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T H E  “ O L I V E R  S T U B B S  ” G O L D  M E D A L
1938 A w ard to  M r. S. E . DAW SON, F .I .C .,

" in recognition  of th e  m any  valu ab le  P ap e rs  w hich he h as  p resen ted  to  a lm ost a il th e  B ran ch es of th e  In s t i tu te .”
T he O liver S tubbs M edal h as  been aw arded  as follows 
1922 —F . J .  Cook, M .I.M ech .E .
1923.—W . H . S herburn .
1924.—Jo h n  Shaw .
1925.—A. C am pion, F .l .C .
1926.—A. R . B a r t le t t .
1927.—P rofessor E m eritu s  T hom as T urn er, M.Sc.
1928.—J .  W . D onaldson, D.Sc.
1929.—W esley L am b ert, C .B .E .
1930.—Jam e s  E llis.
1931.—Jo h n  C am eron, J .P .
1932.—J . E . H u rs t.
1933.—J .  W . G ardom .
1934.—V. C. F a u lk n e r .
1935.—No A w ard.
1936-~ E . L ongden  } r*’4V0 A w ards.
1937.—P . A. R ussell, B .Sc.
1938.—S. E . D aw son, F .l.C .

M E R I T O R I O U S  S E R V I C E S  M E D A L
The M erito rious Services M edal has been aw arded  as 

follows :—
1933.—F . W . F inch .
1934.—J .  J .  M cC lelland.
1935.—H . B u n tin g .
1936.—J .  Sm ith .
1937.—N o A w ard.
1938.—N o A w ard.

T H E  “ E . J .  F O X  ” G OL D  M E D A L
1938 A w ard to  M r. J .  E . H U R ST .

The E . J .  F ox  Gold M edal h as  been aw arded  a s  follows
1937.—P rofesso r E m eritu s  T hom as T urn er, M.Sc.
1938.—J .  E . H u rs t.



D I P L O M A S  OF T H E  I N S T I T U T E
were a w ard ed  to —

M r. A. T IP P E R , fo r h is  P a p e r  on “ N a tu ra l ly  B onded  or S y n th e tic  M oulding  S ands,” p re sen ted  to  th e  B irm in g h am  B ran ch .
M r. A. P H IL L IP S , fo r h is  P a p e r  “  Some P o in ts  on Non- F erro us  F o u n d ry  P ra c tic e ,”  p re sen ted  to  th e  L an cash ire  B ran ch .
M r. P . FA SSO TTE, fo r  h is P a p e r  on “  T ren ds  of C on tin en ta l S teel F o u n d ry  P ra c tic e ,”  p re se n te d  to  th e  L ondon B ranch .
M r. B. M acD OU GA LL, for h is P a p e r  on “  H ig h -D u ty  Iro n  —Some E xp e rim en ts  w ith  th e  R ock ing  A rc F u rn a c e ,” p resen ted  to  th e  S co ttish  B ran ch .
M r. J .  CAM ERON , J unr., for h is P a p e r  on “ E q u ip p in g  a F e t t l in g  Shop,” p resen ted  to  th e  S co ttish  B ran ch .
Mr. W . J .  R E E S , fo r  h is P ap e rs  on “ R e fra c to rie s ,”  p re sen ted  to  th e  B urn ley  Section  of th e  L an cash ire  B ran ch , an d  on “  Some F u n d a m e n ta l P ro p e rtie s  of M oulding Sands,” rea d  before th e  L an c ash ire  B ran ch .
M r. F . W H IT E H O U S E , for h is  P a p e r  on “ A G enera l E ng in ee rin g  F o u n d ry ,”  p resen ted  to  th e  B ris to l Section of th e  W ales and  M onm outh  B ran ch .

T H E  “ E D W A R D  W I L L I A M S  ” L E C T U R E
T he follow ing lec tu res have  now  been delivered
1935 —“ M an and  M etal ” (delivered  a t  Sheffield.—Sir W IL L IA M  J .  L A R K E , K .B .E .
1936.— C ast I ro n  a n d  th e  E n g in ee r  ” (de livered  a t  G lasgow ).—P rof. A. L . M EL LA N B Y , D.Sc.
1937.—“  F ac to rs  in  th e  C astin g  of M eta ls ”  (de livered  a t  D erby).—C. H . D ESC H , D.Sc., P h .D ., F .R .S .
1938.—N ot delivered.
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The Institute of 
British Foundrymen

THIRTY-FIFTH  
A N N U A L CONFERENCE, 

BRADFORD

JUNE 14, IS, 16 and 17, 1938
The th ir ty -f ifth  A nnual G eneral M eeting of the 

In s t i tu te  was held a t  th e  B radford  Technical Col
lege on Tuesday, Ju n e  14. M r. C. W. Bigg 
(re tir in g  P resid en t) presided.

A N N U A L  GENERAL MEETING
The m inu tes of th e  preceding A nnual G eneral 

M eeting, held a t  D erby in  Ju n e , 1937, were taken  
as read , confirmed and  signed.

The A nnual R ep o rt of the  Council for th e  
session 1937-38 was then  presented.

A N NU AL REPORT
This rep o rt covers th e  period M ay 1, 1937, to  

A pril 30, 1938, and  th e  S ta tem en t of Accounts 
fo r th e  y ear ended Decem ber 31, 1937.

The p a st year has been one of th e  m ost suc
cessful in  th e  h isto ry  of the  In s ti tu te . The 
record m em bership announced twelve m onths 
ago has been substan tia lly  increased, and is now 
2,220; th e  finances are  in  a sound condition, and 
every d ep artm en t of th e  In s t i tu te ’s work has 
m ade progress. This happy  position is due 
largely  to  a recognition  of the  increasing value 
of th e  In s t i tu te  to  th e  in d u stry , and  to  a rap id ly  
growing recognition by th e  ind iv idual foundry- 
m an of the  value of m em bership.
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Table I  shows th e  changes in  m em bership 

which have tak en  place d u rin g  th e  y ear, an d  an 
analysis of th e  presen t m em bership is given in 
Table I I ,  th e  figures fo r th e  previous y ear being 
given in brackets fo r com parison.

D eaths
The Council reg re ts  to  rep o rt th e  deaths of 

fou rteen  members. Included  in  th is  num ber are  
m any who had tak en  an  im p o rta n t p a r t  in the 
work of th e  In s t i tu te  and were widely known 
th ro ug h ou t th e  in d u stry , in c lu d in g : —

M r. G. B. R . T averner, a  well-known mem
ber of th e  London B ranch.

M r. T. B. M cB ride, of W allsend-on-Tyne, 
who a t  th e  tim e of his death  was Senior Vice- 
P res id en t of th e  N ewcastle B ranch.

M r. H . S tead, a form er secretary , an d  a t  
th e  tim e of his dea th  th e  ass istan t secre ta ry , 
of th e  Lancashire B ranch.

M ajor R . A. Bull, of Chicago, who was a 
prom inent member of th e  A m erican F oundry- 
m en’s Association, and  a m em ber of th is  I n 
s titu te  since 1922. In  1923 he p resen ted  th e  
A m erican Exchange P ap e r to  th e  A n nual Con
ference of the  In s ti tu te .

M r. J .  B. Johnson, a P as t-P re s id en t of th e  
B irm ingham  B ranch.

M r. G. H . Oxley, a p rom inen t m em ber of 
the  Sheffield B ranch.

M r. F . B ainbridge, a m em ber of th e  
M iddlesbrough B ranch, and a C arnegie Gold 
M edallist of th e  Iro n  and S teel In s ti tu te .

M r. E . H . Tyson, a well-known alum in ium  
founder an d  a P as t-P re s id en t of th e  B irm ing 
ham  B ranch.
A lthough no t ac tually  m em bers of th e  In s t i

tu te , several notable gentlem en associated w ith 
the in d u stry  have died d u rin g  th e  past twelve 
m onths, and  of these th e  following were p a rtic u 
larly  well known to  m any mem bers : —-

Sir Jo h n  Dew rance, G .B .E ., P a s t-P re s id en t 
of th e  In s t i tu te  of M etals and of th e  B ritish



C ast Iro n  R esearch Association, who, a t  the 
1929 In te rn a tio n a l F ou ndry  Congress in 
London, en te r ta in ed  th e  p a rtic ip an ts  a t  a re 
ception a t  th e  Guildhall.

M r. G. B a tty , a pioneer of electric-furnace 
steelm aking, and a well-known figure both in 
A m erican and B ritish  steel-foundry circles.

M r. T. E . B ashford, a founder and  form er 
tre a su re r  of th e  M iddlesbrough B ranch.

H onours  C o nferred  upon Members
Among th e  members who have been honoured 

d u rin g  the  p ast twelve m onths are : —
M r. P . M. Booth, who was kn ig h ted  by H is 

M ajesty  th e  K ing , a t  th e  tim e of th e  Corona
tion  la s t May.

Professor D r. M ont F r . P isek , who was 
decorated  by the  F rench  G overnm ent w ith  the 
Cross of C hevalier of th e  Legion of H onour.

S ir H aro ld  C arpen te r, F .R .S ., P h .D ., who 
received th e  Gold M edal presented  by the  
V erein D eutscher E isenhü tten leu te .

M r. C. W. Bigg, P res id en t of th e  In s titu te , 
who was elected a p a tro n  of th e  D erby Society 
of E ngineers.

M r. W. J .  Rees, who was re-elected P res i
d en t of Pie R efractories Association of G reat 
B rita in  in  M ay, 1937.

M r. F ra n k  Russell, who was elected P res i
d en t of the  same Association in succession to 
M r. Rees in May, 1938, a few days a f te r  the  
period officially covered by th is  report.

