  case of phos
phorus, may be carried  out. E lectric furnaces 
w ith acid lin ings are  coming in to  prominence 
in th e  U n ited  S tates, b u t acid electric m elting 
has no t h ith e rto  been carried  out to  anv g rea t 
ex ten t in  th is country. F rom  a steelm aking 
po in t of view, therefore , i t  appears best to 
confine th e  P ap e r to  basic electric steel. On 
th is subject alone books have been w ritten , verv 
m any different methods being available for the 
production of such steel, and in the  tim e avail
able i t  is proposed to  re fe r to  only one p articu la r 
m ethod of m aking basic electric steel, a method 
which has been found to  give very good results. 
I t  is p articu la rly  suited  to  the  production of 
carbon steel fo r castings, contain ing , say, 
0.15 to  0.4 per cent, of carbon, which embraces 
the composition of the m ajo rity  of castings made 
in English foundries, and i t  gives very good 
resu lts when used for the  m anufactu re  of green- 
sand castings, which are ordinarily  more diffi
cu lt to  make sound th an  castings made in dried 
moulds.
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A brief outline of the  steps tak en  in  the  
m anufactu re  of a h ea t of steel of th e  k ind  re 
ferred  to  is as follows. The charge is first 
m elted, p recautions being tak en  to  p rev en t the  
oxidation of th e  iron  which would yield oxides 
very difficult to  remove subsequently. N ext, 
any dissolved gases o ther th a n  carbon m onoxide, 
such as n itrogen  and hydrogen, are  rem oved by- 
means of a c u rren t of carbon m onoxide. The 
carbon monoxide rem ain ing  in  th e  b a th  is then  
removed, the  steel deoxidised and  ra ised  to  the  
tap p in g  tem pera tu re . F in a l add itions a re  made 
and  the steel tes ted  on th e  fu rnace  stage before 
being tapped  and sen t in to  the foundry .

C o n trasts  w ith Open H earth

In  open-hearth practice the  charge usually  con
sists of a m ix tu re  of pig-iron and scrap , b u t in 
electric-furnace practice the  charge frequently  
consists en tire ly  of scrap, m ade up  p a rtly  of 
runners, risers and  w aster castings, and  gener
ally contain ing a substan tia l p roportion  of steel 
tu rn ings, frequently  more or less oxidised. The 
m elting of th is charge is accom panied by the 
oxidation of the elem ents in  it , th is  process being 
fac ilita ted  if the  in itia l sm all b a th  of m olten 
m ateria l is allowed to  rise to a very h igh  tem 
pera tu re . The bulk of the  charge consists of 
iron, and during  m elting the  o ther elem ents p re
sent, notably carbon and m anganese, a re  oxidised 
before th e  iron, b u t if the  con ten t of these 
elements is allowed to  fall to  a very low figure 
the iron of the  b a th  begins to  oxidise, producing 
oxides of iron which are  extrem ely difficult to  
remove, and give rise to  very undesirab le  effects 
in the steel. W here tu rn in g s  a re  allowed to 
accum ulate in considerable q u an titie s  th ey  should 
be stored under cover so as to  reduce th e  surface 
oxidation, since any oxides in  th e  charge will 
readily  react w ith both carbon and m anganese 
on heating .

Since the  charge consists en tire ly  of steel, i t  
will n a tu ra lly  m elt w ith a much lower carbon 
content th an  is usual in th e  o p e n - h e a r t h  f u r n a c e ,
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where a good deal of the charge consists of pig- 
iron. In  order to  provide enough carbon and 
m anganese to  p ro tect the iron from  oxidation, 
and also to  provide a sufficiently high-carbon
content for a  boil, which will be referred  to
la te r, i t  is advisable to  include in  the  charge
powdered an th rac ite , ground electrode or ground 
coke, these consisting essentially of carbon, and 
also to  include some m anganese-steel scrap, or 
some ferro-m anganese if m anganese steel is not 
available. M ost of the  steel used in  a  foundry 
contains 0.2 to  0.3 per cent, carbon and for the 
m anufacture  of th is sufficient m ateria ls con tain
ing carbon and m anganese should be added to 
the charge to  give a m elting carbon of 0.4 to 
0.5 per cen t., w ith  a  m anganese conten t of
round about 0.2 per cent. M elting down should 
be carried  out m oderately hard , b u t no t so 
quickly as to  develop small lakes of highly-heated 
m etal below th e  electrodes.

W hen th e  charge is m elted a sample is taken 
for analysis and  will give the  carbon and m an
ganese a t  th is  stage. The first slag is now 
made in th e  usual m anner and dissolved gases, 
such as n itrogen  and hydrogen, a re  expelled from 
the b a th  by a c u rren t of carbon monoxide. 
This carbon monoxide is produced by additions 
of ore, th e  oxygen in which reacts w ith the 
carbon of the  bath , giving bubbles of carbon 
monoxide which are  evolved as a gas.

A  New  V iew point
I t  is necessary to  e lim inate dissolved gases as 

fa r  as possible so as to  avoid an  evolution of 
gases when th e  steel is poured in to  the  moulds. 
I f  th e  steel du rin g  casting  contained a good 
deal of dissolved gases i t  would be unsuitable, 
particu la rly  fo r green-sand work, since steam 
is evolved from  the surface of green-sand moulds 
and a cu rren t of steam  passing th rough  the 
liquid steel would d is tu rb  th e  equilibrium  of 
the dissolved gases, causing them  to be evolved. 
In  addition , any sharp  excrescences in the mould 
would favour the  evolution of dissolved gases 
in exactly the  same way as a piece of m aterial
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w ith sharp  points will p reven t th e  bum ping or 
in te rm itte n t boiling of w ate r in  a flask.

The boil produced in  th e  steel should be as 
vigorous as possible and  th e  ore added should, 
therefore, be in lum ps of, say, first size and 
not in powder form. A sho rt brisk boil is fa r  
more valuable in d riv ing  o u t dissolved gases 
th a n  a long slow boil, even a lthough  the  reduc
tion  in carbon conten t, and consequently the 
am ount of carbon monoxide evolved, is th e  same 
in each case. The am ount of ore to  be added 
per ton of charge na tu ra lly  depends on the 
m elting carbon and should be sufficient to  reduce 
the carbon to  such a figure below th e  final 
carbon conten t desired as will allow th e  difference 
to be made up by the  add ition  of recarburis ing  
and deoxidising alloys. In  any case, th e  carbon 
conten t of the bath  m ust be reduced to  such 
a figure as will enable dephosphorisation to  take  
place, since a1 substan tia l con ten t of carbon 
protects phosphorus from  oxidation . I f  the 
scrap used for the  charge consist en tire ly  of 
waste m ateria l from  th e  same foundry  dephos
phorisation is no t im p o rtan t since the  scrap will 
all be of the low-phosphorus type. U sually, how
ever, the charge includes tu rn in g s  derived from 
m ateria l o ther th an  th a t  m elted in  th e  electric 
furnace, and in such cases dephosphorisation  is 
advisable.

Slagging Off

When the charge is en tire ly  m elted the  bath  
is raised to  a m oderately high tem p era tu re . I t  
m ust be made hot enough to  ensure a complete 
separation  of m etal and slag, and  also to  allow 
the power to  be cu t off in a few m inu tes du ring  
the slagging operation  w ithou t th e  b a th  begin
ning to freeze. F o r slagging off, th e  fu rnace  
is tilted  slightly  and the  slag rem oved th rough  
the hack door. I t  is im p o rtan t th a t  th is  slag 
should be completely rem oved, since any small 
islands of slag rem ain ing  would allow rephos- 
phorisation to  tak e  place, and would also tak e  
up a good deal of tim e in  g e ttin g  th e  second 
slag in to  condition.
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A t th is stage the  bath  is sa tu ra te d  w ith carbon 
monoxide and contains o ther oxides, so th a t  a 
sample of the m etal will rise in the  spoon and 
be full of holes. I t  is, therefore, necessary for 
reduction processes to be carried  out. If  a 
sample taken  for analysis now shows th a t  the 
carbon conten t is too low, some carbon is added 
to the  b a th  in  the  form  of powdered an th rac ite , 
powdered electrode or some o ther form  of 
carbon w ith  low ash content. A t th is po in t i t  
is qu ite  easy to  deoxidise the bath , or in other 
words reduce any dissolved oxides present, by 
a sudden heavy dose of ferro-silicon. This 
elim inates o ther oxides b u t leaves as its  product 
of the deoxidising process silica, the oxide of 
silicon, form ing insoluble non-m etallic inclusions 
in the steel which are  very difficult to remove, 
and in te rfe re  seriously w ith the fluidity  of the 
steel as cast. I t  is much b e tte r  to  carry  ou t the 
deoxidation as fa r  as possible w ith manganese, 
since th is  gives as a p roduct of the  process 
manganese oxide which can easily be decomposed 
and reform ed, and is also easily moved from the 
bath  in to  the  slag and  vice versa. The process 
is as follow s: The m anganese reduces oxides
in the  steel such as carbon monoxide and ferrous 
oxide, being itself converted to  m anganese oxide 
which then  moves upw ards into th e  slag. In  
the  slag the m anganese oxide is reduced by sili
con to  m etallic m anganese which re tu rn s  to  the 
m etal ba th . H ere i t  reduces more oxides and 
is converted to  m anganese oxide which moves 
in to  the  slag and is reduced to  m etallic m an
ganese and so on. The production is thus carried 
ou t substan tia lly  by m anganese in the m etal 
and by silicon in  th e  slag.

D eoxidation and Desulphurisation
A fter slagging off, therefore, about tw o-thirds 

of the ferro-m anganese required  in the ordinary 
way for finishing, is added to  th e  b a th  in  lump 
form, the  exact am ount depending on th e  m an
ganese con ten t of the b a th  a t  th is  stage. Slag- 
m aking m ateria ls in the  form of lime and fluor
spar are  added, together w ith some an th rac ite
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coal dust, th is  la t te r  serv ing p a rtly  to  hold the 
carbon con ten t of th e  b a th  and p a rtly  to  assist 
as an add itional elem ent in  th e  reducing  process. 
The slag quickly tu rn s  brow n or black owing to 
the presence of m anganese, and  fu r th e r  ad d i
tions of lime and fluorspar are  m ade a t  in tervals, 
as required , to  keep th e  slag in  condition . Small 
am ounts of powdered coal a re  also added a t 
in tervals for the  same purposes as before. 
G radually, th e  slag begins to  tu r n  lig h te r in 
colour and  steel-spoon sam ples show th a t  the 
bath is becoming less wild. A t th e  beg inn ing  of 
the deoxidising stage  th e  steel is m uch below the 
tem pera tu re  required  for tap p in g . The steel 
should be heated  only g radually  du rin g  th is 
stage. I t  should not be quickly raised  to  a  very 
high tem p era tu re  and k ep t th e re , since if the 
steel is very hot th roughou t th e  reducing  stage, 
it is extrem ely difficult to  m a in ta in  a proper con
trol over the  slag and  m eta l conditions.

D uring  the  reducing process, as th e  tem p era
tu re  is rising  gradually , i t  is o ften  found th a t  
when a certa in  tem pera tu re  is reached successive 
samples of the m etal do no t become less wild, 
in other words, the  process of reduction  is sus
pended. This is because the  deoxidising power 
of manganese dim inishes as th e  tem p e ra tu re  rises 
until i t  is unable to  reduce carbon monoxide. In  
th is case i t  is im practicable to  carry  o u t com
plete deoxidation by m anganese alone, and  a 
stronger reducing agen t m ust be used a t  the 
h igher tem pera tu res. This agen t is silicon, and  
it  is, therefore, necessary to  add  small am ounts 
of powdered ferro-silicon to  com plete th e  deoxi
dation of the bath . This powdered ferro-silicon 
should be added a t  in tervals and no more th an  is 
necessary for complete deoxidation  should be 
used on account of its  bad effect on th e  ru n n in g  
life of the steel. A t th is  stage i t  will be found 
th a t the slag lightens in colour very rap id ly  and 
finally tu rn s  w hite. Shortly  a f te r  th is  i t  falls to 
a powder on being exposed to  the  a ir  for a short 
tim e and th e  powder smells of acetylene. This 
falling w hite slag rep resen ts th e  final stage in 
the  process of reduction , and it  is im p o rtan t th a t



th e  m etal should no t be m ain ta ined  under th is 
slag for longer th a n  is necessary.

Com position  A d justm ent
An am ount of lum p ferro-silicon, representing  

th a t necessary to  give the  silicon con ten t re
quired in  th e  finished steel, is now added, and 
ferro-m anganese, also sufficient to  give the car
bon and m anganese contents required, is p u t 
in to  th e  bath , th is  am ount being judged  from 
the analysis of a spoon sample tak en  a few 
m inutes before the  addition . T hroughout th is 
la tte r  period th e  tem pera tu re  of the steel has 
been gradually  rising  and a t  th is  stage i t  should 
be ju s t r ig h t for tapp ing . I ts  tem pera tu re  is 
judged by tak in g  a spoon sample and noting  the 
time which elapses before th e  surface of the 
.¡ample solidifies. The steel will be in good con
dition  and  th e  sam ple will solidify quietly  w ith
o u t any evolution of gas. I t  is advisable now 
to  verify  th e  fac t th a t  th e  steel contains only a 
small am ount of dissolved gases, especially if the 
m etal is to  be used fo r green-sand castings. I t  
is, therefore, tes ted  by pouring a  sam ple in to  a 
small green-sand mould on the  stage. The steel 
should lie quietly  in  th is  and solidify w ithou t any 
evolution of gas.

Stewing
I t  sometimes happens, un fo rtunate ly , th a t  

there  is some delay a t  th is  stage owing to the 
ladle not being ready, or cranes being busy, or 
to the fac t th a t  the foundry workers have not 
completed the  closing of the moulds. I t  is im
p o rtan t to realise th a t  when steel is brought into 
condition and to  a tap p in g  tem pera tu re  i t  is 
ready to  come out of the  furnace, in  exactly  the 
same way as a cake which is properly cooked. 
Any long period during  which the  steel is held 
a t the  tapp ing  tem pera tu re  under a falling  white 
slag gives bad effects. I f  i t  is known in tim e 
th a t  th ere  is going to  be a considerable w aiting 
period, i t  is much b e tte r  to  delay b ring ing  the 
steel in to  tap p in g  condition, and not to  obtain 
a  w hite slag by the  addition  of ferro-silicon.

W hen the steel is sent to  the foundry floor,
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i t  is good practice to  cast two sm all rec tan g u la r 
castings, say, 2 in. sq. by 7 or 8 in. long, one 
in green sand and the  o ther in  a chill mould. 
These may be subsequently sectioned and afford 
valuable evidence regard ing  th e  soundness of the  
solidified steel. This is sometimes very useful 
when com plaints are  received th a t  some castings

B A

F i g . 1 .— T e s t  I n g o t s  f o r  a s c e r t a in in g  
S o u n d n e s s .

in a p a rticu la r h ea t show gas cavities. These, 
of course, may be due to  the  condition of the 
steel, b u t they  are frequen tly  caused by errors 
in the m anufactu re  of th e  moulds.

A  C o n tro l Method
Fig. 1 shows th e  sections of two of these small 

test samples cast from  two separa te  heats of the 
same composition—in th is  case carbon steel, con-
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ta in in g  0.35 per cent, of carbon. The sample 
“  A ”  shows th a t  the  steel solidified soundly 
a p a r t from the n a tu ra l contraction  cavity  a t 
the top of the sample. Sample “ B ,” however, 
shows a num ber of gas holes, located chiefly 
under the  surface of the  sample. From  these 
results it  m ight be expected th a t  castings from 
the heat represented  by “  A ” would be satis
factory, w hilst those from the same cast as 

B ” would be likely to show gas cavities.
Fig. 2 shows p a r t of the  rim  of a cast wheel, 

the edge of the rim  having been m achined by 
the removal of a th in  skin. A good many holes 
are visible which may, w ithout fu r th e r evidence, 
be due e ither to fau lty  steel or bad foundry 
practice. In  th is pa rticu la r case the casting 
was run  from the  centre. In  the same cast one 
or two o ther exactly  sim ilar castings were run 
from the  rim  by m eans of a tangen tia l runner. 
In th is la t te r  case the  num ber of pinholes was 
verv much less th a n  in the casting  shown, so 
th a t the existence of these holes, in th is  case 
a t any ra te , is largely a ttrib u tab le  to the  method 
of casting  adopted in th e  foundry.

Typ ical Charge Sheet

The following is a typical history of a 3-ton 
electric steel cast for mild carbon-steel castings 
made by the process outlined above.

C. Si. Mn. S. P.
Per Per Per Per Per 

cent. cent. cent. cent. cent. 
Specified analysis . . 0.20- 0.4 0 .8 - 0.04 0.04

0.23 max. 1.1 max. max. 
Actual analysis . . 0.215 0.226 0.94 0.024 0.021

Lbs.
Charge—Carbon steel turnings .. .. .. 5,264

Foundry carbon steel scrap . . . . 2,464
Foundry manganese steel scrap . . 336

Total metal charged ..  .. 8,064

24 lbs. crushed coal ~1 i u j  
70 lbs. lime . . / also charS0d-

X %
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2.35 Power on. Current approximately 6,000 amps, a t
90 volts.

4.45 Clear melted. Sample analysed gave carbon 0.30
per cent. Voltage reduced to 60.

5.07 35 lbs. ore added in small quantities a t a time.
5.17 Sample analysed gave carbon 0.12 per cent.
5.23 336 lbs. Manganese steel scrap added.
5.35-5.39 First slag removed
5.40 14 lbs. lump ferro-manganese added, followed by

110 lbs. lime, 20 lbs. fluorspar and 3 lbs. coal 
dust for slag making.

5.45 Slag brown/black. Metal spoon sample wild.
5.50 3 lbs. coal dust added.
5.55 4 lbs. fluorspar added.
5.58 Spoon sample analysed—gave carbon 0 .18 ; 

Mn 0.60 per cent.—metal still wild.
6.01 6 lbs. coal dust and 8 lbs. powdered ferro-silicon

added.
6.02 Slag Ughtening in colour—metal sample less wild.
6.05 30 lbs. lime ; 8 lbs. powdered ferro-silicon and 6 lbs.

coal dust added.
6.06 Slag dirty grey.
6.13 6 lbs. powdered ferro-silicon and 4 lbs. coal dust

added.
6.20 Slag white. Metal spoon sample slightly wild—

metal cool.
6.20 4 lbs. lime ; 4 lbs. coal dust ; 4 lbs. powdered

ferro-silicon added.
6.21 28 lbs. lump ferro-silicon added for finishing.
6.27 27 lbs. lump ferro-manganese added for finishing.

Slag white and falling.
6.35 Metal sample quiet and almost hot enough.
6.38 Furnace ready for tapping.
6.39 Furnace tapped.

High T em p eratu re  and Poor Life

E arlie r in  the P ap er reference was m ade to  
the fac t th a t  i t  is quite possible fo r steel m elted 
in an electric furnace to be extrem ely  hot and 
a t  the same tim e to be sluggish in  ru n n in g , the  
steel in  th is condition being said to  be dazed 
or over-killed. Such steel is also re fe rred  to  
sometimes as being over-reduced. These la t te r  
two term s have the  same significance, both  re
ferring  to the removal of oxides and oxygen from  
the steel. The solubility of liquid  steel fo r gases



5 4 9

and oxides increases w ith rise of tem pera tu re , 
and if a t  a high tem pera tu re  the steel is 
sa tu ra te d  w ith gases, these gases will come o u t  
as solution and be evolved on cooling, and also

F i g . 2 .— C a s t  W h e e l  e x h i b i t i n g  B l o w - 
H o l e s  d u e  t o  M e t h o d  o p  R u n n i n g .

subsequently du ring  freezing. The solubility of 
oxygen and of iron  oxide in steel is only small, 
bu t if the steel is nearly  sa tu ra ted  w ith oxide, 
th is will react w ith the  carbon present in the 
steel as th e  tem p era tu re  falls, producing carbon



monoxide as a gas. I t  m igh t be considered, 
therefore , th a t  the ideal condition  of liqu id  steel 
would be one in which th e re  were no oxides of 
m etal p resent and no carbon monoxide dissolved. 
This is, however, by no m eans th e  case.

I f  steel be held u nder a reducing slag for a 
considerable leng th  of tim e, oxides of various 
kinds are progressively reduced, and th e  to ta l 
oxygen conten t of th e  steel fa lls to  a low figure. 
This is the condition in which the  steel, although 
extrem ely hot, m ay a t  th e  same tim e  be vis
cous and difficult to  pour in to  m oulds so as to  
fill them  completely. I t  seems, there fo re , th a t  i t  
is necessary to  have a small am oun t of oxides 
present in  the  steel, b u t these should be lim ited 
in am ount and be p resen t in  such form s as do 
not in te rfe re  w ith  th e  flu id ity  of th e  steel. 
Actually, a small con ten t of oxygen and oxides 
increases th e  ru nn ing  life of liquid  steel con
siderably, and th is is, therefo re , th e  condition 
to be sought in th e  production  of steel fo r cast
ings. This condition in  which a small am ount 
of oxygen is le f t in  the  steel, th e  am ount being 
neither small enough to  cause th e  steel to  be 
sluggish nor large enough to  p erm it of gas 
evolution d u ring  casting, is no t always easy to  
arrive a t  w ith ce rta in ty . As a general ru le , it  
is b e tte r  to  aim a t having th e  steel somewhat 
too little  reduced th a n  over-reduced, so th a t  
there  will be some sligh t tendency  to  th e  form a
tion of gas cavities. This tendency is easily re 
moved by th e  add ition  to  th e  m eta l in  th e  ladle 
of m etallic a lum in ium ; such an add ition  should 
be made w ith care, and  i t  should never be neces
sary to  add more th an  6 ozs. of a lum inium  to  
the ton  of steel. This add ition  will have a small 
effect in  reducing the  castab ility  o r ru n n in g  life 
of the steel, b u t th is  is much preferab le  to  
having a condition in  which th e  steel is  over
reduced.

T he Resultant Steel

From  a foundry  po in t of view, a lthough  the  
basic electric fu rn ace  can produce excellent
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steel, i t  can also yield steel w ith very poor pro
perties. W ith  ord inary  furnace practice, how
ever, th ere  should be no difficulty in obtain ing  
the mechanical tes ts  called for in  the  usual speci
fications for steel castings. As has alreadv been 
rem arked, one of th e  most im p o rtan t require
ments from  electric steel for foundries is th a t 
it should have a long runn ing  life, since i t  is 
usually poured th rough  th e  bottom  of a ladle, 
the nozzle of which m ust be opened and  closed 
a g rea t m any tim es d u ring  th e  filling of the 
moulds. As th is  p roperty  of ru n n in g  life  or 
“  castab ility  ”  is so im portan t in  foundry steels 
it is qu ite  tim e th a t  steps were taken  by the  
technical bodies concerned to  standard ise  the  use 
of some one word to  describe i t ,  since its  value, 
w hilst im p o rtan t, depends on m any different 
factors, such as viscosity, tem p era tu re  and 
chemical composition.

Life  Tests
C om paring basic electric steel w ith th a t made 

by o th er m ethods, in  castab ility  basic electric 
steel is probably no t so good asT ropenas steel and 
acid electric s te e l; these la t te r  two are  very 
sim ilar in  th is  respect, though acid electric steel 
has th e  sligh t advan tage  th a t  its  tem p era tu re  can 
be more easily controlled th an  th a t  of Tropenas 
steel. Acid open-hearth  steel is scarcely so suit
able fo r foundry  purposes as basic electric steel, 
again  owing to  th e  fac t th a t  th e  tem p era tu re  of 
th e  basic e lectric steel can be more readily  con
trolled, and  in  p a rticu la r because, when required , 
th e  electric steel can  be m ade very hot w ithout 
losing its  good qualities. Nowadays, acid open- 
h ea rth  furnaces a re  n o t often  used as sm all un its 
for m aking  steel castings. F o r exam ple, a 
common size fo r basic electric furnaces is 3 tons 
capacity , w hilst open-hearth furnaces seldom 
have a  capacity  less th a n  10 to  15 tons. In  the  
case of th e  open-hearth  charge th e re  is, th ere 
fore, a t  th e  beginn ing  of the  pouring  a very 
much g rea te r head of steel in  th e  ladle, and  th is 
n a tu ra lly  has im p o rtan t effects when th e  first 
moulds a re  being filled.
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R eference m ust be m ade here  to  th e  m anufac 
tiire of basic open-hearth  steel for foundries. 
This has not h ith e rto  been employed to  any ex
te n t in  th is  country , b u t is regu larly  used in 
America for m aking  green-sand castings, some 
of which a re  abou t 5 cwts. in  w eigh t w ith  a m in i
mum thickness of ha lf an inch, b u t i t  is in  any 
case difficult to  com pare B ritish  and  A m erican 
foundry practice, since th e  requ irem en ts both 
of the ' foundry and of th e  inspectors are  so 
different in  th e  tw o cases.

Green-Sand Castings
The m anufactu re  of lig h t steel castings in 

green sand is a  somewhat specialised b ranch  of 
foundry practice  which is of increasing  im port
ance in th is  country , and  th e re  a re  various points 
which m erit consideration  when i t  is desired to 
make steel castings which from  th e ir  na tu re  
appear to  be on th e  border-line as regard s possi
bility of m anufactu re  in  green sand. Some of 
these points a re  as follow :— (1) A dequacy in  size 
and correctness of d is trib u tio n  of th e  runners, 
and (2) th e  provision of a sufficient num ber of 
whistlers and  heads to  enable th e  a ir  in  the 
mould and any evolved gases to  escape.

These points may ap p ear e lem entary , b u t they 
frequently  receive insufficient a tte n tio n  when a 
new type  of casting  is to  be m ade in  a steel 
foundry specialising in  green-sand work. There 
is often, for exam ple, a  tendency to  m ultip ly  
the num ber of feeder heads qu ite  unnecessarily  
in m aking some types of com plicated lig h t cast
ings now m anufactu red  in large q u an titie s  in 
green sand. Beyond serving th e  purpose of add
ing to  the fluid pressure of th e  steel in  th e  mould 
during  pouring and  for a few seconds afterw ards, 
and also as a  m eans of collecting mould d ir t 
and slag, these heads have very li tt le  effect 
subsequently in feeding th e  liqu id  steel w hilst 
it  is con tracting , th e  reason being th a t  m anv 
of the  more com plicated castings have th ick  sec
tions jo ined to  th in  sections th ro u g h  which ordi- 
nary feeding is impossible. A p a rt from  the  
w eight of m ateria l involved in  th e  use of an



excessive num ber of feeder heads, there  is a 
substan tia l increase in cost involved in  removing 
them  and in dressing the  casting.

The soundness of these th ick  sections can be 
ensured w ith g rea te r ce rta in ty  by th e  use of 
in ternal and ex ternal chills. In  th is connection 
the following modification of moulding practice 
is frequently  of appreciable value. W hen q u an ti
ties of green-sand moulds are being made on a

F i g . 3 .— F o r m  o f  S t e e l - 

S h e e t  C h i l l  f o r  

F i l l e t e d  P o s i t i o n s .

jo lting  machine, and i t  is desired to  introduce 
an e x tra  chill in to  the  mould, to  place the  chill 
on the p a tte rn  and  to  jo lt i t  up w ith the sand 
usually gives unsatisfactory  results, since the 
chill m ay be placed wrongly, and even if pu t 
in the  correct position will probably be jolted 
ou t of place. In  th is  case i t  is much better 
to  p u t a p r in t on the p a tte rn  and to introduce 
the chill in to  the  mould during  closing in 
exactly the  same way as one introduces cores.
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Sheet-Steel C h ills
A nother m ethod of chilling which is p a rt ic u 

larly  useful for lig h t sections w here i t  is desired 
to carry  out ex tra  chilling in  such places as 
fillets, is to  have sheet steel, abou t £ in . th ick , 
bent to  the  form  of th e  mould and  a ttach ed  to  
the sand during  closing by m eans of a sp rig  or 
spike welded to  the  sheet. A simple form  of 
th is type of chill is illu s tra ted  in  F ig . 3. These 
chills can be m anufactu red  very cheaply Im
pressing, and the  cost of th e  press tools is small 
if a large q u an tity  of sim ilar chills a re  to  be 
made for m ass-production work. Such chills can 
be applied very easily to  a g reen-sand mould 
during  closing and have th e  ad d itiona l advan
tage  th a t  they do no t drop from  th e  castings, 
removing in  th is way one source of danger to 
the conveyors where m echanical knock-out sys
tems are in use. A gain, the  chills a re  so cheap 
th a t  there  is no need to collect them  for repeated  
use as in the case of cast-iron chills, and if 
they are in an inaccessible position, fo r exam ple 
in cores, they  may be le f t in  th e  casting  w ithou t 
any ill-effects. Chills of th is  type  a re  used in 
several foundries in America, b u t have so fa r 
not been utilised  to  any ex ten t in  B ritish  
foundries.

Medium Carbon  Steel
R everting  to the  use of basic electric steel in 

foundries, the most troublesom e steel, as f a r  as 
the occurrence of gas holes is concerned, is a 
carbon steel contain ing  about 0.35 to  0.4 per 
cent, carbon. W ith  th is composition i t  is a t 
times extrem ely difficult to  avoid the  form ation  
of gas holes, especially in  green-sand moulds, 
these very often tak in g  th e  form  of small p in 
holes. I t  is sometimes found w ith th is  type  of 
steel th a t  castings made in  d ry  sand are  free 
from th :s trouble, w hilst those in  th e  same cast 
made in green-sand moulds contain  a good m any 
pinholes, so th a t  for some reason, which has no t 
yet been satisfactorily  explained, steel of th is 
carbon is very prone to  evolve gases. Trouble 
with carbon steel of th is  composition is n o t, how
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ever, confined to  th a t  made by th e  basic electric 
process, as when made by o ther methods it has 
sometimes proved unreliable in  its properties.

The form ation  of pinholes, referred  to  above, 
is by no m eans to  be ascribed to  th e  use of 
green-sand moulds con ta in ing  an excessive quan
ti ty  of w ater, as i t  occurs even when th e  green 
sand contains less th an  3 per cent, of w ater. 
One suggestion fo r th e  exp lana tion  of th e  for
m ation of gas holes, especially in  green-sand 
moulds, has been p u t forw ard bv M r. Lemoine, 
who m ain ta ins th a t  if the  tu rn in g s used in the 
furnace charge a re  w et, the  m oisture present, 
on being heated  to  th e  tem pera tu re  of th e  elec
tr ic  fu rnace, dissociates in to  oxygen and hydro
gen, th e  hydrogen dissolving in  th e  liquid steel. 
H e suggests th a t  if  th is  hydrogen is not com
pletely rem oved w hilst th e  steel is in the  fu r
nace, the  intense local heating  of th e  surface of 
th e  green-sand mould produces dissociation of 
the  steam  evolved from  th e  mould, thus giving 
a fu r th e r  am ount of hydrogen which th e  steel 
is unable to  dissolve, th e  additional am ount 
being evolved as a gas. I f ,  however, th e  charge 
is given an  adequate  boil as recommended earlie r 
in th is  P a p e r any hydrogen dissolved in  th e  bath  
will be rem oved, rendering  pin-hole form ation 
less likely.

A n A m erican  Theo ry

A theory  very different from  the  above has 
recently  been advanced in America to  explain 
the form ation  of subcutaneous blowholes, claim
ing th a t  they  are  due to  non-m etallic inclusions. 
I t  is suggested th a t  when liquid steel fills a 
green-sand mould gases are  generated  which try  
to escape th rough  both th e  mould m ateria l and 
the liquid  steel. A t first i t  is easier for them  
to  escape th rough  th e  mould m ateria l, since 
the steel skin form ed quickly on the  surface of 
the mould is supported  by the  ferrosta tic  pres
sure of th e  liquid steel inside. As th e  mould 
becomes heated  th e  gas pressure increases. The 
envelope of steel solidifies a t a much higher
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tem pera tu re  th an  the  inclusions, and  i t  is sug
gested th a t  a t some tim e du rin g  th is  period a 
small am ount of mould gas is able to  e n te r the  
casting  by way of the  still liquid  inclusions.

C racks in Castings
T urn ing  now to  th e  occurrence of cracks in 

foundry steel, basic electric steel, a t  least in 
the case of the lower carbon steels, such as 
m agnet steel and castings con ta in ing  0.2 to  0.3 
per cent, carbon, gives much less troub le  in 
this respect th a n  steel of the  same composition 
made e ither by the  Tropenas or by th e  acid 
open-hearth process. The steel foundry  w ith 
which th e  w riters are  connected is served by 
both basic electric and acid open-hearth  steel, 
and the  superiority  of the  electric steel in th is 
respect has been very definitely observed. In  
order to suggest an exp lana tion  of th e  reason 
why electric steel is superior in th is  way it  
will be useful to recap itu la te  briefly th e  practices 
commonly adopted for controlling th e  occurrence 
of contraction  cracks. These a re  as follow : —

(1.) The composition and p rep a ra tio n  of the 
steel in th e  fu rn a c e ; (2) th e  selection of a  su it
able pouring tem p era tu re  and  a  sa tisfactory  
pouring r a t e ; (3) the  careful p rep a ra tio n  of 
moulds and  cores to  avoid undue stresses in  the 
castin g s; (4) th e  use of chills and  b ra c k e ts ; (5) 
the correct placing of ru n n e rs ; (C) th e  easing of 
the moulds and cores im m ediately a f te r  casting  ; 
(7) casting in to  moulds which have previously 
been warmed, and (8) carefu l consideration  of 
the design of castings.

On many occasions when castings from  the 
same p a tte rn  have been made in  basic electric 
and in acid open-hearth  steel, th e  only differences 
which could have influenced a tendency to  crack 
have been covered by th e  first two factors 
enum erated above, all the  o thers being e lim inated  
since they  are  common to  both processes. As a 
rule the tem p era tu re  of th e  electric steel is some
w hat h igher th an  th a t  of th e  open-hearth  steel, 
so th a t  to  th is ex ten t th e  electric steel would be 
a t a d isadvantage com pared w ith  th e  open-hearth
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steel. The difference in  chemical composition 
between th e  two charges is largely a m a tte r  of 
su lphur and phosphorus con ten t, th is  being lower 
in th e  case of th e  electric steel, but as in  general 
the  su lphur and phosphorus in  the  open-hearth 
steel would not exceed in  each case 0.04 per 
cent., i t  does not appear th a t  a difference in 
chemical composition can account for th e  differ
ence in  behaviour of th e  two steels.

The electric steel is poured th rough  the bottom 
of a  3-ton ladle, w hilst th e  open hea rth  is cast in 
a sim ilar way from  a 15-ton ladle, and i t  m ight 
be th o u g h t th a t  th is  difference was significant. 
A ctually, however, experim ents have been carried  
ou t in  which th e  ladle stream  from  th e  15-ton 
ladle has been in te rru p ted , for example, by 
m eans of a tund ish , w ithou t any im provem ent 
being secured in  the  resu lts  from  a  cracking point 
of view. I t  seems probable, therefore , th a t  the 
p rep ara tion  of th e  electric steel in the way 
described above, gives i t  in  some way a  d istinct 
advantage over th e  acid open-hearth  steel as fa r 
as cracking is concerned.

Cost Reduction
I t  will be in teresting  a t  th is  po in t to consider 

the possibilities of reducing th e  cost of liquid 
electric steel supplied to  the foundry. W here 
the scrap used for m aking up the charge is en
tire ly  derived from  a foundry in  which basic 
electric steel is exclusively used, the  sulphur and 
phosphorus contents of the  scrap are much be
low the  specified maxim um , and i t  seems in 
these cases a w asteful procedure to  occupy tim e 
in dephosphorising. I t  would certa in ly  be pos
sible to  ta p  the  steel when the first slag had 
been removed, and the  b a th  merely brough t into 
condition for adding the finishings. In  some 
cases the  steel th u s  produced would be quite 
satisfactory  fo r its in tended purpose, b u t i t  m ust 
be emphasised th a t  to save tim e it  would be 
necessary to  abandon the  vigorous boil recom
mended earlie r in th e  P aper, so th a t  the  steel 
produced would not be p articu la rly  suitable for 
the m anufactu re  of ligh t green-sand castings.
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W ith  the basic e lectric  process, th e  modern 
furnaces have an  appreciably h igher m elting  
ra te  th an  the older ones, b u t th ere  is a lim it 
beyond which the  m elting  ra te  should no t be 
pushed, and o ther considerations lim it th e  vo lt
ages and electrode sizes which i t  is possible to 
use, so th a t  when every consideration  is favour
able, there is a m inim um  cost of m elting  by the 
basic electric process which cannot safely be 
fu rth e r reduced. These facts, together w ith  the  
difficulties experienced in  ob ta in ing  good m ag
nesite during the  la te  w ar, led m any steel- 
foundries in America to  investiga te  th e  possibili
ties of developing the  acid electric  process. A 
year or two ago there  were over 250 acid elec
tric  furnaces in operation  in  the  U n ited  S tates, 
and a t present on the  C on tinen t they  a re  be
coming increasingly popular. The acid electric 
furnace is very suitable for th e  rap id  produc
tion of small castings, especially in  green  sand, 
since, when properly p repared , the  steel made 
in i t  has a considerable ru n n in g  life. On the 
C ontinen t small fu rnaces of 1 or 2 tons capacity  
are employed for th is  type of work very suc
cessfully. U sually such furnaces a re  n o t made 
w ith a g rea te r capacity  th a n  abou t 6 tons.

Acid Electric Steel

The propel ties  of acid electric steel have been 
investigated by Sisco, who claims th a t  i t  is best 
for ligh t castings, w eighing 200 lbs. or less, 
especially where high production  and  economy 
of operation are of p rio r im portance. H e claims 
th a t  it  gives steel w ith a power consum ption of 
about 10 per cent, less th a n  th a t  necessary in 
basic practice, w hilst th e  cost of refrac to ries is 
appreciably lower for the  acid steel. I t  is, how
ever, desirable to lim it the  application  of elec
tric  steel to  cases where refining is n o t neces- 
sary, where sulphur and phosphorus need n o t be 
particu larly  low, where th ere  is a p len tifu l 
supply of good scrap, where th e  specified analy
sis perm its of considerable varia tio n , and  where 
there is lill le  call for alloyed steels. In  add i
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tion , acid steel is applicable where the  property 
of high surface tensions possessed by the acid 
slag is of im portance, fo r exam ple, in cases 
where i t  is desired to pour over the  lip e ither 
of a ladle or of a shank.

In  furnaces of the  H erou lt type all the  elec
trodes are  fixed above th e  surface of the bath , 
arcs being struck  between each electrode and the 
bath. In  electric furnaces of the  E lectro-m etals 
type, on the  o ther hand, one of the  electrodes is 
situa ted  in  th e  bottom  of the  furnace, below 
the bath . Basic refrac to ries of the m agnesite 
type become sufficiently good conductors of elec
tr ic ity  a t  hdgh tem pera tu res to  allow the electric 
cu rren t to be conveyed from  electrodes above the 
bath  to an electrode underneath  the  bottom  of 
the  furnace, b u t acid refractories, such as silica, 
rem ain a t  high tem pera tu res, insufficiently good 
conductors to allow the  cu rren t to  be conducted 
in th is way. Consequently, although the change
over from  basic to  acid working is possible, in 
the case of H ero u lt and sim ilar type furnaces, 
by changing the  n a tu re  of the furnace lin ing, 
it is im practicable in  the  case of furnaces having 
a bottom  electrode to adopt an acid lin ing, and 
this is probably one of the reasons why acid 
electric steel has made much less progress in th is 
country th an  in the  U nited  S tates and on the 
C ontinent.