M r. A. C. T u rn er, who was re-elected P res i
d en t of th e  F ou ndry  T rades’ E quipm ent and 
Supplies Association.
The Council is also g ratified  to no te  th a t  M r. 

A. B rizon, P res id en t of the  Association Tech
nique de F onderie, has had th e  Cross of Chevalier 
of th e  Legion of H onour conferred upon him.

Finances
The rapidly-increasing m em bership has had its 

effect upon the  finances ; expend itu re  has n a tu r 
ally increased, b u t th is  has been m ore th an  
com pensated for by th e  increased income. The

b 2
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excess of income over ex p en d itu re  fo r th e  year 
ended Decem ber 31, 1937, am ounted to  th e  h an d 
some sum  of £372 9s. 3d., which is the  largest 
c red it balance for any  year since 1922.

Technical D eve lop m en t  Fund
A t th e  opening m eeting  of th e  D erby Confer

ence, the  P res id en t announced th e  p resen ta tion  
by his co-directors of Q ualcast, L im ited , an d  him 
self, of the  sum  of £500 to  form  th e  nucleus of 
an  endowm ent fund  to  be used fo r th e  prom otion 
of the  work of th e  E duca tion  and Technical Com
m ittees. The m eeting  g ra te fu lly  accepted the  
generous g if t  and ten dered  its  th a n k s  to  the  
donors. The Council now tak es th is  oppo rtu n ity  
to record its  sincere thanks to th e  donors and 
its  apprecia tio n  of th is  recognition of th e  value 
of the  In s t i tu te ’s technical work.

A t a m eeting of th e  Council held in  October, 
M r. C. W. Bigg, M r. J .  Cam eron, M r. W . B. 
Lake, M r. S. H . Russell and M r. C. E . W illiam s 
were appointed T rustees of th e  F un d .

E. J. Fox Gold Medal
A t the  an nu al general m eeting  in  Ju n e , 1936, 

th e  Council accepted th e  m ost generous offer of 
M r. E. J .  Fox, m anaging  d irec to r of th e  S tan to n  
Ironworks Company, L im ited , of £500 fo r th e  
establishm ent of a Gold M edal, which was to  he 
presented to  th e  ind iv idual who had  co n trib u ted  
in  some o u tstan d ing  way to  th e  progress of th e  
foundry  industry , w ith  p a rtic u la r  reference to  
foundry  m etallurgy. On th e  recom m endation of 
the  two assessors, S ir  W illiam  J .  L arke, K .B .E ., 
and P ro f. S ir  H aro ld  C arp en te r, F .R .S ., P h .D ., 
th e  Council decided to m ake th e  first aw ard  of 
the  m edal to  Professor E m eritus Thomas T urner, 
M .Sc., “  as a  recognition  of his work on the 
effects of silicon on cast iron , and his o th e r con
trib u tio n s  to  th e  m e tallu rgy  of cast iron , which 
may be considered to  have form ed the  foundation  
of m odern foundry  p rac tice .” The presen ta tion  
was m ade a t  the  A nnual Conference in  D erby last year.
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This y ea r th e  Council has accepted th e  recom
m endation  of th e  assessors th a t  th e  M edal be 
aw arded to  M r. J .  E. H u rs t, P a s t-P re s id en t of 
th e  In s titu te , to  whom i t  will be p resen ted  a t  
the  A nnual Conference a t  B radford .

Aw ards
Oliver S tub bs M edal.—A t th e  C onference held 

a t  D erby in  Ju n e , 1937, th e  Oliver S tubbs M edal 
for 1937 was aw arded to  : —

M b. P . A. R u s s e l l , B . S c . ,  “ for his work in 
prom oting th e  technical developm ent of iron- 
foundry  prac tice  : (a) as Convener of th e  C ast 
Iro n  Sub-Com m ittee of th e  Technical C om m ittee;
(b) fo r his work in connection w ith  th e  p repara- 
tion  of specifications; and  (c) fo r P ap ers  given 
to various Branches of th e  I n s t i tu te .”

D iplom as.—  A t the  D erby Conference la s t year 
i t  was announced th a t  D iplom as for 1937 were 
to  be aw arded to  the  following gentlem en. The 
Branches before which th e ir  P ap ers  were given 
are  also shown : —

Mr. H . H . Shepherd, B irm ingham  and London 
B ranches; M r. S. A. H orto n , E a s t M idlands 
B ranch ; M r. R. B allan tine , L ancash ire  B ranch  
and F a lk irk  Section of th e  S cottish  B ran ch ; M r.
E. W. W ynn, L ancashire B ran ch ; D r. C» J .  
Dadswell, M r. T. R . W alker and M r. F . W hite- 
house, jo in t au thors of a P a p e r  given before the  
Sheffield Branch.

Buchanan Medals and P rizes.—The B uchanan 
M edals and P rizes are  aw arded on th e  resu lts  
of exam inations organised by th e  C ity and  Guilds 
of London In s t i tu te  on F ou ndry  P rac tice  and 
P a tte rn m ak in g . The nam es of recip ien ts are 
given u n d er th e  heading of “  E duca tiona l 
W ork ” la te r  in  th is  rep o rt.

Jo hn  Surtees M em orial E xa m ina tio n s.—These 
exam inations were founded by M r. W . M ayer, 
P ast-P res id en t, in memory of th e  pioneer 
founder, Jo h n  Surtees, who was connected w ith 
th e  Newcastle d is tric t. The ex am ina tion  is 
organised a lte rn a te ly  by th e  N ew castle and Scot-
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tisii B ranches. This y ear th e  ex am ina tion  was 
held in  Scotland, an d  th e  w inner of th e  Senior 
P rize  was M r. A. M. Campbell, and of the 
J u n io r  P rize , M r. Jo h n  Allan.

Branch Activit ies
T hroughout th e  p a s t year th e  B ranches have 

been able to m a in ta in  the  h igh qua lity  of the  
program m es which a re  a rrang ed . A large num 
ber of P ap ers  have been presented  covering all 
phases of foundry  practice. An analysis of the 
subjects covered by th e  P ap ers  shows th a t  of 
th e  77 contribu tions, 15 were on th e  subject of 
cast iron, 7 on steel, 6 on non-ferrous m etallurgy, 
1 on m alleable cast iron , 9 on sand, 1 on refrac
tories, 7 on th e  m elting  of m etals, 2 on costing, 
4 on p a tte rnm ak ing , 9 on general m oulding prac
tice , and 15 on general topics.

A t th e  m eetings which th e  Council has held 
th ro ug ho u t th e  year, i t  has been found th a t  
m a tte rs  of a n a tio na l and in te rn a tio n a l in te rest 
have m ade increasing dem ands upon its  tim e. 
I t  is realised, however, th a t  th e  work of the  
Branches is of fundam en ta l im portance, and 
every effort has been m ade to give th e  m axim um  
a tte n tio n  to  th is  aspect of th e  In s t i tu te ’s work.

As was reported  in  th e  last an nual rep o rt, a 
B ranch has been established in South A frica, 
and, d u ring  th e  year under review, i t  has grown 
rap id ly . A full program m e of P ap ers  was 
a rran g ed  for i ts  w in ter session, and th e re  is 
every ind ication  th a t  th is  will develop in to  a 
m ost flourishing B ranch. The two Sections, those 
in E as t A nglia and a t  B ristol, which were formed 
in  1936, a re  also m aking  progress, an d  are  now 
tak in g  th e ir  fu ll share in  the  work of the  
In s titu te .

The London and B irm ingham  B ranches held a 
two-day jo in t m eeting  in  B irm ingham ; jo in t 
m eetings between o ther Branches have also taken  
place. The London B ranch is to be congratu la ted  
on th e  en te rp rise  which i t  has shown d u rin g  the 
past twelve m onths in organ ising a B ranch visit 
to  B elgian foundries, and also for the  to u r of
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foundries in th e  W est C ountry  which i t  has 
a rran g ed  for M ay. The L ancash ire  B ranch 
organ ised a very successful day v isit to  th e  works 
of V ickers-A rm strongs, L im ited , a t  B arrow -in- 
Furness.

The Council expresses its  th a n k s  to  all the 
B ranch officials; to  th e  au thors  of P a p e rs ;  and 
th e  d irec tors and staffs of works w hich have 
been visited by members of th e  In s t i tu te  d u rin g  
th e  year.

Kindred Ins t i tu t io ns
A p art from the m any contacts which rep re 

sentatives of the  In s ti tu te  m ake w ith  rep resen ta 
tives of o ther sim ilar bodies on num erous J o in t  
Committees, the re  have been d u r in g  th e  p a st 
year several jo in t m eetings of th e  B ranches w ith  
the  corresponding local bodies of o the r in s t i tu 
tions, notably the  In s ti tu te  of M etals and  th e  
In s titu te  of V itreous Enam ellers.

As was reported  in  th e  la s t an n u a l rep o rt, th e  
In s titu te  has co-operated w ith  a num ber of o ther 
in stitu tion s of a  sim ilar ch a rac te r in  establish ing 
a Jo in t Com m ittee on M ateria ls  an d  T heir Test
ing. The first C onference u n d er th e  auspices 
of th e  Com m ittee was held in  M anchester in 
October.

In te rn a t io n a l  R elations
The happy relations w ith  foundry  technical 

societies, which have been established fo r m any 
years, have been m a in ta ined  d u rin g  the  present 
year m ainly th rou g h  th e  In te rn a tio n a l Com
m ittee  of F oundry  Technical Associations, of 
which M r. V. D elport was P re s id en t du ring  the  
y ear 1937. A m eeting  of th is  Com m ittee w ith  
M r. D elport in th e  ch air was held a t  th e  In te r 
na tio na l F ou ndry  Congress in  P a r is  la s t  Ju n e , 
and th is  In s t i tu te  was rep resen ted  by the  P res i
den t, M r. V. C. F au lk n er and th e  S ecre tary , who 
a tten ded  as Secre tary  of th e  Com m ittee. A pa rty  
of fifty members of th is  In s t i tu te , and ladies, 
a tten d ed  th is  Congress, and th e  th a n k s  of thé  
In s t i tu te  are  ex tended to  th e  organisers of the
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Congress, th e  Association Technique de F onderie , 
and to  M r. A. B rizon, the  P res id en t, fo r th e ir  
hosp ita lity .A rrangem en ts have been m ade fo r m em bers to 
p a rtic ip a te  in  th e  nex t In te rn a tio n a l Congress, 
which is to  be held nex t Septem ber in W arsaw .

M embers are  rem inded th a t  th e  1939 In te r 
na tional Congress is scheduled fo r London. 
M any provisional arrang em en ts  have been m ade, 
and several of the  B ranches have prom ised to  
co-operate in  a rran g in g  a post congress to u r of 
B ritish  foundries. I t  is expected th a t  th e  m ajor 
details of the  Congress, which will be held in 
Ju n e , 1939, will be available in  the  la te  au tum n 
of th is  year.

The au thors of E xchange P ap ers  p resen ted  on 
behalf of th e  In s t i tu te  to  Overseas Conferences, 
were as follows : -—

Am erican F ou ndrym en’s Association Conven
tion, 1937, a t  M ilwaukee.—M r. J .  R oxburgh .

In te rn a tio n a l Foundry  Congress, P a ris , 1937. 
—M r. H . H . Shepherd.
The au thors of E xchange P ap ers  a t  forthcom 

ing Conferences will b e : —
Am erican F oundrym en’s Association Conven

tion , 1938, C leveland.—M r. W . J .  Rees.
In te rn a tio n a l F oundry  Congress, 1938, W ar

saw.—M r. B. B. K en t.
Association Technique de F onderie , 1938, 

Lyons.—M r. T. R . W alker.
P ap ers  were presented  a t  th e  D erby Con

ference on behalf of th e  A m erican, F ren ch , and 
Germ an F oundry  Associations, and  a ll these 
countries will be represented  by th e  P ap e rs  to  
be presented to th e  forthcom ing Conference a t 
B radford.

Foundry Exhibition
A t the  F oundry  E xh ib itio n , held in  conjunc

tion w ith the  E ngineering , M arine and W elding 
E xhibitions a t  Olympia, London, la s t Septem ber, 
the  In s t i tu te  organised a s tan d  which was used
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extensively by m embers v is iting  the  E xhibition. 
Useful work was done in  in te re stin g  non-mem
bers in  th e  ac tiv ities of the  In s ti tu te , and as 
a resu lt a num ber of new m em bers were obtained. 
An official v is it was also organised to  th e  E x 
hibition , and m any members, including the 
P res id en t and V ice-Presidents, were able to 
a tte n d . The th a n k s  of the  In s t i tu te  are  ten 
dered to F . W. B ridges & Sons, L im ited , the  
organisers of th e  E xh ib ition , fo r th e  facilities 
they  gave so generously in  connection w ith  the 
s tand , and also for the  generous h osp ita lity  to  
th e  Council and  members.

Educational W o rk
The In s t i tu te  has continued to  collaborate w ith 

the  C ity  and Guilds of London In s t i tu te  in 
o rgan ising  exam inations in  foundry  prac tice  and 
pa tte rn m ak in g . The following are th e  results 
of these exam inations which were held a t  the  
beginning of la s t year.

No. of Pass Pass Percencandi 1st 2nd tage ofdates. class. class. passes.Patternmaking—Intermediate grade 30 8 13 70.0Patternmaking—Final grade 23 11 5 69.5Foundry Practice andScience 78 17 27 56.4
Prizes were aw arded t o : —
P a ttern m a kin g — In term ed ia te  Grade : —

M r. R . D. Cheyne, C onstan tine Technical 
College, M iddlesbrough. Bronze M edal of the  
C ity  and Guilds of London In s ti tu te . 
P a ttern m a kin g — F inal Grade : —

M r. R . H . F ranc is, C oventry Technical Col
lege. C ity and Guilds of London In s t i tu te ’s 
S ilver M edal, and B uchanan  Book P rize  of 
the  In s t i tu te  of B ritish  Foundrym en.

Mp. F . N. R an d , C onstan tine Technical 
College, M iddlesbrough. B uchanan Silver 
M edal of th e  In s t i tu te  of B ritish  Foundrym en.
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M r. S. Hodgson, R o therham  College of Tech

nology and A rt. B uchanan Book P rize  of th e  
In s titu te  of B ritish  Foundrym en.
F oundry P ractice and Science : —

M r. W. C. M arshall, D erby T echnical Col
lege. C ity  and Guilds of London I n s t i tu te ’s 
Bronze M edal, and B uchanan S ilver M edal of 
th e  In s t i tu te  of B ritish  F oundrym en.

M r. J .  D. Lei-shman, Sheffield U n iversity . 
B uchanan  Book P rize  of th e  In s t i tu te  of 
B ritish  Foundrym en.

M r. C. F . Lawson, Sheffield U n iversity . 
B uchanan Book P rize  of the  In s t i tu te  of 
B ritish  Foundrym en.
N ational C ertificates in M echanical E n g in ee r

ing issued by the  Board of E duca tion  an d  th e  
In s titu tio n  of M echanical E ngineers a re  en 
dorsed by the  P res id en t of th is  In s t i tu te  in  
respect of those candidates who have been suc
cessful in special foundry  subjects. E leven 
N ational Certificates have been so endorsed 
du ring  the  las t year, m aking a to ta l of 155 
since the  commencement of th e  scheme.

The Degree Course in F ou nd ry  M etallu rg y  a t  
the  U niversity  of Sheffield has now been in  
operation for nearly  th ree  years, an d  th e  first 
studen ts who have com pleted th e  Course are  
alm ost ready to  en te r ind u stry . The n um ber of 
studen ts tak in g  the  Course is sa tisfac to ry , and 
the establishm ent of the  Course has been fu lly  
justified.

The B ritish  F ou ndry  School, which is in 
operation a t  the  C en tra l Technical College, B ir 
m ingham , and which was established m ain ly  by 
th e  B ritish  C ast Iro n  R esearch A ssociation, an d  
its  d irector, M r. P earce, is also com pleting its  
th ird  year. This is a  special, in tensive  course 
of one y ear’s d u ra tio n , in tended  for m en who 
are  already in the  indu stry , and  who wish to  
equip themselves for positions of g rea te r  respon
sib ility . The careers subsequent to  leav ing  of 
those s tuden ts  who have passed th ro u g h  th e  
Course show th a t  i t  is achieving th e  objects fo r 
which i t  was established.
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Annual C onference,  Derby, 1937

The T h irty -fo u rth  A nnual Conference, which 
was held in Derby las t Ju n e , was one of the most 
successful which has been a rrang ed . A p a rtic u 
larly  notew orthy fea tu re  was th e  in trod u ctio n  of 
a session devoted en tire ly  to  non-ferrous subjects.

The an nu al general m eeting was held on Tues
day, Ju n e  8, and was followed by a civic recep
tio n  a t  th e  Bemrose School. The W ednesday and 
T hursday  were m ainly confined to  technical ses
sions and  works visits which were of a very high 
s tan d ard .

M r. Joseph H epw orth , J .P . ,  M .P ., and M r. 
W. B. Lake, J .P . ,  were the  elected Senior and 
J u n io r  V ice-P residen t respectively.

This C onference was a tten d ed  by a large 
num ber of overseas members and  visitors, rep re
sen tatives from  C anada, A ustra lia , Sweden, Ger
m any, P ersia , S ingapore and Belgium  being 
present.

The th an k s  of th e  In s t i tu te  are especially due 
to  th e  W orshipfu l th e  M ayor of D erby, Coun
cillor M rs. P e tty , J .P . ,  and to  th e  C orporation 
of th e  Borough of D erby, for th e  valuable assist
ance they  rendered  in  m any directions. In  
add ition  to  en te rta in in g  the  members an d  ladies 
a t  a civic reception, special facilities were given 
by the  C orporation  in  connection w ith  th e  ban
que t and o ther functions. Those who were 
p resen t a t  the  Conference re ta in  happy memories 
of th e  gracious m anner in  which th e  M ayor wel
comed the  delegates a t  th e  (reception and the 
opening m eeting , and  the  m anner in  which she 
co-operated in o ther m eetings and functions.

The Council ex tends its  thank s  to  the  firms 
whose works were v is ite d ; to  th e  au thors of 
P a p e rs ; to  th e  subscribers to  th e  Conference 
F u n d  ; and to  all those who in any way assisted 
in  m aking th e  D erby Conference so m emorable 
an  occasion. The work of th e  B ranch  officials, 
notably M r. W . T. Evans, the  P res id en t of the 
E as t M idlands B ranch, M r. H . B un ting , C hair
m an of th e  C onference E xecutive Com m ittee, 
and M r. B. Gale, S ecre tary  of th e  B ranch and
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H onorary  Conference S ecre tary , is also ap p re 
cia ted  by th e  In s titu te , fo r i t  is rea lised  th a t  
the  success of th e  Conference was in  a  la rge  
m easure due to  the  enormous am ou n t of work 
which these gentlem en ca rried  out.