DISCUSSION  
Green or Dried Sand for Steel Castings

M r . S. L e e t c h  said he had listened w ith g rea t 
in te rest to  the P aper by Mr. W alker and Mr. 
Dadswell. H e th o u g h t th a t  they had made out 
a very good case for electric steel and seemed 
to have an tic ipa ted  a few of the  drawbacks th a t  
one m ight m ention, and had dealt w ith them  
fa ith fu lly . H is own view about electric steel 
was th a t  if one could shank i t  and carry  i t  about 
the shop as they  could Tropenas steel, i t  would 
be very convenient. M r. Dadswell and M r. 
W alker had referred  a g rea t deal to green sand, 
and its  re la tive  m erits should be very care
fully considered. W here one had ligh t th ings,
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such as bolsters, to  deal w ith, those w ith  whom 
he was associated used green sand. W here a 
g rea t deal of m achining was to be done on a 
small casting , i t  was considered m uch b e tte r  to 
build up the  job in  oil-sand moulds. One could 
then  be sure of a good sand mould. The ques
tion  of the  steel being sa tisfac to ry  could, in 
n inety-nine cases ou t of a hundred , be le f t to 
the steelm aker. One found one or two excep
tions occasionally w here th e re  were pinholes and 
blowholes in castings. One m ight in sist th a t  i t  
was the steelm aker’s fau lt, b u t, generally  speak
ing, a rising hea t was a very ra re  occurrence in 
any foundry. W hen fau lts  such ' as pinholes 
occurred, he th o u g h t they  would be due e ith e r 
to the mould no t being thoroughly  dry, or the 
oven not being correct. This was som ething th a t  
one m ust look a f te r  oneself. H e recognised th a t  
a g rea t deal of work could be done on th e  sub
ject of green sand, b u t to  his m ind the  question 
was w hether i t  was going to  give th e  custom er 
the same satisfaction  as a casting  m ade in  dry- 
sand moulds. H e (M r. Leetch) was g rea tly  in 
terested  in th e  use of the  J-in . -th ick  chills to  
which M r. Dadswell had referred . H is own idea 
of chilling had been the conducting  of th e  hea t 
from the heavier portion  of the  steel, and  th e re 
by th e  equalising of the  cooling and th e  ra te  of 
contraction. H e was n o t qu ite  sure w hether 
the very ligh t chill which M r. Dadswell advo
cated would produce a nice clean face in  the 
radius, b u t th a t , if one were to  saw th ro u g h  a 
certa in  point, a d is tinc t cav ity  m igh t be found.

Life of Electric Steel
M r . W alk er  said th a t  he, personally, had not 

had much experience of T ropenas steel for 
foundries, and was surprised  th a t  M r. Leetch 
should be so anxious regard ing  th e  use of elec
tric  steel fo r sm all castings. The firm w ith  which 
he (Mr. W alker) was associated found no diffi
culty in m aking, say, 150 m anganese steel links, 
weighing about 41- lbs. each, from  a single 
charge, made in a  3-ton e lec tric  fu rnace .
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W ith regard  to  green-sand and dry-sand prac
tice, the advantage of green-sand m oulding was 
th a t  it  was cheaper to  produce green-sand cast
ings than  dry-sand castings. There was a saving 
of cost because moulds had not to be dried, but, 
a p a r t  from  th is, a good deal of tim e was saved 
in  actual operations in the  foundry. Moulds 
could be made and the  castings poured a short 
tim e afterw ards, so th a t  the boxes could be 
knocked ou t and refilled again  much more 
quickly th a n  was possible if the  moulds had to 
be dried.

Advantages of Shanking
M r. D a d sw el l  agreed w ith M r. W alker th a t  

they were very successful in m aking small cast
ings from  an electric furnace, b u t said th a t 
there were decided advantages in shanking. For 
example, shanking was useful for snap-flask 
work. W ith  a mould made from  a bumper 
squeezer machine in a snap flask w ithout 
jackets they  could not cast any th ing  of, say, 
3 lbs. to  4 lbs. w ith a bottom -pouring ladle, as 
the m etal would bu rs t out a t  the  jo in ts. A t his 
works they  were filling shanks from  a bottom- 
poured ladle. They confined themselves to  shank
ing about 25 moulds w ith each cast of 3 tons 
brought on the floor for o ther work. The ja r  
squeezer machine was a useful ad junc t to  the 
foundry for m aking small castings, which one 
accepted on sufferance sometimes in order to  get 
bigger orders and which were very costly if built 
up in  cores. H e agreed th a t  i t  was inadvisable 
to cast too m any castings off th e  same ru nner 
because i t  was difficult to get them  all sound by 
th a t  method.

Green-Sand W ork  Shows Economies
As fa r  as using green or dry  sand was con

cerned, th e re  was a very large saving in  using 
green sand. In  regard  to ex te rna l chills, these 
were useful from two points of view—they pre
vented cracking and  helped soundness. In  re 
gard  to  M r. L eetch’s reference to  American 
green sand, he agreed th a t  th e ir castings were
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rough, judged from  E nglish  s tandards. I n  fact, 
English inspectors would no t accept them . At 
the°sam e tim e, they  were o ften  good enough for 
the job for which they  were requ ired . As long 
as the casting was sound, w hat did i t  m a tte r  
if i t  were a b it rough when placed, say, u n d e r
neath  a wagon P H e believed th a t  one of the  
reasons for th e  A m erican castings being rougher 
was th a t  the Am ericans cheapened production 
considerably by reclaim ing sand. In  m any of 
the m ass-production foundries on railw ay work 
in America hardly  any new sand was used, per
haps 10 per cent, of new sand being used only. 
In  E ngland  they  used a be tter-quality  sand th an  
the Americans, and consequently m ade b e tte r- 
finished jobs, bu t a t a g rea te r and unnecessary 
cost.

Steam and Soundness
M r. E . J .  Cr a w l ey  asked for some exp lana

tion re la ting  to the encouragem ent which steam  
from green-sand moulds gave to  th e  evolution of 
carbon monoxide in  castings.

M r. W a lk er  said th a t  green-sand moulds con
ta ined  w ater which, on being heated  to  100 deg. 
C., vaporised to form  steam . T h a t steam , if 
sufficiently heated , would dissociate in to  oxygen 
and hydrogen, b u t th e  percentage of dissociation 
a t the tem peratures reached in the  moulds would 
be negligible. If, however, the  steam  came in to  
contact w ith liquid steel con ta in ing  a substan 
tia l am ount of dissolved gases, a considerable 
portion of the  gases would be evolved. W hat 
happened could be com pared w ith  the  passing of 
a stream  of a ir in to  a solution of carbon dioxide 
in w ater. Carbon dioxide was very m uch more 
soluble in w ater th a n  a ir, and th e  resu lt of 
passing in th e  a ir would be th a t  nearly  all th e  
carbon dioxide would come ou t of solution, leav
ing behind a sa tu ra ted  solution of a ir  con ta in 
ing much less dissolved gas. I f  a fte rw ards a 
stream  of carbon monoxide, which was p rac
tically insoluble in  w ater, was passed in to  the  
a ir  solution, the  a ir  in  tu rn  would be driven ou t 
and a t  the  end th ere  would be very li t t le  gas
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le ft in solution in  the w ater on account of the 
very low solubility of the  carbon monoxide. In  
the same way, steam  passing th rough  liquid 
steel which was sa tu ra te d  w ith  gases would have 
a m echanical effect resu lting  in the  evolution of 
some of the  gases as such.

Metal Handling
M e. J .  R o x b u r g h  said M r. W alker had 

shown them  th e  head of a casting  th a t  had a 
skin of high carbon, and s ta ted  th a t i t  was due 
to the  absorption of the facing which had been 
used on the green-sand mould. He wondered 
w hether i t  was possible in  the steel foundries to 
cast in to  green-sand moulds w ithout using black
ing. Then M r. W alker had referred  to the  fact 
th a t  they were casting  a g rea t num ber of cast
ings from  a 3-ton ladle. H e wondered if  it  
would not be possible to divide the  m etal in the 
first place in to  th ree  separa te  ton  ladles, and 
thus ge t rid  of i t  in  a much quicker tim e. He 
would also like to  know w hat M r. Dadswell 
would say was the  largest section of casting th a t 
he had made in green sand.

W hy One Ladle is Used
M r . W a l k e r  said th a t  no blacking had been 

p u t on the  green-sand moulds a t  all. H e had 
shown slides illu s tra tin g  the effect of surface- 
blacking on a mould merely as an item  of in 
terest. R egard ing  the  suggestion th a t  a 3-ton 
charge could be poured in to  a ladle a t  in tervals 
and  used in  separa te  portions, he explained th a t 
when the  furnace was tapped , the steel was run 
in to  th e  ladle u n til all th e  steel came out and 
was covered by a layer of slag. This slag served 
a very useful purpose in  keeping the  steel hot. 
I f  a portion  of th e  charge was ru n  ou t instead, 
i t  would have no protective covering of slag 
and would cool down very rap id ly  when i t  was 
taken  in to  the foundry.

The Largest Green-Sand Casting
M r . D a d s w e l l ,  dealing w ith  M r. R oxburgh’s 

question re la ting  to  the largest section of cast
ing made in green sand, said they  had made
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one of 15 cwts. in w eight, and  about 1 in . th ick . 
L arge flat surfaces in green  sand were n o t so 
easy to  obtain  satisfactorily .

Mil. L ee t c h  s a id  t h a t  a t  h is  w o rk s  t h e y  m a d e  
2 -f t . 9 - in . w a g o n  c e n t r e s  in  g r e e n  s a n d .

The au thors of the  P a p e r were accorded a 
vote of thanks, on th e  proposition of M r. 
L e e t c h , seconded by M r . R o x b u r g h .
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Sheffield Branch

SA N D - A N D  SHOT-BLASTING

By J. H . D. Bradshaw (Associate Member)

Sand- or shot-blasting is the term  usually em
ployed to  describe a process for cleaning cast
ings, stam pings and o ther objects. I t  consists 
essentially  of the  in troduction  of sharp-edged 
qu artz  sand or steel g r i t  into a stream  of com
pressed a ir. This stream  of abrasive and a ir  
en ters a nozzle, in  which its  energy is con
verted  in to  speed, serving to  throw  the  particles 
of abrasive against the  surfaces to be cleaned. 
Owing to  th e ir  sharp edges and hardness, the 
abrasive produces a somewhat rough or etched 
effect by rem oving small pieces of m aterial, 
du ring  which action the abrasive itself under
goes destruction .

The o rig in  of sand-blasting is not known with 
any degree of accuracy. I t  is, however, claimed 
th a t  an  observant trave lle r saw the commercial 
possibilities in the  action of sand blown across 
the  face of th e  Sphinx. W ith  the historical 
aspect of the  subject, th e  present P aper will no t 
d e a l; sufficient for the purpose to  say th a t , w hat
ever the  orig in , i t  has developed in to  a g rea t 
labour-saving industry , which provides a finish 
en tire ly  unobtainable by any o ther method, and 
in add ition , for some processes, is absolutely 
essential.

Common Applications
Some of th e  more common applications of the 

process are  th e  cleaning of all metallic objects. 
C astings may be trea ted  to  remove sand, etc., 
while scale, grease and o ther foreign m atte r 
may be removed from stam pings o r forgings in 
order to  produce surfaces suitable for pa in ting , 
enam elling (vitreous or sj’n thetic), p la ting , gal
vanising, rustproofing, sherardising , or metal
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spraying. I t  is also used for th e  cleaning of 
ships’ hulls, the m att-su rfac ing  of m etals, ro u g h 
ing the  handles of in s trum en ts  and tools, e tch 
ing of glass and m arble, and fo r p roducing a 
rustic effect 011 the  surface of bu ild ing  bricks, 
also on wood in order to  develop the  g ra in  and 
give an .ap p ea ran ce  of an tiq u ity .

As outlined above, the  discharge of abrasive 
is usually th rough  a nozzle, bu t th e  m an n er of 
application to  the object to be tre a ted  is of many 
forms, in order to m eet vary ing  conditions and 
requirem ents. In  some rem ote operations steam  
is used instead  of compressed a ir, while recently- 
introduced machines dispense w ith  both.

Systems Generally Used
D ependent upon the  way in which th e  abrasive 

is mixed w ith the compressed a ir, th ree  d ifferent 
systems can be recogn ised :— (1) The suction 
system, in which the abrasive is asp ired ; (2) the 
grav ity  system, wherein the  abrasive falls in to  
the nozzle by g ra v i ty ; and (3) th e  pressure 
system, in  which abrasive and compressed a ir 
are mixed in  a cham ber and the  m ix tu re  subse
quently carried  to  the  nozzle.

The Suction System
In  th is system the  discharge u n it consists of 

a discharge nozzle p ro jecting  from  one end of a 
m ixing chamber, in to  the  o ther end  of which 
is fitted an a ir nipple. A suction pipe leads 
from the atm osphere past the  sand-control valve 
to the side of the m ixing cham ber. The sand- 
control valve com m unicates w ith  the  sand bin. 
Pressure a ir is fed by a separa te  pipe d irec t to  
the a ir nipple, discharged in to  the  m ixing cham 
ber, there  depressing the  p ressure below atm o
spheric, w ith the  resu lt th a t  a ir  from  th e  open 
end flows along the suction pipe, picks up  the  
abrasive m ateria l, and  carries i t  to  th e  m ixing 
chamber. There, pressure a ir, suction a ir , and 
abrasive are  mixed, and finally expelled th rough  
the discharge nozzle. The abrasive used du rin g  
projection falls on a sieve, which re ta in s  any 
large im purities, and  from th is sieve i t  re tu rn s
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to the sand bin. From  the  sand bin the abrasive 
is again  d raw n in to  the nozzle. The c ircu it of 
the abrasive is therefore  a closed one, and the 
system is autom atically  continuous in  operation, 
but, owing to the abrasive being introduced into 
the  a ir  stream  a t  o r near the po in t of discharge, 
the  delivered pressure is actually  below gauge 
indication, w ith  consequent decreased velocity.

In  o rder to m inim ise the  production  of large 
clouds of dust, which usually accompanies sand
blasting (using sand as abrasive), two iron 
sheets covered w ith rubber p lates a re  sometimes 
placed inside the m achine in an inclined posi
tion . The spent abrasive strikes these plates 
and falls to  the bottom  of th e  machine, where 
i t  is then  ou t of reach of th e  a ir cu rren t. I t  is 
also im p o rtan t th a t  a good exhaust is continu
ally m ain ta ined  w ith in  th e  appara tu s in order 
to  p reven t escape of dust. The disadvantage of 
the suction system is th a t  i t  requires consider
ably more power th a n  any o ther blast system.

An ap p ara tu s  employing the suction system is 
the so-called “  M idget B a rre l,” which is p a r t i
cularly  suitable fo r cleaning small articles (e.g., 
screws). This barrel works in an inclined posi
tion , and a t the  bottom  is provided w ith a per
fo ra ted  cone, which fac ilita tes ro ta tion  of the 
work being tre a ted . The drum  itself revolves 
round a hollow shaft, which conducts dust and 
abrasive in to  a receiver. The dust is drawn 
away and the abrasive re tu rned  for fu r th e r use. 
The advantage of th is m achine lies in the  small 
space required  and the  facilities it  offers by con
tinua lly  tu rn in g  the  work being trea ted .

The Gravity System
This is somewhat sim ilar to the suction 

system, the  chief difference lying in the fac t th a t 
th e  abrasive is fed to  the  m ixing chamber under 
the influence of g rav ity , additional to any suc
tion  effect. As in the  suction system, the ab ra
sive is mixed w ith th e  a ir  im m ediately prio r to  
en te ring  the nozzle, b u t in th is system produces 
more efficient operation  accompanied by less 
wear.
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The g rav ity  system is generally  employed in 
revolving drum s and ro ta ry  tables. D rum s are  
more economical in  use and give a g re a te r  o u t
p u t th an  ro ta ry  tables. This is largely  due to  
the fac t th a t  th e  artic les being tre a te d  a re  in  
la vers, and the ab ility  of th e  abrasive to  pene
tr a te  in to  th e  spaces, thereby  resu lting  in  b e tte r  
u tilisa tion  of the  je t.

The m ain objective in  ro ta tin g  the  d rum  is 
slowly to tu rn  the objects being cleaned in  order 
th a t  the stream  of abrasive m ay reach  every
where. F o r th is reason, drum s a re  generally  
designed to  tu rn  ra th e r  slowly (about 1 r.p .m .). 
The abrasive is sieved before en te rin g  th e  nozzle, 
and is employed u n til completely destroyed. I t  
is then  removed as dust and simply requires re 
placing w ith new m ateria l. This is generally  
added by means of a shovel a t  in tervals. The 
operator lias simply to  fill and discharge the  
machine.

A nother ap p a ra tu s em ploying the  g rav ity  
system is the ro ta ry  table. The tab le  of the  
machine is covered w ith  a movable iron grid , 
the surface of which is sprayed by one o r more 
nozzles. In  operation , the  artic les to  be cleaned 
are packed closely together on th e  tab le , and 
a fte r exposure to the  je t  are tu rn e d  round  in 
order to be cleaned on the  o ther side. These 
machines generally  p resen t th e  inconvenience of 
not being en tire ly  dust-proof, in add ition  to 
which they are  no t particu la rly  efficient owing 
to  the fac t th a t  i t  is practically  im possib le-to  
pack the  tab le  in  such a m anner th a t  open 
spaces are completely avoided.

Furtherm ore, the  action of the  nozzles can
not be used to  th e ir  fu ll e x te n t on these 
machines, owing to  th e  fac t th a t  th e  same spots 
are continuously being h it . In  view of th e  above 
rem arks, i t  is c lear th a t  only fla t objects can  be 
economically cleaned on ro ta ry  tables. A cube, 
for instance, may have to  be tu rn e d  six tim es 
in order to  be cleaned all over. An im prove
m ent is obtained by a rran g in g  the  nozzles so 
th a t  they describe a c ircu lar m ovem ent in a 
slightly inclined plane.
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An elevator is usually employed on machines 
w orking th is system, to  carry  th e  abrasive to 
the sieves, from  which i t  again  falls to  the  
nozzles.

The Pressure System

The best ou tpu ts  are  undoubtedly obtained 
w ith the  pressure system, b u t, un fo rtunate ly , 
i t  has the  g re a t d isadvantage of subjecting v a ri
ous p a rts  of th e  ap p a ra tu s, e.g., abrasive carry
ing pipes, to  excessive wear. In  th is  system 
the  abrasive is contained in  a closed pressure 
cham ber to  which is fed pressure a ir , and from 
which a  m ix tu re  of a ir  and abrasive passes 
th rough  a control valve in to  a pipe line in  which 
pressure a ir  is flowing, the  whole being dis
charged th rough  a nozzle a t  the  end of the 
pipe.

The h igher efficiency of th is  system is due to 
the  fa c t th a t  th e  abrasive itself is under pres
sure, w hilst the g re a t advantage of the  method 
is th a t  the  blast pressure is n o t reduced by the 
in troduction  of secondary a ir  a t atm ospheric 
pressure, which is the  case of both the gravity  
and suction systems.

The sim plest ^sand-blast u n it for th is  system 
consists of a pressure cham ber, below which is 
the  control valve, and above which is an abra
sive hopper, a hand-operated valve being placed 
between the  abrasive hopper and the  pressure 
cham ber. W hen the  pressure cham ber has been 
em ptied of abrasive, a ir  m ust be shu t off to 
allow the  cham ber to  be refilled from  the hopper. 
Therefore, continuous operating  tim e is lim ited 
by the  size of the  pressure chamber. F or some 
purposes th is  fac t, together w ith the  fac t th a t  
tim e  is needed to  refill th e  pressure chamber, 
is n o t a serious d isadvantage—e.g., when applied 
to  a tum bling  barre l—when a batch of castings 
can be cleaned before the  pressure chamber 
em pties. This m ay, therefore , be called a non- 
continuous p lan t.

To overcome the inconvenience arising  through 
service in te rru p tio n s in  th e  single-chamber 
ap p a ra tu s , machines w ith  several chambers are
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now being made. \V1tii those, b lasting  can tak e
place from one cham ber while an o th er one is 
filling from  th e  hopper.

Sand-Blasting without Compressed A ir
The a ir consum ption in  th e  com pressed-air 

type of m achines is seldom realised , n e ith e r is 
the power absorbed in  com pressing it. Table I  
will illu s tra te  both points.

These figures show th a t  the power consum p
tion  for compressing a ir  for sand-blasting  is an 
expensive item , which expense is seriously in
creased by the fac t th a t  th e  nozzles a re  subject 
to excessive wear, and when they  become worn

T able  I .—Air Consumption in Sand Blasting.

Working 
pressure, 

lbs. persq .in .

Dia. of noz zle.

A  in- f i n . A  in-

30 Cub. ft. per min. . . 62 90 122
H.p. absorbed 7 11 14

4 5 Cub. ft. per min. .. 84 122 165
H.p. absorbed 12 17 24

70 Cub. ft. per min. . . 118 170 230
H.p. absorbed 21 30 40

by the cu ttin g  action of the  abrasive, th e  con
sum ption of a ir is still fu r th e r  increased. A 
new principle in the design of sand-blasting  
machines has been in troduced, for which is 
claimed a very substan tia l reduction  in  power 
consumption. This new principle embodies the 
use of cen trifugal force, in  which th e  abrasive 
is fed by g rav ity  on to  revolving blades and 
thrown d irect upon the  work to  be tre a te d , 
w ithout any in terven ing  pipe involving loss of 
efficiency. The stream  of abrasive can be de
livered in any required  d irection .

The advantages of th e  new m achines m ay be 
summarised briefly in th e  following com para
tive order of im portance : —

(1) The quality  of work is equal to  th e  work 
tu rned  out by the o rd inary  com pressed-air 
apparatus.
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(2) Lower power costs. I t  is claimed th a t  an 
a p p a ra tu s  w orking two nozzles a t an equivalent 
of 60 lbs. pressure requires only 6 b .h.p. instead 
of 40 b .h .p .

(3) The ap p ara tu s is practically  noiseless in 
operation , and can be installed in a machine 
shop w ithout any inconvenience.

(4) They do no t require any a ir compressor, 
w ith its  electric m otor and control gear, a ir  re
ceiver, etc.

(5) Easy loading and unloading.
(6) Positive cleaning of abrasive— all dust and 

fines removed by a ir  wash.
(7) Accessibility. All drives and bearings 

thoroughly protected  from  dust and abrasive, 
bu t easily inspected.

T here are  also o ther in te resting  points of com
parison. F o r example, in  th e  compressed-air 
type of p lan t i t  is well known th a t  m oisture 
should be elim inated  as fa r  as possible on account 
of its  tendency to  ru s t the  abrasive medium, 
w ith clogging a t  th e  valves and nozzles.

The centrifugal-force type of machines arc- 
su itab le  for use w ith  e ith e r qu a rtz  sand or 
chilled-steel abrasives, according to  th e  class of 
work to  be tre a ted , and the  same considerations 
apply to  the  selection of the  abrasive as in  the 
com pressed-air type  m achine. Chilled-steel ab ra 
sive is strongly  recommended, however, on 
account of th e  g rea te r o u tp u t and  th e  sm aller 
q u an tity  of dust made. The spent abrasive falls 
in to  a  lower cham ber, whence i t  is raised by an 
elevator, passed th rough  a s ifte r, and in to  the 
hopper, from  which i t  again  falls on to  the 
cen trifugal throw ing device. The circulation of 
th e  abrasive is completely au tom atic  in  action 
and leaves the  operator en tire ly  free fo r o ther 
work. O riginally, th is  type  of m achine was only 
available in  th e  barrel form , b u t now ro tary  
tables em ploying th e  cen trifuga l principle are 
available.

Output of Sand-Blast Machines
The o u tp u t depends on th e  following basic 

fa c to rs :— (a) a ir  consum ption, (b) a ir  pressure,
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(c) length  of nozzle, (d ) d istance between nozzle 
and article to  be cleaned, (e) th e  angle a t  which 
the je t  h its  the object, (/) the  k ind  and  n a tu re  
of abrasive, its  quality , and  (gr) th e  system 
employed.

(a) A ir  C onsum ption.— The a ir  consum ption 
and pressure of the a p p a ra tu s  depends upon the 
in te rio r d iam eter of the  nozzle and the  system. 
The relationship  between a ir  consum ption and 
pressure and diam eter of nozzle is shown on the  
diagram , F ig . 1. As the  d iam eter of the  nozzle 
is not constant, however, b u t enlarges w ith  use, 
one of two th ings may happen— (1) th e  volume

PRFSSURF OF BLAST LBS. PFR S<). INS.

F i g . 1 .—-Sh o w i n g  R e l a t i o n s h i p  b e t w e e n
Am C o n s u m p t io n  and  P k e s s u r e .

of a ir  flow increases or (2) th e  p ressure drops. 
If  the la t te r  occurs, cleaning will probably be 
slow er; b u t if the  compressors a re  capable of 
m ain ta in ing  a constan t pressure, cleaning should 
be quicker.

(6) A ir Pressure .—In  order to  ob ta in  m ax i
mum efficiency in cleaning, i t  is essential con
stan tly  to  m a in ta in  the  desired a ir  pressure, 
which m ust be adap ted  to  th e  ab ility  of tho 
m aterial being tre a te d  to  w ith s tand  th e  im pact 
of the abrasive. Efficiency in  sand-b lasting  
depends on several factors, b u t, o thers being 
equal, i t  may be s ta ted  th e  h igher th e  pressure, 
the more rap id  the  cleaning, and, broadly  speak
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ing, twice as much work may be accomplished 
a t, say, 60 lbs. pressure as a t 30 lbs.

(c) Leng th  of N ozzle.—The efficiency of a 
nozzle of ^ in. d ia ., m easured by loss of weight 
of articles tre a ted , is only slightly improved bv 
an increase of length, as is shown in F ig . 2.

(d) D istance between Nozzle and A rticle to be 
Cleaned.—The distance between nozzle and sur
faces is of considerable im portance. This is 
clearly shown in the  d iagram , F ig . 3. As a 
general rule, the g rea te r the distance, the 
g rea te r th e  area  covered, b u t less w eight is re
moved. I t  is usual to tak e  a big distance when 
simply cleaning p a rts  from grease, etc., and to 
work a t  a short distance for rem oving scale, 
etc. The position of the nozzle rela tive to  the

D/AM. 0FN0ZZl£’ ‘i"
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F i g . 2 .— S h o w i n g  I n f l u e n c e  o f  L e n g t h  
o f  N o z z l e  o n  E f f i c i e n c y .

work for g rea test efficiency depends, therefore, 
on the  n a tu re  of the  work. I f  an artic le  is 
cleaned only w ith difficulty, the nozzle should be 
close to the work. If , on the o ther hand, it  is 
cleaned w ith ease, the nozzle can be fa r th e r away 
and the abrasive allowed to  spread.

(e) Angle of Projection. —■ The best angle of 
projection, using quartz  sand, is 15 deg. This 
gave the largest area  sprayed and the  greatest 
q u an tity  of m ateria l removed, as is shown in 
F ig. 4. Using No. 24 angular-steel abrasives m  
C.R.O.A. p late, Neville* found th a t  30 deg. was 
the best, and on cast iron 50 deg. W ith No. 24 
round shot, the same investigator found th a t  an 
angle of 60 deg. produced the m ost satisfactory 
results. In  practice, therefore, it  is recom
mended th a t the nozzle be held obliquely to  the 
work—say, 45 deg.—n o t perpendicu lar to  it.

* “  P ro c ee d in g s , I n s t i tu t e  o f  B r i ti s h  F o u n d r y m e n / ' Vol. X I X .
p a g e  555 /575 .
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(/) Size o f A brasives. — R eg ard in g  th e  influ
ence of the  size of abrasive on th e  o u tp u t of 
sand-blast machines, i t  m ay be s ta ted  as a 
general principle th a t  th e  g ra in  m ay be increased 
in size w ith  the  hardness of the  m a te ria l trea ted  
and the  thickness of the  layer th a t  has to  be 
removed. F or the  cleaning of iron  and  steel 
castings, the  best sizes a re  from  Nos. 8 to  20, 
whereas th in  sheet artic les fo r enam elling are 
best tre a ted  w ith the  finer grades, say, Nos. 20 
to 60. The quality  and class of abrasive, 
together w ith the a ir  pressure to  he used,

T a b l e  I I .—Suggested Abrasives and A ir Pressure for 
Various Cleaning Jobs.

Type of 
material. Type of abrasive Air pressure, 

lb '. per sq. in.

Non-ferrous cast
ings and objects
of soft materials Fine angular, say No.

60 . . 18 to 20
Iron castings No. 24 or 30 angular. . 25 to 35
Malleable castings

(annealed) No. 24 angular 40 to 45
Steel castings No. 10 or 12 angular 60 to 80
Steel stampings,
forgings, plates,
sections No. 16, 18 or 24 round 45 to 60

depend en tire ly  upon th e  surface of the  m aterial 
to be cleaned, bu t, as a som ewhat general guide, 
the d a ta  in Table I I  are p u t forw ard .

H ardness of A b rasive
Of the properties desired in  a satisfac to ry  

abrasive, the  one of hardness is undoubted ly  the 
most im portan t, b u t i t  is w ith reg re t one records 
th a t h itherto  no published in fo rm ation  is avail
able regard ing  th is  p roperty . There a re  now 
available several types of su itab le  ap p a ra tu s  
(e.g., Vickers hardness te s te r , and th e  F ir th  
H ardom eter) for de term in ing  the  hardness 
value, and the  suggestion is hereby expressed 
th a t  some stan d ard  m ethod of a scerta in ing  this, 
value will in  fu tu re  be adap ted .



5 7 5

D uring  the  m anu factu re  of chilled-steel a b r a 
sives a t  the  works w ith which the  au tho r is 
connected, control is stric tly  exercised over the 
hardness. H ardness determ inations of individual 
particles of abrasive are m ade w ith  the F ir th  
H ardom eter, using the  diam ond inden ting  tool. 
(F ig. 5.) The results of such tests indicate 
the Brinell diam ond hardness to be from 750 
to  875.

Effect of M oisture

Compx-essed a ir  contains m oisture, which should 
be removed before delivery to th e  sand-blast, 
to p revent dam pening the abrasive, w ith con-

F i g . 3 .— S h o w i n g  E f f e c t  o f  V a r y i n g  
D i s t a n c e  f r o m  S u r f a c e  T r e a t e d .

sequent clogging and o ther troubles. This 
clogging is m inim ised by the installa tion  of gas 
rings beneath  the  pressure cham ber, w hilst fre 
quen t cleaning o u t of th e  p lan t is practised 
in some works in order to  overcome the  trouble. 
I t  is, of course, a well-known fac t th a t  the finer 
grades of abrasives possess g rea te r clogging ten 
dencies th an  the coarser grades. This m oisture 
problem has always been one of th e  difficulties 
encountei'ed when changing from  quartz  to  steel 
abrasives, which u n fo rtu n a te ly  becomes increas
ingly difficult w ith increased pressure.

Finish  O btained on Iron Castings

The finish obtained on samples of cast iron 
cleaned under stan d ard  conditions, b u t using
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different abrasives, has been stud ied  by Neville,* 
who obtained the  resu lts shown in  Table I I I .

W e a r  of N ozzles
This has already been briefly considered, when 

discussing the  o u tp u t of sand-b last m achines, 
bu t i t  is of such v ita l im portance th a t  fu r th e r  
reference is considered necessary. Nozzles are 
subject to  w ear a t both the  in le t and  ou tle t, 
each of which has its  own pecu liar influence.

I
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F i g . 4 .— S h o w i n g  E f f e c t  o f  V a r y in g  
A n g l e  o f  P r o j e c t i o n .

M aximum efficiency is only m ain ta in ed  so long 
as the abrasive stream  is concen tra ted , bu t 
efficiency is decreased w henever th e  abrasive 
stream  is spread over too g re a t an  area. Nozzles 
worn beyond th e  lim it of good p ractice  a re  an 
added expense, as they  increase th e  to ta l sand
blasting costs by m any tim es the  price of new 
nozzles.

A nozzle should be changed im m ediately the

*  Loc. c it.



ou tlet h a s  worn to  such an ex ten t th a t  the tim e 
of b lasting  is o u t of all p roportion  to  the  flow 
of compressed a ir  and abrasive. W ear a t the 
o u tle t is caused by th e  side th ru s t  of the  
abrasive ag a in s t th e  walls of the  nozzle. This 
action takes place gradually  from  the inlet,, and 
results in  the  production of a somewhat bell
m outhed opening, which causes the abrasive

577

F i g . 5 .— I m p r e s s i o n  o n  C h i l l e h - S teet. 
A b r a s iv e  b y  F i r t h  H a r d o m e t e r .

stream  to  spread, w ith its serious loss in pro
duction.

N orbide N ozzles
Nozzles are  usually  made of a hard  w hite cast 

iron, bu t gas tub in g  is sometimes used. They 
are not, therefore, very expensive, b u t it  should 
be em phasised, however, th a t  they  are probably 
one of the  la rgest factors in controlling opera t
ing costs. There are now on the  m arket nozzles 
which have a guaran teed  working life of 1,500 
hrs., du ring  which tim e th e  ou tle t will not en
large to  more th a n  50 per cent, of its original

u
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diam eter. They a re  som ewhat revolutionai y in 
shape, and th e  holder is incorporated  w ith , and 
is p a r t of, the  sand-blast hose. The ac tu a l nozzle 
is tu rn ed  ou t of m ild steel and  lined w ith an 
exceptionally hard  m ateria l, known as “  N or- 
bide ” (boron carbide, B.,C).

“ N orbide ” nozzles are  m ade in  all th e  com
mon styles and  sizes used in  foundries. T heir 
life varies considerably w ith  d ifferen t in s ta lla 
tions, depending on m any factors, e.g., nozzle 
size, abrasive m ateria l used, and a ir  pressure. 
The s tandard  g u aran tee  a t pressures n o t exceed
ing 90 lbs. per sq. in ., is th a t  w ear a t  the  
ou tlet end will not exceed 50 per cen t, of the

T a b l e  III.— Finish Related to Abrasive (Neville).

No. Abrasive. Finish.

1 Fine steel grit Bright silver grey
2 Coarse steel grit ,, ,, but

etched surface.
3 Fine steel shot Dull, smooth surface.
4 Coarse steel shot Dull etched surface.
5 Quartz sand Etched, not so bright as

with fine steel grit.

original orifice d iam eter fo r a period of 200 hrs. 
w ith alum inium -oxide abrasive, 750 hrs. w ith 
silica sand, and 1,500 hrs. w ith chilled-steel ab ra
sives. Owing to the  fac t th a t  th e  opening in  a 
“ N o rb id e ” nozzle rem ains p rac tica lly  constan t 
in size for a long tim e, a ir  consum ption is con
siderably decreased. Some users rep o rt th a t  
they are able to  lower the  se ttin g  of th e ir  com
pressor by 10 lbs., and in  add ition  th e re  is a 
saving in the  volume of a ir  consumed. Owing to  
the opening in  a  “  N orbide ”  nozzle re ta in in g  
its tru e  cylindrical shape and size, th e  abrasive 
stream  rem ains concentrated , and  there fo re  the  
abrasive velocity does n o t drop.

M etallic or N on-M etallic A b rasives
The possibilities of using  chilled-steel ab ra 

sives have during  recen t years been very  much
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discussed. Broadly, the question may be con
sidered from two angles, and, for lack of a 
be tte r description, they will be called (a) the 
hygienic and (b) the economical aspect.

(a) H ygien ic .—I t  has already been suggested 
th a t  sand or some form of siliceous m aterial was 
the original medium used for sand-blasting ; 
hence the  nam e. In  use, th is  sand disin tegrates 
into a very fine dust, which, inhaled into the 
hum an system, produces th a t  d readful disease,

T i g . 6 .— M ic r o s t r u c t u r e  o f  C h i l l e d - 
S t e e l  A b r a s i v e .

silicosis, fo r which there  is no cure. This is, 
indeed, a disease to be feared , and every con
siderate factory  executive having the  welfare of 
his workers a t hea rt will welcome the Home 
Office suggestion to  suppress wherever possible 
the use of any m ateria ls th a t  con tribu te  to its 
cause.

If  one reviews very briefly some of the  pub
lished sta tistics regard ing  deaths from  th is cause, 
it will be seen th a t  the Home Office regulations 
are , in the in terests of hum anity , qu ite  justified.

u 2
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In  a P aper p resented  to The In s ti tu te  of 
V itreous Enam ellers las t year, on th e  subject 
of “ Silicosis,” Dr. M iddleton (H .M . M edical 
Inspector of Factories) m ade the  following s ta te 
m e n t :— “ I t  was no t possible to  estim ate  
accurately the effect of th e  disease, b u t reliable 
sources indicate th a t  over 300 deaths occur every 
year in E ngland and W ales from  th is  cause. 
The disease progressed slowly, and  some degree 
of disablem ent appeared  long before i t  proved 
fa tal. Over £100,000 was paid  in com pensation 
in a single year in  th is  co u n try .”  D r. M iddle
ton fu rth e r s ta te s : “ There was no rem edy for 
the disease once th e  lungs have become affected. 
The only a lte rna tive  was prevention, which could 
be effected b y :— (1) Avoidance of in ju rious 
m ateria ls; (2) suppression of dust a t  its  source;
(3) removal of dust as near as possible to  the 
point of o r ig in ; and (4) protection  of th e  work
m an.”

Of the  four suggestions m ade by D r. M iddle
ton, the  one to be m ost successful is undoubtedly  
the first, viz., th e  avoidance of all in ju rious
m aterials. In  th is respect, th e  sand-blasting
industry  is very fo rtu n a te ly  placed in  so fa r  
as an efficient and economical su b s titu te  fo r the 
dangerous sand is to  be obtained, and  i t  is w ith 
pleasure one records th a t  the  m ajo rity  of works 
to-day use chilled-steel abrasives.

In  a P aper recently  read  before the  B ritish  
Works M anagem ent Association on “  H ea lth  in 
W orkshops,” the  Medical Officer of H e a lth  for 
C oventry (Dr. Massey) quoted  th e  following
figures for the  C ity of C oventry fo r th e  year
1934:—D eath -ra te  from  pulm onary  tuberculosis 
among the general population  was 0.77 per 1,000, 
and death -rate  from  pulm onary  tuberculosis 
among sand-blasters was 23.2 per 1,000.

(6) Economics.—F rom  an economical p o in t of 
view, the use of chilled-steel abrasives is dis
tinc tly  advantageous. A lthough more expensive 
in  first cost, they  have from  10 to  20 tim es the 
life of sand, while th e ir  use avoids th e  immense 
dust form ation, and o ther risks a re  considerably
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reduced. F o r some purposes they have a life as 
high as 60 tim es th a t  of sand* On the  other 
hand, when cleaning castings for enamelling 
purposes, i t  is usually estim ated  th a t  1 ton  of 
a suitable chilled-steel abrasive will do th e  work 
of 16 tons of quartz . L arge storage bins are 
therefore unnecessary, while large tonnage can 
be stored in  a small space by stacking the  bags 
or containers, one on top of th e  other.

F i g . 7 .— S u r f a c e  o b t a in e d  by  
B l a s t in g  w i t h  S a n d .