Edward W illiams Lecture
D r. C. H . Desch, F .R .S ., H ead  of th e  M eta l

lu rg ical D epartm en t of th e  N a tio n a l Physical 
L abora tory , delivered th e  T h ird  E dw ard  W il
liam s L ectu re  on “ Physical F ac to rs  in  th e  
C asting of M etals .” I t  is reg re tted  th a t  a t  th e  
B radford  Conference th is  year no E dw ard  W il
liam s L ectu re  will be given. An in v ita tio n  was 
accepted by S ir N igel Gresley, b u t u n fo rtu n a te ly  
S ir N igel’s health  has m ade i t  necessary fo r him  
to tak e  an  extended sea voyage, and he will n o t 
there fo re  be able to  deliver th e  lec ture. 
A rrangem ents are  u nd er way in  p rep a ra tio n  for 
the  lecture to  be given a t  th e  1939 In te rn a tio n a l 
F oundry  Congress in  London.

British Cast Iron Research Associa t ion
As was an tic ip a ted  in  th e  la s t rep o rt, th e  year 

1936-37 crea ted  a new record. A t th e  end of 
1937, th e  P residen t, th e  R t. H on. th e  E a rl of 
Dudley, m ade an  appeal to  members an d  others 
in th e  indu stry  for a  sum of n o t less th a n  £15,000 
for th e  purpose of provid ing up-to-date  accom
m odation and equipm ent fo r th e  A ssociation’s 
work, for which a t  least £30,000 is required . 
This appeal has th e  sup po rt and sym pathy of the  
D ep artm en t of Scientific and In d u s tr ia l R esearch 
and all co n tribu tions m ade to  d a te  have been 
trea ted  by the D epartm en t as g ran t-e a rn in g  and  
by th is  th e ir  value has been doubled,. The pro
vision will m eet a  pronounced need for eq u ipm ent 
fo r highly specialised work.

D uring  th e  year steps have been tak en  to 
s tren g th en  th e  connection between th is  In s t i tu te  
and the  Association, an d  th e  B .C .I.R .A . has also 
carried  o u t co-operative work w ith  th e  In s t i tu te  
of W elding and th e  In s t i tu te  of V itreo us 
Enam ellers.
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Council

F ou r m eetings of th e  Council, and m ore than  
tw en ty  m eetings of special and  s tand in g  Com
m ittees have been held d u rin g  th e  year, such 
m eetings hav ing  been held a t  D erby, M anchester, 
B risto l, Sheffield, London, and Leicester. There 
have been fo u r m eetings of th e  Technical Com
m ittee , a  m eeting of th e  Technical Council, and 
ab ou t fo rty  m eetings of various Sub-Com m ittees 
of th e  Technical Com m ittee.

Ten m embers of th e  Council are  elected by 
ballot fo r a  period of tw o years, five re tir in g  each 
year. The five who so re tire  a t  th e  annual 
general m eeting  on J u n e  14 a r e : —M r. A. 
Cam pion, M r. J .  W . Gardom, M r. B. H ird , M r.
F . K . N ea th  and  M r. J .  M. Prim rose. All these 
gentlem en a re  eligible fo r re-election for a 
fu r th e r  period of tw o years, and offer themselves 
for re-election.

Hon. Treasurer.—M r. W. B. Lake re tire d  from 
the position of H on. T reasurer, which he has 
held fo r four years, upon his election as Ju n io r  
V ice-President, and was succeeded in  th e  position 
of Hon,. T reasu rer by M r. S. H . Russell, P ast- 
P residen t.

Air. L ak e’s period of office as T reasu rer has 
been a  notable o n e ; he has carried  ou t several 
reform s in th e  finances of th e  In s t i tu te  and has 
exercised the  closest control over th e  general 
item s of income and expend itu re . The Council 
tenders to M r. L ake its  than ks  for th e  work he 
has rendered  in  th is  capacity , and its  congratu la
tions upon his election to  the  position of Vice- 
P residen t.

The than ks  of th e  Council are  also tendered  to 
M r. J .  W . Gardom, th e  Convener of th e  Tech
nical Com m ittee, fo r his devoted work in  the 
leadership of th e  various ac tiv ities of th is  Com
m ittee  and its  Sub-Com m ittees.

Revision of Bye-Laws
Some eigh teen  m onths ago, th e  Board of 

Developm ent m ade ce rta in  recom m endations to 
th e  Council reg a rd in g  qualifications for adm is
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sion to  th e  various classes of m em bership. These 
recom m endations were accepted in  p rincip le  by 
the  Council, and were re fe rred  to  a n  O rganisa
tion  Com m ittee to  work o u t th e  de tails. This 
Com m ittee has now com pleted its  work, and  has 
m ade recom m endations for th e  necessary a lte ra 
tions to  th e  Bye-laws which will be subm itted  
for th e  approval of th e  m em bers a t  th e  annual 
general m eeting  on J u n e  14.

The m ain purpose of these  revisions is th a t  
candidates for adm ission to  th e  variou s classes 
of m em bership of th e  In s t i tu te  shall give 
evidence of possessing ce rta in  technica l qualifica
tions or of hav ing  a m inim um  s tan d a rd  foundry 
experience; by th is  m eans i t  is hoped th a t  mem
bership will in itse lf  be accepted as a definite 
proof of qualification. This is a  princip le which 
has been adopted w ith  success by o ther technical 
in s titu tio n s  and th e  Council recommends these 
proposals to th e  m embers in  th e  confident belief 
th a t  they will im prove th e  s ta tu s  of th e  in d i
v idual m em ber and th a t  they will im prove th e  
s ta tu s  and s tand in g  of the  In s t i tu te  generally .

The Council has fo r some tim e been anxious to  
give g rea te r  service to m embers by m ore frequ en t 
publication of th e  “  P roceedings,” and by ex
ten d in g  the  work of the  Technical Com m ittee. 
I t  has not, however, been able to  do so fo r 
financial reasons. Very carefu l consideration  has 
been given to th is  m a tte r , and th e  Council has 
now approved those proposed a lte ra tion s  to  th e  
Bye-laws which au thorise ce rta in  increases in 
subscriptions, in th e  belief th a t  th e  re su lta n t 
increase in  the  In s t i tu te ’s income will enable 
these developments to be u n d ertak en  immediately.

A num ber of m inor a lte ra tio n s  in  th e  Bye-laws 
have been m ade, th e  general purpose of w hich is 
to fac ilita te  sm oother and m ore efficient w orking.

Staff
Owing to th e  increased am ount of w ork which 

has to  be ca rried  o u t by G eneral Oflice, M r. J .  
Bolton was appointed  A ssistan t Seei-etarv at- th e  beginning of M arch.
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Annual C onference

The T hirty -fifth  A nnual Conference will be 
held a t  B radford , from  Ju n e  14 to  17. M r. 
Joseph H epw orth , J .P . ,  M .P ., th e  Senior Vice- 
P res id en t, will be installed  P res id en t a t  the 
opening m eeting  on W ednesday, J u n e  15.

C. W. B i g g ,
P resident.

T. M a k e m s o n ,
Secretary.

A doption of R eport
T h e  P r e s i d e n t  moved th e  adoption of t h e  

A nnual R ep o rt fo r the  year ended A pril 30, 1938.
M e . H . W in t e k t o n  s e c o n d e d  t h e  m o t i o n .
The R ep o rt was adopted  w ithout discussion.

Accounts
M s. S. H . R u s s e l l  (Hon. T reasurer), p resen t

ing the  balance sheet and th e  income and expen
d itu re  account fo r th e  year ended Decem ber 31, 
1937, said th a t  th e  financial position was satis
factory . The excess of income over expend iture , 
which was ca rried  forw ard, am ounted to £372, 
b u t he  poin ted  o u t th a t ,  if  one deducted the 
receipts from  th e  South A frican B ranch—£121— 
and sundry  receipts, which were receip ts o ther 
th a n  subscriptions—£142—th e  income by way of 
subscrip tions in  G rea t B rita in  was only about 
£9  in excess of th e  to ta l ex pend itu re .

The g if t  of £500 m ade by the  directors of 
Messrs. Q ualcast, L im ited , in 1937 would in 
fu tu re  appear in  th e  accounts as “  The Technical 
D evelopm ent F u n d .”  I t  was hoped sincerely th a t  
th e re  would be num erous and sub stan tia l addi
tions to  th e  F u n d  w ith in  th e  n e x t two or th ree  
years. H e moved th e  adoption of the accounts as 
p rin ted .

M r. F . J .  C o o k  (P ast-P resid en t) seconded, and 
expressed co ngra tu la tions and thanks to  all who 
had con tribu ted  to th e  production of such sa tis
factory  accounts.

accounts were adopted  w ithout discussion.
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Technical C o m m it te e ’s R e p o r t

M r . J .  W. G a r d o m  (Convener of th e  I n s t i tu te ’s 
Technical Com m ittee) proposed the  ad option  of 
th e  rep o rts  of th a t  Com m ittee and its  Sub-Com- 
m ittees. H e com m ented th a t  th e  work of the  
Com m ittee an d  Sub-Com m ittees had  been diffi
cu lt, in view of the  m any obstacles which had  had 
to  be overcome, b u t they  were beg inn ing  to  see 
dayligh t, and a few years hence th e  reports  would 
be very much b e tte r  th a n  those published so fa r.

The resolution w a s  s e c o n d e d  by M r. P . A. 
R u s s e l l  a n d  c a r r i e d  u n a n i m o u s l y .

SIXTH ANNU AL GENERAL REPORT 
OF THE TECHNICAL COMMITTEE

In  fulfilm ent of th e  objects fo r which i t  was 
form ed in 1931, th e  Technical C om m ittee d u rin g  
the p ast year has been actively engaged in  s tu d y 
ing various technical developm ents in  th e  fo un 
dry indu stry , and in co llaborating  w ith  o ther 
scientific bodies which have been ca rry in g  ou t 
work on sim ilar subjects.

In  o rder to  fac ilita te  i ts  work, th e  C om m ittee 
is divided in to  e igh t Sub-Com m ittees, which 
cover alm ost all phases of m odern foundry  prac
tice. The reports of these Sub-Com m ittees follow 
th is  report.

In  addition  to th e  work of th e  Sub-Com m ittees, 
a  considerable am ount of work is ca rried  o u t by 
the  Technical Com m ittee as a whole. Such 
activ ities include rep resen ta tion  on n a tio n a l and  
in te rn a tio n a l stand ard isin g  and investiga ting  
bodies.

The Technical C om m ittee’s represen ta tives, D r. 
A. B. E verest, M r. J .  G. P earce  and  th e  Secre
ta ry , a tten ded  th e  m eeting  of th e  In te rn a tio n a l 
C om m ittee on T esting  C ast Iro n , which was held 
in P a r is  in  Ju n e , 1937. C ontact w ith  the  
A m erican F o undrym en’s Association has been 
m ain ta ined , notably  th ro u g h  th e  S ands Sub-Com
m ittee, which has been stud y in g  various types of 
sand-testing  ap p ara tu s . This Sub-C om m ittee, 
toge ther w ith  the  Steel C astings Sub-Com m ittee, 
has also been co-operating  w ith  th e  S teel Casl>
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ings R esearch Com m ittee of th e  Iro n  and Steel 
In s ti tu te  and th e  B ritish  Iro n  and Steel F ed era
tion . Am ongst num erous o ther contacts which 
th is  Com m ittee has m a in ta ined  w ith  k indred 
bodies elsewhere is th a t  of th e  C ast Iro n  Sub- 
C om m ittee w ith th e  In te rn a tio n a l Comm ittee on 
T esting C ast Iro n . The subject in th is  ease 
has been th e  classification of g raph ite .

In q u iry  B u reau .—The inqu iry  bureau which is 
ca rried  on by th e  In s t i tu te  u n d er th e  auspices of 
th e  Technical Com m ittee has continued to  pro
vide for m embers a  useful service which has been 
much appreciated .

N om encla ture .—From  tim e to  tim e the  Tech
nical Com m ittee has been able to assist members 
in  th e  definition of ce rta in  term s. D u rin g  the 
p ast year th is  service has also been m ade use 
of by foreign inqu ire rs. I t  is hoped th a t  in 
tim e a com prehensive lis t of definitions will be 
m ade available to  members of the  In s titu te .

The Technical Com m ittee wishes to  express 
th e  th an ks  of the  In s ti tu te  to  those members 
who have so willingly given th e ir  tim e both to 
a tte n d in g  m eetings and to  fu rth e rin g  the  work 
of th e  Com m ittee and its  Sub-Com m ittees by 
p riva te  research. The thanks of th e  In s ti tu te  
a re  also ex tended to  those firms which so kindly 
provide facilities fo r members of th e ir  staffs to 
a tte n d  m ee tin g s ; to  those firms which have so 
read ily  carried  ou t research and tes ts  in connec
tion  w ith  th e  work of th e  Technical Committee, 
and  to  those firms which have co-operated w ith 
the Com m ittee by answ ering th e  questionnaires 
which have been circularised.

J .  W. GARDOM,
Convener, Technical C om m ittee.

REPORTS OF SUB COMMITTEES
S ub -C om m ittee  on Cast Iron

D urin g  th e  p a st year th e  Cast Iro n  Sub- 
Com m ittee has continued to co-operate w ith the 
B ritish  S tan d ards  In s titu tio n  in handling  speci
fications, d irectly  or ind irectly  concerning cast
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iron. E arly  in  1938, th e  new Specification, No. 
786, for H ig h-D uty  C ast Iro n  was published, the  
figures finally adopted  being based largely  on th e  
d a ta  subm itted  by th is  Sub-C om m ittee. A t the  
same tim e th e  revision of Specification No. 
32111928, fo r Grey C ast Iro n , was issued. The 
Sub-Com m ittee also considered th e  final d ra f t  
of th e  proposed new specification for cast-iron  
gears and m ade recom m endations which have now 
been adopted by th e  B ritish  S tan d ard s  In s t i tu 
tion . The Sub-C om m ittee has now under con
sideration  a proposed specification fo r cast-iron 
surface p lates and m arking-off tab les, which 
includes recom m ended compositions.

I t  has been agreed th a t  th e  Sub-Com m ittee 
should publish a  P ap e r discussing th e  Sub-Com
m itte e ’s p a r t  in  th e  p rep a ra tio n  of th e  new 
specification for h igh -duty  cast iron, an d  include 
in i t  references to  physical and  m echanical pro
perties of grey cast iron. This P ap e r  is  now 
in hand  and will be available to  B ranches for the  
1938-39 session.

F u r th e r  consideration has been g iven d u rin g  
the year to the  possibility of issuing recom m ended 
methods of run n in g  an d  rise rin g  grey  iron  cast
ings. This work involves m any difficulties and 
a t the  present tim e a  sheet of d raw ings of 
simple types of castings is being c ircu la ted  to  
selected foundries who a re  asked to  ind ica te  
the methods of ru n n in g  and rise rin g  they  would 
recommend. This work should in d ica te  how fa r  
i t  will be possible to  proceed, w ith  a view to  
draw ing up final recom m endations fo r issue to industry .

In  co-operation w ith  th e  In te rn a tio n a l Com
m ittee for T esting  C ast Iro n , various suggested 
systems of classifying g rap h ite  form  an d  size in 
grey cast iron have been u nd er review. This 
work is s till in hand  and  th e  Sub-Com m ittee 
will co-operate w ith  Professor P o rtev in  in  F ran ce  
and the  Com m ittee recently  set u p  for th e  p u r
pose of s tudy ing  th is  question by th e  A m erican 
F ou ndrym en’s Association.

P . A. R U S S E L L ,
Convener.
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S ub -C om m ittee  on Costing

Since th e  p resen ta tion  of th e  Sub-C om m ittee’s 
repo rt (Recom m endations concerning th e  E stab 
lishm en t of Costs in  a Grey Iro n  F oundry) a t  
th e  A nnual Conference a t  D erby, in  Ju n e , 1937, 
no im p o rta n t developm ents have occurred in 
th e  Sub-C om m ittee’s work. I t  had been decided 
to  aw ait th e  reactions of th e  foundry  industry  
to th e  R eport.

Two in te re stin g  events have occurred in  the  
m eantim e. F irs tly , th e  R ep o rt was presented 
la s t J a n u a ry  before th e  B irm ingham  B ranch of 
th e  In s t i tu te  of Cost an d  W orks A ccountants, 
a t  th e  request of th a t  organ isa tion . The a tte n 
dance was qu ite  large and considerable in te rest 
was shown, as proved by th e  discussion th a t  fol
lowed. I t  is in te re stin g  to note, however, th a t  
the  R ep o rt was criticised , pa rticu larly  as regards 
th e  recom m endation th a t  overheads should be 
allocated on a  labour cost basis.

The second event, of m a teria l im portance to 
th e  work of th e  Sub-Com m ittee, is th a t  the 
R epo rt has been recommended to  its  members 
by the  M idland Iro n  F ou nders’ Association. 
F u rth e rm o re , in  th e  p a st twelve m onths requests 
have been received for copies of th e  R eport from 
a  num ber of indiv iduals and im p o rtan t foundries.

I t  is now th e  hope of the  members of the  Sub- 
C om m ittee th a t  in  th e  n ear fu tu re  those 
foundries th a t  have endeavoured to adopt the 
system , or be guided by it ,  will give the  results 
of th e ir  ac tu a l experience, thereby  enabling  the  
Sub-Com m ittee to  revise th e  system in the  light 
of such ac tu a l experience.

Y. D ELPO R T,
Convener.

S ub -C om m ittee  on Malleable Cast Iron
D u rin g  the  p ast twelve m onths, th e  M alleable 

C ast Iro n  Sub-Com m ittee has been largely en
gaged in  surveying th e  investigations recently 
b rought to  a close, and in p lanning  ou t th e  pro
cedure reg a rd in g  th e  revision of th e  B .S .l 
specifications.
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The rep o rt on dim ensional to lerances has been 

finalised, b u t th e  Sub-Com m ittee feels th a t  the 
tim e is no t y e t ripe for th e  in sertion  of a  to le r
ance clause in  specifications. The “  V aried-S ize 
B ar In v estiga tion  ”  has also been com pleted. 
In  th e  case of w h iteheart, i t  being found  impos
sible to correla te  tes ts  on th e  s ta n d a rd  b a r w ith  
th e  tes ts  obta ined on the  o ther sizes of bar. 
The work on th is  investigation  now comes w ith in  
the  scope of the  p resen t work on specifications.

The question of th e  revision of th e  B .S .I . 
Specification for M alleable C ast I ro n  has been 
carefully  considered by the  Sub-C om m ittee, re
com m endations having been finalised reg a rd in g  
th e  clauses covering m achinahility , an d  provi
sion of test-bars. R egard ing  th e  tensile  req u ire 
m ents, i t  has been decided to  u n d e rtak e  fu r th e r  
investigations for the w h itehea rt series incor
poratin g  the  sm aller d iam eter te s t-b a r, an d  also 
the  b a r w ith  a shorter gauge len g th .

A questionnaire has also been p repa red  on 
the  cu rren t B .S .I. Specifications. This question
na ire  is now in circu lation , an d  im m ediately  
replies come to hand , th is  work can  proceed.