The w eight of chilled-steel abrasives is 
approxim ately 2i2 tim es th a t of an equal volume 
of q u a r tz ; therefore , a pressure double th a t  
used for sand m ust be employed in  order to 
ob tain  equal production. W ith  sand the pres
sure used is generally from  10 to  30 lbs., whereas 
chilled-steel abrasives are  usually  worked w ith 
25 to  60 lbs. per sq. in ., while pressures as high 
as 90 lbs. are no t uncommon. I f  one considers 
the  action  of sand-blasting, one readily  realises 
th a t a t each im pact a certa in  am ount of ab ra
sive is pulverised and taken  away as dust by
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the  exhaust fan . Sand, owing to  its  crystalline 
s truc tu re , very rap id ly  d is in teg ra tes , and  as a 
consequence a g re a t am ount of dust is 
generated.

According to tes ts  made a few years ago by 
Neville, Leighton B uzzard sand loses 10 p er cent, 
of its w eight per im pact a t a pressure of 15 lbs., 
whereas No. 24 chilled-steel an g u la r abrasive a t 
the same pressure only loses one-ten th  of 1 per 
cent, of its w eight per im pact. T herefore, de
spite its com paratively h igh ' in itia l cost, i t  is 
more economical th a n  sand.

M etallic abrasives differ from  all o th er n a tu ra l 
abrasives (e.g., em ery, sand or q uartz ) in  th a t  
each gra in  is a solid homogeneous mass, devoid 
of cleavage lines. Owing to th is  p roperty , 
metallic abrasives do no t break  up  read ily  on 
im pact, they simply w ear away. On th e  o ther 
hand, m ineral abrasives have cleavage. They 
are bu ilt up of a’ large num ber of m inu te  
crystals held together by a common bond. On 
im pact, such crystals d is in teg ra te  very rap id ly . 
This d is in teg ra tion  proceeds u n til all cleavage 
lines d isappear and the abrasive is reduced to 
a  useless condition. In  the  m eantim e, produc
tion  is ham pered and costs are  increased by the 
production of large clouds of dust.

The replacem ent of sand by chilled-steel ab ra 
sives for general purposes, e.g., rem oval of 
foundry sand, scale, e tc ., has now become alm ost 
universal, bu t considerable opposition to  its 
use still rem ains in a few isolated p lan ts  engaged 
on cleaning castings p rio r to  v itreous enam el
ling. The principal objections ra ised  a re  : (1) 
steel shot produces a “  peened ”  surface, to 
which the enam el will no t adhere perfectly , 
and (2) the  tendency of c e rta in  acid-resisting  
enamels to b lister when fused on castings cleaned 
with chilled-steel abrasives.

“ Peening ”

The production of a peened surface is en tire ly  
avoided by the use of an an g u la r abrasive of 
fairly  large size, which produces the  etched sur-
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face so necessary for successful enamelling. 
This is clearly seen by an exam ination of Figs. 
7 and 8. F ig . 7 is a m acrograph of a sample 
of an ord inary  oast-iron p late p repared  for 
enam elling by m eans of a  sand abrasive, w hilst 
F ig . 8 is of an identical sample p repared by 
using a chilled-steel angular abrasive. The su r
face obtained by th e  la t te r  is probably too rough 
for enam elling by the  w et process, b u t the

F i g . 8 .— S u r f a c e  o b t a in e d  by  
B l a s t in g  w i t h  C h i l l e d - 
S t e e l  A b r a s iv e s .

resu lt obtained is a m axim um  one, and by vary
ing e ith e r the  pressure of the  compressed a ir 
or th e  size of the  abrasive, i t  is possible to 
produce a large range of surfaces.

Blistering

The tendency to  b lister exhibited by some 
enamels is due to w hat is sometimes term ed 
“ m etallic smudge ” and its  presence is due 
to inefficient cleaning of the abrasive in the 
p lan t. This foreign m a tte r  has in the past
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been erroneously called “  g rap h ite  ca rb o n .” In  
order to  remove th e  foreign m a tte r , and  thereby  
p reven t b listering , th e  use of an  abrasive cleaner 
and separa to r is strongly  recom m ended.

Conclusions

I t  m ay be said th a t  (1) sand-b lasting  will remove 
scale, ru s t etc., and will give to  an  a rtic le  a su r
face p articu la rly  su itab le  for p a in tin g , lacquer
ing, enam elling, etc. I t  is un iversally  agreed 
th a t  enam el w ill adhere w ith  considerably g rea te r 
tenac ity  to  a sand-blasted, th a n  to  a non-sand- 
blasted surface, and  in  add ition , a m ore u n i
form  covering is obtained. Less p a in t is requ ired  
to  give a satisfac to ry  film, which if  applied 
im m ediately a f te r  sand-b lasting , w ill have a 
much longer life, owing to  p reven tion  of oxida
tion . (2) Fused sand and  em bedded particles 
a re  removed from  the  surface, thereby  prevent
ing  dam age to  tools in  th e  m achine shop. (3) 
D ust from  cores, etc., is read ily  rem oved w ith 
out spreading over th e  foundry , and  (4) i t  is 
much less costly and  fa r  more convenient th an  
the  old-fashioned pickling  process.

I t  has also been shown th a t  chilled-steel ab ra 
sives can successfully replace sand  o r q u a rtz  
in  order to  achieve any  of th e  above nam ed 
results. To anyone considering a change from  
non-metallic to  m etallic abrasives, however, i t  
should be poin ted  o u t th a t  a  sand-b last opera to r 
who is only fam ilia r w ith  th e  use of flin t g r i t  
cannot be expected to  produce first-class resu lts  
im m ediately a change-over is m ade. H e has 
to  become accustom ed to  the  new m a te ria l, which 
m ay require  slight a lte ra tio n  of th e  conditions 
under which th e  p lan t was form erly  operated .

F inally , the  au th o r tenders his th an k s  to  the  
D irectors of B radley  & F oste r, L im ited , for 
permission to  give th e  P ap e r.

D IS C U S S IO N

The C h a  tu v a x  I M r .  A rth u r  W hiteley) s a i d  he 
had listened to  th e  lec tu re  w ith  considerable 
in te rest. I t  seemed to  h im  th a t  th e  lec tu re r

i



had sounded the  death  knell of sand as a b las t
ing m edium, b u t sand m erchants would not 
object if steel shot was helping to  increase the 
efficiency of foundries and lengthen th e  life of 
foundrym en. The refrac to ries industry  was well 
aw are of th e  dread  results of silicosis. In  the 
production  of g an is te r and silica bricks, he 
though t th a t  p a rticu la r disease was probably 
more ram p an t th a n  in  any o ther branch of 
industry .

I t  had been of considerable in te re st to  him  to 
listen to M r. Bradshaw  and to hear his argum ents 
in favour of the use of steel shot. H e was especi
ally in terested  in the references to  angu la r steel 
shot. Personally , he had always been under the 
impression th a t  steel shot was spherical, and the 
angu lar g ra in  of n a tu ra l sand had been one of the 
argum ents in favour of sand. H e was a little  
d isappointed a t  not having heard  how steel shot 
was m ade, as he had hoped to have seen some 
illu stra tions of the  process of m anufacture . 
Perhaps th a t  was a subject th a t  he ought not to 
m ention, bu t it  occurred to  him th a t  i t  m ight 
have in terested  the members of the  Sheffield 
Branch.

Iron O xide and Silicosis

M r . R .  C. T u c k e r  said silicosis was certain ly  
caused by sand, b u t i t  could also be caused by 
iron oxide. I t  was very prevalen t among the  
hem atite  m iners in  Cum berland, and he often felt 
th a t  if ru s ty  m ateria l was sand-blasted th ere  was 
a danger, even though they were using clean steel 
shot, of fine iron-oxide dust being present, and 
he wondered 1 w hether th a t  was perhaps an a rg u 
m ent in  favour of th e  older method of pickling 
castings or rusty  m ateria ls to  remove th e  scale.

W ith  regai’d to  the  loss of w eight of abrasive, 
M r. B radshaw  had s ta ted  th a t  Leighton Buzzard 
sand lost 10 per cent, of its  w eight a t  15 to  
20 lbs. pressure, whereas steel shot lost a  very 
much sm aller proportion  of its w eight a t  the  same 
pressure. M r. Bradshaw  also sta ted , however, 
th a t  steel shot was always used a t g rea te r pres
sure, so perhaps i t  would be a fa ire r comparison
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fco give th e  loss of w eight a t  th e  w orking pressure. 
H e (M r. Tucker) wondered if M r. B radshaw  had 
any inform ation on th a t  po in t. H e should th in k  
th a t  the m ajo rity  of those presen t, as iron- 
founders, were in te re s ted  in sand b lasting  simply 
as a m eans of cleaning castings, and  he always 
felt th a t  they  could only clean sim ple shapes 
economically by sand b lasting . H e rem em bered 
a case where he had some filter p lates which had 
little  sand cores in  the  corners, which were the 
cause of much trouble. H e could no t im agine a 
sand-blast nozzle g e ttin g  in to  those litt le  cores, 
and he th o u g h t th a t  pickling would be th e  solu
tion of th a t  problem, ra th e r  th a n  sand b lasting . 
He would like M r. B radshaw ’s com m ents on the 
question of w hat castings could be cleaned 
economically by the  use of sand b lasting . They 
all knew th a t  p late  work, or simple work, could be 
cleaned very efficiently and very cheaply by th is 
method, bu t would the lec tu rer te ll them  how a 
fairly  complicated cylinder head, say, could be 
cleaned by sand blasting.

Mb. B k a d s h a w , refe rrin g  to  M r. T ucker’s 
rem arks on hem atite  m ining, said i t  was the 
“  free ”  silica, really, th a t  was th e  cause of 
silicosis. Tn the  glass industry , for instance, 
there was a big risk  of con trac ting  silicosis, b u t 
lie believed th a t  >vas due to  th e  m ateria ls . Once 
the silica had got in to  com bination w ith  o ther 
elements, i t  form ed compounds which were not 
so dangerous.

Mb. T u c k e r  agreed, and said qu ite  a' lo t of 
work had been done on th e  question of stone dust
ing in mines, and th a t  silicates were found  to  be 
quite  harm less. B u t i t  was a fa c t th a t  o ther 
m aterials besides tru e  silica could give silicosis.

M e. B r a d s h a w  s a i d  h e  a g r e e d — f o r  i n s t a n c e ,  
a s b e s to s  c o u ld  c a u s e  t h i s  d i s e a s e ,  b u t  w i t h  r e g a r d  
t o  f e r r i c  o x id e  h e  s h o u ld  b e  s c e p t i c a l ,  s i n c e  i r o n  
s a l t s  w e r e  s o lu b le  i n  t h e  h u m a n  s y s te m .

M r . T u c k e r  : B u t when th ey  a re  deposited in 
the lungs, they  do actually  grow.

M r. J .  E. H u r s t  asked M r. T ucker w hether 
there was any difference in  th e  behaviour of 
the respective oxides of iron.
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M r. T u c k e r  : T ha t has not been proved yet.
M r . H u r s t  : T h e r e  is  n o  e v id e n c e  w i th  r e g a r d  

t o  m a g n e t i c  o x id e  P
M r . T u c k e r  : No.
M r. H u r s t  : B ut there  is w ith regard  to

F e 20 3?
M r . T u c k e r  r e p l i e d  t h a t  t h e  h e m a t i t e  m in e r s  

w h ic h  h e  h a d  m e n t i o n e d  w e re  o n ly  o n e  c a s e .

M r . H u r s t  though t th a t  was im portan t, 
because the m ajority  of the oxide on castings 
th a t  one had to  contend with was the m agnetic 
oxide.

M r . T u c k e r  : Yes, unless the  castings were 
rusty.

M r . H u r s t  said th a t  a good deal of publicity 
had been given to  th is question of silicosis, and 
it was of some im portance mot to  create  any scare 
about it.

M r. T u c k e r  : There is  no evidence yet of a 
p a rticu la r form  of iron oxide being more 
dangerous tb an  the  others, b u t th e  question is 
still in its infancy. T ha t i t  is some form of 
iron oxide, however, is fa irly  certa in .

Life  of Sand and Shot

M r. B r a d s h a w , replying to M r. T ucker’s 
question w ith regard  to loss of w eight, said 
he took i t  th a t  the  gentlem an was referring  
to  the inform ation which he (the lecturer) pub
lished, and which was based on N eville’s work 
of some five or six years ago. Neville conducted 
experim ents a t  a pressure of about 15 lbs., w ith 
the results th a t  were given in the  P aper. H e 
(the speaker) had no t any actual d a ta  on th a t. 
The only inform ation  he could give was th a t 
chilled steel abrasive would las t approxim ately 
15 tim es as long as sand under the same condi
tions. Of course, M r. Tucker would realise th a t  
the higher pressure was necessary to  carry  the 
heavier m ateria l. W ith  regard  to the  economical 
removal of cores, w hat was the  size of the cores?



Mu. T u c k e r  : Only about |  in .

Mu. B r a d s h a w , agreeing, said if i t  were f  in ., 
i t  would probably be quicker to  ge t i t  o u t w ith 
a file, or som ething of th a t  sort. C ylinder blocks 
were being cleaned successfully by th e  sand b las t
ing process.

M r. T. R . W a l k e r  said th a t  they  had  heard  
a lot th a t  evening about silicosis. H e th o u g h t 
th a t  in th is respect M r. B radshaw  had  perhaps 
ra th e r overstated  th e  case for steel shot, and 
he did not th ink  th a t  M r. B radshaw  would claim 
th a t  a foundry using steel shot in stead  of sand 
for b lasting  would be exem pt from  th e  provisions 
of the Silicosis Act. A fte r all, m ost castings 
were made in  sand moulds and  any process likely 
to  produce dust, w hether from  th e  surface of 
the casting or from  th e  b lasting  m ate ria l w ith 
a silica con ten t of 80 per cent, o r over, came 
under the provisions of the  Act. H e was quite  
sure th a t  all th e  best foundries recognised the  
danger of silicosis and  in  those foundries, owing 
to the  precautions tak en  by the  m anagem ent, 
there were very few cases of silicosis w hether 
the foundries were using sand o r shot b lasting .

H e was in terested  in M r. B radshaw ’s rem arks 
about the  lowered efficiency of nozzles as they  
enlarged w ith wear, b u t he took i t  th a t  M r. 
Bradshaw 's rem arks applied principally  to  cases 
where the a ir  compressor was of insufficient 
capacity to m ain ta in  the  pressure a t  its  proper 
value when the nozzle became enlarged. I f  i t  
m aintained the  pressure i t  seemed to  him  th a t  
any increase in the size of th e  nozzle, according 
to  w hat M r. B radshaw  had  said, m ean t an 
increased rap id ity  in th e  shot b lasting  u n til, of 
course, the end of the  nozzles became of a 
definite barrel shape, when th e  efficiency would 
fali off owing to the  large increase in  area  
covered by the  shot from  the  nozzles. H e was 
also in terested  in  M r. B radshaw ’s rem arks about 
the g uaran tee  given w ith  nozzles lined  w ith 
Norbide. In  view of th e  differences in th e  
guaran teed  hours given for alum ina, silica sand
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and chilled steel shot as abrasives, i t  seemed to 
him  th a t  alum inium  oxide abrasives wore ap
paren tly  the  ones which removed m ateria l most 
quickly. Could th e  au th o r give any inform ation 
regard ing  the  efficiency of alum inium  oxide 
abrasives when used for cleaning castings?

M r . B r a d s h a w , replying to  Mr. W alker’s 
question as to exem ption from  the  Silicosis Regu
lations when cleaning castings, said th e  use of 
a chilled steel abrasive was advocated and re
commended by all H is M ajesty’s Factory  In 
spectors. I t  was claimed th a t  the  sand th a t  was 
fused on the surface of a casting was really a 
silicate, and  as such, when w orking, was less 
dangerous th a n  the  actual free silica. W ith  re
gard  to  nozzles, i t  was really  a question of 
w hether one could m ain ta in  the  pressure, and if 
one’s ap p ara tu s was sufficient to m ain ta in  a 
constan t pressure irrespective of the diam eter 
of the  nozzle, then , of course, one could effi
ciently sand blast. B u t very often the compres
sor was not capable of th a t , and, as the  nozzle 
wore, so the  pressure decreased. W ith some of 
the older p lants, a t any ra te , th a t  happened. 
W ith  regard  to  th e  query as to  alum inium  
oxide, he reg re tted  th a t he had no available
inform ation on th a t  point.

M r . T u c k e r  said alum inium  oxide was too
hard, and even scratched cast iron very badly.

M r . H u r s t  said he should im agine th a t  much 
depended on the  actual cleaning operation th a t 
one was engaged upon. I t  was not necessarily 
the hardest m ateria l th a t  was the best from a 
cleaning point of view. The actual energy con
te n t of the  individual blows struck by the p ar
ticles of m ate ria l was equally im portan t in some 
cases. I f  they  had to  raise the velocity of
alum inium  oxide particles to give a momentum 
equivalent to  iron particles, i t  was quite  possible 
th a t  the  cost of doing th a t  m ight he ou t of 
proportion.

M r . W a l k e r  : Surely the  specific g rav ity  of
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alum inium  oxide is not very d ifferent from  t h a t  
of silica.

M it. H u r s t : B ut i t  is very d ifferen t from 
th a t  of the  m etallic chilled steel abrasives.

M r . W a l k e r : B u t we have in  th e  P a p e r  t h e
ra tios of the pressures requ ired  fo r use w i th
silica sand and w ith chilled shot, so. th a t  i t  o u g h t  
to be easy to  obtain  th e  pressure necessary f o r  
use w ith alum inium  oxide abrasives.

M r . H u r s t  : Yes.
M r . T u c k e r  presum ed th a t  alum inium  oxide 

would no t cause silicosis.
M r . W a l k e r  : C ertain ly , b u t i t  m igh t c a u s e  a  

sim ilar disease, called by ano ther nam e.
M r . T u c k e r  : I  r a t h e r  t h i n k  i t  i s  t h e  other 

w a y  round, t h a t  a  l o t  o f  d i s e a s e s  a r e  incorrectly  
c a l le d  s i l ic o s is .

M r . W a l k e r : Oh, c e r t a i n l y .

M r . T u c k e r  : Do you claim  for th e  steel shot
process th a t  the  cleaning costs per ton  of cast
ings are less th an  w ith sand?

M r . B r a d s h a w  said he claimed th a t  th e  c l e a n 
ing cost per ton, cleaned w ith  chilled steel a b r a 
sive, was less th a n  w ith  th e  sand, b u t he w a s  
basing th a t  on the fac t th a t  a  quicker o u tp u t 
was obtained from  the  machines. The a b r a s i v e  
is quicker, and there was a longer life from  t h e  
abrasive, and, from a given p lan t, a b igger o u t 
put was obtained.

M r . T u c k e r  : B u t supposing a sand p l a n t  w a s  
sufficient to deal w ith the  o u tp u t of your 
foundry, would i t  pay you to  go over to  steel 
shot ?

M r . B r a d s h a w  : Yes, from  the  po in t of v ie w  
of longer life of the abrasive m edium .

M r . T u c k e r  : Does th a t  balance the  in itia l 
cost?

M r . B r a d s h a w  : Yes, ce rta in ly ; in fac t, t h e r e  
is a big m argin.
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A irless  Machines

Mil. C. H . S a n d e r s  asked which was the  be tte r 
machine for cleaning castings, the  cen trifugal or 
the a ir  m achine?

M r . B r a d s h a w  said i t  was really a question 
of economics, and the  am ount of work they  had 
to do. I f  they  had a large am ount of work 
of a fa irly  small type  coming th rough , then  a 
cen trifugal m achine was b e tte r from  th a t  point 
of view, b u t if the work was of the la rg er type, 
of course, they  had to  go back to  the  pneum atic 
or b lasting  machine.

M r . W a l k e r  asked w hat happened to  th e  an
g u la r shot when i t  wore. D id i t  w ear round or 
angu lar?

M r. B r a d s h a w  said th a t  if i t  was a good 
sample, i t  should not w ear round. I t  would 
break away and d is in teg ra te , and keep in use, 
m ain ta in in g  its angu la r character u n til i t  was 
so small th a t  i t  passed away th rough  the  exhaust 
fan.

M r . W a l k e r  : In  t h a t  c a s e ,  t h e n ,  i t  r e s e m b le s  
t h e  s a n d .

M r. B r a d s h a w  : Yes.
M r . W a l k e r : B u t  i t  t a k e s  l o n g e r  t o  d o  i t ?

M r . B r a d s h a w  : Oh, y e s .

M r . W a l k e r  said he did not suggest th a t  the 
shot would round over b u t though t th a t  the 
p rojecting  edges would get worn down a b it. 
Even a diam ond po in t would w ear down w ith 
constan t use b u t i t  would n o t round over.

M r . T u c k e r  said w ind borne sand was round. 
D esert sands, and  sea sands, were round, merely 
bv a ttr i tio n . I t  was a question of velocity of 
im pact. H e th ough t th e  im pact value of a hard 
steel was very low. I f  they had  an angu lar p a r
ticle h ittin g  a hard  casting  surface w ith a 
certa in  mom entum , they m ight exceed, w ith the 
very fine, very small a rea  of a ttack , the im pact 
value of th a t  steel, and they  m ight break pieces 
off. I t  was very difficult sometimes to im agine 
the force th a t  came in to  play over such a small



area. A few weeks ago he heard  a P a p e r  which 
described a very small spindle. This only 
weighed about five gram m es, and i t  was on such 
a fine steel po in t th a t  the  pressure was 100 lbs. 
per sq. in. on the  point, and  th ey  go t a pecu liar 
form of corrosion there , due to  th e  excessive 
pressure.

M e . W a l k e r ,  reverting  to  th e  question  of 
breakage, asked if Mr. B radshaw  did no t claim  
in his P ap e r as one of th e  advan tages of chilled 
shot the  fa c t th a t  i t  had  no cleavage planes, 
and therefore would n o t break P

M r . B r a d s h a w  said he th o u g h t M r. W alker 
would agree th a t , although th e re  were no 
cleavage planes, i t  was a b r i tt le  m ate ria l, and 
as such i t  should break  ra th e r  th a n  round  over. 
I f  the  m ateria l was of a soft charac te r, then  
of course there  would he a tendency fo r it, 
during  w ear, to  tak e  on a round  shape.

M r . S a n d e r s  asked w hat k ind  of nozzle was 
used for the cen trifuga l m achine, as ag a in s t the  
ordinary  machine. W as i t  a wide or a round 
nozzle ?

M r . B r a d s h a w  said there  was ac tua lly  no 
nozzle in the  sense in which they  understood it 
on the o rdinary  sand blast p lan t. The m ateria l 
dropped down from  a hopper on to  a revolving 
disc, which forced i t  by d irec ting  i t  in to  th e  
m achine th rough  a k ind of rec tan g u la r opening.

V o te of Th a n k s

M r . H u r s t  said there  were two types of 
cen trifugal m achine a t  th e  m om ent— one which 
was very much like the  S andslinger w ith  the 
single blade, and the  o ther which had  an 
impeller like the cen trifuga l pum p.

Going on to  propose a vote of th an k s  to  the  
lecturer, Mr. H u rs t said th e  mem bers would 
have gathered  th a t  M r. B radshaw  was a col
league of his. H e could assure them  th a t  M r. 
Bradshaw  had devoted a  good deal of tim e  to  
the study of questions reg ard in g  sand blasting , 
and the efficient use of m ateria ls  fo r th e  p ro
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cess. H e supposed i t  was tru e  to say th a t  sand 
blasting, as a method of cleaning castings, was 
a very old m ethod, h u t i t  was only of com para
tively recent years th a t  i t  had been thoroughly 
studied. I t  was probably tru e  to  say th a t  a 
good deal of th is  a tten tio n  had arisen owing to 
questions concerning the disease of silicosis. 
W hilst i t  m ight be adm itted  th a t the re  was a 
good deal yet to  be learned about silicosis, 
Governm ent officials did apparen tly  take  a 
serious view of the  disease, and in  so fa r  as sand 
blasting  was concerned, they  had begun to  give 
it  th e ir a tten tio n  and to  consider th é  question 
of the  m ateria ls for ac tua l use in the sand b last
ing m achine. W hatever was said about those 
m aterials, th ere  was one th ing  th a t  could he 
said about chilled steel abrasives, which was th a t  
they  were in trinsically  free  from silica, and from 
th a t  po in t of view they  m ight have some effect 
in m inim ising the  tendency to  silicosis. One 
object in giving a lecture was to  endeavour to 
im part as much inform ation  to  the members as 
the lec tu re r could, and the  o ther was to derive 
as much inform ation  as he could from  them  ; 
and he fe lt ce rta in  th a t  M r. Bradshaw , like 
himself, would have been very glad to  have 
heard w hat some of th e ir  steel foundry friends 
had had  to  say about the  use of sand blasting, 
particu larly  about using shot as a method of 
cleaning steel castings. However, he was certain  
th a t  M r. Bradshaw  would be satisfied w ith the 
ra th e r b rig h t discussion, and th a t  i t  would repay 
him for his tim e and trouble in p reparing  the 
Paper.

M b . A . C a b b ,  in seconding, said they had a 
good deal to th an k  th e  lec tu rer for. M r. 
W hiteley had suggested th a t  M r. Bradshaw m ight 
tell them  how steel shot was made. He was afraid  
th a t  he (the speaker) could n o t throw  any ligh t 
upon it. The lecture had been very in teresting . 
He agreed w ith M r. H u rs t th a t  i t  was ra th e r 
disappoin ting  th a t  more members from the  steel- 
foundnies in  Sheffield had n o t been present, 
because he th o u g h t th e ir  a ttendance  would have
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added to the  general in te re s t and  would also have 
been more g ra tify in g  to  th e  lec tu re r.

T h e  C h a ir m a n , in  s u p p o r t in g ,  s a id  p e r h a p s  
th e y  w o u ld  h e a r  s o m e th in g  a b o u t  h o w  s te e l  a b r a 
siv e s w e re  m a d e  som e o th e r  t im e .

The resolution was carried .
M r. B r a d s h a w , in  reply, said i t  was always a 

pleasure to  come to  Sheffield to  give a P aper. 
T ha t was the th ird  tim e he had  been th e re  and 
he always seemed to  g e t a w arm  recep tion  and  a 
lively discussion, which repaid  a m an  for p rep a r
ing a P aper, because i t  showed th a t  some of the 
rem arks had been useful. W ith  reg a rd  to  M r. 
T ucker’s rem ark  on sea sand, he would po in t 
ou t th a t  th e  rounded partic les were caused 
prim arily  by a rolling action. I t  was n o t im pact, 
b u t was simply a case of revolving one over the 
other, whereas w ith  a sand b las t th ey  had a 
decided im pact an d  blow, and  th a t ,  of couse, 
produced th e  differences in  th e  product.



Lancashire Branch*
A L L O Y  C A S T  IR O N S

By P. A . R u sse ll, B .S c . (M em ber)

An enormous am ount of a tten tio n  has been 
given to  the  subject of alloy cast irons in recent 
years, and  a large num ber of Papers have been 
presented, both on the subject in general and 
on various p a rticu la r aspects of it. A study 
of the  bibliography appended, which is fa r  from 
exhaustive, will show th a t  two P apers on th is 
subject were given a t  the  Newcastle Conference 
of the In s titu te  of B ritish  Foundrym en in  1932, 
followed by th ree  more in  1933. Two fu rth e r 
Papers are included in the 1933-34 “ Proceedings 
of the In s ti tu te ,” and num erous o ther Papers 
have been given to  the  Branches or contributed  
to the  Technical Press, together w ith the excel
len t series of publications by the  B ureau of 
In fo rm ation  on Nickel.

I t  is thus not possible to  give much new 
m ateria l, b u t i t  is th o u g h t th a t  some of th e  in 
form ation given on N i-tensyl is novel and 
in teresting . A difficulty is in the  definition of 
the  term  alloy cast iron. Cast iron is in  itself 
an alloy in the  s tr ic t sense of the  term , so th a t  
the term  is red u n d an t and liable to m isappre
hension.

I t  has recently  been suggested by MM. 
Thomas and B allay11 th a t  the term  “  special 
cast iron ”  should be applied to cast irons con
ta in in g  one or more of the  following elements in 
excess o f :—Nickel 0.3, chrom ium 0.3, copper 
0.3, ti tan iu m  0.15, vanadium  0.10, molybdenum 
0.10, silicon 5.0 and m anganese 1.5 per cent., 
and  th a t  the te rm  “  high-grade cast iron ” 
should be applied to  irons produced by special 
processes which do no t contain the above alloys. 
The au th o r does not agree w ith these term s, but

* Jo in t Mooting with Manchester Association of Engineers and 
Manchester M etallurgical Society.



they are given to ind ica te  th e  tren d  of opinion 
in some quarters.

I t  is fe lt th a t  th e  te rm  “ alloy cast iro n ,” if 
not too pedantically  in te rp re ted , is sufficient for 
the p resen t purpose, and  i t  is in tended  to  use 
it  in its  w idest sense and to  include reference 
to all cast irons th a t  have physical p roperties 
out of the o rdinary . I t  m ust be agreed th a r  
there is a lim it, and broadly th e  figures given 
by Thomas and Ballay can be accepted. F o r 
instance, the addition  of 0.1 per cent, of nickel 
does no t en title  the p roduct to  be called nickel 
cast iron, as such a small am ount has no effect 
on the character of the iron. On th e  o ther hand, 
the addition  of 0.1 per cent, of su lphu r would 
have a considerable effect on m ost grades of cast 
iron, and if such additions were usefully made, 
the resu lt could be called “ alloy cast iro n .”

Principles of Alloying

The underly ing  principles of all alloy additions 
to cast iron consist of th e ir  effect on the  iron 
in two d is tinct, b u t frequently  in te rre la ted , 
directions. These are th e ir  effect o n :— (1) The 
size and d is tribu tion  of th e  g rap h ite  flakes and
(2) the m atrix  of the iron, as to  w hether i t  is 
fe rritic , pearlitic , sorbitic, m arten sitie  or 
austenitic.

I t  is generally understood th a t  the  best iron 
for most purposes is th a t  which con tains fa irly  
fine-flake g raph ite  in a m a trix  of pearlite . This 
condition can be obtained w ithou t th e  use of 
alloys by carbon and silicon control, usually  from  
the use of steel scrap, refined or cold-blast pig- 
iron in the  cupola charge. The lim ita tio n  of th is  
method is th a t  the  iron is very susceptible to 
change of section, so th a t  only one composition 
gives the m axim um  results in one sectional th ick 
ness; if th is thickness is exceeded th e re  is a 
falling-off of p roperties, and, more serious still, 
in th in n e r sections free cem entite  w ill appear 
with resu lting  hardness and  m achin ing  diffi
culties, and also b rittleness . I t  is, therefo re , 
proposed to  exam ine th e  p rincipal alloying



elem ents from  the  point of view of th e ir effects 
on the  g raph ite  and m atrix .

N ickel is. a g raph itiser, about one-third as 
powerful as silicon, bu t w ith the advantage th a t  
the g rap h ite  produced by nickel is finer than
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F i g .  1 .— ■“  S l l a l , ”  s h o w i n g  C a r b o n  i n  t h e  
S u p e r c o o l e d  F o r m ,  x  200 .

th a t  produced by an equivalent am ount of sili
con. Nickel also acts on the m atrix  to produce 
pearlite  in  preference to  fe rrite  or cem entite. 
Thus, an iron in  which a proportion  of th e  sili
con has been replaced by three tim es its am ount 
of nickel will have finer g raph ite  and be much



more uniform  in vary ing  sections w ith  a g rea tly  
reduced tendency to  chill. The s tre n g th  and 
hardness of the p earlite  will also be im proved.

Above about per cent, nickel has a fu r th e r  
action on the m atrix , ten d in g  to  m ake th e  iron 
progressively sorbitic, m artensitic  and  austen itic , 
the la t te r  condition being fully  reached w ith 
about 17 per cent, of nickel. This very valuable 
p roperty  is used extensively, as will be shown 
later.

Chromium  suppresses the  fo rm ation  of 
g raphite , working in the  opposite d irection  to 
silicon, an addition  of 1 per cent, of chrom ium 
being equivalent to the sub trac tion  of 1 per cent, 
of silicon. Used alone i t  has very m uch the  
same effect as would he obtained by using an 
equivalently low silicon iron, except th a t  the 
carbides, both w ith in  the pearlite  and as free 
cem entite, a re  harder and more stable, not 
readily decomposing under heat. I f  m achine- 
able castings are required , silicon has to  be 
added, and the n e t resu lt does n o t give a very 
g rea t gain. I f  the  castings do not requ ire  to 
be machined, then  chrom ium is of more value.

Chromium is used extensively in com bination 
w ith nickel, to counteract the  g rap h itis in g  effect 
of the la tte r , th e  benefits of both elem ents being 
obtained w ithout th e ir  d isadvantages.

Silicon  above about 5 per cent,, is regarded  as 
an alloying elem ent. I t  is, of course, a strong 
graphitiser, so th a t  these irons are  usually  fer- 
ritic  unless the carbon is very low. In  addition , 
iron silicide is form ed, and th is  is responsible 
for the properties associated w ith  the  14 to  16 
per cent, silicon acid-resisting iron.

Manganese above about 2 per cent, is alloy
ing. I t  has a tendency to  form carbides, b u t is 
principally used to  replace some of th e  nickel 
necessary to form  austen ite  in  certa in  form s of 
austenitic cast iron.

Copper is, to a small ex ten t, a g rap h itise r and 
its use is a ttra c tin g  much a tte n tio n  a t  the 
moment. I t  has proved of definite value in  cer-
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ta in  cases, bu t the  mechanism of its  action is 
no t yet fully understood. I ts  use is lim ited to 
a certa in  ex ten t by th e  lim it of its solubility in 
iron. This solubility is helped by the  presence 
of nickel, and i t  is used to  replace a portion  of 
the  nickel in certa in  cases, particu larly  in aus- 
ten itic  cast iron of the  N i-Ilesist type.

w# v». -v 'v'VrL‘C ’7‘Vb&gt;

F i g . 2 .— A u s t e n i t i c  C a s t  I r o n , N i - R e s i s t  
t y p e , x  200 .
«

Molybdenum, is somewhat sim ilar to nickel in 
its power to assist un iform ity  and increase hard 
ness, s tren g th  and toughness. The proportions 
usually used are about one-third those of nickel. 
The use of molybdenum is no t very fully ex
ploited in th is country, bu t its use will undoubt
edly be extended.

The action of the  various elem ents has been 
dealt w ith ra th e r scantily , b u t i t  is hoped th a t  
these rem arks will be sufficient for the purpose 
of understand ing  the  la te r  account of the v ari
ous alloy cast irons. F o r extended reference
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to these and o ther elem ents reference should be 
made to  th e  bibliography.

I t  is now proposed to  deal w ith alloy cast 
irons from the point of view of th e  selection of 
suitable types for specific purposes.

H eat-Resisting C a st Irons
The mechanism of the  d e te rio ra tion  of cast iron 

under heat is now fa irly  well understood, and is 
due to the following fa c to rs :— (1) The sp read  of 
in te rn a l oxidation  via the  g rap h ite  flakes; (2) 
the breakdown of pearlite , w ith  consequent set
ting  up of in ternal stra in s which w eaken the 
iron, cause cracks, and thereby  assist th e  spread 
of ox idation ; and (3) the  general weakness of 
iron due to high tem pera tu re  yer se.

The success or otherwise of any p a rticu la r 
form of heat-resisting  cast iron is therefo re  de
pendent not only on the w orking tem p era tu re , 
but on the fluctuations of th a t  tem p e ra tu re  and 
also the  conditions of the  su rround ing  atm o
sphere. F or instance, an iron th a t  will success
fully w ithstand continuous service a t 700 deg. C. 
for six m onths, may fail in a m uch less tim e  if 
it  is heated daily from  cold to  700 deg. C.

The reduction of oxidation via th e  g raph ite  
flakes is effected by reducing  th e  size and  quan
ti ty  of the g raph ite , large flakes being obviously 
bad, whilst th e  difficulty due to  p earlite  b reak
down may be overcome in one of two w a y s :— (a) 
The suppression of p earlite  t in to  fe rrite , or, 
b e tte r still, into a u s te n ite ; or (b) by m aking  the 
pearlite  as stable as possible. The th ird  fac to r, 
th a t of the weakness of iron a t  high tem p era
tu re , is inheren t, bu t th e re  is evidence to  show 
th a t irons th a t  are  au sten itic  as cast are 
stronger th an  irons th a t  are fe rritic  o r pearlitic  
as cast, although these la t te r  a re , of course, 
austenitic when heated  above th e  u pper critica l 
point. H eat-resis ting  cast irons a re  therefo re  
widely d ivergent and can be classified as follows, 
approxim ately in order of increasing heat- 
resisting value.
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(1) Chromium or Nickel-C liromium  Pearlitic  
Grey Cast Irons (Cr 0.3 to  1.5 per cent., Ni 0.5 
to 2.0 per cen t.) .—The addition  of chromium 
gives s tab ility  to  th e  pearlite  and a fa irly  fine 
g raph itic  s tru c tu re  is obtained. The chromium- 
silicon balance m ust be m ain ta ined  to  ensure 
freedom from  chill. N ickel is an advantage in 
th a t  th e  tendency to  chill in th in  places is 
reduced and  g rap h ite  is refined.

(2) Chromium W hite Cast Irons  (Cr 0.5 to 1.5 
per cen t.) .—G raphite is e lim inated  and the  car
bides form ed are  reasonably stable. These irons 
are  unm achinable and ra th e r b rittle , so th a t  
th e ir  use is lim ited.

F i g . 3 .— P r e s s u r e  P ot  f o r  a D i e -C a s t in g  
M a c h in e , m a d e  i n  A u s t e n i t i c  C a s t  I r o n .

(3) Silal (silicon 5 to 6 per cen t.) .—When 
satisfactorily  produced w ith low carbon (about 
2.2 per cen t.) the  carbon is in  the  “ super
cooled ” form , as shown in  F ig . 1, reducing 
oxygen penetra tion  to  a  minim um . The iron is 
also completely fe rritic  so th a t  there  is no 
pearlite  breakdow n. The silicon also protects the 
iron, to  some ex ten t, from  oxidation, so th a t  
scaling is reduced.

(4) A usten itic  Cast Iron  of the N i-R esist type 
(N i 14 to  16, Cu 6 to  7, and Cr 2 to  5 per



cen t.) .—This iron is au sten itic  in  th e  cold, so th a t  
there is 110 in te rn a l tran sfo rm atio n  on hea ting . 
G raphite  is also reduced in  q u a n tity  and  size, 
and the iron  is reasonably re s is tan t to  ox id a tio n . 
The s tru c tu re  of th is is shown in F ig . 2, the  
s tru c tu re  consisting of g rap h ite  and  chrom ium

F i g .  4 .— “  N i c r o s i l a l  ” — a n  A u s t e n i t i c  
C a s t  I r o n ,  x  2 0 0 . 

carbide in a m a trix  of austen ite . F ig . 3 shows 
a draw ing of a pot for a  pressure d ie-casting  
machine which is one of the num erous app lica
tions of th is type of iron.

(5) Nicrosilal A u sten ite  Cast Iron  (N i 18 to  20 
per cent., Si 4.5 to  5.5 per cen t., C r 2 to  4 per
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cen t.) .—This iron combines the advantages of 
the N i-R esist type of austen itic  cast iron with 
th e  “  supercooled ”  s tru c tu re  of g raph ite  and 
the  protection  against oxidation afforded by 
silicon. The s tru c tu re  is shown in  F ig . 4, and 
shows supercooled g raph ite  w ith chrom ium car
bides in  a' m a trix  of austen ite . F ig . 5 shows a 
N icrosilal furnace component. This is 5 f t . 3 in. 
long and weighs 1J cwts.

All reference to service tem peratures has been 
purposely avoided, owing to  the  varie ty  of factors 
involved. I t  should be said, however, th a t  the 
use of the first two types should be lim ited to 
service below about 550 deg. C., for once the 
pearlite  commences to  break down the iron 
rap id ly  deterio rates. Moreover, no heat-resisting  
cast iron operating  above about 750 deg. C. can

F i g . 5 .— F u r n a c e  C o m p o n e n t  m a d e  
i n  N i c r o s i l a l .

be regarded as absolutely perm anent, though the 
life may be m easured in years. As the  tem pera
tu re  rises the life fac to r is shortened, and whilst 
all classes of iron are capable of w ithstanding 
occasional rises up to  w ith in  a few degrees of 
th e ir  m elting  points, such rises considerably 
shorten the  life. An illu stra tion  of the effect of 
service tem p era tu re  is given in Figs. 6 and 7. 
F ig . 6 shows a Silal firebar th a t  is still in good 
condition a fte r  15 m onths’ service in a heat- 
tre a tm en t furnace, as against a maximum life of 
six m onths for an unalloyed pearlitic  iron. F ig . 7 
shows Silal and N i-R esist firebars a fte r  five one- 
month cycles in a h igh-tem perature  kiln. The 
N i-R esist bar is s till qu ite  good, b u t the  Silal 
bar has obviously been w orking above its m axi
mum service tem pera tu re . In  choosing a heat-
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resisting  iron, a tten tio n  should be paid  n o t only 
to the  first cost aga in s t life obtained , b u t also to 
the cost of fixing the  replacem ent, and i t  is 
always advisable to  have an iron  th a t  is, if pos
sible, well above its  job.

There are two fu r th e r  factors th a t  m ust be 
taken  in to  consideration for c e r ta in  types of 
heat-resisting  applications. These are  expansion 
and therm al shock. W hen a casting  is subjected 
to  local heating  in one p a r t w hilst o ther p a rts  or 
faces are com paratively cool, expansion and  con
ductiv ity  are of prime im portance. As au sten itic  
irons have a  h igher expansion th a n  pearlitic  
irons (18 against 12 x  10“®), and  as condue-

F ig . 6 .— F ir e b a r  m a d e  i n  S il a l  o f  15  M o n t h s ’ 
S e r v i c e .

tiv ity  decreases w ith increasing silicon, i t  is 
sometimes found th a t  th e  low-silicon irons of 
th e  first type  give b e tte r  results th a n  any o ther, 
in applications where the  w orking tem p e ra tu re  is 
not too high to cause) p earlite  breakdow n.

With regard  to  therm al shock, th e  presence of 
a certa in  am oun t of fa irly  coarse g rap h ite  seems 
to be desirable, and th is  po in t m ust be borne in 
mind when selecting heat-resisting  cast irons.

Co rrosion-R esisting  C a st Irons
The problem of corrosion is still less s tra ig h t- 

fo rw ard than  th a t  of heat-resistance owing to 
the wide varia tion  of corrosive m edia and  the  
difficulty of reproducing service conditions in 
laboratory tests.

There have been m any a ttem p ts  to  i m p r o v e
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the corrosion resistance of pearlitic  cast iron 
both w ith and w ithout alloying. Any such im
provem ents are of a m inor character, and the 
differences between the various types of iron are 
very small. There are d ivergent views as to the 
influence of g raph ite , some au thorities m ain ta in 
ing th a t  coarse g raph ite  is best and others fine 
g raph ite . The au th o r’s own observations are 
th a t corrosion depends upon the area  of the 
m a trix  exposed to  a ttack , not only on the  sur
face, b u t as fa r  as the  medium can penetra te  
along the  g raph ite  flakes, so th a t  i t  would

F i g . 7 .— S h o w i n g  t h e  S u p e r io r i t y  of  
N i - R e s i s t  o v e r  S il a l  f o r  H ig h -T e m -  
p e r a t u r e  K i l n  W o r k .

appear th a t  short flakes of g raph ite  in  as small 
a q u an tity  as possible are desirable. The 
g raph ite  is in itself very corrosion resistan t, but 
g raph ite  flakes in cast iron  are very porous, and 
all the  area  observed as black lines in  a micro
s tru c tu re  is not occupied by graph ite , a very 
considerable proportion  being unoccupied space 
or “ voids.” So, all m ajor im provem ents in 
corrosion resistance lie in m aking the m atrix  
more res istan t. I t  is, of course, im perative th a t  
all castings should be uniform  and free from 
patches of porosity, and i t  is in  th is respect 
th a t  nickel and chrom ium are of value as addi
tions to  pearlitic  cast iron. Copper additions 
have been used to  assist in corrosion resistance, 
b u t the  results obtained from various sources are 
conflicting.

When irons are  made austen itic  by nickel and



other additions, th en  th e  m a trix  becomes de
finitely resistan t to  m any forms of corrosive 
a ttack , particu larly  th a t  of w eak acids. F ig . 8 
shows four specimens subjected to  in te rm itte n t 
immersion in  sea w ate r fo r 27 days, and the 
superiority  of N i-R esist is clearly dem onstrated .

The o ther fou r specimens a re  a f te r  one day 
in 10 per cent, sulphuric acid, N i-R esist being 
still more pronouncedly beneficial, th e  m achin
ing m arks on the  specimen being prac tica lly  u n 
touched. N i-R esist is th e  usual type  of aus- 
ten itic  cast iron  used for corrosion resistance, 
bu t N icrosilal is superior in a few cases. N either 
of these are absolutely rustp roof, and will show 
slight surface ru s tin g  on exposure to  dam p 
atm osphere. They are , of course, fa r  superior 
to e ither cast iron or steel in th is  respect.

High-silicon cast iron  (about 14 per cen t. Si) 
is another iron having very good corrosion- 
resisting properties.. The au th o r has, however, 
no personal knowledge of its p roduction , and  can 
do no more th an  re fe r to  it. T his iron , i t  is 
thought, is almost unm achinable and  ra th e r  
b rittle , so th a t  its application  is lim ited . I t  is 
necessary to  emphasise th a t  each corrosion 
problem is d is tinct and i t  is impossible to  draw  
up any hard-and-fast rules.

W ear-Resisting  C a st Irons

H ere again  is a p roperty  th a t  is h a rd  to  de
fine and almost impossible to  m easure in labora
tory tests. V ery broadly, th e  h a rd e r th e  iron  
the more res is tan t i t  is to  w ear, b u t a large 
variety  of o ther factors e n te r in to  th e  problem.

I t  is in th is field th a t  alloy cast irons a re  of 
prime im portance. N ickel, chrom ium  and  molyb
denum definitely im prove the  w ear resistance of 
the pearlitic  m a trix  of cast iron. A set of press- 
tool castings in a 1.5 per cent. N i, 0.5 per cent. 
Cr cast iron had, on the  la s t personal inspection, 
handled 6,000 18-gauge stainless-steel sheets w ith 
very little  signs of wear.

In  selecting an alloy cast iron  to  resist w e a r ,  
one m ust bear in mind th a t  o n e  o f  t h e  r e a s o n s
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why cast iron is a good m ateria l for such appli
cations is th a t  th e  g rap h ite  flakes serve a double 
purpose of providing a g raph itic  lub rican t and 
reservoirs for o ther lubrican ts. Thus, whilst 
reasonably fine g rap h ite  is desirable for streng th , 
which in  m any cases is allied to  w ear, the 
g raph ite  m ust not be excessively fine.

In  cases of unm achined castings subjected to 
severe abrasive w ear, a fa irly  high-carbon white 
cast iron contain ing  chrom ium to  harden the 
carbides is of g re a t value.

F u rth e r  im provem ent in resistance to  wear is 
effected by changing the  pearlitic  m a trix  to 
m artensite  or one of the  in term ed ia te  m aterials. 
This can be accomplished in o rd inary  irons by 
d rastic  quenching from above the  critical point. 
This is, however, too d rastic  in  th e  m ajo rity  of 
cases, and nickel and molybdenum are used to 
enable th is  effect to be obtained w ithout such 
drastic  trea tm en t. A 3 per cent, nickel cast 
iron will be alm ost wholly m artensitic  if 
quenched in oil from 850 deg. C., and will be 
partia lly  so if cooled in an a ir stream . H eat- 
tre a te d  irons require to  be tem pered to  restore 
th e ir  s tren g th , though  some hardness is lost 
thereby. The hea t-trea tm en t of th is  class of 
iron is very sim ilar to  th a t  applied to  steel.

I f  the  nickel con ten t be increased up  to  41 per 
cent, then  the  iron will be m artensitic  as cast, 
and such iron  can only be made m achinable by 
an anneal followed by a very slow cooling. R e
hardening  is effected by heating  and then expos
ing to  the  a ir. I f  such nickel additions are made 
to  w hite cast iron, together w ith chrom ium to 
coun teract the  g raph itis ing  effect of carbon, then 
cast irons of m axim um  hardness are  obtained. 
A P ap e r on th is  subject has been presented to 
th e  L ancashire B ranch of the  In s ti tu te .7

As increasing am ounts of nickel are added the 
m artensitic  stage passes in to  austen ite . Aus- 
ten ite  is m achinable and of ra th e r low Brinell 
hardness. Thus, if the additions are kep t on 
th e  low lim it for austen ite , the  iron can be 
hardened by slow cooling or softened by quick
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cooling, th e  reverse action  to  norm al. In  th is 
class of iron m arten site  is also form ed by work
ing, so th a t  w ith w ear of th e  ty p e  caused by 
th e  im pingem ent of partic les such as sand, good 
resistance is obtained, th e  surface becoming 
w ork-hardened.

In  addition , a  special type  of alloy cast iron 
contain ing, am ongst o ther th ings, alum inium , 
has been developed for harden ing  by th e  n itrogen  
process,10 which not only gives a very high h a rd 
ness, b u t also does no t requ ire  such a  high 
tem pera tu re  for h ea t- trea tm en t, so th a t  th e re  is 
less liab ility  to  d isto rtion .

High-Strength C a st Irons
I t  is recognised th a t  reasonably finely-divided 

g raph ite  combined w ith  an  a ll-pearlitic  m atrix  
gives, in norm al cast iron, the  h ighest streng th . 
This may be as high as 18 tons per sq. in ., b u t as 
explained a t  the  beginning of th is  P ap e r, such 
iron is very sensitive to  sectional changes, and 
the  resu lt is obtained fa r  m ore easily and  safely 
by the use of nickel and chrom ium  additions 
(usually 1.5 per cent. N i, 0.5 p er cent. Cr). 
Such iron is definitely b e tte r  th a n  a correspond
ing unalloyed iron, particu la rly  in  th e  m a in ten 
ance of streng th  in  th ick  sections. Also, ra th e r  
h igher carbons can be used and  foundry  prob
lems thereby reduced.

To obtain  streng ths above 20 tons per sq. in. 
in cast iron, i t  is necessary to  reso rt to  some 
form of process, such as superhea ting  o r inocu
lation. W hilst superheating  canno t be said to  
come under the category of alloy cast iron , the  
au thor is deliberately  including inoculation , for 
he claims th a t  th e  add ition  of an  elem ent to 
cast iron, o ther th a n  those obtained  by norm al 
pig and scrap m ix tures, is alloying in the 
broadest sense of the  term .

The M eehanite method of inoculation  w ith  
calcium silicide is th e  m ost widely known, b u t 
the au tho r has no experience of th is  m ethod and 
can only ind ica te  its  b roadest outlines. I t  is 
produced from  a cupola ru n n in g  on a charge
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very high in steel, and the  inoculant is added 
in a carefully-controlled am ount as the  m etal 
runs from  the  cupola. N ot all grades of Mee- 
h an ite  are  of 20 tons per sq. in  and o v e r; in  fact, 
only the  two highest of the five grades are of 
th is  streng th . F o r special purposes, i t  is thought 
th a t  M eehanite contains alloys on the principles 
outlined above.

An a lte rna tive  to M eehanite is N i-tensyl, which 
is a cast iron  produced by inoculation w ith

B rin e ll  h a rd n e s s  r e a d i n g s :
207

207 201
217 207

201
235 207

223 . 201
212  201

207
F i g .  9 .— S h o w in g  H a r d n e ss  U n if o r m it y  in  

N i - T e n s y l  I r o n .

ferro-silicon and nickel. H av ing  had some per
sonal experience in  the production of th is, i t  is 
possible to  give some account of its  properties. 
W ith  a composition of T.C. 2.8 to  2.9 per cent., 
Si 1.5 to  2.0 per cent., and N i 1.0 per cent, a 
minim um  tensile s treng th  of 22 tons per sq. in. 
is obtained. H igher streng ths can he reached 
w ith lower carbon, b u t th e  foundry' problems 
become considerably more acute.

An im p o rtan t fea tu re  of Ni-Tensyl is its 
uniform ity  in vary ing  section. F ig . 9 shows a
series of sections cu t from the  centre of bars

x



12 in. long of various section, from  |  in . dia. to 
5 in. d ia . I t  will be noticed th a t ,  w hilst the  
B rinell hardness drops w ith  increasing  section, 
the  hardness w ith in  each p a rticu la r section is 
rem arkably  regular.

This un iform ity  is more clearly dem onstrated  
in  th e  nex t two illu stra tions. F ig . 10 shows a 
cylinder casting sectioned. The h igh  polish will 
be noted, as will also th e  fac t th a t  i t  has been 
sectioned by a m illing c u tte r , and  is  freely 
machinable even on the  ex trem ities  of the  fins. 
F ig. 11 shows a coupling boss th a t  has been 
poured from the  same batch  of m etal and which 
exhibits a very fine s tru c tu re  in  all p a rts , par-

T able  I .— Transverse Tests on Ni-Tensyl.
Average of nine sets, each set poured from same 

ladle of metal.

Transverse rupture stress. 
Tons per sq. in.

S bar, £ in. dia. 37.7
M ,, 1.2 in. dia. 38.1
L „ 2.2 in dia. 37.6

ticu larly  in  the  bore. This casting  is 12 in . over 
and weighs 70 Lbs. S im ilar b u t much la rg er 
castings, and w eighing 7 cwts^, have been pro
duced in the same m ate ria l w ith  equal results. 
Such results are  no t possible in  cast iron  w ith 
any ord inary  m ethod, and i t  is th o u g h t th a t  
the nickel in N i-Tensyl is of added value as com
pared w ith M eehanite from  th e  po in t of view of 
uniform ity. This un ifo rm ity  is fu r th e r  demon
s tra ted  in  the  transverse s tre n g th  of th e  th ree  
s tandard  bars shown in  Table I , no ad ju s tm en t 
of m ix tu re  being m ade fo r section. This fe a tu re  
of un iform ity  is of equal if no t m ore value th a n  
the  fea tu re  of h igh s treng th . The s tre n g th  can 
be im proved by h ea t- tre a tm en t up  to  well over 
30 tons per sq. in.

Ni-Tensyl is a good m ate ria l fo r resistance to  
wear, both dry  and lub rica ted , a rap id  te s t being 
obtained by using Ni-Tensyl blades in  th e  sand
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mill in the  a u th o r’s foundry. I t  is also used for 
cams, both in  the  as-cast and hea t-trea ted  con
ditions.

D oubt has been expressed in  certa in  quarters 
as to  the  ab ility  of th is  type of cast iron to  w ith
stand  shock, b u t so fa r  no difficulty has been 
encountered in  th is d irection , and its superiority  
in  repeated  im pact tes ts is clearly illu s tra ted  by 
Table I I .

F i g . 10 .— S e c t io n  o f  a C y l in d e r  C a st in g  
C u t  T h r o u g h  w it h  a M il l in g  C u t t e r .

Special-Purpose C a st Irons

A ustenitic cast irons are of value to  the elec
tr ic a l industry  on account of th e ir non-m agnetic 
properties, and also for th e ir  high resistiv ity  
combined w ith a low -tem perature coefficient. 
Nomag, an austen itic  cast iron contain ing about 
5 per cent, manganese, 10 to  5 per cent, nickel, 
and 0 to  5 per cent, copper, is usually employed,

x 2
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as i t  contains less nickel th a n  th e  o th e r form s 
of austen itic  iron. I t  is no t so s trong  as N i- 
R esist, nor does i t  possess such good hea t- and 
corrosion-resisting properties.

F o r chilled rolls, alloys, p a rticu la rly  molyb
denum , nickel, chrom ium  and tita n iu m , a re  of 
value in  controlling chill d ep th  and  hardness, 
m artensitic  stru c tu res  being obtained in  ce rta in  
cases.

The cast iron, if i t  can be called cast iron, 
th a t  is used for crankshafts  has th e  following

T able I I .—Repeated Impact Testa.

Material.

Actual 
transverse 
strength. 
(T.R.S. 

tons per 
sq. in.).

Approx. 
tensile 

strength. 
Tons per 
sq. in.

Re
peated
impact
blows

to
fracture.

Ordinary cast iron 2 3 . 0 11.0 3 2

Machinery cast iron 2 8 . 3 1 5 . 0 1 6 2

Ni-resist cast iron :
As cast 2 7 . 2 1 3 . 0 1 , 0 2 0

Heat-treated 2 8 . 3 1 4 . 0 1 , 7 7 2

Ni-Tensyl:
As cast 3 6 . 8 2 3 . 0 1 , 8 3 8

Heat-treated to 3 0 2

Brinell — 3 3 . 0 2 , 8 1 7

All bars machined from broken halves of f-in. dia. 
transverse test-bars.

Repeated Impact test figures are average of 2 tests.
Weight of blow, 0 . 4 8 1  ft.-lb. on notched bar 1 1 m m  

dia. at root of notch supported on centres 1 4 5  mm. apart.
Repeated impact tests carried out by the British 

Cast Iron Research Association.

an a ly s is :—T.C., 1.35 to  1.60 per c e n t.; S i, 0.85 
to 1.1 per cent. ; M n, 0.6 to  0.8 p er cent. ; P , 
0.1 per cent. m ax. ; S, 0.06 per cent. m ax. ; Cu, 
1.5 to 2.0 per c e n t.; C r, 0.4 to  0.5 per c e n t.,’3 
which is hea t-trea ted . A nother analysis th a t  
may be quotéd i s : —T.C., 3.3 to  3.4 per c e n t.; 
Si, 1.7 per c e n t.; P , 0.2 p er cent, m ax .; M n,
0.6 to  0.8 per cent.'; N i, 2.0 per cent. ; Cr, 0.75 
per c en t.,13 produced from  a cupola m ix tu re  w ith
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18 per cent, steel. This is, of course, much 
more like cast iron as generally understood, but 
the  au th o r cannot give any details of th e  results 
obtained.

M any of th e  cast irons to  which reference has 
been made are  made under p a ten t licence, 
notably Silal, N icrosilal, N i-H ard , M eehanite 
and Ni-Tensyl.

The au th o r has already dealt elsewhere1* with 
the foundry properties of alloy cast irons, and 
does no t propose to  enlarge upon th is  subject 
here, b u t ju s t to  indicate the salien t features.

A ustenitic cast irons and low-carbon alloy irons

F i g . 11.— C o u p l in g  B oss C ast  in  N i -T e n s y l .

requ ire  a g rea t deal of a tten tio n  to  be paid to 
the  feeding of the castings. I t  is useless 
a ttem p ting  to produce alloy cast irons w ithout 
s tr ic t foundry  control and careful regulation  of 
the m elting process. Cold alloys up  to  4 per 
cent, of the  bulk of the m etal may be success
fully incorporated in hot m etal, b u t am ounts 
above th a t  should e ither be added to  the fu r
nace charge or m elted separately in a crucible 
and then  added to  the  molten cast iron.

In  conclusion, the  au tho r wishes to  th an k  his 
co-directors of S. Russell & Sons, L im ited, for 
permission to  publish results g iven .in  th is Paper, 
and M r. D. W. B erridge for assistance w ith  the 
slides. H e m ust also acknowledge the assistance 
of the Mond Nickel Company and the  B ritish 
U nited Shoe M achinery Company in the tests on



614

Ni-Tensyl when h ea t- trea ted  and  th e  B ritish  
C ast Iron  R esearch A ssociation fo r ca rry ing  ou t 
the  repeated  im pact tests and for the  loan of a 
few of the  slides.

D IS C U S S IO N

M b . L. E. B e n s o n  (P resid en t of th e  M an
chester M etallurgical Society) said th a t  in 
changing over from  plain  carbon steels to  alloy 
steels i t  had been found th a t  a lthough  certa in  
benefits could be ob tained  y e t troubles arose 
which were qu ite  new to  th e  in d u s try . One of 
these troubles was th a t  of hair-cracks, which had 
proved to  be a m ost serious problem in reg a rd  to 
steel forgings, and had been th e  cause of serious 
accidents.

H air-cracks were alm ost unknow n w ith  carbon 
steels. A nother difficulty was th a t  of tem per 
b rittleness which, again , was n o t a fe a tu re  of 
o rdinary  carbon steels, b u t was som etimes a very 
serious fea tu re  of alloy steels.

H eat Resistance and P e a rlit ic  S tru c tu re

H e had no t understood one p o in t re fe rred  to  
by the  lecturer. A pparen tly , a sm all am oun t of 
nickel was sometimes used to  ren d e r cast iron  
en tire ly  pearlitic , th u s m aking  i t  m ore hea t- 
resisting. H e could n o t und ers tan d  why because 
the iron  was pearlitic  i t  should be h eah res is tin g . 
I f  the  g rap h ite  flakes were m ade curly , in stead  
of being s tra ig h t, or sho rter th a n  they  would be 
w ithout nickel he could und ers tan d  th e  s ta te 
m ent. The advan tage  of nickel in  th is  con
nection was also difficult to  u n d ers tan d  since 
nickel and cobalt accelerated g rap h itisa tio n  a t  
m oderate tem pera tu res.

Hydrogen in C a st Iron

I f  he were an iron founder, in te re s ted  in  th e  
developm ent of cast iron , th e re  were one o r two 
developm ents tak in g  place a t  th e  p resen t tim e  of 
very g re a t im portance to  m eta llu rg ica l science 
which he would follow very closely. One of them



concerned the  effect of gases in  m etals. A con
siderable am ount of inform ation  had been pub
lished regard ing  th e  effects of oxygen, hydrogen, 
n itrogen , carbon-monoxide, and o ther gases on 
cast m etals, both  ferrous and  non-ferrous. Some 
of th e  la te s t and  m ost im p o rtan t inform ation, 
coming from  G erm any, showed th a t  dissolved 
hydrogen in  steel, a t  any ra te , was exceedingly 
im portan t, and  m igh t even be the  solution of the 
hair-crack problem. I f  th is  view proved to  be 
correct, i t  was a discovery of th e  first m agnitude, 
and  i t  would alm ost certa in ly  be found th a t  re 
ducing gases also affected th e  p roperties or 
behaviour on casting  of carbon steel and  cast 
iron castings, since of all th e  m etals cast iron  had 
the  g rea tes t oppo rtun ity  of absorbing gases when 
i t  was in  th e  cupola.

N otch B rittleness

A nother line of investigation  which appealed 
to him  as being of ex trem e im portance was known 
as notched b rittleness. This had  been brought to 
his notice generally  in  connection w ith  steel 
ra th e r  th a n  w ith  cast ir o n ; b u t he though t i t  
was of equal im portance in  e ith e r case.

By pulling  a' tensile  test-p iece of steel i t  
s tretched ou t and finally broke. If , however, 
instead of having a  smooth tensile test-piece, a 
notch was p u t in it , th e  ductility  m ight no t be 
apparen t, and th e re  m igh t be a  perfectly 
“  b rittle  ” frac tu re . The same th in g  occurred in 
th e  case of a transverse  test-p iece w ith a notch. 
An in te resting  po in t in  connection w ith the Izod 
te s t was th a t  i t  was th e  “ notch ”  th a t  was the 
real fea tu re  of th e  te s t. W hether the  te s t was 
made slowly or by im pact or w hether the stress 
was applied directly or by bending was relatively 
un im portan t. A tensile or a transverse te s t on 
cast iron, by v ir tu e  of all th e  g rap h ite  flakes in 
che case iron, was really a notch te s t, and the 
characteristic  frac tu res  of cast iron were due not 
to th e  b rittleness of th e  fe rrite  or th e  pearlite , 
b u t to  th e  fa c t th a t  th e  notches gave sharp local 
concentrations of stress. The point was a some-
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w hat com plicated one because if th e  notched bar 
te s ts  were carried  o u t a t  d ifferen t tem p era tu res  
in respect to  ferrous m ateria ls  th e re  was a po in t 
a t  which th e  m ateria l would change very suddenly 
from a tough to  a b rittle  condition  on cooling 
down. In  the  case of nickel-chrom e steel i t  had 
been found to be very easy to  b ring  ab o u t the  
b rittle  condition a t  norm al tem p era tu res .

Molybdenum A d d itio n s A dvocated
Silicon tended  to  produce th e  b r itt le  condi

tion  a t  norm al tem p era tu res  since i t  ra ised  the  
tem pera tu re  a t which the  change from  a tough  to  
b rittle  s ta te  occurred. M olybdenum, on th e  o ther 
hand, tended to  lower the  tem p e ra tu re  of the  
change and was therefore  beneficial. The speaker 
was sorry to  find th a t  molybdenum had  n o t been 
given more a tten tio n  by the  lec tu re r. I f  any  one 
elem ent should ever be alloyed w ith  cast iron i t  
was molybdenum, and if the  composition o r h ea t 
tre a tm e n t of the  iron could be so ad ju s ted  as to  
reduce the  notch-tough—notch-b rittle  change to 
below atm ospheric tem p era tu re  i t  m ig h t be th a t  
really ductile cast iron tes ts  would be realised— 
not such an  impossible idea as i t  m ig h t sound 
a t  first.

D r. D oeherty, of London, had  carried  o u t some 
extrem ely in te resting  work in  th a t  respect, dis
covering th a t  the effect was n o t m erely one of 
composition b u t also of th e  size of th e  te s t 
pieces. W ith  a large te s t piece b r i tt le  f ra c tu re  
tended to  occur more readily  th a n  w ith  a  small 
one. Possibly th is  was a po in t which m ig h t no t 
be generally in te resting  to  iron founders, b u t 
from a  general m etallu rg ical p o in t of view he 
had no hesita tion  in  s ta tin g  th a t  th is  so rt of 
phenomenon was of perfectly  general app lica
tion, and would, in tim e, be found to  apply  to  
cast iron as well as to  any o ther ferrous alloy.

A  Confusing Term ino log y
Another po in t which m igh t be m entioned was 

the size of te s t bar. H e noticed th a t  th e  lec
tu re r  was careful to  s ta te  how big his te s t bars



were whenever he m entioned a te s t figure. 
People who were no t foundry  men often  became 
very confused over such points. I t  appeared to 
be an idea th a t  a 1.2 in. bar, or some other 
s tandard  bar, would rep resen t the conditions of 
a sim ilar section of a casting. This did not seem 
to  be qu ite  correct. The fea tu re  which governed 
the physical p roperties of a te s t bar was the 
ra te  a t  which i t  cooled down in  the  mould. The 
ra te  a t  which i t  solidified was governed by the 
am ount of surface area  compared w ith volume. 
I t  was obvious th a t  a square te s t bar had twice 
as much surface area  compared w ith its volume 
as a  slab of the  same thickness. Furtherm ore , 
to obtain  th e  same ra te  of cooling in the  mould, 
the te s t b ar would need to  be twice as much in 
d iam eter (or thickness if of square section) as 
the  thickness of the  wall o r p late i t  represented. 
When advising people who had to use cast irons, 
and who had to  design m achinery, i t  was only 
fa ir  to  make i t  qu ite  clear w hat was m eant 
when i t  was s ta ted  th a t  an iron was an 18-ton 
iron or a 20-ton iron. F urtherm ore , i t  behoved 
repu tab le  ironfounders to  have a clear idea them 
selves about such points.

T h e rm a l Shock and T em p er B rittleness

M r. R u s s e l l  quite  appreciated  th a t  troubles 
occurred in the  case of alloy cast irons which 
were n o t encountered w ith ord inary  cast irons. 
H e had referred  to  some of them  in  the  Paper. 
F or instance, supercooled g raph ite  was harm ful 
if there  was therm al shock.

The question of tem per brittleness had been 
dealt w ith qu ite  recently  by Mr. J .  E . H urst, 
who had contribu ted  an article to  the  Press 
advocating the use of molybdenum for the  pu r
pose of avoiding tem per brittleness in  heat- 
trea ted  cast iron. As M r. Benson had pointed 
out, the g raph ite  flakes constitu ted  such ex ten
sive notches th a t  there  was a considerable mask
ing effect w ith o rdinary  cast iron.
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A question had been ra ised  as to  why p earlitic  
iron was heat-resisting . P e rh ap s  he had  made 
a m istake. An iron was no t heat-resisting  be
cause i t  was pearlitic . I t  should be fu lly  p ea r
litic and as close to  th e  cem en tite  lim it as pos
sible. H e was a fra id  he could n o t advance any 
theoretical consideration in th a t  respect, b u t his 
experience of iron was th a t  i t  should be wholly 
pearlitic  if i t  was to  be p earlitic  a t  all.

The subject of gases in  m etals was receiv ing a  
considerable am ount of a tten tio n  nowadays, p a r
ticu larly  by th e  R esearch A ssociation. The 
s tru c tu re  of Silal was due to  the  fa c t th a t  its  
g raph ite  form ation was alm ost en tire ly  depen
dent upon gas reaction . H e fully  appreciated  
the  significance of the  rem arks w ith  reg a rd  to  
size of te s t bars.

M e. T. M a k e m s o n  (secretary , M anchester 
Association of E ngineers), expressed his deep 
appreciation  of th e  valuable in fo rm ation  im 
parted  by th e  lec tu rer, and th an k ed  th e  L anca
shire B ranch for th e ir  k ind  in v ita tio n  to  the  
members of th e  M anchester A ssociation of 
E ngineers to  a tten d  the  proceedings.

P rice  of Raw M ateria ls
In  reply to a question raised  by M r. A. S u t

cliffe, M e . R u s s e l l  expressed th e  opinion th a t  
if people would no t pay for good m ate ria ls  they 
were not w orth w orking for. I t  m igh t be pos
sible to  mix any k ind  of iron  from  a No. 3 
basis downwards in  silicon b u t n o t upw ards. 
Incidentally , in  th e  case of alloy cast irons of 
any p a rticu la r value, p a rticu la rly  from  a  heat- 
resisting  po in t of view, haem atites and  steel 
were the  basis. O utside scrap in  alloy irons was 
ruled o u t; foundry  re-m elt could be used, b u t 
outside scrap of unknow n qu a lity  was never 
used.

R elative  C o n d itio n s
M e . A. J a c k s o n  th o u g h t th a t  foundrym en 

would regard  the  P a p e r in th ree  ways. F ir s t



of all, they had to m elt the cast irons. When 
they were m elted they  had to  consider how 
they would ru n  in to  the  moulds, and, lastly, 
a f te r  casting  how they were going to  set into 
the  solid cast iron. Once castings were passed 
ou t of the  foundry, the foundrym an considered 
he had finished w ith them . Then there was 
a second stage in  which the castings were 
machined and te s te d ; if they  were a lr ig h t they 
were passed, b u t if  they d id  no t stand  u p  to 
the tes ts  then  th e  foundrym an was to ld  w hat 
was the  m a tte r  w ith them . A th ird  stage was 
th a t  the  castings had to  be sold.

W ould M r. Russell s ta te  w hat was the  v aria 
tion  from  the  ord inary  cast iron in  the running  
and the  se tting , and  w hat th e  additional cost 
per cwt. was of an alloy cast iron m ix ture?

M inimum Production Difficulties

M b . R x jsse i.x. said he had purposely refrained  
from speaking about alloy cast iron production, 
because the  previous P ap e r he had presented to  
the members of the In s titu te  of B ritish  Foundry- 
men d ea lt very fully w ith  th a t  aspect of the 
question. The ord inary  nickel-chrome cast iron, 
w ith 1.5 per cent, nickel and 0.5 per cent, of 
chrom ium  was no more difficult to produce th an  
the  corresponding grade of cast iron from  the 
foundry po in t of view, e ither in  runn ing  or set
ting , and i t  made little  difference to  the shrink
age, except th a t  when using cold alloys there  
was a cooling of the  m etal. There m ust be care
fully controlled m elting conditions giving the 
m axim um  possible tem p era tu re  o u t of the cupola. 
Personally, he had found so much difficulty in 
m elting, e tc ., now th a t  he used the ro tary  
furnace alm ost exclusively for m elting alloy cast 
irons. I t  was not only a case of difficulty of 
tem pera tu re , b u t also the  difficulty of separa
tion  of alloys from  o rd inary  irons. I f  i t  was 
in tended  to  m ake one b rand  of alloy cast iron 
exclusively then  the  cupola was still fa r  the best 
means of doing so.
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One per cent, of nickel cost 2s. per cw t., 
chrom ium  abou t 8d. per cw t., while molybdenum  
was more expensive b u t th e re  was n o t so m uch 
of i t  requ ired . The resu lts obtained  were well 
w orth  th e  e x tra  cost.

C h ro m ium  Irons
M r. A. P h i l l i p s  said th a t  in th e  produc

tion  of chrom ium  ca s t irons, h a rd  patches 
were sometimes found, due, probably, to  incor
rec t m elting  or the incorrect in tro d u c tio n  of th e  
chrom ium . I f  such irons were re-m elted in  the 
o rd inary  cupola, difficulty was sometimes experi
enced in  re-dissolving these chrom ium  carbide 
areas, w ith  th e  resu lt th a t  th ere  were h a rd  spots 
in  th e  casting . Could the  le c tu re r fu rn ish  any 
in fo rm ation  in  reg ard  to  th is?

The lec tu re r had certa in ly  dealt w ith  typ ical 
in d u s tria l applications of th e  special alloy cast 
irons, and he agreed th a t  price was n o t the 
p rim ary  consideration . I t  was a question of 
service.

A u ste n it ic  C a st  Irons
In  the  production  of some au sten itic  cast irons 

produced in  th e  cupola, th e re  was a p t to  be a 
libera tion  of “ k ish .” In  such cases certa in  
elem ents were added, such as alum inium  or 
copper to  p rev en t th is . Could th e  throw -out of 
the  “  kish ” be avoided w ithou t th e  use of 
alum inium  o r copper? An illu s tra tio n  had  been 
given of a pot fo r a d ie-casting  m achine. The 
chief problem w ith  reg ard  to  th a t  ty p e  of die- 
casting  m achine was th e  p lunger, o r th e  m ateria l 
for th e  p lunger, and  n o t th e  pot itself.. W ith  
o rd inary  cast iron , erosion of th e  p lunger took 
place, w hereas w ith ce rta in  alloy cast irons th is  
could be avoided. W hat d id  the  le c tu re r con
sider to  be th e  m ost su itab le  m a te ria l fo r a 
p lunger in  a d ie-casting  m achine of th e  type  
described? H ad  th e  le c tu re r experienced any 
trouble when he had austen itic  cast irons which 
could be m achined qu ite  readily , b u t which, 
when m achined, were found to  have developed



hard  m artensitic  surfaces owing to increased 
speed in m achining?

In fo rm ation  w ith regard  to  Ni-Tensyl irons 
and th e ir  loads was m ost in te re s tin g ; b u t he 
ventured to say th a t i t  would be of g rea te r in
te rest to  most of those present if th e  loads were 
also sta ted  in  lbs., w ith  the  size of th e  b ar as 
well as the transverse  ru p tu re  stress. I t  was 
fully appreciated  th a t  the  transverse ru p tu re  
te s t gave the  figure which was comparable for 
every size bar. I n  the  im pact tes ts  detailed  in 
the P aper, o rd inary  m achinery cast iron gave 
28.3 transverse  ru p tu re  stress w ith  15 tons ten 
sile. N icro-Resist in  th a t  p a rticu la r case only 
gave 27.2 ru p tu re  stress, and 13 tons U .T.S. 
This showed a lower tensile te s t and a lower 
transverse ru p tu re  stress. W as th is in tended  so 
as to  give a h igher im pact value, or was i t  the  
usual te s t obtained w ith  a N icro-Resist iron?

A nother po in t upon which he would like to  
touch was the  prevention of porous parts. An 
illu s tra tion  had been shown of a large feeding 
head on a casting. W hat was the  lec tu re r’s view 
concerning the  use of a feeding rod, which was 
a common practice in  the foundry  when produc
ing o rd inary  cast iron? Personally, he had 
found g rea t difficulty in using a feeding rod for 
austen itic  cast iron.

Avoiding H ard  Spots
M r . R u s s e l l  said th a t  the  problem of c a r b id e  

areas in chrome irons had been dealt w ith  v e r y  
extensively in  published lite ra tu re . I t  was u n 
doubtedly possible to  get carbide areas i n  m etal 
produced by cold additions a t  the  spout due to 
im proper dissolving. I t  was a  question v e r y  
largely of th e  choice of a ferro-chrom e of the 
correct m elting  point. The carbon m ust ne ither 
be too high nor too low ; and, in  his experience, 
about 5 per cent, carbon was the best grade. 
I f  the hardness persisted on re-m elting, i t  would 
be because the  iron  was ra th e r  above w hat he 
had term ed th e  pearlite  lim it and  free cemen- 
t i te  existed. W hen free cem entite o c c u r r e d  in
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the  presence of chrom ium , i t  tended  to  occur n o t 
in  a d is tribu ted  form , b u t in a localised form. 
This was no t, in  his opinion, due to  th e  chro
mium not being added, b u t to  th e  m ere fa c t th a t  
i t  was present.

H e was very glad to  h ear M r. P h illip s m en
tion  th a t  service was th e  m ain  fac to r to  be tak en  
into consideration. H e had  no experience of 
carbon coming ou t of au sten itic  cast irons as 
“  kish his experience on au sten itic  irons had 
been en tire ly  lim ited  to  irons th a t  were mixed 
in  the  cold, and m elted as one. I t  was probable 
th a t  if the  additions were added in  th e  liquid 
form, “ kish ” would arise.

A point had been m entioned w ith  reg a rd  to  
die-casting m achine plungers. N i-R esist had 
proved to  be of definite advan tage . In  th e  case 
of o rdinary  cast-iron pots, the  coefficient of ex 
pansion m ust be borne in  m ind, and  e x tra  clear
ance had to be allowed for in  th e  cold. The 
plungers undoubtedly did w ear r a th e r  more 
quickly th an  the  pots, the  ra tio  being ap p ro x i
m ately about two plungers to  one pot.

M inim ising the M arten sitic  H azard

H e had had a certa in  am ount of experience 
w ith regard  to  austen itic  irons becoming m ar ten 
sitic on m achining. I t  would undoubtedly  occur 
if the  alloy contents were low ; b u t he always 
made it  a practice, if  possible, to  keep th e  alloy 
contents a t  least 2 per cent, above th e  m inim um .

M r. P h i l l i p s  : Do you m e a n  t h e  g r a p h i t i s e r  
of t h e  a l lo y s ?

M r. R t js s e l l  said he was re fe rrin g  to  th e  
m artensitic  breakdown. The m inim um  was 12 
per cent. H e did n o t produce any th in g  u nder 
14 or 15 per cent. W ith  th a t  p roportion , he had 
attem pted  to  produce hardness and  failed , and 
sim ilarly w ith N icrosilal, w hich was abou t 17 
per cent. In  th a t  way th e  work hardness was 
overcome, although i t  was probable th a t  th e  iron 
was no t so good in  res is ting  th e  abrasion of 
sand. I t  was a g re a t advan tage  th a t  annea l
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ing was so simple. I f  work hardness occurred, 
i t  could be annealed back by heating  up to  800 
or 850 deg. C., and  cooling i t  down again, 
whereupon the  work hardness disappeared. The 
load on an inch square b a r in N i-Tensyl would 
be 4,000 to 4,800 lbs. H e could not give any 
2 by 1 figures, because he had never made them .