A. E . PE A C E ,
Convener.

Sub-C om m ittee  on Melting Furnaces 
As s ta ted  in  the  Sub-C om m ittee’s R e p o rt fo r 

1936-37, th is  Sub-Com m ittee is engaged in  th e  
p repa ra tio n  of a rep o rt on furnaces used in  th e  
m elting of grey ca st iron  in  o rder to  provide 
d a ta  on m odern m elting  prac tice. D u rin g  th e  
year a  considerable am ount of d a ta  has been 
exam ined and correlated  in  connection w ith  
various sections of th e  rep o rt, and fu r th e r  sec
tions have been completed.

I t  is hoped to  incorporate  a section g iv ing 
com parative m elting  costs of th e  variou s types 
of furnace. This work has involved a  study  of 
the  average sizes of th e  various furnaces and  
average th rou g h pu ts  and  m ix tu res for each typo 
as well as m any o the r factors. Considerable 
progress has been m ade, and  th e  rep o rt is now 
nearing  com pletion. L  w  BOLTON,

C onvener.
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Sub -C o m m it tee  on Non-Ferrous  Castings

The Sub-Com m ittee has given final considera
tion  to  th e  criticism s raised  in th e  discussion on 
its  R e p o rt: “ R ecom m endation for Two Leaded 
G unm eta ls.” I t  was decided th a t  no modifica
tio n  was called for in  th e  recom m endations as 
a consequence of the  discussions held by the 
various Branches of th e  In s titu te , and the  Secre
ta ry  was therefo re asked to approach th e  B ritish  
S tan dard s  In s titu tio n  w ith  th e  request th a t  they 
consider d raw ing up two new specifications for 
leaded gunm etals. The B ritish  S tan dards In s ti
tu tio n  has in tim a ted  its  willingness to  discuss 
th is  suggestion, and a m em orandum  covering the 
Sub-C om m ittee’s recom m endations has heen pre
sented to  them .

F u r th e r  consideration  has been given to  the  
work on leaded phosphor-bronzes, and a num ber 
of fu r th e r  tests  is being conducted in various 
foundries. In  addition , an  investigation  has 
been un d ertak en  on the  effect of additions of 
small am ounts of nickel to  leaded phosphor- 
bronzes. Three compositions of leaded phosphor- 
bronzes su itable for bearings have been decided 
upon and are  now under investigation , and i t  
is hoped, in  due course, to be able to  subm it 
recom m endations for s tan d a rd  specifications 
covering these m aterials.

L. B. HU NT,
Convener.

S ub -C om m it tee  on Sands
C onsiderable progress has heen m ade during  

the past year w ith  work on sand testing . In  p a r
ticu la r  th e  Sub-Com m ittee has completed its  
recom m endations for th e  ro u tine  tes tin g  of dry 
sands and loam, an d  approved sieve sizes for 
g rad in g  of foundry  sands.

A d ra f t  rep o rt on “  M oulding Sands used in 
B ritish  Foundries ”  has been com pleted and cir
cu lated  to  all members of th e  Technical Com
m ittee. This is based on in form ation  obtained 
from  a questionnaire circu lated  to foundries in 
all p a rts  of the  country . W ork now proceeding



includes th e  consideration  of core sand  tes tin g , 
an d  in  p a rtic u la r  th e  investig ation  of d ry ing  
ovens. A new u n d ertak in g  of the  C om m ittee is 
its work on casting  defects.

F u r th e r  co-operation between th is  Com m ittee 
and th e  M oulding M ateria ls  Sub-C om m ittee of 
the  Iro n  and Steel In s t i tu te , d u rin g  th e  past 
session, • th ro ug h  th e  good offices of M r. T. R . 
W alker, has resu lted  in  ag reem en t on certa in  
common stand ard s  to  be used in  te s tin g  or in 
vestigatory  work. M embers of th e  Sub-Com
m ittee  have also been ac tive in  m aking  com
parison between different types of sand te s ting  
ap p ara tu s , an d  in  general, sa tis fac to ry  agree
m ent has been found between th e  m ore recen t 
types of B ritish  and A m erican equipm ent. We 
reg re t to  rep o rt th e  resignatio n  th is  year of M r.
A. Cam pion, one of th e  o rig inal m embers of the  
Com m ittee, and welcome as a new m ember, M r.
G. F . Thonger.

J .  J .  S H E E H A N ,
Convener.

S ub -C om m ittee  on Steel Castings
In  order to complete and finalise th e  d a ta  on 

th e  h ea t-tre a tm en t of steel castings (which has 
been gradually  collected since th e  fo rm ation  of 
th e  Sub-Com m ittee) a questionnaire  has, by 
courtesy of the  G eneral Steel C astings Associa
tion , been circu lated  to all steel founders. 
There has been a generous response to  th is , an d  
the  Sub-Com m ittee is now in possession of very 
complete and detailed  d a ta  upon th e  p rac tice  
of steel founders in th is  co un try  for th e  t r e a t 
m ent of a.'l classes of carbon steel castings. The 
trea tm en ts  employed show wide differences in  
the  methods used to  a t ta in  s im ilar resu lts. Some 
of the  methods appear to  be w astefu l an d  show 
excessive expend itu re  of both tim e and  fuel, 
w ith  a tte n d a n t difficulties in  th e  way of scale 
form ation and wear of refractories . I t  is hoped 
th a t  a f te r  proper tab u la tio n  and classification i t  
will be possible to p repare a re p o r t g iv ing  re 
com m endations for simplified and s tand ard ised  
p ractices which may be of value to  th e  in d u stry .

24
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The experim en tal valve castings m ade for te s t 

and destructio n  have now been sectioned, and 
a lthough  all th e  castings w ithstood the  highest 
te s t  pressures, a num ber of in te restin g  defects 
have been revealed. The draw ings showing the 
m ethods employed in  m anufactu re , su lphur 
p r in ts  and macro etchings showing th e  in te rn a l 
s tru c tu re  of th e  castings, toge ther w ith  the  te s t 
resu lts  are  now being c ircu lated  for study by 
members of th e  Sub-Com m ittee. A lthough the  
resu lt of th is  research is largely negative, i t  is 
fe lt th a t  th e  p resen t results  will form  a useful 
s ta r tin g  p o in t fo r fu tu re  research e ith e r by th is  
Sub-Com m ittee or any o ther in te rested  body to 
whom th e  resu lts could be m ade available. The 
Sub-C om m ittee wishes to  express its  apprecia
tio n  of th e  help given by M r. F . H udson and 
Oienfield & K ennedy, L im ited , in te s tin g  and 
sectioning the  castings.

C. H . K A IN ,
Convener.

S ub -C om m ittee  on Refractories
T he Sub-Com m ittee has m et on several occa

sions d u rin g  th e  past year, and has been en
gaged in  th e  consideration of cupola gan iste r 
w ith  a view to  th e  p rep a ra tio n  of a d ra f t  speci
fication for a s tan d a rd  qua lity  gan ister. The 
members of th e  Sub-Com m ittee have made 
num erous p rac tica l tests on the  properties and 
behaviour of samples of commercial cupola ganis
te r  as delivered for foundry  use, and a good 
deal of progress has been m ade. The Sub-Com
m ittee  is, however, n o t p repared  yet to p u t its  
recom m endations forw ard for consideration by 
th e  T echnical Com m ittee. Investigations are  still 
being carried  on, and a repo rt will be subm itted 
as early  as possible.

W. J .  R E E S ,
Convener.

Medals and Diplomas
The P r e s i d e n t  announced th a t  th e  Oliver 

Stubbs M edal for 1938 had been aw arded to  M r. 
S. E. Dawson, of th e  E as t M idlands B ranch ;
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and th a t  th e  E . J .  Fox Gold M edal had  been 
aw arded to  M r. J .  E . H u rs t.

The G e n e r a l  S e c r e t a r y  announced th a t  the 
Council had aw arded D iplom as to  the  
following : —

M r. A. T ipper for a  P a p e r  on “ N a tu ra lly  
Bonded or S yn thetic  M oulding S an d .”

M r. A. P h illip s  for a  P a p e r  on “  Some P o in ts  
on N on-Ferrous Foundry  P ra c tic e .”

M r. P au l F asso tte  (Belgium ) for a  P a p e r  on 
“ Trends of C on tinen tal F ou ndry  P ra c tic e .”

M r. B. M aeDougall for a P ap e r  on “  H igh- 
D uty  I ro n ; Some E xperim en ts  w ith  a B ucking 
Arc E lectric F u rn a ce .”

M r. J .  Cameron, J u n .,  fo r a  P a p e r  on 
“ E quipp ing  th e  F e ttlin g  S hop.”

The G e n e r a l  S e c r e t a r y  a d d e d  th a t  ce rta in  
recom m endations had been m ade which the  
Council had no t y e t had an  o p p o rtu n ity  to 
exam ine fully, and fu r th e r  D iplom as m igh t be 
aw arded a t  th e  October m eeting  of th e  Council.
Election of Mr. E. J. Fox as H o n o ra ry  M em ber

The P r e s i d e n t  proposed th a t  M r. E . J .  Fox 
(m anaging d irec to r of th e  S tan to n  Ironw orks 
Company, L im ited) be elected an  H o no rary  M em
ber of the  In s ti tu te . In  doing so, he said th a t  
nobody was m ore jealous th a n  he in  reg a rd  to  
election to honorary  m em bership of th e  In s t i 
tu te ;  i t  should be a  recognition  only of very 
signal services to  th e  in du stry  or to  th e  In s t i tu te , 
or to  both, b u t he bad no hesita tio n  w hatever in  
proposing th e  election of M r. Fox, fo r all were 
well aw are of his g re a t work for th e  in d u stry  and 
for th e  In s titu te .

M r . H. B u n t i n g  seconded, an d  em phasised th e  
value and im portance of M r. F o x ’s g re a t work in 
connection w ith  education  and  o th e r m a tte rs  
worthy of consideration.