M ention had been made of 13 tons on Ni- 
Resist. H e was aw are th a t  most people claimed 
16 tons. H is own experience had been th a t  to 
produce satisfactory  castings for soundness, and 
ease of m achining, 13 tons was the  most which 
could be norm ally guaran teed . By try in g  to  get 
higher streng ths, one would be runn ing  into 
difficulties of m achining.

Feeding Rods Denounced

Feeding rods for austen itic  cast iron were de
finitely unw orkable, and sim ilarly in the case of 
low carbon iron, such as Ni-Tensyl, because the 
iron had such a short m elting range, and the 
action of the  feeding rod tended to pull m etal 
out of the casting  ra th e r  th an  to push i t  in. 
All feeders m ust be of the  self-feeding type.

Shrinkage A llow ances

M r. J .  H . D. B r a d s h a w  referred  to  th e  pro
duction of austen itic  castings. M r. Russell 
had spoken concerning feeding, b u t another 
im p o rtan t fac to r to  th e  foundrym an was 
th a t  shrinkage in  austen itic  irons was much 
g rea te r th a n  w ith ord inary  types of i ro n ; the 
foundrym an should therefore  make the necessary 
allowances in  his p a tte rn . H e was not quite 
certa in  w hether he had understood M r. Russell 
correctly regard ing  N i-Tensyl; the  analysis he 
had th o u g h t M r. Russell had given w as: to ta l 
carbon 2.8 to  2.9 per c e n t .; silicon 1.8 to  2 per 
cent., and nickel 1 per cent. H e understood the 
lec tu rer to qualify  th a t  by saying th a t  the  iron 
would, if cast w ithout a nickel addition , cast 
white. H e suggested th a t  if the  figures were 
correct, iron, cast norm ally, would be grey.



62 4

M r . S u t c l if f e  said  th e  lec tu re r had  d ea lt very 
ably w ith  th e  problem of carbide spots produced 
in  chrom ium  castings, b u t he would v en tu re  to  
suggest th a t  th e  in troduc tion  of th e  chrom ium  
by m eans of a  chrom ium  pig would probably 
solve th e  difficulty. The difference in  th e  
fusing points of th e  tw o m a te ria ls  was 
very g rea t. I t  was probably now well 
known th a t  th e re  was on th e  m ark e t a 
te rn a ry  alloy of chrom ium  w hich had  a fusing 
point no t much g rea te r th a n  cupola iron  so 
th a t  there  would be less loss of chrom ium .

M r. R u s s e l l , re fe rrin g  to  th e  p o in t of the  
p a tte rn m ak er’s shrinkage in  au sten itic  cast 
irons, said i t  would be in  th e  p roportion  of th ree- 
six teenths inch per foot. There w as very much 
less lin ea r shrinkage troub le th a n  w ith  o rd inary  
cast iron, owing to  th e  toughness.

W ith  regard  to  the  analysis of N i-Tensyl, th e  
figures given were fo r th e  u ltim a te  re su lt. The 
original m etal was such as to  produce a  w hite 
frac tu re  on a fa irly  th ick  b a r  about 4 in . square. 
This was then  inoculated w ith  ferro-silieon and 
nickel.

H e agreed th a t  th e  use of chrom ium  pig was 
the  best m ethod to  adopt.

W o rk  H ardening
M r. J .  A. R e y n o l d s  observed th a t  work 

hardening seemed to  occur in  g rin d in g  or 
m achining a t  excessive speeds, th u s  causing  su r
face heating  of th e  m ateria l. The m eta l d id  n o t 
get red-hot except ju s t  a t  th e  p o in t of con tac t. 
The same th in g  occurred w ith  m alleable iron. 
There was intense surface hea tin g , an d  in some 
cases the  m etal became non-m agnetic, and  in v a r i
ably hard . I t  was, therefo re , necessary to  re s tr ic t 
the speed of g rind ing  and  th e  speed of m achining, 
otherwise th e re  would he troub le , p a rticu la rly  
w ith  th in  sections.

M r. Phillips had  m entioned th e  fo rm ation  of 
“  kish ”  in  au sten itic  c a s t iron. I n  m elting  
austen itic  iron  in  th e  crucible, p a rticu la rly  where 
there  was a h igh percen tage of m anganese in  the
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m ix tu re , the m anganese a ttacked  th e  clay and 
released th e  carbon portion  of the  crucible, which 
came to th e  top of th e  m olten iron, and m ight 
in terfe re  w ith the  runn ing . The remedy was a 
special type  of crucible. A lum inium  was perhaps 
not a cure for “ k ish ,”  b u t would m ake an 
austen itic  iron b e tte r for runn ing  th in  sections. 
He was no t sure  w hether the  trouble experienced 
by M r. P h illip s was due to  “  k ish ,” o r to sluggish 
runn ing  m etal.

M b . P h i l l i p s  s a id  h e  w a s  r e f e r r i n g  t o  c u p o la  
m e l t i n g  a n d  n o t  c r u c ib l e  m e l t i n g .

Mb. R e y n o l d s  wished to  m ention one or two 
points in connection w ith austen itic  and nickel 
chrom ium irons. F or one th ing , a- h igher con
trac tio n  should be allowed for by th e  p a tte rn 
maker. A nother po in t was th a t  the liquid shrink
age— n o t the  solid con traction—was usually 
g re a te r ; and  i t  was necessary in most cases 
to  use be tte r m ethods of feeding and various 
methods of dealing w ith shrinkage. F o r low 
silicon irons he had found 1.0 per cent, nickel was 
valuable. By adding th a t  proportion  of nickel 
to  an otherwise unm achinable iron two results 
were ach ieved : (1) m achinability , and (2) a
harder m atrix , and  a stronger iron, despite the 
fac t th a t  i t  was easier to  machine.

Mb. R u s s e l l  said he m igh t a t  some tim e  try  
the  effect of alum inium  in  N i-R esist to  see if it 
helped fluidity.

V o te of Thanks

Mb. E . L o n g d e n , in  proposing a hearty  
vote of th an k s  to  the  lec tu rer for his ex
trem ely in te re s tin g  P ap er, referred  to  th e  fact 
th a t  he had been associated w ith the lec tu rer in 
th e  investigations of th e  C ast Iron  Sub-Com
m ittee  of th e  In s titu te  of B ritish  Foundrym en. 
The work which had been done by the  lec tu rer on 
th a t  sub-committee was of th e  highest possible 
value and was much appreciated  by the members 
of th e  Technical Comm ittee and the In s titu te  of 
B ritish  Foundrym en.
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M r. N o r m a n  C o o k  s e c o n d e d  t h e  v o t e  o f  
t h a n k s ,  w h ic h  w a s  c a r r i e d  u n a n i m o u s l y .
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Scottish Branch
A  P L E A  FO R  LO A M  M O U L D IN G

By R. Lidd le  (A sso ciate  M ember)

In  p reparing  th is P ap e r, the  au tho r has en
deavoured to  keep before him the  very varied 
views th a t  ex is t in foundry practice, b u t he does 
not offer an apology for the  m ethod adopted in 
tre a tin g  th is  thesis. I t  is the  belief of a g rea t 
m any men, who are  closely re lated  to the  foundry 
industry , th a t  so much has been said, and the  
changes have been so rap id  w ith in  the past few 
years, th a t  the  problem of loam m oulding has 
apparen tly  d isappeared. This results because 
of the  scarcity  of th is  p a rticu la r type of c ra fts
m an in  th e  foundries of to-day.

In  th e  w rite r’s opinion i t  is to  be deeply 
reg re tted  th a t  th is  view should be held, ap
paren tly  for very varied reasons, by so many 
distinguished founders. I t  would appear, how
ever, th a t  th e  m ain reason given is th a t  in  loam 
m oulding the  cost is considered high. A t the 
same tim e i t  is generally agreed th a t  th is  type 
of moulding is very safe, and the  castings pro
duced equally good, when compared w ith those 
moulded by o ther methods.

F o r th e  benefit of those who are  no t altogether 
fam iliar w ith  th is subject, th e  w rite r has had 
some sketches p repared  in  an endeavour to illus
t r a te  more clearly the  p lan t required  for casting 
simple jobs, having cylindrical or spherical con
tours.

In  F ig . 1 is shown a  group of components 
including crosses o r footstep socket, spindle, and 
spindle arm s which will a t  once be recognised 
by all who have even the  slightest knowledge of 
foundry work.

I t  is desirable to  stress how essential i t  is 
lh a t  the p arts  illu s tra ted  in Fig. 1 m ust be 
m ade from  good quality  steel. I f  they are not
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to  be m achined all over, b r ig h t b a r  steel m ust 
be chosen. Now in the  m an u fac tu re  of these 
com ponent p a rts  g re a t care should be ta k e n  to  
ensure th a t  all sizes a re  to  gauge, so th a t ,  when

4 - 8 '

P e r
N ° W e r t Ma t 1- D E S C R I P T I O N

/ / C / S h e a r  A r m

2 / M S C o l l a r

3 / M S S p i n d l e

4 / cr Fo u n d a t i o n  S o c k e t

5 2 M S P i n c h i n g  S c r e w s

assembled each p a rt will fit properly  to  place 
and have only th e  p redeterm ined  clearances, 
otherwise, one could no t rely on th e ir  being per
fectly true . The producing of such p a rts  as
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described is no t costly, and provided reasonable 
care is taken , e ith e r, while in use or while 
lying in  store, they  will give m any years useful 
service.

Standardised Com ponents
To elim inate  the  carry ing  of large stocks of 

th is k ind, sockets and spindles are made to  stan-

collars . . .

F i g . 2 .

dard  sizes. A m aster spindle should be kep t as 
a gauge fo r sizes, so th a t  in  the  event of re 
placem ents being required , the  correct dimensions 
can be readily  obtained.

The short spindles can be used as m andrels 
w ith which to  cast sockets o r crosses and makes 
the operation  very s im p le : an open sand mould 
is made to  1 be dimensions desired for th e  cross,
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then  th e  m andrel cleaned, heated , coated  w ith  
plum bago w ater, and dried  and  inserted  in to  
the boss of the  cross. C are m ust be tak en  
to  have the  m andrel plum b and passing th rough  
the  bottom  of the  mould face a t  leas t 1 in. 
This, then , leaves a fine hole, h a rd  w earing and

definitely tru e . The boss should be purposely 
kep t short, so th a t  any spindle w ill fit, as when 
these p a rts  are  standard ised , m any  hours a re  
saved. Personal experience has shown th a t  the  
lack of s tandard isa tion  in  some foundries is 
appalling, and  m uch tim e is unnecessarily  lost 
looking fo r th e  p a rticu la r size o r ty p e  of a p p a ra 
tu s  required . I t  will not be necessary to  press 
any fu r th e r  the  benefits derived from  s ta n d a rd i
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sation, as from the  foregoing rem arks in  con
junction  w ith  F ig . 1, one can readily  appreciate  
the tim e and labour saved.

In  add ition  to  th e  foregoing, and as shown in  
Fig. 2, an equipm ent is detailed  which can be

____________4.-

REF
NT M ff m L Descf/IPTION
1 i r i tflGHT fiP tl POLE
7 3 M S COLLARS
3 1 . Spin d le  as Surra Ml
4 1 C l RlHQiTlON SOCKET ■
5
6

1
1

w o n B oss
. Extension

7 1 . strickle board

A 3 M S PfNcmriG Sc rews

9 1
10 6 B o lts  i 'o a ■ b 'u x ig
II 4 ■ -W .  Z' •
1? 1 LXATte PIN ASSKOOHfl
13 1 SPECIAL COLLAR ■

F i g . 3 .

used for any kind of loam job where an  ordinary  
spindle can operate, as well as strickle half- 
circles a p a rt, extended sections of circles, and 
eccentrics. D etail of an eccentric block is shown 
in  F ig . 2a .

As can be seen from  F ig . 3, there  is an  added 
advantage in  using th e  spindle, in so fa r  th a t
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a num ber of p a rts  can a t  th e  sam e tim e  be 
assembled, such as a  righ t-a rm  pole, o r eccen
tr ic  arm  bearing, fo r the  purpose of strick ling- 
ou t branches or large facings on th e  core or 
mould as required . I t  is in te res tin g  to  note 
th a t  the  righ t-arm  pole can be set to  any  de-

F i g . 4 .

sired degree, and w ith  th e  add ition  of a  second 
pole, set from  the  first, any b ranch  can  be 
strickled, in  alm ost any position, as is shown in 
F ig. 3,.

F ig . 4 illu stra tes sim ilar com ponent p a rts  
which have g rea te r u tili ty . The arm  faces and 
the o ther movable p a rts  m ust be accurately  
machined to  make a sliding fit. These p a rts  a re  
especially designed to  sweep any  shape o r con



to u r desired. The board being hung and 
balanced, can  trave l ou t or in along the  line 
contour a t bottom flange, or tem plate , as re 
quired.

C y lin d er Moulding
Fig . 5 shows a cylindrical vessel, 12 ft. d ia . by 

10 ft . deep, and  th is , to some, would appear a

big proposition, b u t to  moulders accustomed to 
th is class of work i t  is a simple job, b u t expen
sive to  cast, as the form ation gives large dim en
sions fo r little  w eight, and to  th e  founder th is 
means m axim um  area to find, and weight to 
handle to  produce such a vessel having a th ick 
ness of f  in. or |  in ., w ith  flanges 1J in. or 
I f  in. thick.

In  Scotland, the  method favoured is to build 
w ith th e  usual spindle and boards, b u t w ith a
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building ring  inserted  every fo u r th  o r fifth 
course, th is  being done to  help resistance. I t  is 
im perative th a t  th e  job is ram m ed up  in  a  p it, 
or in  cribplates. On th e  o th e r hand , th e  p rac
tice  adopted in E ngland  is to  have rin g s w ith  
prods 10 o r 12 in. long cast on, to  hold th e  brick
work against casting  pressure, which, of course, 
elim inates the  need for ram m ing. H ow ever, i t  
m ust be rem em bered th a t  these rin g s  a re  costly, 
and, if stored, tak e  up  a  considerable am o u n t of 
space. On a stra ig h tfo rw ard  one-off job, no 
g re a t saving can  be accom plished; th e  only com
parison to  be m ade, as to  these a lte rn a tiv e  
methods, is th a t , by th e  English  practice , ram m ing 
is elim inated , whereas in  th e  Scottish  m ethod 
th e  rings can be produced a t  a lesser cost. In  
addition  to  th e  methods generally  adopted  in 
Scotland and E ngland , ano ther p rocedure is to  
set up th e  cope board in th e  usual way, and 
build, w ith  a build ing ring  on th e  line  of th e  
bottom  flange, th is  being repeated  a f te r  each 
layer of bricks. By th is  m ethod 20 rings would 
be used in  building a vessel 10 f t .  deep, and  
th is, i t  will be noted, is tw ice th e  am ount 
required  by th e  Scottish p ractice, and  12 m ore 
th an  required in  the  prodded o r E nglish  pro
cedure.

In  the  order s ta ted  the  w eight of m eta l would 
be 100 per cent, more and  20 per cen t, le s s ; the  
difference in  tim e of m an u fac tu re  would be 50 
per cent, less and 100 per cen t. m ore. The tim e  
required to  build these th ree  d ifferen t types of 
mould would be approxim ately  th e  same. The 
Scottish m ethod requires te n  rings, has a  to ta l 
w eight of 48 cwts. and takes 17 hrs. The E nglish 
system w ith e ig h t rings (having prods) has a 
to ta l w eight of 105 cwts., w hilst th e  tim e  tak en  
is 64 hrs. The th ird  m ethod, w ith  20 rings, has a 
to ta l w eight of 96 cw ts., a  tim e  of 34 h rs ., and  
to  th is, if one adds ram m ing and  tim e  required  
for digging o u t a f te r  casting , would involve 
140 hrs., th a t  is, abou t £7 e x tra  on th e  Scottish  
method. This money canno t be recovered on th e  
saving from  th e  cost of a sm aller num ber of 
rings used on th e  Scottish  m ethod. I n  th e  fore
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going i t  is assumed th a t  these rings are in  the 
stock yard  where the various methods m entioned 
are  w rought.

F ig . 6.

So fa r  there  would appear little  saving on pro
duction costs, b u t then  one m ust no t fo rget to



consider the tim e saved d u rin g  ram m ing  an d  dig
ging, and also yard  accom m odation saved th rough  
reduced am oun t of tack le . In  th e  even t, how
ever, of th is  being a job w here tw o or m ore are  
required, the  procedure would be sligh tly  a ltered , 
in so faT th a t  i t  would only be necessary to  build 
the core and  cope once, as th ey  a re  salved a f te r  
first cast. I t  will be read ily  app rec ia ted  th a t  
tim e and  money are  saved by th is  m ethod which 
can be easily accomplished if th ree  jo in ts  a re  
m ade on each section of th e  mould as is shown in 
F ig . 6.

I t  will be noticed th a t  th e  cope rin g  is 
b rought in to  line w ith the  bottom  flange, and  the 
dual reason for th is  is, th a t  i t  ca rries  th e  com
pleted cope to  the  stove, an d  keeps i t  in ta c t u n til 
the casting  is stripped  from  th e  m ould. By 
tak in g  th e  fu ll dep th  of th e  flange, i t  is a 
check on the  pressure a t  the g rea te s t po in t. This 
is done by sweeping a jo in t a t  th e  level of th e  
flange and having the  lif tin g  p la tes cast to  th e  
desired shape, so as to  fit a round  a th ird  of the  
circle, less 2 in . I t  m ust be done, however, so 
th a t  i t  will c lear any  projections w hich may 
come in  line, and  each section should have four 
1-in. lifte rs  cast on them , and  so a rran g ed  th a t  
the load will be evenly d is trib u ted  when liftin g . 
A lug should be cast on, 2 in . from  each end, 
and a t  least 6 in . by 4J in ., as i t  has to  be 
utilised for ty ing  th e  job firmly together.

m e  build ing  rin g s should be m ade to  fit 
exactly the shape of th e  lif tin g  p lates, and  have 
holes cored in  them  sufficiently large to  allow an  
easy passage during  placing. C are m ust be tak en  
th a t  all rings are  m ade up  from  th e  side of th e  
hole to the  lifte rs , as th is  helps to  b ind  th e  com
plete building.

Co rem aking

The core is jo in ted  in  m uch th e  sam e way, a 
ligh te r p late  or a heavy type  of g rid  m ay be 
used, each section having four lif te rs  cas t on, 
the p lates should be som ewhat sho rter so as to  
allow fo r th ree  tr ia n g u la r  easing bars abou t 2 in .



less th an  the  length  of the  core to  be bu ilt. 
Then to  complete the  gear required  for the  core, 
th ree  fu r th e r  stiffening rings w ith dimensions as 
th a t  of liftin g  sections and w ith cored holes to 
clear the  lifte rs.

Patternm aking
To build th is job i t  would only be necessary 

for the p a tte rn  shop to  supply the  boards shown 
in  F ig . 7. The p lain  bearing  board is used for
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F i g . 7 .

first casting  o n ly : the  flange board is cu t to 
sweep the  flange g iving the  desired thickness for 
all castings required , and as no bearing-board 
sweeps the  edge of the  bottom  flange, the  flange 
board is set to  size for doing th is, and is cu t 
to  allow th e  s tripp ing  piece to  be w ithdraw n as 
shown. A cope board has th e  top  flange-piece 
formed on it , its  leng th  being equal to  the depth 
of the casting m inus the  thickness of the  bottom



A core board should be th e  whole leng th  of 
the casting , w ith  a s tra ig h t board  fo rm ing  the  
top, and th is w ith  cope and  core gauge sticks, 
completes th e  necessary p la n t so fa r  as the 
p a tte rn  work is concerned.

A ssem bling th e  Mould
To assemble th is job, proceed along usual lines, 

which a re  as fo llow :—A bottom  p la te  is laid
down w ith  th e  cross and  spindle fixed in  the
centre on a good level founda tion , so th a t  the  
spindle will be vertical. This p la te  m ust have 
four liftin g  lugs, and be a t  leas t 6 in . to  8 in. 
broad, b u t th e  shorter lugs should have a 2-in.
square slotted hole cored on th e  edge of the
plate a t  cen tre  of th e  lugs. The ob ject of these 
holes is to  receive the  bolts fo r b ind ing  before 
casting. In  general these p lates should be 
designed approxim ately  1 f t . 4 in. la rg e r th an  
the  flange of th e  casting , and should be of robust 
design, as a  considerable load m ay have to  be 
carried  on i t ,  to  and from  th e  stove for dry ing  
purposes.

The bearing board m arked No. 1 in  F ig . 7 
may be set and th e  section fo r cope rin g  finished. 
The cope ring  is th en  set in  place and  bearing  
board m arked No. 2, used to  sweep th e  jo in t  on 
the cope ring , which should clear th e  flange of 
the casting  when com pleted. W hen i t  is 
sufficiently set, i t  can he sw ept to  th e  desired 
thickness w ith  e ither sand or soft b rick , and  then  
both the cope board and th e  first l if tin g  p late  
set and th e  la t te r  b u ilt up in  th e  usual m anner. 
Care m ust be tak en , however, th a t  all p la n t used 
is made stric tly  to  given dim ensions, so th a t  th e  
o ther sections will have sufficient space to  accom
plish easy fitting .

The first section now being com pleted, i t  is 
obvious th a t  all o ther sections requ ired , w ill be 
bu ilt in exactly  th e  same m anner, finished and  
strickled up. These sections have now to  be 
bolted together, and  in  a job such as th is , th e  
proper size and num ber of holts requ ired  should 
be in  the  store, ready for use, thereby  saving

6 3 8



6 3 9

tim e and trouble a t  a busy moment. This brings 
one to  the  po in t of how many bolts should be 
used in  such a case as th is , and to th is the w riter 
speaks from  his personal experience. H e has 
found i t  advisable to  have quite  a num ber of 
bolts and washers strong b u t ligh t, so th a t  one 
m an can bind a section w ithout assistance. 
W hen th e  bolts are  effectively tigh tened  the  cope 
should then  be skinned and parted , care being 
tak en  to  m ark th e  cope ring  and the bottom  
section of th e  mould for assembly.

C o re  Assem bly
W ork is now commenced on the core. The 

board is set, th e  lif tin g  p lates laid  in position 
and k ep t sufficiently a p a r t to  allow the  required 
space fo r th e  easing bars to  be inserted , and i t  
is advantageous to  have these covered w ith brown 
paper, which should receive a coat of blackwash, 
as by th is  m eans an ideal jo in t is m ade, and the 
bars can be easily w ithdraw n from th e  core a fte r  
casting. To complete the  building is a com
paratively  easy job, and if the  grids have been 
stayed a t  the lifte rs, these sections will be fit for 
use for qu ite  a long tim e w ith very little  repairs. 
H aving now been strickled and allowed to  set, 
i t  can be p u t in to  the  stove to  dry.

The top portion can now be considered, as it  
still has to  be built. The p late  fo r th is section 
should have 2^-in. prods and be of th e  same 
size and shape as the  bottom  one. I t  should be 
covered w ith stiff loam, £ in. in  excess of 
length  of prods. This is now ready for the  stove, 
and when dried  is placed on a socket or jig  to 
strickle up a level face. Circles of the  core 
and cope d iam eter can be draw n on the  face 
and the  gates m arked off and passed through 
the top  to  complete th e  building.

Fin ish ing  O peratio ns
W hen drying is completed the  bottom  plate 

w ith core may be bedded in a p it fo r assembly, 
and if set level there  should be no cause whereby 
trouble can arise. I t  is necessary th a t  the  cope 
should hang definitely vertical, so th a t  i t  can
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be lowered gently  to  the  m arks already  referred  
to. The thicknesses should be exam ined and , if 
correct, th e  cope can be lifted  to  a scerta in  th a t  
no crushing has taken  place, and  when correct 
relaid  in place.

The top is now tu rn ed  over and th e  in le ts  on 
the top  side of the  p la te  m ade up  to  su it the  
gate  pins to  be used in  form ing th e  head . I f  
the gates are  checked and  found correct, the 
top can be p u t in  place, th e  jo in ts  sealed up, 
and finally the top  p la te  bolted tig h tly  to  the  
bottom w ith six lf - in . d ia . bolts, fittin g  in to  
the  slots already described. To com plete the 
head, i t  is necessary to  use crib p lates on the 
outside, and two rows of bricks b u ilt on end, 
in the  inside, and when th is is com pleted the  
job can be cast.

Stripp ing
The easing of the  casting  can be carried  out 

in approxim ately 30 to  45 m inutes la te r, and, 
w ith the  aid  of the crane, the  bars can be w ith
draw n from  the  core. The cope section may then  
be eased under the  top flange by rem oving the 
top layer of bricks from  the  cope.

The following m orning all b ind ing  m ateria l 
can be removed to  allow the  sections to  be taken  
ap a rt. The core sections can be lifted  o u t and 
laid on the  floor, and the  cope p a rts  can also 
be set, e ither on the  top  p a r t  or on a  su itab le  
tem porary site, then  the  casting  sen t to  the  
dressing shop. This leaves th e  bottom  bearing  
w ith the cope ring  in position, which has not 
been d isturbed. The loam face, if tak en  away 
leaves the  brickwork in perfect condition  to  
strickle up, th is  can be done w ith  th e  a id  of 
No. 2 bearing board, as shown in  F ig . 7. The 
stripp ing  piece removed allows th e  flange to  be 
strickled to  the desired thickness. The cope 
board is now checked for size, and th e  sections 
form ing the  cope are  placed and exam ined for 
positions by try in g  the  board round  each section 
as laid  down before the  crane is ta k e n  away. 
If  th e  operation  is done w ith  th e  a id  of m arks 
on th e  cope ring , i t  becomes a  com paratively



simple job. The difference in tim e on, say, a 
three-off job, as against th ree  castings made 
under usual foundry  practice is very consider
able and really  w orth while.

I t  is to  be understood, th a t  m any o ther types of 
castings o ther th an  those produced by the  equip
m ent already described, are m ade by other

thro  b  b
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methods, and still re ta in  th e  advantage of not 
requiring  a complete p a tte rn , such as is required, 
when being cast by a  sand medium.

H igh-Pressure C y lin d ers  in Loam
The w rite r also wishes to  deal w ith the  class 

of work which is really  in trica te , and has a g rea t 
labour value, because of th e  tim e spen t on pro
ducing such castings no m a tte r w hat type of 
moulding is adopted . The p resen t custom fol
lowed by m ost executives in  large engineering 
turns to-day, is to  endeavour to  determ ine
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w hether i t  is cheaper to  m ake a  p a tte rn  or cast 
in  loam, b u t th e ir  lack of knowledge and  ex
perience in  loam practice, generally  weighs the  
balance in  favour of a  sand  casting .

F rom  F ig . 8, et seq., th e  w rite r  is desirous 
of showing how th a t  th e  saving from  loam  m ould
ing should he g re a te r  th a n  from  jobs where 
pa tte rn s  have to  be m ade and  cast in  sand. F ig . 
8 shows a sectional a rran g em en t of a high- 
pressure cylinder when cast, and  th is  in  con
junction  w ith th e  following sketches will help to  
show the  m ethod of producing such a  casting . 
F ig . 9 shows a  group of tem pla tes required  for 
m aking a high-pressure cylinder, and  i t  is to  be 
noted th a t  th e  more in tr ic a te  i t  m ay he the  
cheaper will become its final cost, as in  o rd inary  
circum stances, longer tim e would be allowed to 
produce a more difficult casting , th a n  a s tra ig h t
forw ard one.

The method adopted  in  m oulding such an 
artic le  as th is, would be to  use a  sp indle to  
sweep the  bearing  or p r in t, and  bottom  mould- 
face. C are m ust be tak en  th a t  th e  spindle is 
tru ly  vertical and the  founda tion  o r bottom  
moulding p late , perfectly  level. This p la te  
m ust be a t  least 12 in. g rea te r, each side, 
th a n  the  size of th e  job to  be cast. F ig . 10 
shows the  bottom  of the  m ould m ounted on the 
bottom  p late. The la rg e r lugs on th e  sides are 
required in order to  li f t  th e  load b u ilt thereon , 
including the  casting  contained in  th e  m ould, 
and i t  is obvious therefo re , th a t  in  de term in ing  
the thickness of these lugs, a fa irly  h igh safety  
fac to r should be employed th ro u g h o u t all cal
culations. The sm aller lugs shown are  for 
binding purposes. The face is strick led  to  corre
spond w ith th e  face of th e  board , w hich has been 
shaped to  su it th e  p a rtic u la r  job in  hand . 
W hen completed, th e  cen tre  lines should be care 
fully m arked  off on th is  face.

A section of th e  p a tte rn  fo rm ing  th e  flange, 
having a un iform  thickness all round  is th en  
p u t in place, and  th e  s tr ip p in g  piece on th e  
board should be w ithdraw n so th a t  the  bottom
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jo in t can be strickled , and th is board removed. 
The m ain core board can now be set, and the 
core b u ilt up and strickled  complete. The prac
tica l m oulder m ay consider the  m ethod wherein 
the  m ain core rem ains sta tio n ary  to  be un 
orthodox, b u t nevertheless i t  has a dual advan
tage  in  th a t  (1) if, when the  plate is being de- 
signed, a  sufficiently large hole is allowed for 
the  gas to  have free escape then  there  is no 
need to  fill th e  cavity  of the  core which is usually 
done in  s tan d a rd  practice, and (2) i t  ensures a 
much tru e r  cen tre  on which to  assemble the

cores and o ther parts  of th e  mould. The wood 
flange being w ithdraw n th is  section can be 
stiffened or dried  in  the  stove, i t  may then  be 
finished and finally dried . The centre lines can 
now be draw n ligh tly  over the  full length of 
the core, and  if  proved correct, i t  could be left 
u n til required.

Before dealing w ith the building of the  core 
and cope fo r the o th er sections the au th o r would 
like to  m ention th a t  i t  is beneficial to  have work 
on all sections proceeding a t  th e  same tim e, and 
th is is especially tru e  when the  job on hand is 
required  for u rg en t delivery.

F ig . 11 shows the side p la te  in  position to  com
mence building, the  dim ensions of the plate 
should be 2 f t . longer th a n  th e  cylinder, and

F i g . 9 .
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approxim ately  2 in. less th a n  th e  d istance 
between th e  inside to p  and  bottom  flanges, so as 
to allow freedom to  ca rry  o u t sm ooth w orking 
in se ttin g  operations and  in  closing o r assem
bling. As in  th e  case of th e  p lates a lready 
described, th is  one also has lif tin g  lugs, which 
are so arranged  as to  d is tr ib u te  th e  load evenly 
in  any reasonable position and  a t  any  tim e. 
W hen casting  th e  p late , th e  necessary holes have 
to  be cored as would be requ ired  fo r bolts passing 
th rough  the  p late  for bo lting  purposes, and  also 
for vents for th e  escape of gas, etc. S ix  o r more 
1-in. w rought-iron bars a re  cast in , n ea r the  
top and  bottom edge of the  p la te  to  fa c ilita te  the 
fasten ing  to  th e  p late  of any grids th a t  m ay have 
to be secured a t  ce rta in  positions. This is done 
by inserting  th e  bars in th e  cores m ade in  the  
plate.

Tem p late  D eta ils

As shown in F ig . 9, th e  p a r ts  requ ired  from  
the  patternshop  for these tw o sections o r sides 
of the  mould, a re  two tem pla tes, hav ing  th e ir  
working faces th e  sam e size and  shape to  corre
spond w ith th a t  betw een th e  flanges of the 
cylinder. They are  held in  position by two ver
tica l flanges coinciding w ith  th e  valve face and 
receiver end of th e  cylinder. All o th e r projec
tions are  placed on bars w hich ex ten d  across the  
mould face, and which are  securely fastened  in 
place and m arked. D ra in  bosses and  suppo rting  
webs to  be cast on flanges a re  placed in  th e ir  
correct positions on th e  tem p la te . This fram e 
is quite like a corebox of skeleton design, and 
can be easily set w ith  th e  a id  of a  sp ir it  level, 
o r checked a t  any tim e while in  use. The m ost 
convenient m ethod in  se ttin g  such a  job is to  
have a b a r so placed on th e  ou ts ide  of th e  tem 
plates th a t  a level la id  across them  will im m e
diately show if a lignm ent is correct. The fram e 
is then  laid  on th e  p la te  the  requ ired  d istance 
ap a rt.

The length  of th e  tem p la tes is th e  sam e as th e  
side p late, and  th is  being 2 f t . longer th a n  the  
cylinder i t  accom modates a 12-in. bearing  or

6 4 4



jo in t a t  each end of the mould. In  cu ttin g  the 
tem plate  a t  least 6 in. of wood should be le ft to 
give s tren g th  on fram e to  strickle the  face of 
the jo in ts and moulds. In  building th e  proce
dure is, as is common in loam moulding, to  bolt 
the bu ilt-up  m ateria l, w ith the  aid of grids, to 
the liftin g  p late, where vents or cores have to  be 
placed. This can be simply accomplished owing 
to  the  open and easy access to  th is  mould 
section. W hen th is section has been strickled  up, 
the tem plates and o ther projections removed and

6 4 6

F i g . 10 .

The receiver end section is carried  ou t in the 
same m anner b u t i t  is sim pler and a smaller 
p a r t to mould. Two tem plates a re  required  (as 
shown in F ig . 9) the  exact size and shape to 
coincide w ith  the  inside wall of th is p a r t of 
the cylinder, and like the sides are the depth 
of the cylinder ap a rt. They are  held together 
w ith bars, the  bottom  one of which is made 
longer to  enable the  se tting  of fram e to  be 
accomplished easily over the p late  on which i t  
is bu ilt. Stool brackets or o ther such projec
tions are  placed on bars as on the side frames, 
previously described. The liftin g  p late for this
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section will differ slightly  in  design as compared 
w ith the  one used for the  side p lates. On th is 
p late w rought-iron  handles replace th e  lu g s : 
these handles should be designed sim ilarly  to  a 
semicircle and  m ade from  lf - in . d ia . b a r, and 
when designing them  they  m ust be sufficiently 
large to  allow th e  hook of a lif t in g  chain  to  pass 
th rough  i t  w ithou t difficulty. F ig . 1 1 a shows 
the end  plate.

I t  is advantageous to  have one o r two large 
holes cored in  th e  p la te , as th is  allows a certa in  
am ount of freedom to  fa s ten  up  and  seal th e  
core-vent arrangem en t of ja ck e t cores. O ther 
sm aller holes, for bolts, e tc ., should be cored 
in  such positions as found m ost convenient. 
Obviously i t  will be necessary to  have tw o Lj-in. 
lifte rs inside th e  p la te  to  enable i t  to  be lifted  
on end, and  also to  balance the  load in  closing 
th is section. W ith  the  slide valve face as w ith  
the  piston valve cham ber th e  m ethod of bu ild ing  
is th e  same, b u t the  assembly is sligh tly  d ifferent. 
The slide valve face is fastened  on to  th e  end 
m oulding-plate com plete : th is , by th e  way, is 
common p ractice  on th e  N o rth -E as t coast.

In  assembling th e  piston valve th e  cores are 
b u ilt to  place as is ind ica ted  by th e  cen tre  line 
already draw n on th e  m ain  core. I t  is checked 
by a  side tem plate  c u t exactly  and  m arked  off 
to  the  cen tre  line on th e  m ain  core, and  from  
F ig . 8 th e  advan tage  of th is  m ethod can read ily  
be appreciated , as thicknesses, e tc ., can  all he 
inspected, thereby  p reven ting  any m ishap which 
m ight occur if  one could n o t see each core as 
the job was being b u ilt.

Method for To p  P art
In  respect to  th e  top  p a r t  th e  m ethod which 

should he adopted  is to  set up  a  cross and 
spindle, and  a  level bearing  is strick led  up . I ts  
size is approxim ately  18 in . la rg e r on each side 
th an  the  flange of th e  cylinder. I t  is essential 
th a t  the  bearing  is level, as from  th is  th e  p a tte rn  
is set. I n  th is  case th e  p a tte rn  would be a com
plete section of the  top  cylinder flange, includ ing



all stools, bosses, etc., a ttached  to  i t  in  the usual 
m anner. All screws, nails, etc., should be driven 
in from  the  bottom  side of the board, as when 
th is is done, the  whole th ing  can be tu rn ed  over 
a fte r  i t  is bu ilt. This ensures both  a good lif t 
and top p a rt.

The p a tte rn  is th en  set up on th e  bed previ
ously prepared, th e  cen tre  lines of the p a tte rn  
and of th e  bed coming in to  line. The moulder 
can be confident th a t , providing sufficient weight 
is placed on top  of th e  p a tte rn , i t  will rem ain  in 
its tru e  position. As an add itional check, the 
spindle which is still in  a cen tra l position can 
be used to  determ ine any dimension in  respect 
to  branches, b rackets, bosses, etc.

The building of the top may now be s ta rted , 
and a t  th is  stage the  position of the  gate  p ins 
m arked off, also any risers or vents passing 
th rough  the  liftin g  plate. The liftin g  grid  may 
be tr ied  in place, fitted, and all pins set to th e ir 
correct positions. This action is bu ilt up  to  the 
top of the  stool flange, so as to  allow a jo in t to 
be made if required. In  the  event of such a 
jo in t being found unnecessary, i t  is considered 
good practice  to  complete these stool flanges be
fore finally placing the  top  p late. In  some 
instances it  may be found more convenient, or 
even necessary, to  have block cores o r a draw 
back round th e  stools to allow closing and plac
ing of stool cores. W ith  th is now completed, wo

F i g . 11. F i g .  11 a .
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proceed to  assemble the  p a rts  of th is  cylinder 
and mould as follows.

The bottom  p la te  is set on a su itab le  site, and 
th is, from  experience, would be a p it of dep th  
sufficient to allow ease in  casting . I f ,  however, 
such a site  is n o t available, a job of th is  descrip
tion can be cast alm ost as easily on th e  floor 
(since ram m ing is n o t requ ired ), w ith  th e  aid 
of a  suitable scaffold.

Bottom  Section
I t  is essential th a t  the  bottom  section be set 

absolutely level, and in  any convenient m anner 
secured, so th a t  m ovem ent cannot ta k e  place 
during  the  assembly of th e  various rem ain ing  
sections o r while being cast. W hen th e  job is 
finally assembled, i t  should be inspected fo r in
ju ry , th e  cen tre  lines aga in  checked, th e  cores 
form ing the valves placed in  position, and  each 
proved w ith  the  aid of th e  tem p la te  and  dep th  
stick, the  ven t connections properly a rran g ed  in 
the placing of each core u n til th e  top  one is in 
position. This can  be easily visualised by the  
practical moulder.

The receiver end, if found in  o rd e r a f te r  a 
careful inspection, is th en  placed in  its  tru e  
position w ith th e  aid of th e  tem p la te  a lready 
used fo r the  valve end.

The side sections, which have previously been 
prepared, should now undergo final inspection ; 
if found correct, they  should be tu rn e d  up , one 
a t a tim e, and placed in  position. W hen in 
position, i t  is advisable to  check th a t  th e  p rin ts  
of the  cores correspond w ith those on th e  o ther 
sections. I f  there  be any doubt th a t  possible 
in ju ry  has occurred d u ring  th is  opera tion , then  
the section should be lifted , re-exam ined, and, 
when found en tire ly  satisfac to ry , replaced in  its 
tru e  position, on which th ere  should also be a 
final check. The side section rem ain ing  m ay now 
be set, and, when found co rrec t, th e  cope and 
the  mould should be bolted together. By adop t
ing th is procedure, no breakages can possibly 
take  place w ithout its  becoming ap p a ren t, and



therefore  a good job can be guaran teed . V ents 
can now be made up w ith absolute safety, and 
by the use of m irrors th e  com plete mould can be 
inspected in a com paratively short tim e.

The top  section being previously prepared with 
cores in  position, can  now be tr ied  to place, the 
thickness checked and, i f  found correct, i t  can 
be bound to th e  bottom , along w ith  the  securing 
of any vents to  be brought th rough  th e  top p art.

The job is then  completed, when, having 
formed th e  head in the  usual m anner, th e  cast
ing operation  th en  takes place. The m oulder’s 
a r t  should, and m ust, be dem onstrated by the 
resu lt of a good, sound and perfectly-shaped 
casting. In  conclusion, the au tho r wishes to 
express his thanks to  M r. J .  T. M cN air for his 
assistance in p reparing  the P aper, and for pre
paring  the  draw ings from  which the  slides had 
been made.
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Scottish Branch
C O N T R A C T IO N

By W . Machin (M em ber), and M. C . O ldham  
(M em ber)

I t  has frequently  occurred to  th e  au thors th a t  
con traction , w ith  its associated problems, is 
deserving of closer a tte n tio n  th a n  is devoted 
to  it . The problems re fe rred  to  in  th is  P ap e r 
a,re those experienced no t only in  th e  foundry , 
as m anifested by h o t te a rs  and cracks, b u t also 
in th e  m achine shops, to  which all eng ineering  
castings are  u ltim ately  delivered for m achining.

One has frequently  heard  th e  s ta tem en t th a t  
nearly  all castings con tain  con trac tion  fau lts ,
i.e ., cracks, stresses o r stra in s , to  some degree. 
The s ta tem en t m ay be tru e  in  marly instances 
where care has no t been tak en  by th e  m aker 
to  preven t them , as such fau lts  a re  know n to 
be caused by m any of th e  operations associated 
w ith the varied stages of m anu fac tu re .

All cast m etals are subject, in  vary ing  degree, 
to the  laws governing expansion and  con trac tion , 
and i t  is d is tu rb ing  to  note how li tt le  a tte n tio n  
seems to  have been devoted to  th is  sub ject by 
research workers on foundry  operations. I t  is 
no uncommon experience, for exam ple, fo r some 
castings th a t  have been m achined to  be consider
ably different in  dimensions from  draw ing  sizes, 
the discrepancies occurring  som etimes only a f te r  
a few days stand ing . Such resu lts arise  from  
release, to some ex ten t, by m achining operations, 
of previously “  locked up ” stresses, and in  view 
of the modern dem and fo r fine dim ensional 
accuracy such stresses may be the  cause of very 
serious trouble.

I t  was decided, therefore , th a t  consideration  
could usefully be given to  a few of th e  factors 
involved which m igh t be of genera l in te re s t to  
foundry workers, m eta llu rg ists  and  engineers.

All phases of casting  production  to  w hich the
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founder gives his a tten tio n  lead up to  th a t  
c ritical stage where contraction  takes place from 
the plastic condition to  the solid a t  atm ospheric 
tem perature . C astings of ¡regular section, such 
as handwheels, for example, which are designed 
w ith th in  spokes and th ick  rims, may fly in two 
or more parts . More often th a n  not, breakages 
of th is kind are the  d irec t resu lt of sudden 
release of h igh stresses produced during  con
trac tion . A breakage of th is kind may be

F i g . 1 .— R e l a t iv e  S i z e s  o f  M o u l d s  a n d  
C a s t i n g .

brought about by so commonplace an incident as 
the tap  of a small ham m er.

Cause of Faults
M ainly, th e  causes of contraction  fau lts  which 

occur during  the  change from the  plastic to  the 
cold condition a r e : ir reg u la r thickness of design, 
method of construction of mould and core, tem 
p e ra tu re  of mould, uneven cooling, or cooling of 
th e  casting  too quickly. Some of these causes 
are also associated w ith o ther types of defects in 
castings, b u t i t  m ust be appreciated  th a t  the 
au thors in  th is P ap e r are  dealing only w ith those 
caused by contraction .

All workmen and supervisors in  the  foundry 
have as th e ir  sole objective the production of a 
shape in m etal, to a specified design, which i t  
would be alm ost impossible to  machine or carve 
ou t of the solid block, even if it  were economical
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to  do so. A bulk of m etal cast in to  a mould of 
the  required  in te rio r shape is no th ing  more th an  
a useless molten mass, and  even when i t  is pass
ing th rough  the  p lastic  stage i t  con tains none of 
the a ttr ib u te s  for which i t  is useful when cold.

The casting  m ust cool g radua lly  to  atm ospheric 
tem pera tu re , and during  th is  cooling period com
plicated reactions tak e  place and th e  points 
m entioned require th e  carefu l study  and  a tte n 
tion  of all associated w ith  production .

In  F ig . 1 is shown a d iag ram  re la tin g  to  the 
dimensions of moulds for a casting  24 in . long, 
ju s t  a t  the  po in t of solidification, an d  also of the  
castings a f te r  they have cooled to  atm ospheric 
tem pera tu re . I t  will be seen th a t  th e  expansion 
of each of th e  m etals consequent upon the 
elevated tem p era tu re  du ring  m elting  has made 
i t  necessary to  make p a tte rn s  la rg er th a n  the  
actual finished artic le , so th a t  th e  m ould or 
moulds made from them  will produce a casting  
accurate to  the  designed size when cold. The 
size of a  mould for a piece of m eta l 24 in . long 
to receive the  expanded m etal in liquid s ta te  is 
as shown a t A, B, C, and  the  same m etals when 
in the  cold s ta te  have con trac ted  to  th e  bottom  
line “ D .”

I t  is no t in tended to deal in  th is  P a p e r  w ith 
th e  m etallurgical changes th a t  tak e  place du ring  
the liquid to  plastic stage of th e  m etal, nor is it  
in tended to  deal w ith  th e  question of shrinkage 
between the liquid and plastic condition . These 
two subjects are  variab le  according to  th e  m etal 
composition, and each of them , as is well known, 
is of very g re a t im portance regard ing  o ther 
problems connected w ith castings m anu fac tu re . 
They are, however, no t actually  considered th e  
cause of such serious defects in  a  casting  as is 
the period of m ovem ent from  the  p lastic to  the 
solid condition.

The line on the  d iag ram  a t  “  A ”  is the  
w idest one, and the  m etal in  th is in stance  is 
for cast steel, “  B ” is fo r brass, and  th a t  shown 
a t  “  C ” is for cast iron. The first gives the  
foundrym an m ost troub le  on account of th e  short 
freezing range, and th e  fa c t th a t  cas t steel
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travels th e  g rea test d istance in  co n trac tin g  to  
the “ D ” line. This d iag ram  was d raw n w ith  
th e  in ten tio n  of showing in  th e  sim plest possible 
m anner th e  ex ten t of m ovem ent of th e  m eta l in 
a mould. This m ovem ent is a fundam en ta l pro
perty  of the m aterials, and  if p revented  or 
re ta rded  in  any  way, troub le  in  th e  form  of hot 
tears or invisible troub le  in  the  form  of s tra in s  
occur.

C a st Steel
The type of defect which is considered by all 

inspection au tho rities as serious (and r ig h tly  so) 
is w hat is described by th e  foundrym an as a 
“  ho t te a r .7’ In  order to  define some of th e  
causes of th is, reference is m ade to  F ig . 2, which 
shows the design of a bottom -half h .p . cylinder- 
jo in t face. This p a rticu la r design has been 
chosen because of the com plicated difficulties 
associated w ith con traction  d u ring  its  m anu 
facture . F req u en t referenoe, the re fo re , w ill be 
made to i t  to  illu s tra te  th e  various po in ts con
nected w ith  th is  subject.

The leng th  of th is casting  is 12 f t . 8 in ., b u t 
the p a tte rn  size from  which i t  was produced was 
12 ft. 10’ in. The m ovem ent of con trac tion  in 
th is case, therefore, is 21 in ., i.e ., th e  cold cast
ing was th a t  am ount sho rte r th a n  th e  mould 
from which i t  was cast.

The design of th is  com ponent is n o t ideal from  
a foundrym an’s point of view, and , a lthough 
m any suggestions have been p u t fo rw ard  by him  
for im provem ent, the designer has n o t y e t found 
i t  possible to  embody th e  suggested a lte ra tions, 
so the foundrym an m ust face th e  risk  and do his 
utm ost du ring  m an u fac tu re  of mould and  core 
to produce a casting  free from  h o t tea rs . The 
contraction  problem in th is  instance would have 
been simplified considerably by casting  th e  b ear
ing blocks separately  and  jo in ing  them  to  th e  
body of th e  cylinder w ith  a jo in t shown a t 
“  A .”  The movem ent in  th e  casting  would th en  
only have been 1 |  in . in stead  of 21 in .

In  add ition , th e  designer could have helped the  
foundrym an considerably by m aking  th e  th in
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walls of m etal shown a t  “  B ” and  “  C ”  equal 
to the  body thickness of the  cylinder shown a t 
,! D .” This a lte ra tio n  would have assisted in 
keeping th e  cooling ra te  of th e  casting  more 
uniform .

The steelfoumder has to  commence his study  of 
the  method of m anu fac tu re  by an  exam ination  
of thicknesses, so th a t  he can m ake an effort to  
control the  cooling ra te . H e usually  does th is 
by ru n n er and feeder d is tribu tion , b u t i t  is no t 
intended to enlarge on these subjects now. The

F i g . 4 .— M o u l d i n g  B o x  D e s i g n  R e l a t e d  
t o  C o n t r a c t i o n .

cooling of the  casting , however, is considered 
extrem ely  im p o rtan t, in  o rder to  ob ta in , as fa r  
as possible, a condition w hereby all p a r ts  of the 
casting  commence to  con trac t a t  the  same tim e.

Mould T em p era tu re
The tem p e ra tu re  of moulds is an o th er im por

ta n t  point, and th e  h o tte r  these a re  when cast, 
the  easier they  crush when con trac tion  takes 
place, as in th is  condition the  m oulds a re  w eaker. 
If  i t  were possible to  have a mould as h igh  in 
tem p era tu re  as the  casting  m etal, one would th en  
obtain  a much im proved condition , a lthough  
th e re  would still be some resistance of th e  sand 
arising  from  its  lower coefficient of con trac tion . 
A t the  p resen t tim e, th is  is not possible, as no



refractory  m aterials are available to do th is, 
and the moulds m ust be heated as much as is 
possible.

H o t moulds, besides being in themselves easier 
to crush, also delay contraction , and, owing to 
the  delayed cooling of th e  m etal, are in  a b e tte r 
condition for crushing owing to the tim e afforded 
for heat conduction from  the  m etal. A fu r th e r 
advantage obtained here is th a t  the delayed cool-

F i g . 5 .— S e c t i o n  t h r o u g h  M o u l d i n g  
B o x  s h o w n  i n  F i g . 4 .

ing of the  m etal gives b e tte r  opportun ity  for 
heat d is tribu tion  th rough  the  casting.

Sharp  corners and ab ru p t shapes are also con
sidered a real danger to  good results, two of 
these parts  being seen a t  “  E ,” F ig. 2. These 
parts  of the  casting  would have fac ilita ted  con
trac tio n  if th e  designer had made them  to  the 
dotted  line “ G .” Then, again, the  shape a t 
“ H  ” would have contracted  much easier if i t  
had been designed w ith a curve as seen in  the 
enlarged section view of “ J . ” Designers are 
therefore counselled to  observe th a t curved



6 5 8

shapes—easy curves, of course—are b e tte r  th an  
ab ru p t corners, as th e  la t te r  a re  a source of real 
difficulty and anxiety  to  th e  foundrym an.

Another item  which is considered of very  g re a t 
im portance is mould and core m a n u fa c tu re ; by 
th is reference is made n o t to  th e  design side, 
which is in the  designer’s hands, b u t to  the 
m anipulation  and choice of m ateria ls. The core 
for a casting of the  ty p e  previously described 
m ust not be made r ig id ; if it  is, cracks are 
certa in  to  appear in th e  casting.

F i g . 6 .— M o u l d in g  Box M a d e  p r o m  L o o s e  
S i d e s  w i t h o u t  B a r s  C a s t  I n .

In  the m aking of cores, therefo re , the  use of 
cast-iron grids should be elim inated  as m uch as 
possible. The reproduction shows th e  grids re 
ferred  to m arked “ K ,”  and i t  will be seen how 
core irons of th is kind can re ta rd  con traction . 
The method of using cast-iron  grids is much 
easier for the  corem aker th a n  th a t  of m anufac
tu r in g  the cores w ith  loose iroms, as is seen a t  
“ L ,” b u t the  la t te r  is undoubted ly  th e  correct 
one. The loose iron m ethod is n o t so rig id , and 
therefore the core more easily collapses when 
contraction commences to  crush  it.

A nother im p o rtan t po in t is in connection w ith
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the  bearing core shown a t  “ 0 . ”  This core 
is b e tte r  made separately  and afterw ards fitted 
round the  m ain  core. The reason is to  perm it 
i t  to  slide th rough  the  m ain core when contrac
tion  commences to  tak e  place. I f  th is  core were 
m ade as p a r t  of th e  m ain core i t  would naturally

F i g . 7 .— P r o p e x x e r  S h a f t  B r a c k e t  C a s t in g  
a f t e r  E a s i n g .

become more re s is tan t, as the  core irons in  i t  
would be secured in  th e  m ain core in stead  of 
being separate.

F ig . 3 is no t a reproduction  from  an actual 
casting, b u t was tak en  from  a freehand  draw ing 
of the  p a tte rn  so th a t  th e  various points re 
la tin g  to  the  subject could be conveniently added. 
I t  is the  opposite side to  F ig . 2 and was moulded
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in the  lower half of th e  mould which was, as 
m entioned, 12 ft . 10^ in. long. The lines m arked 
“ A ” and “ B ” again  show, as in  F ig . 2, the  
am ount of contraction  or trav e l which takes 
place in the casting  du ring  cooling. The por
tions shown a t  “  C ,” “  D ”  arid “  E ,” a re  p a rts  
of the  mould which need to  be m ade weak, i.e ., 
these parts  m ust not be m ade w ith  solid sand, 
neither m ust any reinforcem ent w ith heavy iron 
m aterial be carried  out.

The correct way to  fa c ilita te  th e  con traction  
tak ing  place is to  build  these p a rts  of th e  mould 
as shown a t  “  F ,” “ G ,”  and “  H ,” w here i t  
will be observed th a t  the sand, shown by a 
thick line, follows the  p a tte rn  profile and  the

F i g . 8 ,— P a r t  S e c t io n  o f  a C a s t i n g  2 4  f t . 
W i d e .

centre is filled w ith  cinder m ateria l. I f  th is  
mould were m ade as shown a t  “  C ,”  “ D ”  and 
“  E ,” the  p a rts  of th e  casting  a t  “  M ”  would 
be propped and contraction  would be re ta rd ed . 
The resu lt of such a procedure would probably 
be tears a t  one or o ther of th e  places m arked 
“ L ” 1-2-3-4-5-6-7-8-9, all these p a rts  show tea rs  
which can be caused by re ta rd in g  long itud ina l 
contraction. The two bosses also m arked  “ J  ” 
and “  K ,” could cause th e  te a rs  “ L  ” 2 and 
‘ L ” 9 to  occur, if th e  mould in  fro n t of them  
were too rigidly constructed .

The two tears m arked “  W  ” 1 and  “ W  ” 2, 
could occur by the  casting  being core-bound, 
i.e ., by m aking th e  core as shown in  F ig . 2, 
w ith heavy core grids incorporated  instead  of 
loose irons wired together. Also if th e  core were 
made w ith too large a thickness of sand, i t
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would cause ho t tea rs to occur. The two tears 
shown a t  “ D ”  1, and “  D ” 2, could be caused 
by up or down contraction , between the points 
m arked “ N ” and “ P .” I t  is, therefore, 
im p o rtan t to m anu factu re  moulds on flimsy lines, 
so th a t  they  may crush when contraction  com
mences to tak e  place.

The foundry  opera to r who has had years of 
practice and  has closely studied  his c ra f t knows 
all the small b u t im p o rtan t points which lead 
up  to  trouble in  connection w ith  th is subject. 
A few of these points have already been referred

F i g . 9 .— C o n t r a c t io n  o n  a S i m p l e  C a s t i n g .

to, b u t th ere  are  m any others th a t  can often 
be noted in  p ractice which m ilita te  aga in s t the 
production of good results in  the finished article.

I t  will be appreciated  by all th a t  the  ability  
of moulders varies considerably, and w hilst i t  
is adm itted  th a t  some are  perhaps 100 per cent, 
efficient, i t  may be safe to  say th a t  these men 
are  well in the  m inority . The c ra f t has recently 
been assisted a g re a t deal in  ce rta in  instances 
by m oulding m achines of various types, b u t for 
classes of castings which have to  w ithstand  high 
pressures and tem pera tu res, moulding machines 
are of litt le  use, as, by th is method of mould
ing, moulds cannot be made sufficiently weak to 
allow contraction  to  tak e  place.



The craftsm en required for th is  type  of work 
are  not so proficient or so num erous to-day as 
they were 20 to 30 years ago. A suggested 
reason for th is is th a t  boys do no t appear to  be 
coached in the im portan t points as used to  be 
the  case. A nother point in  th is  connection 
which is also very noticeable is th a t  teachers of 
students tak in g  foundry  courses are  no t suffi
ciently experienced and do no t em phasise these 
im portan t m atters.

Consequently, for b ring ing  forw ard  one o r two 
simple examples which com bat good resu lts in  
th is connection, the au thors hope to  be excused.

F i g . 10.— E a s i n g  O p e r a t i o n s  o n  a  F l a n g e d  

C a s t i n g .

I t  is known, and will be apprecia ted , th a t  these 
examples require the  o p e ra to r’s a tte n tio n  a t  all 
times, b u t i t  has been noticed even a t  the  p resen t 
tim e the correct method is not always p u t in to  
use.

The first exam ple of the m ethods referred  to 
will be explained by F ig . 4. T his view shows a 
moulding box w ith bars cast in  it, and  everyone 
will no doubt agree th a t  a m oulding box of th is 
type is much easier to  u tilise  th a n  is a  mould
ing box w ithout bars.

The con traction  on the  casting  inside th is 
moulding box is in  the  d irection  of th e  arrow s 
as shown a t  “ A .” The feeders on th e  casting
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are  as seen a t  “ B ,” “ B l ,” “ C ,” “  C l,”  and 
th e  runners are a t  “  D ” and “  D l .” The space 
of sand m arked “ E ,” between these feeders and 
runners and the  moulding box bars, will be seen 
to be too narrow . This condition is considered 
very bad practice, as, unless the sand is re
moved before con traction  commences, the  cast
ing will be anchored a t the ends and hot tea rs 
will probably be caused.

I t  will be seen th a t  these feeders and runners

F i g . 1 1 .— E a s i n g  O p e r a t i o n s  o n  a  F l a n g e d  
C a s t i n g .

should have had more room in fro n t of them , so 
th a t  a cavity  for cinder or o ther loose m aterial 
could be placed between them  and th e  bars. I t  
will be appreciated  th a t  the  sand shown a t  posi
tions “  E  ”  would be extrem ely difficult to re 
move unless such precautions were taken .

F ig . 5 is a p a r t  sectional view of th e  mould
ing box seen in  F ig . 4, and will enable a clearer 
explana tion  to  be made. In  F ig. 4 it  was shown 
th a t  the  feeder positions were very close to  the 
m oulding box bars, and in F ig . 5 there  is a 
clearer view of the point raised. I t  will be
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seen in position 1 th a t  w ithou t fo re though t the  
m oulder could have m ade th is  item  so th a t 
feeder “  A ” would be very close to  th e  bar 
“  E ,” leaving only th e  small clearance for sand 
between “ A ” and E ” shown a t  “  C .”  The 
direction of contraction  will be no ted  by the  
arrow, and the  im portance of th is  clearance will 
be appreciated.

The moulder, w ith a litt le  fo re though t, could 
have a ltered  the  position of his p a tte rn  to

F i g . 1 2 .— M e t h o d  o f  D e a l in g  w i t h  a 
F l a n g e d  C a s t i n g .

position 2, when he commenced to  mould th is 
item. By doing th is i t  will be seen th a t  the 
feeder position shown a t  “ B ”  would give more 
room a t “ C .” This would enable the  m oulder 
to carry  out the correct m ethod as shown a t 
“ B1 ”  and “  D ,”  where i t  will be seen th a t  a 
cavity of cinders is in fro n t of th e  feeder in  the  
direction of contraction . The o pera to r m ust con
sider these points, especially w ith  dry-sand 
moulds, otherwise good resu lts canno t he ex
pected.

A type of m oulding box which is considered a 
be tter one to  use for steel casting  production
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is the one b u ilt up  w ith loose sides, and is shown 
in  F ig . 6. The m oulding box bars in  th is 
instance are  all loose and  a re  laid on top  of the 
box. The feeders and runners are  shown a t 
“  A , ”  “  A l , ”  “  B ,”  “  B l ,”  “  C ”  and “  C l .”  
The m oulding box bars shown a t  “  D ” are  all 
tap e red  so th a t  they  can be easily pulled th rough  
lifte rs or gaggers. A  ta p  from  a ham m er on the  
small end allows the  operators to  pull these bars 
away very quickly, and liberate  castings more 
quickly from  obstructions. The simple points 
raised in  connection with the las t th ree  figures

F i g .  1 3 .— P i p e  C a s t i n g  C o n t r a c t i o n  P r o b l e m .

are  the  cause of m any ho t te a rs  and stra ins in 
castings.

Easing Castings
H aving  described th e  im portance of weak 

mould and  core construction  so as to  perm it the 
fu ll am ount of m ovem ent to  tak e  place ano ther 
process m igh t be m entioned which assists in  th is  
direction . This process is w hat is known in 
p ractice as easing th e  casting. This te rm  really 
signifies s trip p in g  away p arts  of the  mould and 
cores likely to  h inder contraction  ju s t a t the  
tim e th e  m etal has become solid in  th e  mould. 
In  th is  connection, in  F ig . 7 is shown a propeller 
shaft b racket casting  ju s t  a f te r  easing has been
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completed. I t  will be seen here how th e  whole 
of the  mould in fro n t of th e  lig h t end of the 
casting  has been removed. This has been done 
to  enable th a t  p a r t  of th e  casting  to  move in 
tow ards the  heavy boss w ithou t being re ta rd ed .

The operation  of easing takes place a f te r  the 
mould has been cast, and is a useless one unless 
carried  ou t a t  th e  p roper tim e, and  a t  the 
correct places. P a r ts  of th e  mould to  be broken

P i g .  1 4 .— C o n t r a c t i o n  P r o b l e m  w h e n  a  

P i p e  i s  C a s t  V e r t i c a l l y .

away to  give ease of con trac tion  m ust also be 
removed w ithout any g re a t effort, a condition 
which can only be obtained by an tic ip a tin g  th is 
point du ring  th e  m oulding opera tion  and  m aking  
the moulds and cores weak.

The easing operation  m ust be commenced a t 
the p arts  of the  mould n ear to  the  casting  where 
cooling first takes place, leaving th e  o ther p arts  
which cool la te r  u n til a more ap p ro p ria te  tim e.

H

I
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The m oulder who is w orking correctly always 
commences th is operation  by moving away the 
mould from the  inside of runners, feeders, or 
other projections on the casting.

F ig . 8 shows a d iagram  of a rudder fram e 
casting. In  th is design the ends of each arm

F i g . 1 5 .— C o n t r a c t io n  S t r e s s  C r a c k .

on th is  casting  have a hooked shaped section, 
which is used to  jo in  up th e  outside of the  fram e 
w ith forged steel b ar. These sections in  the  
castings are  only |  in . th ick  on the  edge com
pared w ith the thickness of 18 in. in  the  th ickest 
p a r t  of th e  same casting, shown in th e  vicinity  
of section “  BB..” I t  will be appreciated , the re 



fore, th a t  these lig h t p a rts  of th e  casting  on 
the ends of the  arm s will be cooled very quickly 
a fte r th e  mould is cast. This being th e  case, 
the easing operation  m ust commence early  in 
fron t of the  hooked shaped pieces so as to  allow 
these p a rts  to travel tow ards th e  th ick  sections 
of the casting shown a t  “ BB ” and  “  C C .”
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F i g . 16.— D i m e n s i o n a l  C h a n g e s  i n  B u s h  

C a s t i n g .

The supervisor or m oulder, therefo re , who is 
responsible for th e  m anu fac tu re  of such a mould 
must an tic ipa te  these points du rin g  th e  m oulding 
operations by m aking the  moulds sufficiently 
weak so th a t  the  p a rts  are  easily removed a short 
tim e a fte r  the mould is cast. Serious con trac tion  
ciacks may otherwise develop in  the  junc tions 
aid jo in ing  the  th ick  sections due to  th e  con trac
tion or travel being re ta rded .



The direction of travel du ring  contraction  of 
any casting  is always inw ard, as was shown by 
F ig . 1, so th a t i t  is useless moving away parts  
of the  mould which the  casting is leaving during  
its contraction  travel. In  F ig . 9 a simple 
exam ple is shown of a casting, m arked “  A ,” 
w ith two risers a ttached , which are shown a t

PfíT T E ñ N  SIZE
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F i g . 17 .— D im e n s io n a l  C h a n g es  in  B u s h  
C a s t i n g .

“ B ,” “ B .”  The contraction  in a case of th is 
k ind would be from  each end in  th e  direction 
of the  arrows. The sand which is shown a t  posi
tion  “  C ,” therefo re , should be taken  away first 
so th a t  the  m ovem ent in the d irection referred  
to is no t obstructed.

The contraction  gaps le ft by the  casting  as 
shown a t “ D ” will be seen to  occur on the 
outside, and th is occurs on every casting which

U C H T COPE



is made in  any class of m etal, and  to  move away 
the  sand shown a t  “  E  ”  becomes a useless pro
cedure in  practice, and is a w aste of tim e.

The p articu la rs  ju s t described a re  well known 
by th e  m ajo rity  of foundry  w orkers to  be cor
rec t; b u t i t  is reg re ttab le  to  have to  say th a t  
there are still workers in  some foundries who 
do not carry  o u t the  operation  correctly  and 
thereby cause th e ir  supervisors much trouble . 
I t  is suggested th a t  such w orkers ta k e  carefu l

S t r e s s e s .

note of th is simple exp lana tion , as i t  is con
sidered to be of g rea t im portance to  th e  quality  
of the  finished product.

F u rth e r exam ples to  give an  idea of th e  com
mencing and finishing points when easing a cast
ing are shown in  F igs. 10 and  11. In  a design 
of th is  k ind th e  m oulder should first ease away 
the sand in  fro n t of flanges “  A ,”  and  w hilst 
th is is proceeding the  corem aker should be re
moving the  core “  B .”  The sand in  f ro n t of 
flanges shown a t  “  C ”  should th en  be rem oved 
and almost a t the  same tim e sand obstructing  
the two points “ D ” m ust be tak en  away. The 
contraction travel to  be a tten d ed  to  in  tu r n  by
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fche operators a re  from “ A ” to “ A ,” “  C ”  to 
“ B ,” and “  D ” to  “  D .” I t  is im portan t, 
therefore , to remove the  p arts  of th e  mould (as 
near to th e  casting  as possible) in fron t of these 
points.

In  F ig . 11 ano ther exam ple is shown, and 
again  the  points a t  “  A ,”  “ B ,” “ C ”  should 
be removed all round the flanges, so as to  allow 
them  to  move inw ards to  the  po in t shown a t

F i g . 19 .— S p e c ia l  S t r e s s  T e s t in g  M a c h in e  
U s e d .

“  D .” To fac ilita te  removal a t  the  p a rts  men
tioned in  the  examples shown in Figs. 10 and 11, 
i t  is essential du ring  m anufactu re  to  construct 
th e  mould a t  these points on weak lines.

F ig . 12 shows the  essential points in fro n t of 
each flange. The cavities seen here are  carried  
all iround the  flanges, and holes are  linked up 
from them  to the outside of the  moulding box. 
This condition enables the operator to  ease the 
sand away from  the  p a rts  concerned w ithout any 
g rea t effort, and as a resu lt w ithout loss of tim e, 
which is an  im p o rtan t m atter.



The contraction  m ovem ent in  any casting  
always s ta rts  from  the  po in t w here cooling com
mences. To explain  th is  so th a t  i t  w ill be 
more clearly understood, a  sectional view of a 
pipe is shown in  F ig . 13, cast on a  declivity. 
The mould is 12 ft . long, shown a t  “  E ,”  and 
the  cold casting  size is 11 f t .  9 f in. long, shown 
a t  “  F ,”  the  con trac tion  m ovem ent therefo re  
being 2 i in. I t  will he seen in th is  view th a t  
a feeder a t “ A ”  is used on th e  flange 4 in. 
thick, and the  opposite end of th e  casting  has 
a ven t cast on i t  2 in . d ia . a t  “ B ,”  w hilst 
the body thickness of th e  pipe is 2-j in . th ick .

The casting is ru n  a t  th e  position  “  C ”  so as 
to have the hot m etal close to  th e  feeder. I t  
will be observed th a t  th is  m ethod b rings about 
an im m ediate condition of two cooling ra tes. 
The reason for th is is the  e x tra  bulk  of m etal 
a t “ A ”  and the  ru n n e r p o in t “  C ,”  causing 
a hot spot a t  th a t  end of th e  casting . The first 
point to  commence cooling is obviously th e  one 
a t  “  D ,” so th a t  the  d irection  of comm encement 
of movement is firstly in  the  d irection  of arrow  
“  H . ”

I t  m ight be th o u g h t by those n o t acquain ted  
w ith the  foundry  th a t  th e  m ovem ent would not 
occur uphill, b u t th is  does ac tua lly  occur. The 
end of the  casting a t  “  D ” proceeds to  leave 
the mould first, and i t  does so w hilst th e  o ther 
end ( i.e .,th e  feeder end) is in  a p lastic  condition. 
The critical p a r t  of th e  mould to  b reak  away 
or ease first in  a case of th is  k ind  is th e  sand 
in fron t of the ven t “  B ,” and  if  th is  is no t 
removed before “  D ”  commences to  move, a 
contraction  te a r  is alm ost c e rta in  to  occur a t 
the position shown a t  “ J . ”

The same job cast in  a  vertical position  could 
be run  a t  positions which are  shown in  F ig . 14. 
The ru n n er in  th is case m igh t be used a t  posi
tions “ A ” or “  B ,”  w ith  a feeder a t  “  C .” 
The ho ttest portion  here is th ere fo re  a t  the  
feeder end, especially if i t  w ere ru n  a t  “ A .”  
If  a jo in t happens to  be m ade in  th e  mould 
a t the lower end, as is the  case in  m any instances,

672
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i t  is possible to  obtain  a fin shown a t  “ D .” 
The first movem ent of contraction  under the 
method described is in the  direction  of arrow 
“ J , ” again  on account of th a t  being the  first 
end to  cool. The fin “ D ” a t  the  bottom  of the 
mould m ight in  th is instance cause a contraction 
tea r to  occur a t  “ K  ” on account of the  sand 
a t  “  E  ”  p reven ting  the  fin moving w ith the 
casting.

F i g .  2 0 .— L o a d  D e f l e c t i o n  C u r v e  f o r  
I  i n .  d i a .  C a s t - I r o n  B a r .

I t  will be appreciated  th a t  th is fin would be 
th in  and therefo re  stronger th a n  the  rest of 
the casting  on account of its  earlie r cooling. 
Thus a small fin can be an anchorage and again 
cause the  troub le under consideration. The 
o ther position of ru nn ing  th is job m igh t be a t 
“  B .” This m ethod would cause a ho t spot 
a t  the  bottom  of th e  casting, and so somewhat 
delay the  commencement of movement from  th a t  
end, as com pared w ith  position “  A .” This 
being the  case, one m ust a tten d  to rem oving the

z
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sand a t  positions “  H  ”  and  “  L  ”  w here two 
re ta rd in g  points occur.

At “  H ,” the  sand u nder th e  ta p e r  in  the  
feeder is sufficient to  cause troub le  a t  K , ’ 
and the  o ther position “  L ” is obstructed  by 
the sand betw een th a t  p a r t  and  “ F . ”  The 
obstructed p a rts  referred  to , w here i t  is neces
sary to  remove the sand, are  as shown in  F ig . 7. 
The ligh t end of the  casting  has been released 
by th e  rem oval of the  sand, so th a t  th is  p a r t 
will move first as a resu lt of i t  cooling earlie r 
than  the o ther end, which is m uch th ick e r in 
section. I f  such a p recau tion  were n o t taken  
the ho t te a r  difficulty would be alm ost ce rta in  
to occur.

In  addition  to  the  form  of crack  described 
in the  foregoing, ano ther crack known as a
split is occasionally seen in  steel castings, and 
these are also caused th rough  con trac tion  stress. 
Such stresses are  m ainly produced by cooling the 
casting too quickly, or by local h ea tin g , welding, 
etc., and afterw ards cooling in  th e  a ir .

This form of crack, shown in F ig . 15, is sharper 
and b e tte r defined th a n  the  ho t te a r . Such a 
crack can also be caused by stress in some p a rts  
of th e  casting, due to  con trac tion  being propped 
by the use of heavily reinforced cores. This
kind of crack, however, is more easily  diagnosed 
than  is the  case of the  ho t te a r , and  th e  stresses 
producing i t  are easily removed by su itab le  heat- 
trea tm en t. This is done on m any occasions on 
castings which are  designed w ith  lig h t sections 
of m etal between two heavier sections, both in 
cast iron and steel.

Only recently  a small investiga tion  was carried  
ou t to  illu s tra te  how con trac tion  can be held
by using heavily reinforced cores. This con
sisted of m aking two cast-iron  bushes, one w ith 
a heavily reinforced core and  th e  o th e r w ith  a 
very ligh t core. In  F ig . 16 is shown one of 
these bushes, which is 12 in . long, th e  mould 
size, external d iam eter 8-pj in ., and  th e  in te rn a l 
core d iam eter 7-^ in. A t A, B, C, D , the
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externa! and in te rn a l d iam eters were taken  as 
shown a t po in ts 1, 2 and 3, indicated  in F ig . 17.

This casting  was m ade w ith  w hat was con
sidered a very strong  o r heavy core which was 
purposely reinforced w ith  core irons. F o r th is 
investigation  five s tra ig h t irons and th ree  rings 
were used in  th e  core as shown in  the  section 
and plan  view. The casting  was carefully 
m easured a f te r  rem oval from  the  mould a t  the 
p arts  m entioned, and i t  is shown by the  in te rn a l

F i g . 2 1 .— S t r e s s  R e m o v a l  R e l a t e d  to  
H e a t -T h e a t m e n t  .

m easurem ents th a t  i t  has con tracted  -¡V in. A 
fu r th e r bush was m ade from  th e  same p a tte rn  
and a  core was m ade which had th ree  grooves 
in  i t .  A few lig h t pieces of iron were used but 
much ligh te r th a n  in the heavy core, F ig . 10. 
The core irons referred  to  are  as seen in  the 
section and  plan view in  F ig . 17.

I t  was found on m easuring th is  casting  th a t 
i t  had  contracted  -J- in ., i.e ., double th e  am ount 
of th a t  shown in F ig . 16. The cause of th is is 
obviously th e  core shown in  F ig . 17, allowing 
th e  casting  more ease of movement th a n  was 
th e  case w ith  th e  core shown in F ig . 16. The 
m easurem ents show th a t  less contraction stres-s
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will ex is t in the  casting  m ade on th e  lines as 
indicated  in  F ig . 17 th a n  will be th e  case in 
th a t  shown in  F ig . 16, because if th e  n a tu ra l 
property  of con traction  is re s tra ined , a stress 
m ust exist in  th e  m ateria l.

In  order to  obtain  n a tu ra l con trac tion  move
m ent in any casting  one m ust assist all p a r ts  to  
move a t  the  same tim e. This condition  is more 
easy to ta lk  about th a n  to  ob tain , especially 
where thicknesses vary  so m uch in th e  m an j 
different shapes a foundrym an has to  contend 
w ith. I f  i t  were possible to  design every p a r t 
of a casting  in  even thickness, the  foundrym an 
could then  control the  cooling ra te  very easily.

I t  has often been s ta ted  th a t  a casting  de
signed on these lines sometimes gives more 
trouble th an  ano ther w ith vary ing  thicknesses. 
I t  is difficult to  see how th is can be possible, 
providing an  a ttem p t is made to ob tain  even 
contraction by keeping th e  cooling even. This 
would be possible by equal ru n n e r d is trib u tio n , 
b u t th is  method cannot be ca rried  o u t accu
rately  where sections vary.

Good examples of th is have been noted  in 
the works where the  au thors a re  employed, 
during the  m anufactu re  of large gunm etal liners. 
These castings are  always m ade in  th e  hori
zontal position and  give few con trac tion  
troubles. The m ethod of m an u fac tu re  is to  have 
the runners spaced equally over th e  fu ll leng th  
of the  casting, w ith  the  object of keeping the  
m etal a t a uniform  tem p era tu re  th ro u g h o u t the 
length. These liners have been cast up  to  a 
iength of 38 ft . and  although th e  casting  is 
made in gunm etal, trouble  could easily be ex
perienced if the  con traction  was no t evenly 
m aintained.

The m ethod of ru n n er d is trib u tio n  is to  set 
them  out on the  lines of equal cooling over the  
whole length.

The contraction  on the  liner casting  was 6 in. 
so th a t  the  mould in  w hich i t  was cas t was 
38 ft . 6 in ., th e  casting  size in  cold condition  
being 38 ft. I t  has been m entioned only

6 7 6
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recently  in  a  modern technical book th a t  the 
contraction  troubles in castings can be elimi
nated  only by th e  designer fully appreciating  
basic principles. This is no t a ltogether tru e , 
as however easy a design may be, to  obtain 
good contraction  the  m ethod of m anufacture  in 
respect of the  ru n n in g  of the  moulds, feeding, 
and the  s tren g th  of moulds and cores have infi
nitely more to  do w ith good results th an  has 
the question of design.

F i g . 2 2 .— S e c t io n s  o p  t h e  S t r e s s e d  a n d  
U n s t r e s s e d  S p o k e s .

The exam ple which has ju s t been described 
of a  gunm etal liner 38 ft. long is a  tube of 
m etal of even thickness th roughout its length. 
I t  will be appreciated  therefore th a t  such a 
design is all th a t  could be desired, and a perfect 
casting  should be produced. N evertheless, a 
good casting  cannot be obtained unless the 
foundry supervisor makes the casting cool evenly 
by m eans of equal ru nner spacing.

Again, serious contraction  fau lts  can be caused 
in the  foundry by anchorage of the  casting a t  the
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ends th rough  fins, or run n ers  and  risers no t 
being eased by th e  rem oval of sand in  f ro n t of 
them . The removal of sand needs to  be carried  
out in fro n t of the  runners  and  risers first r ig h t 
on th e  extrem e ends of th e  casting , and  then  
each one in  tu rn  u n ti l th e  cen tre  of th e  casting  
is reached.