The proposal was carried  w ith  acclam ation.
Election of Pres iden t

T h e  P r e s i d e n t , proposing th e  election of M r. 
J .  H epw orth, J .P . ,  M .P ., of B rad fo rd , as P re s i
den t for the  year 1938-39, said th a t  a  life tim e of
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experience in  th e  ind u stry  and a very g rea t deal 
of public service, which had cu lm inated  d uring  
th e  p ast few years in  election as a M ember of 
th e  m other of P arliam en ts , was surely sufficient 
to  fit a  m an to  become a P res id en t of th e  In s t i
tu te . Possibly th e  oppositions in  th e  Council 
m eetings were m ore spontaneous and the  m a jo ri
ties no t qu ite  so dependable as in  th e  more 
exalted  sphere of P a rliam en t, b u t he had no t 
th e  least doubt th a t  M r. H epw orth  would soon 
ad ap t him self to  th e  new conditions. I t  was a 
source of th e  g rea te s t possible pleasure to  pro
pose his election.

M r. A. S. W o r c e s t e r  (P res iden t of th e  W est 
R id ing  B ranch) seconded, and said th a t  the  
election would be an  honour no t only to  M r. 
H epw orth  personally, b u t also to  th e  W est 
R id in g  B ranch, which had  n o t previously had 
th e  p leasu re of o rgan ising a Conference in  its 
d is tr ic t. H e  was ce rta in  th a t  M r. H epw orth  
would add lu s tre  to  th e  P res id en tia l office.

The resolution  was carried  w ith  acclam ation.
M r . H e p w o r t h , in  a b rief response, expressed 

his ap precia tio n  of th e  honour conferred  upon 
him , and  said he would do his best to  em ulate 
th e  exam ple of his predecessor, M r. Bigg, though 
th a t  was going to  be a very difficult task .

P roposing a h e a rty  vote of th ank s  to  M r. 
B igg, he said  i t  had  been a p leasure to  work 
w ith  him  d u ring  his P residency, and  if he him 
self could ca rry  on his work as P res id en t in  the 
coming y ear as well as M r. B igg had  done, he 
would have no reg re ts . The In s ti tu te  was deeply 
indebted  to  him  for th e  splendid way in  which 
he had carried  ou t his P res id en tia l duties.

The vote of thank s  was carried  w ith en th u 
siasm.

M r . B i g g , responding, said his year of office 
had  been a very happy one. I t  had m ean t a 
c e rta in  sacrifice of tim e, b u t he had  been more 
th a n  repaid . H e repeated  a rem ark  he had 
m ade earlie r, th a t  he derived m ore from  the  
In s t i tu te  th a n  he could possibly p u t in to  it. 
H e took th e  o p p o rtu n ity  also to  pay tr ib u te  to 
his colleagues on th e  G eneral Council, an d  also
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expressed his personal ap p rec ia tio n  of th e  help 
he had received from  M r. M akem son, th e  G eneral 
S ecre tary , and from  all o thers w ith  whom he had 
been associated.

Election of Vice-Presidents
M r . V . C. F a u l k n e r  proposed th e  election of 

M r. W. B. L ake, J .P .  (Ju n io r  V ice-President), 
as Senior V ice-P residen t fo r th e  ensuing year. 
H e recalled M r. L ak e’s work as a p ioneer in  the  
foundry  ind u stry  and  in  o the r ac tiv ities , and 
said th a t,  when M r. L ake becam e P res id en t of 
th e  In s titu te  in  due course, he would be th e  first 
steel foundry  owner to  hold th a t  office. • There
fore, in electing  him , th e  In s t i tu te  would be re 
pa iring  an omission of long stand in g . F o r a full 
decade M r. Lake had rendered  wonderfully 
regu la r and consistent service.

M r . J .  H e p w o r t h  (P residen t-E lect) seconded 
th e  resolution, which was ca rried  w ith en th u 
siasm.

M r. W. B. L a k e , J .P . ,  briefly responded.
M r . J .  E. H u r s t  (P ast-P resid en t) proposed 

the  election of M ajor R . Miles as J u n io r  Vice- 
P residen t. M ajor Miles held th e  Degree of 
M aster of E ng ineering  in the  F acu lty  of E n g in 
eering a t  Sheffield U niversity . H e had  been 
always a s ta lw a rt su p po rte r of th e  ac tiv ities  of 
th e  In s ti tu te , an d  on num berless occasions had 
been glad to  help th e  In s t i tu te  and  the  Sheffield 
B ranch in p a rticu la r. F rom  personal knowledge 
i t  was a p leasure to  recommend him  as  a w orthy 
occupant of th e  office of J u n io r  V ice-P residen t, 
and in  due course he would m a in ta in  th e  t r a d i 
tions of th e  In s t i tu te  as i ts  P res id en t.

M r. J .  K . S m i t h s o n  (M iddlesbrough), second
ing the  election of M ajor M iles, said  th a t  th e  
members of th e  M iddlesbrough B ranch  were 
unanim ous in  th e ir  support. M ajo r M iles, in 
addition  to  his own work fo r th e  In s t i tu te ,  
always gave every encouragem ent to  his staff to  
help by read ing  technical P ap ers  and  in  o the r 
ways. They hoped and expected th a t  in due 
course he would occupy th e  P res id en tia l C hair 
w ith d istinction  and success.

M ajor Miles was unanim ously elected.
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A uditors

On th e  m otion of M r. A. H arley  (P ast-P resi- 
den t), seconded by M r. C. H . K a in , th e  m eeting 
re-elected J .  & A. W . Sully & Company (char
tered  accoun tan ts) as au d ito rs  to  th e  In s titu te .

Vote  of Thanks to  Officers and Council
M r. P . J .  C o o k  (P ast-P re sid en t), proposing 

a vote of th an ks  to  th e  officers and  Council, 
said he did no t th in k  th e  In s t i tu te  had  ever 
been served b e tte r  th a n  i t  was being served a t  
p resen t, and had been served d u rin g  th e  past 
year, by its  officers an d  Council, and th e  m eet
ing would wish to  jo in  in  ten d erin g  to  them  a 
very h e a rty  vote of thanks.

The vote of th an k s  was carried  w ith  acclam a
tion , and M r. B igg briefly responded.

Elections to  Council
I t  was announced th a t ,  as th e  resu lt of the  

ballot, th e  following were elected to  fill th e  five 
vacancies on the  C o u n c il:—M r. H . B u n tin g  
(Derby) ; D r. A. B. E verest (London) ; M r. 
J .  W. Gardom  (B irm ingham ); M r. B. H ird  (C ar
diff); and M r. F . K . N eath , B.Sc. (Leeds).

Revision of Bye-Laws
M r . S. H . R t js s e l l  p u t forw ard  th e  proposed 

Bye-Laws of th e  In s titu te , as revised by the 
O rganisation  Com m ittee which had worked out 
th e  details, following the  recom m endations of 
th e  B oard  of D evelopm ent concerning qualifica
tions fo r adm ission to  the  various classes of mem
bership, which recom m endations were accepted 
in  princip le  by th e  Council.

A com plete p r in t  of th e  proposed new Bye- 
Laws was in  th e  hands of m embers, an d  M r. 
Russell proposed the  following resolution : —

“ T h a t th e  Bye-Laws so alte red  and added 
to  and as contained in the  p r in t  laid  before 
th e  M eeting be and the  same are  hereby 
adopted  as th e  Bye-Laws of th e  In s titu te  in 
lieu of th e  p resen t Bye-Laws, such present 
Bye-Laws to  cease to  have effect and the
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Bye-Laws so adopted  to  come in to  force and 
effect when and  so soon as the  approval of the 
P riv y  Council to  th e  Bye-Laws so adopted  and 
th e  certificate of such approval u nd er the  
hand  of th e  C lerk of th e  P riv y  Council have 
been o b ta in ed .”
Com m enting on th e  new Bye-Laws and  the  

p rincipal changes, he drew  a tte n tio n  to  th e  p a rt  
of Bye-Law 3 dealing w ith  Associates, which 
provided th a t  an  opera tive engaged in  the  
foundry  in du stry  should be en titled  to  rem ain  
in mem bership as an  Associate irresp ective  of 
age, an d  th a t  no o ther person unless elected an  
Associate p rio r to  J u ly  1, 1938, could re ta in  
m em bership as an  Associate a f te r  a tta in in g  th e  
age of 28 years.

Bye-Law 4 en titled  H onorary  M em bers, M em
bers an d  Associate M embers to  use a f te r  th e ir  
names the  in itia ls  ap p ro p ria te  to  th e ir  grades 
of mem bership.

In  view of suggestions m ade from  tim e to 
tim e th a t ,  if  th e  revised Bye-Laws were 
adopted , some of those a t  p resen t in m em ber
ship would have to  s it fo r an  exam ination , he 
em phasised th a t ,  un d er Bye-Law 5, persons in 
m em bership a t  th e  d a te  th e  Bye-Laws became 
operative could continue in  the  class of mem
bership they held a t  th a t  date , irresp ective of 
th e ir  qualifications.

A nother Bye-Law to  which he drew a tte n tio n  
was No. 9, provid ing th a t  an n ual subscriptions 
should be £3  3s. fo r a M ember, £1 11s. 6d. for 
an  Associate M ember, 10s. fo r an  Associate of 
21 years of age or over, and 5s. fo r an  Associate 
under 21 years of ag e; th a t  a M em ber or Asso
cia te  M ember who a tta in ed  th e  age of 65 years, 
an d  had been a M ember of an  Associate M em ber 
for a t  least 25 years, and whose subscription 
was n o t in  a rrea r , should be en titled  to  rem ain  
in M em bership or Associate M em bership w ith 
ou t the  paym ent of any fu r th e r  su b sc rip tio n ; 
and th a t  th e  In s ti tu te  should have th e  r ig h t 
to  impose en trance  fees a t  an  an n ual general 
m eeting in th e  fu tu re—b u t, he added, th a t
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th e re  was no suggestion a t  the  m om ent to  pro
pose th e  im position of en trance  fees.