This m ethod of easing has a lready  been de
scribed in  F igs. 9 to  12, b u t in  a  case of th is 
k ind, every down ru n n e r from  each end to  the  
centre of th e  casting m ust be eased, otherw ise 
the  casting  is alm ost sure to  give troub le  on 
w ater tes t. The troub le  re fe rred  to  is a resu lt 
of microscopic te a rs  due to  uneven contraction  
from the  ends to  the  cen tre . T here is no doubt 
th a t  th is  occurs because i t  has been proved d u ring  
m anufacture in  th e  works w here th e  au thors 
are employed.

Casting Strain Research
In  connection w ith  th e  sub ject of s tra in s  an 

investigation was recen tly  carried  o u t by th e  
authors on a wheel which was m ade in  a dry- 
sand mould and cast from  m etal of th e  following 
composition:-—T.C., 3.35; G r., 2.57; C .C., 0 .78; 
.Mn, 0.51; Si, 1.78; S, 0.11; P , 0.39 per cen t.

The wheel referred  to  is shown in  F ig . 18, and 
i t  will be seen th a t  th e  ru n n e r position is as 
shown on the  rim  and  no risers w ere used on 
any p a r t  of th e  casting . The casting  was 
allowed to  cool to  shop tem p era tu re  before i t  wa= 
removed from  the  mould, so th a t  no undue stress 
would be added by the  casting  cooling quicklv in 
the  a ir.

To obtain  th e  m axim um  am ount of stress 
which existed in th e  spokes of th is  wheel i t  
will be appreciated  th a t  i t  was necessary to  carrv  
ou t the  investigation  reg ard in g  th is  po in t 
im mediately. A ccordingly th e  casting  was sen t 
in to  the  research dep artm en t w here i t  was tak en  
from  the mould. The m ethod adopted  to  ascer
ta in  the  n a tu re  of th e  stresses was to  m ake 
two cuts which a re  shown a t  “ AA ”  and 
“ B B .” A t “ A A ”  two m arks w ere m ade
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which were 0.748 in. a p a rt, and a t  “  BB ” two 
m arks 0.750 in . a p a rt.

A fter cu ttin g , the  m arks a t  “ A A ” opened to 
0.774 in. and “ BB ” to 0.765 in. Thus the
spokes were in a definite s ta te  of tensile stress, 
as th e  increase a t “  AA ” was 0.026 in . and 
a t  “ BB ”  0.015 in. As could only be expected, 
the stress Having been partly  released due to

F i g .  2 3 .— L oa d  D e f l e c t io n  C u r v e  f o r  
J  i n . d i a . C a s t - S t e e l  B a r .

“  A A ”  being cu t first, th e  stress was less at 
“  B B .” The c u ttin g  of these spokes was done 
very slowly, and when th is operation  had bc.en 
partly  carried  out th e  inheren t stress was 
sufficient to  break the rem ainder of the section. 
The to ta l area  of the  section of the  spokes was 
0.67 sq. in. and th e  frac tu red  area  was 0.28 sq. 
in. I t  will thus be seen th a t  the  stress in  the 
spoke was sufficient to  frac tu re  a bar of the 
m ateria l 0.28 sq. in. section.
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I t  was decided a f te r  th is  had  been done th a t  
a tes t-bar should be c u t from  one of th e  spokes 
of the  same wheel, which is shown shaded in 
F ig. 18. The U .T .S . value of th is  spoke re tu rn e d  
14.4 tons per sq. i n . ; th e re fo re  th e  force in  th e  
a rea  which frac tu red

= 14.4 x 0.28 tons, 
and th e  stress in  th e  spoke

14.4 x 0.28 
- ----- ——----- =  6.01 tons per sq. in.

0 .6 <

Stress Reduction
W ith a view to  determ in ing  th e  correct heat, 

trea tm en t tem pera tu re  to  e lim inate  or reduce 
such stra ins a fu r th e r investigation  was u n d er
taken . W hen th e  wheel was cast a num ber of 
test-bars were cast a t  the  same tim e and  these 
were m achined to  0.875 in . d ia . One of these 
bars was used fo r a  load deflection te s t  set up 
in the ap p a ra tu s  shown in  F ig . 19.

In  th is m achine a p in  was su b stitu ted  for th e  
screw so th a t  a m easurable load could be applied 
directly to  the  b a r and  m easuring could th en  be 
done on the in s trum en t shown. Small increm ents 
of load were applied to  enable a stress stra in  
curve to  be prepared. This g raph  is shown in 
F ig. 20. I t  will be seen th a t  th e  elastic  lim it 
in transverse was found a t  a load of 15 cw ts., 
and the  stress in  th e  b a r a t  th is  load was

r WL | x o |
J — 4Z —   = 1 5 .7  tons per sq. in.

4 x  — X 0.8753 
3 2

This stress corresponded to  a deflection of 
0.013 in.

The bars were then  given a deflection of 
0.008 in. by m eans of th e  screw shown in  F ig . 19, 
th is deflection corresponding to  an  induced stress 
of 10.5 tons per sq. in . The bars s till held in 
the ap p ara tu s  were th en  ind iv idually  heated  to  
progressively increasing tem p era tu res  and  th e  
elastic deflection rem ain ing  was m easured. The 
results are set ou t in  Table I.

Each bar was m ain ta ined  a t  th e  s ta ted  tem 
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pera tu re  fo r 2 hrs., a f te r  which i t  was slowly 
cooled in  th e  furnace. The figures show th a t  a 
tem p era tu re  of 650 deg. C. was necessary before 
the  stress was completely removed, as is shown in 
F ig . 21.

In  o rder to  verify the  conclusions arrived  a t  i t  
was though t advisable to  cas t a second wheel 
exactly sim ilar to  th a t  shown in  F ig . 18, and the 
same conditions were carried  out so fa r  as mould
ing practice was concerned, and th is  casting  was 
h ea t-trea ted  to  650 deg. C. and slowly cooled on 
exactly  th e  same lines as the  test-bars. A fter 
th is operation  had been completed, i t  was m arked

T a b l e  I .—Stress Removal by Thermal Treatment.

Temp. Bar
No.

Initial
def.

Permanent
def.

Per cent.
stress

removed.

Deg. C. In. In.
200 1 0.008 0.001 12.5
300 2 0.008 0.0012 15.5
400 3 0.008 0.0018 22.0
500 4 0.008 0.004 50.0
600 5 0.008 0.0065 81.0
650 6 0.008 0.008 100.0

in exactly  the  same way as the  wheel which was 
u n trea ted  had been and the  am ount of spring 
measured.

The orig inal distance between the  m arks was 
0.976 in ., b u t a f te r  tre a tm e n t th is  increased to 
0.981 in ., which is a n  increase of 0.005 in. This 
is compared w ith  th e  increase of 0.026 in . on 
th e  u n trea ted  bar. The section of th e  cu t and 
frac tu re  were again  m easured w ith the following 
results—

Total a rea, 0.71 sq. in.
A rea of frac tu re , 0.03 sq. in.

,  0.03 x  14.4
This represen ts a residual stress of ----- ---------

tons per sq. in. =  0.61 tons per sq. in.
In  F ig  22 th e  tw o sections of th e  spokes cu t 

from  the  wheels can be seen. The one shown w ith 
the  large fra c tu re  is w ithou t tre a tm en t and  the  
o ther showing the small fra c tu re  occurring a fte r
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trea tm en t. From  the  investiga tion  carried  ou t 
on these tw o wheels i t  would ap p ea r th a t  sa tis
factory- s tra in  relief in  cast iron  is ob tained  by 
h ea t-trea tm en t a t  650 deg. C. followed by slow 
cooling in  the  furnace.

The danger of shock load on any casting  which 
contains s tra in  of th e  ty p e  ju s t re fe rred  to  is the 
developm ent of defects such as th a t  which is 
shown in  F ig . 15. I t  is ad m itted  th a t  the  
contraction stress in the  cast-iron  wheels which 
have been used for th is  investiga tion  is one 
which may be associated w ith design, b u t such 
stresses can appear in a perfectly  designed cast
ing made in cast iron by using heavily-reinforced 
cores as illu stra ted  in  F igs. 16 and 17.

Casting  S tra in s  in Steel W h e e ls
A fter the investigation  referred  to  had  been 

carried  out on the  cast-iron wheels, i t  was 
though t th a t  useful in fo rm ation  could be 
obtained from  the same p a tte rn  of wheel in  cast 
steel by tak ing  the stress ex is ting  in  same be
fore any h ea t-trea tm en t was done. I t  was de
cided, therefore, to cast ano ther two wheels in  
steel on exactly the  same lines as those m ade in 
cast iron, together w ith th e  same num ber of 
test-bars. The analysis of th e  steel used for 
this purpose was as follow s:—C, 0.28; M n, 0.73; 
Si, 0.23; S, 0.042; and P , 0.038 per cent.

As before, two m arks were m ade on one spoke, 
0.75 in. a p a r t ;  th e  spoke was then  cu t between 
the two m arks, and, a fte r  carefu l m easurem ent, 
i t  was found th a t  i t  had  ex tended  to  th e  ex te n t 
of 0.022 in. In  order to  determ ine a su itable 
hea t-trea tm en t tem p era tu re  to  rem ove th e  s tra in  
in  the second cast-steel wheel, th e  tes t-bars  sim i
lar to those employed in  the  case of th e  cast 
iron were loaded w ith  s tra in  in  tran sverse  and 
afterw ards tre a te d  a t  various tem pera tu res .

The load deflection curve p repared  f r o m  o n e  o f  
the bars is as shown in F ig . 23. T his indicates 
the lim it of p roportionality  a t  0.009 in ., and  the  
bars for tre a tm en t were therefo re  loaded to  g iv e  
0.007 in.. deflection. From th e  resu lts o f  t r e a t 
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m ent on these, a fu r th e r curve (F ig . 24) was 
p repared , which indicates complete s tra in  relief 
a f te r  a h ea t-trea tm en t a t 650 deg. C. A fter the 
tre a tm e n t of these bars, the second wheel was 
then  h ea t-trea ted  to 650 deg. C., and it  was 
then  found th a t  the s tra in  existing  in the cast
ing was negligible.

This investigation  clearly proved th a t  the 
s tra in  relief was en tirely  removed a t 650 deg. 
C ., sim ilar to  the case of the cast-iron wheels.

Thus i t  is suggested th a t  all castings made in

F i g . 2 4 .— T h e r m a l  S t r a in  R e l i e f  C u r v e  
f o r  C a s t  S t e e l .

any m etal are  likely to  have contraction  fau lts 
in them , and, unless correct methods are used 
during  the  moulding stages, these fau lts  appear 
in a g rea te r degree. In  addition , i t  is very im
p o rtan t th a t  th e  designer should give his care
ful though t and a tten tio n  to  the foundry re
quirem ents, as only by these means, coupled with 
careful hea t-trea tm en t processes, can hot tears, 
cracks and stra in s in castings be avoided or 
removed.

The au thors would like to m ention th a t  the 
defects caused by contraction  in  the  casting or 
castings in  any m etals are  associated w ith many 
o ther subjects which have not been entered  into
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in th is  P ap er. M any of these subjects w e r e  
briefly p u t forw ard in  a previous P aper.*

In  conclusion, the  au thors would like to  th an k  
the  directors of V ickers-A rm strongs, L im ited , 
especially S ir Charles C raven, M r. C allander and 
Sir R obert Beeman, fo r th e ir  kindness in  allow
ing them  use of some of the  photographs rep ro 
duced, and also fo r the  s tim u la ting  in te res t they  
have taken  in the p repara tion  of th is  P aper.

H astings."  w  . Much n an d  M . C. O ld h am . P ro ceed in g s, 
I n stitu te  o f  B ritish  F o u n d ry m en , V ol. X X V I I I ,  p . 361.



Sheffield Branch
C A S T - IR O N  P IP E S

By W . W oodhouse, F .I.C .

Introduction
C ast-iron pipes are  used chiefly for the  con

veyance of w ater, sewage and g a s ; they are  also 
used for steam  and o ther purposes. To-day they 
are  an essential p a r t  of any civilised country.

'P rev io u s to  the  in troduction  of cast-iron pipes, 
pipes for the  conveyance of w ater were made 
of clay, examples of which have been discovered 
a t N ippu r in M esopotamia. T erraco tta  w ater 
and d ra in  pipes have been found in  th e  Palace 
of Minos a t  Cnossus. These d a te  from about 
2000 B .C .,  and  exam ples are shown in  F ig . 1. 
D uring  the advanced civilisation a tta in ed  by 
the Greeks in  the  centuries preceding the 
C hristian  era , an extensive use was m ade of clay 
pipes glazed inside and jo in ted  w ith lead.

M etal pipes were first used by the  Romans, 
who m ade w ater m ains of sheet lead folded in to  
tubu la r form and soldered a t  the edges, examples 
of which are shown in  F ig. 2. These pipes were 
usually 10 f t .  long and ranged  from  5 in. (60 lbs. 
per length) to  100 in. (1,200 lbs. per length). 
D uring  the  occupation of th is country by the 
Rom ans, both lead and wooden pipes were used. 
Exam ples of these have been found in  the 
R om an cities of C aervent (G loucestershire) and 
U riconium  (Shrewsbury). The use of wooden 
pipes (Fig. 8) m ade from  bored tree  tru n k s  con
tinued  in E ngland to  the beginning of the 19th 
century . The tim ber used for th e  pipes was 
mostly elm and fir. L a te r on stone pipes (F ig. 4) 
were introduced. The M anchester W ater W orks 
Company used these in  1813. Owing to  the  
porosity of the  stone and consequent heavy w ater 
leakage, th e  use of th is  class of pipe was soon 
discontinued.

C ast-Iro n  Pipes
C ast-iron pipes w ere first m anufactu red  over 

250 years ago. The earlies t au then tic  record
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dates back to  1664-1668 when cast-iron m ains were 
installed a t  Versailles to  supply w ate r to  the 
celebrated F ou n ta in s in the  Palace  G ardens. 
M any of the orig inal pipes a re  s till in  service 
and often cited to  prove the  “  life ”  of cast 
iron. These pipes a re  3 f t . 4 in. long and  vary 
in d iam eter from 20 in. to 12J in ., and  from

F i g . 1 .— G r e e k  a n d  R o m a n  P o t t e r y  P i p e s .

observation they  were m oulded and  cast in  a 
horizontal position.

Bank Pipe Foundry
About th e  middle of the  19th cen tu ry  th e  

practice of horizontal casting  was suspended b y  
a system of oblique casting  on inclined beds, 
called a “ b an k .”  Such a foundry  is illu s tra ted  
in Fig. 5. In  th is process th e  m oulding boxes 
are divided in to  top  and  bottom  halves. The 
moulds are placed a t  an angle of approxim ately  
30 deg. Sand is bedded in  th e  lower h a l f  o f
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th e  mould and then  sufficient sand is removed 
with a strickle, so th a t  the  p a tte rn  is a t the 
correct dep th  when bedded in. The mould is 
p repared  in  green sand. The facing  sand has 
the  following com position: —E rith  weak loam 
33s, floor sand 33;, and pond duff, 33j per cent. 
(Pond duff is coal from  the  bottom  of settling  
ponds or tanks , and contains w ater 16-30, ash 
18-36, vol. 15-22, and carbon 24-36.) Sand is 
now ram m ed down th e  side of the  p a tte rn  and

F i g . 2 .— R o m a n  L e a k  P i p e s .

scraped off. P a rtin g  sand is sprinkled on the 
mould and the top  half is p u t on and rammed. 
The top  is lifted  off and the  p a tte rn  removed.

The core is “  swept up  ”  in  loam and, when 
set in  place in  th e  mould, a chaplet is p u t in 
th e  top  half to  give th e  required  thickness. The 
top  half, provided w ith  ru n n e r and risers, is 
th en  clamped in  position and  th e  m etal poured 
in to  the upper end of the  mould.

The m etal requires to  be hot and fluid, about 
1,350 deg. C. The m etal lifts  the  core to  give
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correct thickness, b u t if i t  is “  sluggish ,”  the 
core does not lif t , and th ick  and  th in  pipes are 
produced. C asting by th is  m ethod, th e re  is a 
tendency for blowholes in  th e  pipes due to  in 
sufficient ven ting  or dam p m oulds; th e re  is also 
a liab ility  to lack of concentric ity  in th e  pipes. 
P ipes from 2 in. to  6 in. d ia. in  9 -ft. lengths 
are  made by th is m ethod.

F i g . 3 .— W o o d e n  P i p e  u n e a k t h e d  i n  P i c c a d il l y .

V e rtica l P it Casting

In  1846 M r. D. Y. S tew art, of the  L inks 
Foundry, M ontrose, obtained a p a te n t fo r a 
method of producing vertically-cast iron pipes. 
According to a local legend* M r. S tew art con-
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.-eirei bis process wh3e is  chwrh. the root idea 
b e i« g  sa g g e ste c  v j  the T e rtk -a l e o ia m n s i s  front 
of hia.

W is r  Ternca. c-astmg fin: innodtrMd. is 
* 1 * c iH / jiir j to ior~ the sortet at the tppet 
end of the m oaliing box, bat it was later iis- 
coTersd that t-y c a s tin g  with the Kcksc dtTt- 
wards, the meta. became denser sad an mgcr

F I C .  4 .  O i- D  S T 1 S E  P l F E i .  3 E L i m D  T O  H A V E  B E E S  I  S E D  8 Y  T H E  O t D

W e s t M n ra E sr i A  Gbxxb J o c h o t  W»teb Comp-axt rx lr© 7 .

i  3e to tie  head a cote it, tias strengthen .r.g 
the pipe in  the mast desirable place. This 
method also permits of casting a head on the  
spigot end of the pipe, into which sand, seam, 
e tc .. can  rise. This head is a fterw ards c m  on  
in a lathe.

In the manafaetare of Terricallv sand-cast 
p.tes it is asttai to range tree mgakiing boxes 
rerand the ad.es of circular, semi-circular or 
rectangular pipe pits. They are UhESraied in



6 9 0

Figs. 6 and  7. The m oulding boxes a re  belled 
a t° th e  upper and  lower ends and open on slides 
o r binges to  enable th e  socket to  be w ithdraw n. 
Sizes from  H  to  2 in . to  75 in. d iam eter are 
cast in th is class of p it. F o r sizes up  to  27 in. 
the cores are made on p erfo ra ted  barre ls . F o r 
the larger sizes to  75 in. d ia. collapsible core
bars are used.

F i g . 5 .— G e n e r a l  V i e w  o r  a B a n k  P i p e  F o u n d r y .

T he A rd e lt  Process

A more recen t construction  is to  fix th e  m ould
ing boxes to  c ircu lar tu rn tab le s  such as is carried  
out in  the  A rdelt process. In  th e  c ircu la r and  
rec tangu lar p its  th e  ram m ing is done by hand , 
b u t in  the  A rdelt process by m echanical m eans. 
The sequence of m oulding is common to  both
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types of shops, so th a t  a description of the 
A rdelt process will answer for both processes.

P ipes produced by the m ethod of vertical 
moulding are  cast to  dimensions w ith in  fine 
lim its. Iron p a tte rn s , accurately  machined and 
having a smooth finish, are  used to  form  the 
ou ter p a r t  of the  mould for the  body and socket 
of the pipes, the bore of the  pipe and socket 
being formed by cores. All tackle used for

F i g . 6 .— C ir c u l a it  V e r t ic a l  P i p e  P i t .

casting  pipes in th is way is m achined to  gauges 
so th a t  the  components of a mould are readily  
in terchangeable .

The “  A rdelt ”  pipe foundry belonging to  the 
S tan ton  Ironw orks Company, L im ited, is one 
of the  most up-to -date  p lan ts in  th is country  for 
the  production  of vertically-cast iron pipes made 
in  dried-sand moulds. The moulding boxes are 
fixed to  circu lar tu rn tab les , so th a t  the  bottom 
of the  boxes are a few fee t above floor level. 
This necessitates a high building (60 ft. high)
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having two floors. On th e  ground  floor all work 
in connection w ith  th e  sockets is done. This 
consists of p repara tion  of the  sand, m aking  and 
drying of the socket core. On th e  u p p er floor, 
the moulds arc ram m ed, cen tra l cores p repared  
and th e  pipes are  cast and  s trip p ed  from  the  
mould.

Moulding P lant
The building contains th ree  cylindrical tables 

or drum s 19 ft. in  dia. by 7 \  f t . deep, which are

F i g . 7 .— R e c t a n g u l a r  V e r t ic a l  
P i p e  P i t .

built up of steel sections encircled by steel 
plates. These are m ounted on two cast-iron  rings 
which carry  th e  vertical m oulding boxes. The 
tables, one of which is shown in  F ig . 8, a re  sup
ported on massive cast-iron  bases and  a re  
revolved by electric motors o p era ting  th rough  
three sets of gearing. W hen th e  tab le  is fully 
loaded th e  to ta l w eight is approxim ately  90 tons,
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bu t as th is  is carried  on a ball bearing having 
21-in. steel balls, the 6-h,p. 11 series-wound ” 
motor tu rn s  i t  w ithout difficulty.

fab les 1 and 2 carry  36 boxes each, and each 
table has a 5-ton electric cen tre  crane and is 
capable of tu rn in g  ou t 144 4-in. pipes 12 ft . 
long per 10-hr. sh ift. Table No. 3 carries 28 
boxes, has an  8-ton cen tre  crane and can pro
duce 98 pipes e ith e r 8, 9, 10 or 12 ft. per sh ift.

A ram m ing base to  which the socket pa tte rn  
is a ttached  is fixed on the bottom  of the  mould

F i g . 8 . —S e c t io n  o f  T a b l e  C a r r y in g  B o x e s .

anti the  lower end of th e  p a tte rn  drops into a 
tapered  jo in t in  the socket p a tte rn  (F ig. 9).

“  B ottom  Sa n d .” —A specially-milled sand, 
somewhat stronger th an  the  floor sand, is supplied 
for ram m ing the  mould to about a' foot above the 
socket. This sand gives a h igher mould strength  
a t  a point where the  liquid m etal exerts the 
g rea te s t ta n g en tia l force. The sand m ix ture  used 
is best red m oulding sand 45 per cen t., black 
sand 50, and m anure 5 per cent.

“  Floor S a n d .” —The rem ainder of the  ram 
m ing is carried  ou t w ith  floor sand. No direct



addition  of new sand is m ade to  th is  floor sand. 
The s tren g th  is m ain ta in ed  by th e  “  bottom - 
sand ” additions and clay w ater up to  5 per 
cent. A fte r s trip p in g  th e  m oulds, th e  sand is 
knocked out on to the  floor and  is fed in to  a
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F i g . 9 .— P l a c in g  t h e  S o c k e t  P a t t e r n  i n  
P o s i t i o n .

vertical bucket elevator enclosed in a sheet-steel 
casing, which takes i t  up to  th e  top  floor, all 
th e  sand passing th rough  a  ro ta ry  sieve before 
being delivered in to  th e  storage hopper situ a ted  
a t the side of th e  ram m ing m achine.
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The ram m ing of the  moulds is done by an 
electric ram m ing m achine (F ig. 11), which is an 
im portan t fea tu re  of th e  A rdelt p lan t. The four 
blades revolve, shown in F ig . 11, and the  ram m er

F i g . 1 0 .— L o w e r in g  i n  t h e  P a t t e r n  f o r m in g  t h e  
B o d y  o f  t h e  P i p e .

is m ounted on a table, which swivels over the 
mould. The tab le  is revolved by a pinion drive 
engaged w ith a gear wheel ru nn ing  round the  
tab le . There are  four blades, and rods pass 
th rough  fou r guide holes in a square plate. The
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centre piece is worked up and  down by a crank  
action. A sp lit fibre brush in  each gu ide bole is 
fitted w ith a spring, and  th e  ram m er rods are  
held in the  brush when descending and  slip 
through when ascending. This m achine is 
almost hum an in its  im ita tio n  of hand  ram m ing, 
except th a t  i t  always strikes a  un iform  blow, thus 
ensuring a mould w ith a ram m ing density  con
s ta n t th roughout, and  from  m ould to  mould. 
This constan t ram m ing density  gives a pipe of 
uniform  section th roughou t. The tim e to  ram  
a 4-in. mould is 2 j m in., w hilst for a 12-in. mould 
it  is 3f min.

When the ram m ing is com pleted, th e  p a tte rn  
is w ithdraw n, and the  table is moved round  the  
pitch of one box. This mould (No. 1) is then  
blacked, while another mould (No. 2) is being 
rammed. W hen the tab le  is moved again , No. 3 
mould is ram med, No. 2 mould blacked and 
No. 1 mould is brought over No. 1 of a series of 
nine gas je ts  set a t  a distance round  the  table 
corresponding to  the p itch of th e  boxes. F ig . 12 
shows the drying of the moulds w ith  gas.

Thus, nine boxes are ram m ed, blacked and 
brought over the burners ; these are  then  moved 
from the burners and are now ready  for '* cor
ing ,” whilst a sim ilar procedure is carried  out 
w ith a fu r th e r  mine moulds. W hilst th is  ram 
ming has been carried  out, th e  s trik in g  of the 
main cores in special loam has been proceeding.

“ Body C o re s ”
fT he body core is “  struck  ”  on a perfo ra ted  

câst-iroo bar, w ith special loam to  give the 
correct dimension of the  pipe. D ifferent sets of 
core-bars are provided when m aking the various 
sizes of pipes, 4, 6, 8, 10 and 12 in ., b u t for 
classes A, B, C and D, in  which each size of 
pipe is made, th e  difference in  m eta l thickness 
is ad justed  by a lte ring  th e  loam th ickness on 
the bar.

A necessary function  of the  core is th a t  i t  
should yield or give a t  th e  tim e of casting , 
under the pressure of the  con trac ting  pipe, so 
th a t  th e  core-bar m ay be rem oved w ithout
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-Fi g . 1 1 .— V i e w  o f  R a m m in g  M a c h in e .
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difficulty. To a tta in  th is , th e  hot core-bar is 
splashed w ith a slu rry  composed chiefly of horse 
m anure, well ground in th e  loam mill. This 
“ roughing ” forms a spongy mass on drying, 
which la te r  easily compresses under th e  contrac
tion  of the  cooling pipe.

W hen th is roughing is dry, th e  core is struck 
up w ith loam. The core-bar is placed in sockets 
a t e ith e r end of the  core tab le  and th e  core is

F i g . 12.—D r y i n g  t h e  M o u l d s  w i t h  G a s .

revolved by the wheel seen a t  th e  left-hand  side 
of Fig. 13. In  fro n t of the  b a r  is a long shelf 
on which is the  loam, and th is  is worked by 
hand on to  th e  b ar and strick led  off to  the  
correct d iam eter. The loam is p repared  in  a 
mill having a  s ta tio n a ry  pan, in  which ru n  a 
roller and a se rra ted  chopping wheel.

The loam m ix tu re  consists usually of 60 per 
cent, spen t core san d ; 30 per cent, new red 
moulding sand, and 10 per cent, m anure  to  which 
is added 24 per cent, of w ater. This m ix tu re  
varies somewhat according to  the  qualities of 
the new sand. These loams are  tested  every day 
for tensile and perm eability . The tensile
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stren g th  runs from  35 to  40 lbs. sq. in. and the 
perm eability  varies from  150 to  200 secs.

A loam of th is  cha rac te r meets the  heavy 
dem ands made upon i t  and is sufficiently per
meable to  allow of the  ready escape of the 
gases. The cores when struck  are passed in to  
the drying stoves to d ry  p repara to ry  to  being

F i g . 1 3 .— S t r i k i n g  u p  t h e  M a in  C o r e . T h e  
F i n i s h e d  C o r e s  at t h e  r e a r  a r e  s e e n  
e n t e r i n g  t h e  D r y i n g  S t o v e s .

placed in  th e  mould. Each casting  tab le  is pro
vided w ith  two core m aking tables and two drying 
ovens. The core stoves are  provided w ith 
recording therm ographs for controlling the heat 
in  the stove, which is round about 400 deg. F .

ImS
N
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Socket C o res
These are  p repared  on th e  g round  floor anti 

are made w ith  a sand hav ing  a  h ig h  dried-bond 
streng th . They a re  m ade from  good red  m oulding 
sand, 66; clay, 20, and  m anure, 14 per cent. 
This is milled for 5 m inu tes in  an  edge ru n n e r 
type of mill and is delivered to  th e  socket-core- 
m akers’ benches in hoppers ru n n in g  on Iight- 
gauge rails.

The body and socket cores a re  both  blacked and  
dried previous to  p u ttin g  them  in to  th e  mould.

F i g . 14.— H t d r a u i i c  T e s t i n g  o f  C a s t - I r o n  P i c e .

The num ber of core-bars necessary fo r ensuring  
a continuous cycle of operations is 72 fo r tables 
1 and 2 and 56 for tab le  3. The num ber of 
“ kellets ”  for th e  socket-cores is th e  same.

The system of w orking, leng th  of tim e in  drv- 
etc., of all work on th e  sockets is m ade 

to coincide exactly  w ith th a t  of th e  bodv cores, 
so th a t  a set of each cores is ready  a t  th e  same 
tim e. The mould is now dried  and  ready, the  
socket core is raised  in to  position by m eans of 
a hydraulic lift, s itua ted  in  a position on the 
ground floor exactly corresponding w ith the  posi
tion  of the  ram m er on the  u pper floor. The body 
core is lowered in to  position, th e  tap e red  end
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fitting  in to  th e  recess in  the socket core. Cast
ing cakes are  placed in  position a t  the top  of 
th e  m ould and  casting  is proceeded w ith. W hen 
th e  m etal is set, th e  core-bars a re  loosened 
and  removed, the  moulds are  opened and the 
pipes w ithdraw n.

The pipes ru n  down an incline to  the gan tries 
on th e  ground level outside th e  m oulding shop, 
where they are  fe ttled . F rom  here they  pass 011

F i g . 15.—W a t e b - B o x  c o n t a in in g  t h e  M o u l d .

to  th e  lathes where the  casting  head is cu t off. 
They a re  then  tes ted  by hydraulic pressure to 
100 per cent, over the  working load and  during  
th is  pressure-test they  are  h it by a 2-lb. ham m er 
a t  various places along th e ir  length . This opera
tion  is shown in  F ig . 14. This load varies w ith 
th e  d iam eter and  class of pipe. A fter testing  
and inspection, the  pipes are  coated and a re  then  
ready fo r despatch.

The complete cycle of operations on th e  table 
a re :  ram m ing, blacking, dry ing, coring, cast
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ing, stripp ing , th rough  which course the  tab le  
makes one revolution. The m ethods in  th e  o ther 
types of vertical casting  a re  sim ilar to  those 
already m entioned, w ith th e  exception th a t  the  
moulds do not ro ta te  and th a t  th e  ram m ing is 
not mechanical.

Centrifugally-Spun  C a st  Pipes
The application of cen trifuga l force to  th e  cas t

ing of m etal is the subject of p a ten ts  d a tin g  
back as fa r  as 1809. The first inven to r, however, 
to develop a system of cen trifuga l casting  w ith 
commercial possibilities was M r. Seusaud de 
Lavaud, a French engineer, who began his in-

F i g . 16.— M a c h in e  w i t h  T or H a l f  o f  W a t e b -
BOX REMOVED.

vestigations in  B razil in th e  y ear 1914. The 
S tan ton  Ironw orks Com pany” L im ited , de
veloped the De Lavaud system  of cen trifuga l 
pipe casting from the  experim ental stage and 
began producing pipes by th is process in  a small 
p lan t in 1922. A large p lan t was p u t in to  opera
tion  in 1924 and has been considerably extended 
since th a t  tim e and is still increasing.
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Considerably over 16,000 miles of De Lavaud 
centrifugally -spun  pipes have been supplied by 
the  S tan ton  Company up to the present tim e. 
These pipes are  produced in sizes from  3 in. to 
21 in . d iam eter up to 18 f t . in  length , and are 
also made in  m etric  sizes for export. Since 
th e  establishm ent of the  spun p lan t a t

F i g . 1 7 .—  F a l l  S p o u t , a n d  F i l l in g  o p  T i l t in g  H o p p e u .

S tan to n , the De L avaud  system has also been 
adopted by im portan t firms in  th e  U nited  S tates 
of A merica, G erm any, F rance, Belgium, C anada, 
A ustralia  and Jap an .

The p lan t is designed on the  straight-flow 
principle. All raw  m ateria ls en te r the works 
a t  a high level a t  one end and the  finished 
pipes, g rav ita tin g  th rough  stages, leave a t  the



other end. A t th is  p lan t th e re  are  e igh t cupolas, 
each hav ing  a continuous m elting  capacity  of 
10 to  15 tons per hour, and  each cupola on blow 
runs continuously for 20 hours. T here a re  fou r 
cupolas blowing each day. These cupolas are 
m echanically charged.

The pig-iron and  scrap  charge is apportioned  
on analysis to  give th e  requ isite  silicon con-
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F i g . 18.— F i n i s h  o p  C a s t i n g .

t e n t  in the m olten m etal, w hilst all charges of 
iron, coke and lim estone are  weighed. F o r 
fu r th e r  control samples of th e  m olten m eta l a re  
tak en  every 1 | hrs. and  analysed fo r silicon and  
su lphur, and  the phosphorus, m anganese and 
carbon con ten ts are  ascertained  every 6 hrs.

The b last volume and  pressure a re  controlled 
w ith a W ilson b last recorder. This ana ly tica l
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control of cupola supplies and re su ltan t m etal 
applies to all th e  cupolas a t - the  various foun
dries belonging to  the S tan ton  Company.

The m olten m etal a t a tem p era tu re  of 1,400 
deg. C. is run  in to  50-cwt. casting  ladles which 
are conveyed in to  the casting shops by overhead 
electric te lp h er cranes. The p lan t consists of 
two un its , one for the m anufacture of pipes up

F i g . 1 9 .— W i t h d r a w i n g  P i p e  f r o m  M o u l d .

to 4 m etres long th e  o ther 'for pipes up to  18 ft. 
in length , each u n it being capable of working 
independently  of th e  o ther. W ith  the  exception 
of a short socket core no sand or loam moulds 
or cores are used. This autom atically  obviates 
the risk  of certa in  defects, which cannot always 
be avoided in sand casting , such as sand holes, 
blowholes, cold shot, etc.

Briefly, the m olten m etal is introduced into a
2 a



7 0 6

revolving w ater-cooled steel mould and the 
cen trifuga l force holds th e  m eta l ag a in s t the  
sides of the  mould. As th e  mould requ ires no 
p repara tion , casting  is p rac tica lly  continuous, 
enabling  o u tp u t to  be increased in  com parison 
w ith  th e  sand-cast m ethod by e ig h t tim es per 
head of labour employed.

In  th e  casting  shop b a tte rie s  of m achines are 
s itu a ted  on e ith e r side of a cen tra l p latform .

F i g . 2 0 .- -G e n e r a l  V i e w  o f  C a s t in g  S h o p .

The overhead te lpher tra c k  for ca rry ing  the 
ladles of m olten m etal is located in  such a  posi
tion  th a t  th e  ladle is in alignm ent w ith th e  head 
of each m achine.

The casting  m achine, shown in F ig . 15, con
sists of a  w ater box con ta in ing  a steel mould 
ro ta tin g  on fric tion  rollers and  driven  by an 
electric m otor. This mould is accurately  
machined, th e  inside d iam eter conform ing to 
the  ou ter profile of the  pipe. These moulds are  
m anufactu red  of special steel. F ig . 16 shows the
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mould in  th e  bottom  half of th e  w ater box. 
This w ate r box contain ing  th e  mould is m ounted 
on rollers and  is traversed  along a steel track  on 
the m achine bed, which is slightly inclined.

This m ovem ent is ac tu a ted  by m eans of a 
hydraulic cylinder and ram , the la t te r  being 
attached  to  th e  underside of th e  w ater box. The 
speed is controlled w ith in  very narrow  lim its

F i g . 21.—C u r v e s  s h o w i n g  D e f l e c t io n

OBTAINABLE ON S A N D -C A S T  AND S P U N

P i p e s .

by means of a fine ad ju s tm en t valve. A t the 
upper end of the inclined bed is a fram e to  which 
is a ttached  a t  th e  back a tilt in g  hopper, u hich 
has a m etal carry ing  capacity  ju s t sufficient to 
cast one pipe. On the  o ther side of th is  fram e 
is a fall spout (Fig. 17) leading to  a long can
tilever pouring trough . The ti lt in g  hopper, 
which is hydraulically  operated , is shaped so 
th a t  du ring  casting the molten m etal is dis
charged to  the  mould a t a uniform  ra te .



The procedure for casting  a pipe is as fol
lows : A sand core, to  form  the  inside of the  
socket, is inserted  in a ta p e r  sea t a t  th e  socket 
end of the  mould, and the  w ater box is then  
moved up  to  the  top  of its track . The mould is 
revolved and the  hopper, which has been p re
viously filled w ith m olten m etal, commences to 
tilt . A uniform  stream  of iron flows down the

F i g . 2 2 .— I m p a c t  T e s t i n g  M a c h in e .

fall spout and trough , and is p ro jected  in to  the  
mould a t  th e  socket end. W hen th e  socket por
tion  is full, th e  w ate r box trave ls in  a down
w ard d irection .

D ue to  the  com bination of th e  ax ia l and  c ir
cum feren tia l m ovem ents, a continuous sp ira l of 
molten m etal is deposited on th e  inside of th e  
mould, and  k n its  together, th u s  form ing the  
pipe. The finish of th e  casting  process is shown 
in F ig . 18.



I t  will be realised th a t  a tru e  pipe can be 
formed to any required thickness by the  a d ju s t
m ent of those th ree movements. F o r instance, 
having determ ined the  correct peripheral speed 
of the mould, i.e ., th a t  which exercises suffi
cient cen trifugal force to  hold the  m etal against 
the wall of the mould, and knowing the  ra te  of 
discharge of th e  til t in g  hopper, the  speed of 
traverse  is ad justed  to  su it the  thickness of the

F i g . 2 3 .— C o o l in g  S p u n  I r o n  P i p e s .

pipe. This speed of traverse  varies w ith the 
size of pipe.

A fter rem oving th e  socket “  k e lle t,’' the  pipe 
is discharged from th e  mould by in serting  in 
ternal grip  tongues in to  th e  socket end of the 
pipe and moving the m achine once again to  the 
upper p a r t  of the  track . This is shown in



D uring  th is  operation  arm s au tom atica lly  
function , tem porarily  suppo rting  th e  pipe u n til 
i t  is picked up by a tra n s fe r  m echanism  and 
deposited on to  an  ad jac en t g an try , and  th is  
operation  is shown in F ig . 20. The pipes roll 
along th is g a n try  over a w eighing m achine to  a 
norm alising fu rnace .

As the  pipes a re  cast in  m eta l m oulds a sligh t 
chill is form ed in  th e  o u te r skin. This chill is 
m inim ised to  a large ex ten t by sp rink ling  th e  
inside of th e  steel mould w ith  a p redeterm ined  
am ount of powdered ferro-silicon. The ob ject of 
th is  norm alising is two-fold, to  rem ove th e  la s t 
traces of chill and to  e lim inate  any casting  
stra ins . The pipes are  k ep t a t  a tem p e ra tu re  
of 955 deg. C. for 15 m in. in th e  ho t zone and 
then  g radually  cool to  a tem p e ra tu re  of 315 deg. 
C. a t  the e x it of th e  furnace.

The tr a n s i t  of the  pipes th ro u g h  th e  norm alis
ing fu rnace is controlled by a conveyor which 
also keeps th e  pipes revolving. The fu rnace  is 
heated w ith producer gas and  the  tem p e ra tu re  is 
controlled by m eans of therm ocouples and ra d ia 
tion  pyrom eters coupled to  record ing  in s tru 
m ents. A fte r leaving th e  fu rnace  th e  inside of 
the pipe is scrubbed by a  p ipe scouring m achine, 
a fte r  which i t  is inspected and  passed to  th e  d ip 
ping tan k s w here i t  is coated . I t  is th en  
hydraulically  tes ted , a f te r  which i t  is ready  for 
despatch.

The tim e fo r casting  a spun pipe, of course, 
varies w ith the  size. F rom  p u ttin g  the  socket in 
place to  rem oving th e  pipe to  th e  g a n try  a 
4-in. d ia. pipe takes 2 i  m in ., w hilst a 15-in. dia. 
pipe takes 8 m in. The sockets a re  s truck  up  w ith 
a special m ix tu re  of sands, clay and  a cereal 
b inder to  give a  good strong  socket.

The cen trifugally -spun  process sub jects the  
m etal to th e  influence of tw o im p o rta n t 
fa c to rs :— (1) C en trifuga l force, and  (2) rap id  
ra te  of solidification. Both of these enhance the  
s tru c tu re  and s tren g th  of th e  m eta l. M eta l when 
cast in  sand g iving a tensile  of 10 tons per sq. in . 
has a tensile  s tren g th  of 15 to  20 tons p er sq. in.
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when spun in a water-cooled m etal mould— 
depending on the  thickness of the pipe. This 
improved s tren g th  is prim arily  due to the effect 
of rap id  cooling, th e  cen trifugal force con tri
buting  about 25 per cent, to the to ta l improve
m ent.

The rapid  solidification of the  m etal causes 
the  form ation of a fine crystalline s tru c tu re  in 
which the  g rap h ite  is evenly d is tribu ted  in a 
very fine form. C en trifugal action prevents the 
form ation of blowholes or o ther cavities in the 
section of the casting , any gases formed being 
expelled by th is action. Owing to  the  im prove
m ent in th e  m echanical properties of the spun 
m etal, i t  is possible to  m anufacture  the spun 
pipe some 25 per cent, th in n e r in section than  
the corresponding sand-cast pipe and a t  the same 
tim e to produce a h igher fac to r of safety.

A part from  the  increased tensile streng th  of 
the spun pipe, tes ts represen ting  various stresses, 
such as shock, ex te rn a l loads along the  pipe, 
external loads transverse  to  the  pipe— prove 
th a t the  spun pipe is in all instances equal or 
superior, despite its reduced thickness, to sand- 
cast pipes. The norm al te s ts  specified for te s t
ing of the m etal used in  sand-cast pipes are 
transverse and tensile. As sim ilar bars would 
not represent the m etal in a spun pipe, a ring  
test has been devised and adopted for the  deter
m ination of the tensile streng th . R ings 1 in. 
wide are cu t from  the  spigot end of the  pipe 
and pulled in  a te s tin g  machine in a sim ilar 
way to  te s ting  th e  link  of a  chain. From  a 
form ula which has been evolved from  m any tests, 
the tensile s tren g th  of th e  m etal can be cal
culated .

F ig. 21 shows the  com parative deflections on 
sand-cast and spun pipes of 3-in. dia.

C om parative bending tests on 3 in. spun and 
sand-cast pipes show th a t , in the case of the 
spun pipe, the breaking load is g rea te r by 71 per 
c e n t.; lim it of elastic ity  is g rea te r by 51 per 
cent. ; elastic deform ation is g rea te r by 30 per 
c e n t.; to ta l deflection is g rea te r by 60 per cent.
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Im pact Testing  M achine
The im pact te s t gives a good ind ica tion  of the  

resistance of cast-iron  pipes to  shocks received 
in tra n sp o rta tio n  and  in  ac tua l service. The 
pipe is held firmly in  th e  m achine, shown in 
F ig . 22, in  24-in. supports. A ham m er w eighing 
50 lbs. is dropped on to  th e  pipe, w hich is u nder 
an  in te rn a l hydrosta tic  p ressure of 65 lbs. per 
sq. in . The "in itia l h e ig h t of th e  ham m er is 
6 in ., and succeeding blows a re  from  heigh ts 
increased by 2 in. The blows are  all s tru ck  a t  
the  same po in t. The num ber and  h e ig h t of th e  
blows are increased u n ti l  th e  pipe fails. The 
heigh t a t  which th e  first crack  and  first leak 
occur is noted. F rom  an  em pirical calculation  
the  im pact is found in  foot-pounds.

Coating
All pipes, bends and specials a re  coated  before 

leaving the  works. The pipes a re  hea ted  e ith e r 
in a hot-w ater ta n k  or oven before going in to  
the  d ipp ing  ta n k . In  th e  case of spun pipes 
(F ig . 23), th e  residual h ea t in th e  pipes coming 
from th e  norm alising fu rnace  is sufficient w ith 
out any fu r th e r  tre a tm e n t.

The coating  m ix tu re  consists of special refined 
ta r  con tain ing  10 per cen t, b itum en  to  which 
is added a t  tim es stra in ed  an th racene  oil to  
control the consistency. The t a r  acids a re  kep t 
as low as possible in  th is  m ix tu re , abou t 3 
per cent. The m ix tu re  is k ep t a t  150 deg. C. 
in th e  d ipp ing  tan k s  which a re  all controlled 
w ith recording therm ographs. The pipes are  
kep t in  the d ipp ing  ta n k  from  5 to  15 m inu tes 
according to size, when they  a re  w ithd raw n  and 
allowed to dra in .

W hen extrem e adverse conditions a re  expected , 
such as aggressive soils co n ta in ing  m agnesium  
sulphate, calcium  su lphate  and  o th e r sa lts  a 
special th ick  coating  is p u t on th e  pipes. This 
consists of b itum en to  which is added an  in e r t  
filler and asbestos fib re  to  give add itio n a l 
s treng th . This coating  is from  r s  to  i  in - th ick  
and is p u t on in  a  special m achine.
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When tubercule incru sta tion  is encountered, 
the iron pipes are  lined w ith centrifugally-spun 
concrete.

The P ap e r has now traced  the  various methods 
of m aking cast-iron  pipes and arrived  a t the 
stage where they  are  ready for tra n s it to  be 
despatched to  th e ir  various destinations all over 
the world.

In  conclusion i t  seems desirable to  quote the 
words of M r. H enry  S. Stilgoe, M .In st.C .E ., la te  
Chief E ng ineer to  the  M etropolitan W ater 
Board.

“  I  can always say of the  cast-iron w ater-m ain 
th a t i t  is a  w ell-tried, fa ith fu l and honest 
servan t of the  w ater eng ineer.” This quotation 
is taken  from an  in te resting  book “  C ast-Iron 
P ipe. I ts  L ife and Service,” published by the 
S tan ton  Ironw orks Company, L im ited.

The au th o r wishes to  th an k  the  d irectors of 
the S tan ton  Ironw orks Company and M r. P . H. 
Wilson, foundry  general m anager, for perm is
sion to give th e  Paper.
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Scottish Branch
M A N U F A C T U R E  O F  L O C O M O T IV E  

C A S T IN G S

By H . Low e (A sso c ia te  M em ber)

This P a p e r  m ainly refers to  th e  production  of 
locomotive castings a t  th e  S t. Rollox workshops 
of the  L .M .S. R ailw ay Company. T here is a 
definite necessity for th e  chemical analysis of pig- 
iron, and th e  only way in  which good resu lts 
can be obtained is to analyse all th e  m ate ria ls  
and carefully control th e  p roportion  of the  
charges th a t  go in to  th e  cupola. To ensure 
correct results, check analyses are  m ade of 
samples of th e  iron as received.

The method is to  take  th ree  or fou r pigs from  
different p arts  of the  tru ck , break  them  and ta k e  
drillings from  the  centre, care being tak en  th a t  
no sand from  the  outside becomes m ixed w ith 
the drillings. They a re  then  p u t in to  envelopes 
and carefully m arked w ith th e  num ber of th e  
truck  and such o ther in fo rm ation  as will serve 
to iden tify  th is p a rticu la r lo t of iron , and  then  
subm itted  to  the  chem ist. I f  i t  is found th a t  
the m ateria l is no t to specification, a  fu ll rep o rt 
is sen t to  the  m akers, and  th e  w agon m arked  
“ re jec ted .” The same procedure is adopted  
w ith all o ther m ateria ls such as coke, lime, shell, 
and m oulding sands.

Furnace Ch arges

The furnace charges a re  p u t on a board  on 
the charging p latform , which shows th e  am ount 
of charges and th e  d ifferen t m ix tu res fo r th e  
day. A t the  tap p in g  spout on th e  w all th e re  
is an ind ica to r showing th e  d ifferen t classes of 
m etal th a t  are  being tapped . This is a guide 
to the m etal carriers, who then  know to  which 
section of the  shop th e  m eta l should be tak en . 
There are  four d ifferent m ix tu res m elted in  the  
furnaces each day, fo r castings such as b rake
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blocks, signal castings, cylinders, engine details 
and axleboxes.

C ylinders, cylinder covers, piston heads, piston 
rings, piston valve liners, slide bars, motion 
plates and all high-pressure castings are m anu
fac tu red  by the  dry  sand process.

D ry sand m oulding is essentially the same as 
in green sand except in  respect to  the  actual 
m anipulation  of the  sand used, as the  com
position and general properties of the  two sands 
are  very different. F o r dry sand m oulding, the

F i g . 2 .— C o r e  R a c k s .

mould requires to  be thoroughly dried  in  a su it
able stove before i t  can be cast successfully. 
D ry  sand m ix tu re  such as 90 per cent, floor 
sand and  10 per cent. L eavenseat sand contain
ing 12 per cent, clay, incorporates no combustible 
substance, such as coal dust or blacking, bu t 
these are  used in  the  green sand m ixtures. They 
are much stronger, however, and more binding, 
b u t too close and com pact when in th e  damp 
s ta te  to  perm it of the  escape of gases generated  
by the  h ea t when casting. A fte r being 
thoroughly dried , the  moulds become h ard er and 
stronger. These and o ther factors m ake the
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dry sane! process more reliable, especially for 
larger and more im p o rtan t work.

In  green sand m oulding th ere  is a m uch 
g rea te r tendency to  honeycombing and  th e  p ro
duction of unsound castings. H oneycom bing 
which usually appears a t  th e  top  side of th e  
castings, is often  due to the  w ate r a ris in g  from  
the  dampness of th e  green sand, being evaporated  
in to  steam , which for the  w an t of a fre e r escape 
finds its way th rough  th e  liquid m eta l where 
it  has become en trapped . By ham m ering  or

F ie . 1 .—M e t h o d  o f  G a t i n g  F i g .  5 . — E x t e r n a l  C o r e
P i s t o n  V a l v e  L i n e r s . A s s e m b l e d  f o r  C y l i n d e r .

breaking up, such defects a re  all th e  m ore liable 
to  occur in  th e  v icin ity  of th e  studs or chap le ts, 
especially those placed on th e  top  for holding 
down cores. This again  is due to  steam  vapour 
being in  th e  first instance condensed on these 
m etal surfaces and  then  evaporated  by h e a t of 
the m olten m etal, in  con tac t w ith  i t  du rin g  
the casting  process. The sand in a g reen  sand 
mould is much w eaker th a n  by th e  d ry  sand 
m ixture and is therefo re  more read ily  broken 
by the wash of the  m etal, and any portion  thus 
separated  will cause sand holes o r scabs.

H aving regard  to  all th e  circum stances and 
the very im p o rtan t fac t th a t  these castings are  
made by semi-skilled labour and  a re  m achine
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moulded, more success is obtained in the  dry 
sand th a n  th e  green sand process.

O p era tio ns Perform ed by Moulding Machines
Owing to  the  increased com petition in  found

ing, coupled w ith  the  large and growing demand 
for castings, much tim e and ingenuity  have been 
expended in  devising m echanical devices th a t 
will replace, to  some ex ten t, th e  m anual labour 
involved in  the  foundry, particu larly  in  such

Fio. 10.— P l a n  V i e w  o f  F i g . 11.— C l o s e d  R e a d y  f o b
A s s e m b l e d  C o u e . R a m m i n g  H e a d s .

m oulding. The resu lt of the  employment of such 
devices has been to  cheapen and increase the  
ou tp u t, a t  th e  same tim e securing a more 
uniform  and h igher qua lity  of work. W hile 
these good results will continue to  obtain  in 
repetition  or s tan d a rd  work where the objects 
are  of a more or less simple form, there  will 
always be a dem and for skilled moulders to  deal 
w ith th e  m any special lines of work which will 
continually  recu r, and  which i t  will no t be com
m ercially possible to  a ttem p t to  handle by 
m achine.

W ith  the  exception of the  locomotive cylinders 
all th e  engine de ta il castings are  moulded on a 
large Osborne ja r r in g  machine by semi-skilled
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labour—two men and a boy. One m an closes 
the moulds, and th e  o ther blacks th e  moulds and 
assists the  boy a t  the  m achine. A fte r a  tim e  on 
the machine, these men become very efficient and 
com petent a t  th e ir  work, and  when exceptional 
circum stances arise, such as a m an being off 
duty, i t  has been found to  be good policy to  
p u t an unskilled m an on th e  m achine. I t  is 
always giving him  a certa in  am ount of know
ledge of the  m achine, and  will m ake him  ready

F i g . 3 . — T h e  C o k e  P l a t e s  u s e d  a r e

M A C H IN E D .

to take  over when there  is a vacancy for a 
machineman. I t  also serves th e  purpose of 
m ain ta in ing  the  o u tp u t and keeping th e  core- 
making and  fe ttlin g  sections in  th e  d ep a rtm en t 
fully employed.

Gating
The gating  is a very im p o rtan t fac to r in  the  

m anufacture of good clean castings. All gates 
are placed on the  m oulding boards by the  
patternm aker to  the in s tru c tio n  of th e  forem an 
moulder, who gives the  sizes and d irec tion  of 
all rates and risers. As shown in  F ig . 1 fo r th e  
piston valve liners, the  gates a re  so placed th a t  
the m etal runs d irectly  below th e  ports  and
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exhaust. This m ethod clears away any scum or 
d ir t  th a t  may lodge in  th is  section during  the 
casting  operation. I t  is very im portan t th a t  
these p a rts  should be clean and  free from  scum 
or d ir t, as the  ports are  cored out leaving in. 
m achining allowance, and the  least spot or m ark 
would cause these castings to  be rejected.

P is ton  heads are  ru n  w ith  two drop gates on 
the rim  and the  riser placed on the  highest p a rt.

F i g . 4 . — F i r s t  C o r e  a s s e m b l e d  f o r  O i l  
S a n d  M o u l d e d  C y l i n d e r  C a s t i n g s .

W ith  the  dry  sand process, and by paying a tten 
tion to  the  proper method of gating  and pour
ing the  m etal a t  a high tem pera tu re , say from 
1,320 to 1,340 deg. C., good high-pressure cast
ings can be obtained.

C o re  Making 
This section is a very im portan t p a rt of the 

foundry  departm en t. The core shop has con
veniently-placed portable racks (F ig. 2) with 
am ple storage capacity  readily  accessible to  the 
core makers. They are  placed between the core 
benches, w ith a passage of 3 ft. on both sides. 
These racks consist of a  series of open and narrow 
shelves which allow the  cores to  be deposited on 
th e  one side by th e  core m akers ; when these are
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filled up w ith  cores, they  a re  tak en  by a li f t  
truck , w ith a capacity  of 2.500 lbs. and  I f  in. 
lift, and placed in th e  d ry ing  store.

C o re  P lates
The cores are  m ade in  h a lf an d  a re  supported  

on iron p lates. These iron  p la tes, known as 
core p lates, have a tru e-p lan ed  surface. I f  
warped plates were used fo r d ry ing  th e  h a lf of 
jo in ted  cores, i t  would be found  necessary to  rub  
the faces of th e  cores to g e th er u n ti l th ey  m ake

F i g . 6 .— I n t e r n a l  C o r e s  i n  P o s i t i o n .

a good jo in t, b u t th is  is a bad prac tice , as i t  
will be found th a t  such cores a re  usually  o u t of 
shape, and  consequently will no t produce sa tis
factory castings. I t  is therefo re  good p ractice  
to  have all core p lates w ith  a t r u e  planed 
surface (F ig . 3).

Sand M ixtures Used
All cores are  m ade in  oil sand. There a re  

th ree different m ix tu res of core san d : fo r cylin
ders and engine deta il cores a  m ix tu re  of 150 lbs. 
sea sand to 8 lbs. of linseed-dextrene m ix tu re  is 
u sed ; for axle boxes and less im p o rta n t cores a 
m ix ture  of 150 lbs. of sea sand to  5 lbs. of 
linseed-dextrene m ix tu re  is used. All b rake  block
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cores are made w ith 150 lbs. of reclaim ed sand to 
5 lbs. of No. 2 b inder, L .M .S. specification.

The core sand is mixed in the  pan mill, the  
sand being first m easured in to  the  mill, and  the 
oil and  o ther b inding m aterials then  added. 
W hen m ixed i t  is taken  and d is tribu ted  to the 
core m akers a t  th e ir  benches, p a rticu la r a tten tion  
being paid  to  the  green sand bond, which gives 
some idea as to  th e  quality  of the  sand. As fa r  
as possible, th e  same men are re ta ined  for sand

F i g . 7 . D r a g  M o u l d  o f  a C y l in d e r

MADE FROM O lL  SAND.

m ixing. The m illm an has in  his possession the 
s tan d ard  m ix tu res and no m ixtures are altered 
unless authorised  by the  works m etallu rg ist or 
forem an. Continuous application  enables these 
men to become ex p ert a t  th is  work, and  the  
resu lt is a very uniform  core sand.

The savings obtained from  a good oil-sand 
m ix tu re  are • no t only to  be associated w ith a 
simple m ethod of m aking all cores, due to  the 
cores being made in half, b u t also are due to 
the  elim ination  of all cast-iron core-irons.

O il Sand C y lin d er Moulds
An experim en t was m ade recently  in m anufac

tu r in g  a’ locomotive cylinder in oil sand w ithout
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the  use of the  o rd inary  p a tte rn . Three core boxes 
were used to  m ake ten  ex te rn a l cores, by tr a n s 
ferring  the  p a rts  requ ired  to  each corebox. The 
m ethod adopted was to  m ake a level bed on the  
drag  p a r t of th e  m oulding box, and  place th e  
bottom core on the  cen tre  lines, th e  cores being 
made 4 in. c lear of th e  inside of th e  m oulding 
box, and all runners and risers ram m ed in  th e  
cores. W hen th e  five bottom  cores were in  posi
tion , the m id -part of th e  m oulding box was 
lowered over them  and o rd inary  floor sand

F i g . 8 . — S h o w s  s p a c e  a b o u n d  t h e

ASSEM BL ED  C o B E S  PO l! S A N D
B A M M E D  BETW EE N  TH E C O B E S  AN D
Box.

ram med round the cores to  hold them  in  posi
tion. There was no danger of th e  cores being 
ram med out of position as the  jo in ts  had  been 
checked in  the  cores to  p reven t any  sh ift when 
ram m ing. The bottom  p a rt of the  m ould, when 
completed, was ready to receive th e  cores fo r th e  
in te rna l surfaces. C are was tak en  in  locating  
these cores in  order th a t  th e ir  d istances from  
the ad jacen t sand surfaces and th e  u ltim a te  
thickness of the  m etal mould be un iform . W hen 
all the in te rn a l cores were in position, the 
rem aining five ex te rn a l cores were placed in  posi
tion, and the  mould closed up. The top  p a r t  of 
the m oulding box was lowered over th e  cores and 
rammed up sim ilarly to the  d rag  p a rt.
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The mould was then  prepared for pouring in 
th e  m olten m etal. A ru n n e r box connected the 
two down gates th rough  which the  m etal would 
flow. These holes were, plugged w ith two pieces 
of t in  w ith a -J-in. hole in the centre. This 
allowed th e  ru n n er box to  be filled w ith m etal 
before th e  m etal passes to the mould. The two 
down gates fed the  casting equally from  the 
tw o corners. The process is shown in Figs. 4-11.

The casting  referred  to was an 18 in. by 26 in. 
fre ig h t engine cylinder, the weight of which was

F i g .  9 .— E n d  V i e w  o f  F i g .  7.

23 ewts., b u t 28 cwts. were required  in the pro
cess of casting . I t  took two days for the  m etal to 
cool sufficiently to  allow tho  casting to  be taken 
to th e  dressing shop. This was necessary to  pre
vent uneven stresses which would be set up in 
the casting  if allowed to  cool quickly and pre
vented any chilling and  hardening  effect on the 
surfaces to be machined. W hen taken  to the 
dressing shop the casting  was easily fe ttled , all 
th e  ex te rna l cores falling  off, leaving a very 
clean surface. The benefits obtained from  th is 
process are th a t  i t  is a simple method, there  is 
no danger of scabbing of the  mould, as the  whole 
mould is perfectly  dry, there  a re  no crushes in



the mould when closing, th ere  are  good jo in ts , 
and the mould is visible th rough  th e  whole pro
cess of closing. Twenty of these cylinders have 
been m ade and m achined and  th e  resu lts have 
been satisfactory .

Axle boxes and carriage  and wagon castings 
are m anufactu red  by m achine m oulding by the  
green sand m ethod. The p rep a ra tio n  of sand 
for green sand moulding involves th e  following : 
The facing sand is made from  80 per cent, floor 
sand, 10 per cent. Levenseat sand and  10 per 
cent, coal dust. This sand is milled in th e  pan 
mill, giving the sand the  bond stren g th  fo r fac
ing the  moulds. The floor sand is p u t th rough  
a Royer sand m achine, which n o t only gives a 
good m ixing, b u t aerates the  sand, and  im parts  
a high perm eability. F o r heavy and  lig h t job
bing castings made in  green  sand, th e  facing  
sands are shovel mixed w ith  a percen tage of 
floor sand, rock sand, B elfast sand and coal 
dust.

A series of tes ts  on the  m oisture con ten t of 
m oulding sand in various p a rts  of the  foundry  
has been made by the works m eta llu rg is t, by 
means of a Speedy m oisture tes te r. The resu lts 
show a varia tion  th rough  the  foundry  of the 
m oisture content in th e  sand. In  green sand, 
the tests showed the m oisture from  7 to  9 per 
cent., and in  dry sand 9 to 10 per cent, b)' 
weight. The resu lt of these te s ts  sho%vs th e  im
portance and need for m echanical control of all 
moulding sands.

Casting Tem p eratu re  for C a st Iron
As a resu lt of a discussion w ith th e  works 

m etallurgist as to w hat w'as th e  correct tem 
pera tu re  a t  which cast iron should be poured, 
the  results of some tes ts  recently  m ade in the 
iron foundry, S t. Rollox, to  determ ine th e  effect 
of casting tem p era tu re  on th e  m echanical pro
perties of cast iron are  detailed  below.

A series of 2 in. by 1 in . section te s t bars was 
cast in dry sand moulds from  th e  same bogies a t
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tem pera tu res of 1,330, 1,320, 1,280, 1,250, 1,220 
and 1,180 deg. C. The m etal used was cylinder 
quality , and th ree  42 in. bars were cast a t each 
tem pera tu re . Each bar was tested  in tran s
verse between 36 in. centres. The tes t was re
peated  on the  broken pieces between 12 in. 
centres, and resu lt was made equivalent to  the 
tests on the  36 in. centres. In  th is way nine 
results were obtained for each tem pera tu re , and 
the averages of these are given in Table I.

T a b l e  I . — E ffe c t  o f  C a s t in g  T e m p e r a tu r e  i n  M e c h a n ic a l  
S tr e n g th .

Casting tem pera
tu re  in deg. C. 1330 1320 1280 1250 1220 1180

Average tran s
verse breaking

load (cwts.) 34.9 32.3 34.8 34.5 29.7 25-8
Average deflec

tion (in ins.) 1 1 
3 2 JLi. U L .e 8

3 ”
o

Average Brinell
hardness 222 218 222 219 222 220

I t  will be seen th a t , whereas the deflection 
and B rinell hardness are barely affected by cast
ing tem p era tu re , there  is a m arked loss of 
s tren g th  in bars cast below 1,250 deg. C. This 
was confirmed by th e  increased num ber of flaws 
discovered in  the  bars cast a t  the  low tem 
peratures.

I t  is concluded th a t  for castings of 1 in. sec
tion , tem pera tu res below 1,250 deg. C. are to  be 
avoided in the in te re s t of mechanical strength  
and soundness. F o r castings of g rea te r section 
th a n  1 in. lower tem pera tu res may be perm itted , 
bu t sections under 1 in . will require even higher 
tem pera tu res th a n  1,250 deg. to  ensure the  best 
results.

C o-operation of the  p ractical and  technical 
knowledge in the  S t. Rollox foundry is a g rea t 
con tribu tion  to the  success of the foundry. 
W ork of th is k ind  should always go on, and the 
m achinery made as up to  da te  as possible, bu t
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there are  always the men upon whose perform 
ance of th e ir  duties the  s tru c tu re  depends.

In  conclusion, the  au th o r wishes to  th a n k  the 
m anagem ent for the  facilities for g iv ing th is 
P aper and would also th an k  the  few friends who 
were responsible for providing the  illu s tra tions .
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This second series of photom icrographs h a s  been pre
pared to amplify those given in the  first series. B oth  
series have been assembled for the purpose of enabling 
m etallurgists to have some common stan d ard s w ith  which 
their own observations of m icrostructures m ight be 
compared.

The specimens have been collected to  show charac
teristic structures, and are no t necessarily the  best o r 
only structures permissible in the  class of casting from  
which they  have been obtained. In  view of th is  declared 
purpose, compositions have been purposely om itted.
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responsible for the  collection and photographv of th e  
specimens.



POLISHING AND ETCHING SPECIMENS FOR 
MICROSCOPIC EXAMINATION

Full notes on the preparation of samples for micro 
scopic exam ination were given in Series I  (see also L B .P  
Pioc. 1933-34, Vol. X X V II, p. 667) and the British 
Oast iro n  Research Association Research Report No. 105. 
th e  etching notes given in Series I are now repeated 
and amplified to cover the range of m aterials included 
111 th is  Series.

E tc h in g  R eagents for  N ormal G rey  and W h it e  Cast 
I rons  and M alleable I r o n .

P i c r i c  A c i d . —For revealing the structure of normal cast 
iron, including white irons and w hiteheart malleable, the 
most generally used etching reagent is a solution of picric 
acid in alcohol (rectified spirits). A 4 per cent, solution 
is recommended, but, owing to ease of preparation, a 
sa tu rated  solution is often used. The time required for 
etching in order to reveal the ordinary details of the 
s tru c tu re  on microscopical exam ination varies w ith the 
character of the metal and the strength and tem perature 
of the solution. W ith  a  saturated  solution of 15 deg. C. 
5 to 10 seconds’ immersion is sufficient for a normal grey 
cast iron. W ith  longer immersion th is reagent may be 
used for developing the structure of low alloy content 
m artensitic  cast irons of the type shown in typical micro 
structures 12 and 13.

N i t r i c  A c i d .—A 2 per cent, solution of n itric  acid in 
alcohol (N ital) is useful for developing the grain boun
daries in fe rrite , and for th is reason is mainly used in 
etching wholly fe rritic  m aterial, e .g . ,  blackheart malle
able cast iron. The development of ferrite-grain boun
daries by means of th is reagent takes from 30 seconds 
to  2 m inutes, and as a general rule th is time is sufficient 
to over-etch any pearlite which is present.

The fe rrite  grains can be made to take on a colour 
contrast if  the etching solution is heated to approximately 
40 deg. C., and th is will also shorten the tim e of etching.

This solution m ay also be used for revealing the 
pearlitic  struc tu re  of ordinary grey cast irons.

( C o n t in u e d  o n  p a g e  28)
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S T R U C T U R E  Nu. 9.

Annealed Grey C ast Iron .
Medium-sized g rap h ite  flakes in  a m a trix  of 

fe rrite . Small m anganese sulphide inclusions 
and lakes of phosphide eu tec tic  can be seen 
w ith traces of pearlite  n ear the  phosphide 
lakes. Carbon from  the  breakdow n of pea rlite  
has been deposited on th e  g rap h ite  flakes.

STRUCTURE No. 10.

B u rn t Grey C ast Iron .
G raphite and iron oxides in a m a trix  of 

ferrite . Phosphide eu tec tic  is also present. 
The oxidising gases have p en e tra ted  down th e  
g raph ite  flakes and  begun to  a tta ck  the  m etal. 
Small areas of oxide are  d is tr ib u ted  th ro u g h o u t 
the m atrix .



o
S T R U C T U R E  No. 9.

E tc h ed . X 200.



S T R U C T U R E  No. 11.

Chill Changing to  Grey.
(a) The top portion  of th e  photograph 

shows the  s tru c tu re  of the  w hite p a r t  of a 
chilled casting. The p earlite  dendrites a re  in 
a m atrix  of w hat was orig inally  th e  austen ite- 
iron carbide eutectic. The austen ite  p a r t  of 
th is eutectic has become p earlite  du rin g  
cooling.

(b) The centre portion  corresponds w ith  th e  
m ottled frac tu re  between the  w hite chill and 
the grey back. G raphite flakes a re  p resen t, 
the m a trix  being pearlite . Some eutec tic  
cem entite is present, the  au sten ite  (pearlite ) 
p a r t of the eutectic hav ing  joined up w ith  the  
pearlite  m atrix .

(c) The bottom  portion  shows th e  s tru c tu re  
of the grey p a r t of th e  casting  a t  th e  back 
of the chill. The g rap h ite  flakes are  in  a 
m a trix  of finely lam inated  p earlite . No free 
cem entite is present. Small lakes of phosphide 
eutectic are  to  be seen. These a re  also presen t 
in the o ther two areas, h u t a re  n o t easily d is
tinguishable owing to  th e  presence of large 
quan tities of free  cem entite.
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STR U C TU R E No. 11.

E tched. X 200.

1



3

ST R U C T U R E  No. 12.

M artensitic  Grey C ast Iron .
G raphite flakes in a m a trix  consisting m ainly 

of m artensite . Such a s tru c tu re  can be pro
duced e ither hy heat tre a tm e n t or th e  use of 
alloying elements.

STRUCTURE No. 13.

M artensitic  W hite C ast Iron .
C em entite in a m a trix  consisting m ainly  of 

m artensite. No g rap h ite  is p resen t. Such a 
s tru c tu re  is usually obtained by th e  use of 
alloying elements.



9
S T R U C T U R E  No. j 2 .

Etched. X 500. 

STRU CTU RE No. 13.

E tch ed . X  500.
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S T R U C T U R E  No. 14.

Grey Cast Iron  con ta in ing  A ustenite and 
M artensite .

G raphite flakes in a m a trix  of au sten ite  con
ta in in g  needles of m artensite . Such a s t iu c tu ie  
is usually produced by the  use of alloying 
elements.

STRUCTURE No. 15.

A ustenitic Grey C ast Iron .
G raphite flakes in a m a trix  of au sten ite . 

No o ther constituen t is p resen t. Such a 
s tru c tu re  can only be obtained by the  use of 
alloying elem ents.

The carbides shown in  S tru c tu re  No. 17 are  
usually also present in  th is type of s tru c tu re .
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S T R U C T U R E  No. 14.

E tched. X 500. 

STRU CTU RE No. 15.

- ~ A

E tch ed . X 500.
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S T R U C T U R E  Xo. 16.

Supercooled G raphite  in  Grey C ast Iron .
G raphite is present in  th e  supercooled form , 

i.e., throw n out of solution a t a lower tem p era 
tu re  th an  norm al g rap h ite . D endrites of 
fe rrite  are  isolated by th e  ferrite-supercooled  
g raph ite  areas.

STRUCTURE Xo. 17.

Supercooled G raphite in A ustenitic Grey C ast 
Iron.

G raphite of the  supercooled type , sim ilar to  
th a t  shown in S tru c tu re  16, in a m a trix  of 
austen ite . Some carbide areas a re  also 
present. Such a s tru c tu re  can only be pro
duced by the  use of alloying elem ents.
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S T R U C T U R E  No. 16.

E tched. X 200. 

STRU C TU R E No. 17.

E tch ed . X  200.
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In  S tructu res Nos. 18 to  21 th e  specimens 
have been deeply etched to  reveal th e  d is tr i
bution  of th e  phosphide eu tec tic . The 
specimens were all obtained from  p ea rlitie  cast 
irons contain ing  no free cem entite.

STRUCTURE No. 18.

Grey C ast Iron  con ta in ing  0.1 p er cen t. 
Phosphorus.

Only a small am ount of phosphite eu tec tic  is 
present.

STRUCTURE No. 19.

Grey C ast Iron  contain ing  0.25 p er cent.
Phosphorus.

Shows the effect of the  h igher phosphorus 
content on the d is tribu tion  of th e  phosphide 
eutectic. Phosphide is d is trib u ted  round  th e  
g ra in  boundaries in  a netw ork form ation .



E tched. X 25. 

STRU C TU R E No. 19.

E tc h ed . X  25.
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S T R U C T U R E  N o. 20.

Grey Cast Iro n  con ta in ing  0.75 per cent. 
Phosphorus.

Shows a fu r th e r increase in  the  am ount of 
phosphide eu tectic presen t. The netw ork 
form ation is more clearly defined.

STRUCTURE No. 21.

Grey C ast Iro n  con ta in ing  1.20 per cen t. 
Phosphorus.

The crystal g ra ins are  now alm ost completely 
surrounded by phosphide eutec tic .
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S T R U C T U R E  N o. 20.

E tc h ed . X 25.
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S T R U C T U R E  N o. M l.

W hite H e a r t M alleable, unannealed .
F ree  carbon is absent, th e  whole of the  

carbon being in  the combined form . The 
struc tu re  is P ea rlite  (dark) and free C em entite 
(light).

STRUCTURE No. M2.

Black H e a rt M alleable, unannealed .
This s tru c tu re  is sim ilar to  M l in  being free 

from g raph ite  and  composed of P ea rlite  and  
C em entite, h u t the  g ra in  size is la rger, and  th e  
ra tio  of C em entite to  P ea rlite  is m uch less, due 
to  lower Total Carbon conten t.
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S T R U C T U R E  No. M l.

Etched. X 50. 

STRU CTU RE No. M2.

E tch ed . X 50.



STRUCTURE Xo. M3.
20

W hite H eart M alleable, annealed. Taken from  
the cen tre  of a well annealed  2-in. dia. 
section.

The black patches are  tem per carbon 
(graphite). They are  surrounded  by lakes of 
F e rr ite  (white).

The m atrix  is P ea rlite  (half ton ), d is tinc tly  
lam inated  in the  left-hand top corner.

Sulphides are seen as grey partic les in both 
P earlite  and F e rr ite .

STRUCTURE Xo. M4.

Black H eart M alleable, annealed. Taken from 
cen tre  of 3-iu. d ia. section.

1 he s tru c tu re  is F e rr ite  and  tem per carbon. 
A few sulphide particles may be seen. There is 
no combined carbon present. N ote th a t  the 
g ra in  size is la rger th an  in  M7.



‘¿I
S T R U C T U R E  No. M:i.

Etched. X  50. 

STRU CTU RE No. M4.
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S T R U C T U R E  No. Mo.

W hite H e a rt M alleable, annealed. Taken from  
edge of well annealed 2 j-in . dia. section.

There is a wide band of F e rr ite  n ex t to  the 
skin and th is contains Sulphides (ligh t grey), 
Oxides and Silicates (very small black 
particles), and Tem per Carbon (large black 
patches). The s tru c tu re  w ith in  th e  surface 
layer of F e rr ite  is P ea rlite  and F e rr ite , w ith 
some tem per carbon and  sulphides.
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S T R U C T U R E  No. M5.

E tched. X 50.
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S T R U C T U R E  No. MO.

W hite H e a rt M alleable, annealed. Taken 
from  edge tow ards the cen tre  of a -ft-in. 
section.

The stru c tu re  near the  skin is sim ilar to  M5. 
Bounding the F e rr ite  edge is F e rr ite  and 
P earlite , w ith tem per carbon and  sulphides. 
Note larger g ra in  size th a n  M5, and  th e  in 
creasing am ount of P ea rlite  tow ards th e  cen tre .
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S T R U C T U R E  N o. MO.

E tch ed . X 50.
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Rlack H e a rt M alleable, annealed . Taken from  
edge of f-in . d ia. section.

The s tru c tu re  is F e rr ite  w ith  tem per carbon. 
Traces of sulphides may be detected  w ith  diffi
culty. There is no combined carbon present.

ST R U C T U R E  N o. M7.

Etched, x  50.



[Mack H e a rt M alleable “ Rimmed ” type, 
annealed. Taken from edge of f-in . dia. 
section.

The s tru c tu re  nex t to  the skin is P earlite  
w ith very little  F e rr ite . This changes to  a 
m ix tu re  of F e rr ite  and Pearlite , the F erritc  
form ing lakes round the  tem per carbon 
Although some sulphide particles are present, 
the m agnification is not high enough for them 
to  be readily  detected. N ote the P earlite  is 
lam inated .

27
S T R U C T U R E  No. M8.



( C o n t in u e d  f r o m  p a g e  3)

D e e p  E t c h i n g  R e a g e n t s  f o r  R e v e a l i n g  
E u t e c t i c .

(See Typical S tructures 18-21.)
The following etching reagents are recommended for 

deep etching when it is desired to exam ine the  d is tr ib u 
tion of the phosphide eutectic. Usually, a t  least one 
m inute’s immersion is required to complete the  darkening 
of the m atrix .

A m m o n i u m  P e r s u l p h a t e .—A 10 per cent, aqueous solu
tion of ammonium persulphate will darken both fe rrite  
and pearlite, leaving phosphide eutectic and free eemen- 
tite  unattacked. This reagent will not keep indefinitely, 
and to obtain the best results it should be freshly  
made up.

N i t r i c  A c i d .—A 20 per cent, solution of n itric  acid in 
water will darken pearlite, leaving the phosphide u n 
attacked. Ferrite  is not darkened to the same ex ten t 
as with the previous reagent, and, if present, may lead to  
confusing results. Cementite is also unattacked by th is  
reagent.

B r o m i n e .—A saturated  solution of Bromine in w ater 
will reveal the phosphide 'd istribu tion , darkening pearlite 
and ferrite, the  la tte r to a ra ther less ex ten t than  
ammonium persulphate. Cementite is also unattacked by 
this reagent.

A u s t e n i t i c  N i c k e l  C a s t  I r o n s .

A 10 per cent, alcoholic solution of hydrochloric acid 
is recommended for etching high nickel austenitic  cast 
irons of the type shown in typical m icrostructures, 14 to  
17. This reag en t. should be used warm ed to  about 50 
deg. C . and up to 5 m inutes’ immersion is required to 
develop the structure.

An alternative reagent is an alcoholic ’solution of picric 
acid containing a little  n itric  acid. T his solution is p re
pared by diluting 30 m.l. of a sa tu rated  solution of 
picric acid in m ethylated sp irits by 20 m.l. of m ethy
lated spirits and adding two to th ree  drops of n itric  
acid. I f  the m ixture etches too slowly, fu r th e r  small 
additions of n itric  acid a re  made. T his solution does 
not require to be heated. -

For the exam ination of the  carbide s tru c tu re  in 
austenitic cast irons an electrolytic etch in 10 per cent, 
aqueous solution of oxalic acid m ay be used. The speci
men is made the  anode and a platinum  cathode is used, 
the current being 6 volts. About 15 secs, are required 
to develop the structure . T his m ethod tends to  open up 
the graphite flakes.

P rin te d  by  H a i i r i s o n  a n d  s o n s  L t d ,  fo r  the  
In s titu te  o f  B r itish  F ou n drym en .
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