Bye-Law 16 was inserted , on th e  advice of 
th e  In s t i tu te ’s solicitor, to  clarify  th e  position 
reg a rd in g  vo ting  by a show of hands or hy ballo t 
a t  th e  m eetings of th e  Council.

Bye-Law 17 gave power to  elect as add itional 
m em bers of th e  Council rep resen ta tives of 
k ind red  in s titu tio n s  a n d /o r  research  associa
tions n o t exceeding five in  num ber.

Bye-Law 18 was a m odification of the  ex isting  
Bye-Law reg a rd in g  th e  nom ination  of Vice- 
P residen ts. I t  was sometim es inconvenient, he 
said, to  in v ite  each B ranch  each y ea r to  nom i
n a te  a V ice-President of th e  In s ti tu te . There
fore, th e  revised Bye-Laws provided th a t  a com
m ittee  should m eet and should inv ite  a B ranch 
to m ake a nom ination . H e em phasised th a t  
u n d er th e  ex isting  Bye-Laws i t  was em barrass
in g  to  in v ite  each B ranch  to  nom inate  a Vice- 
P res iden t, when i t  was n o t th e  in ten tio n  to  hold 
a convention in  th e  d is tr ic t of any p a rticu la r 
B ranch  d u rin g  th e  n ex t following tw o or th ree  
years.

I n  Bye-Law 23, the  H on. T reasurer was added 
to  th e  E xecutive Com m ittee.

Bye-Law 27 provided th a t  14 days’ notice 
m ust be given of each an nu al general m eeting ; 
and  Bye-Law 29 provided th a t  14 days’ notice 
should be given of a general m eeting.

Bye-Law 43 was in serted  on th e  advice of the  
I n s t i tu te ’s solicitor, who had  devoted a  con
siderable am ount of tim e an d  care to  th e  
consideration of the  Bye-Laws. H e had sug
gested th e  Bye-Law governing th e  issue of 
notices of m eetings, etc.

On Bye-Law 44, dealing w ith  a rb itra tio n , 
M r. R ussell proposed a  s lig h t am endm ent, to  
delete th e  words, “ and disposed of un d er the  
provisions contained in  these Bye-Laws,”  and 
to  su b s titu te  “ By agreem ent betw een th e  p a r
ties  to  th e  question, d ispu te or difference.”



32
The am endm ent also added th e  following words 
to Bye-Law 44 : —

“ N e ith e r p a rty  to a  question d ispu te  or 
difference shall requ ire  or apply  to th e  co urt 
to  d ire c t th e  a rb itra to r  o r a rb itra to rs  to  
s ta te  a case on any question  of law 
aris ing  in  th e  course of th e  reference 
or a rb itra tio n  and all questions of law so 
aris ing  shall be determ ined  by th e  a rb itra to r  
or a rb itra to rs , any  provisions in  th e  A rb itra tio n  
Act, 1889, to  th e  co n tra ry  n o tw ith s tan d in g .’' 
M r. Russell added th a t  th e  Bye-Laws h ad  been 

discussed in  G eneral Council and in th e  B ranch 
Councils over a  period of 18 m onths. W hilst he 
would n o t suggest th a t  th e re  was u n an im ity  of 
opinion, th e re  was a very sub stan tia l m a jo rity  in 
favour of th e  Bye-Laws as proposed, and he was 
convinced th a t  they would prove to  be to  the  
u ltim a te  good of th e  In s ti tu te .

M r . H . W i n t e r t o n  (P ast-P resid en t)  seconded 
the  resolution for the  adoption of th e  revised 
Bye-laws.

M r . B u n t i n g  moved an  am endm ent to  the  
effect th a t  the  num ber of elected m em bers of th e  
Council should co nstitu te  ha lf the  to ta l  Council 
membership.

M r . A. H a r l e y  (P ast-P resid en t) said  he h ad  a 
ce rta in  am ount of sym pathy w ith  th e  proposition . 
H e com plained th a t  when th e  whole m em ber
ship of th e  In s ti tu te  elected a  m em ber of Council 
by ballot, th a t  m em ber rem ained on th e  Council 
for only two years, which was too short a period. 
I t  would be much b e tte r  to  have 15 elected m em 
bers, of whom five should re tire  each year. Thus, 
each member would be elected for th ree  vears.

M r . B u n t i n g  said th a t  th a t  was his view, and 
he am ended his proposition to  th a t  effect, i.e ., 
th a t  the re  should be 15 elected m em bers of 
Council, of which five should re tire  each year. 

M r. H a r l ey '  seconded.
M r . T .  H e n r y  T u r n e r  opposed th e  m otion. H e  

pointed ou t th a t  the  In s t i tu te  of B ritish  F oun- 
drym en had a very m uch m ore dem ocratic  basis 
th an  o ther bodies, and th a t  th e  rep resen ta tio n
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of th e  B ranches was exceptionally  good. The 
rep resen ta tion  of the  ord inary  members w ent 
r ig h t th ro ug h  to  th e  m ain  Council. I f  th e  pro
posal m ade by M r. B u n tin g  were adopted , e ith er 
th e  Council would become excessively large (by 
adding  an o ther five members) or th e  membei-s of 
th e  In s t i tu te  generally  would be asked to  vote 
fo r nom inees from  various Branches of whom 
they m igh t have no knowledge a t  all. H e urged 
th a t  th e  ex isting  m ethod was very much be tte r 
th a n  th e  m ethod proposed.

The resolution proposed by M r. B u n tin g  and 
seconded by M r. H arley  was lost by a large 
m ajo rity .

M r . R .  B a l l a n t in e  proposed, as an  am end
m ent to  th e  resolution for the  adoption of the  
Bye-Laws, th a t  th e ir  adoption  be delayed for a 
year. As a m ember of th e  Scottish B ranch, he 
said th a t  th a t  B ranch  was in a peculiar position 
an d  had difficulty in  securing new members. The 
endeavour should be m ade to  secure a  g rea te r 
mem bership among th e  younger men in  th e  in 
d u s try ; th e  im provem ent of the  s ta tu s  of the 
In s t i tu te  was a secondary consideration.

M r. E . L o n g d e n  seconded th e  am endm ent. In  
view of the  position of the  Sco ttish B ranch, he 
fe lt th a t  a li t t le  delay would be w orth  while.

M r. A. M a r s h a l l  (Scottish B ranch) supported 
the  am endm ent, and u rged  th a t  an  increase of 
subscriptions would co n stitu te  a b a rr ie r  ag ainst 
men who were w orking on th e  foundry  floor 
becoming m em bers of th e  Institu tei.

M r . D. S h a r p e  (a P as t-P res id en t of th e  Scot
tish  B ranch) supported  th e  a tt i tu d e  of th e  pre
vious speakers in suppo rt of th e  am endm ent, and 
said th a t  in Scotland i t  had been a struggle  to 
in troduce p rac tica l foundrym en as members of 
th e  In s titu te . I t  was also a s truggle  all over 
th e  co un try  to  persuade some of those men to  
give P ap ers  and m ake comments on shop prac
tice. N evertheless, the  Scottish B ranch had suc
ceeded in th a t  to  a ce rta in  ex ten t. I f  subscrip
tions were increased, i t  would be more difficult 
to  a t t r a c t  some of the  p rac tica l men in to  the 
In s titu te , one of the  p rim ary  objects of which

c
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was education , and, there fo re , he u rged  th a t  the  
adoption  of the  Bye-Laws be delayed for a  year 
in  order th a t  they  m igh t be reconsidered from  
th e  po in t of view of the  p rac tica l m an in  the  
shop.

M e . F . H u d s o n  (P ast-P resid en t of th e  S co ttish  
B ranch) was also in  sym pathy w ith  th e  p rac tica l 
m en in  Scotland.

M e . H . B u n t i n g  (Derby) asked w hat ad v an 
tag e  was to  be gained  by delaying th e  ad option  
of th e  revised Bye-Laws for a year.

M e . T .  H e n e y  T u e n e e  suggested th a t  t h e  
Council m igh t w ith  advan tage  explain  some of 
th e  reasons fo r th e  revision of th e  Bye-Laws. 
H e poin ted  ou t th a t  th e  accounts fo r 1937 had 
balanced, and  said th a t  if m ore money w ere re 
quired , i t  m ust be requ ired  for some purpose.

O b jects  of th e  P roposed  Changes
M e . S. H . R u s s e l l  said th a t  th e  suggestion to  

increase income had  arisen  o rig inallv  because i t  
was fe lt desirable to  ren der im proved service to 
the  members. I t  was fe lt th a t  th e  “  P roceed 
ings ”  as a t  p resen t issued were ra th e r  la te  au d , 
having already  appeared  in  th e  tra d e  P ress, were 
of lim ited  value to  foundrvm en. I t  was hoped 
th a t,  w ith  increased resources, i t  would he pos
sible to  publish the  “ P roceedings ”  m ore f re 
quently  th a n  in  the  past, though  perhaps no t 
qu a rte rly  to  begin w ith . I t  was also in tended  
th a t  ce rta in  findings of th e  Technical C om m ittee 
should be published confidentially fo r th e  in fo r
m ation of m embers only. The work of th e  Tech
nical Com m ittee an d  its  Sub-C om m ittees was 
s till in its  infancy, b u t  i t  was valuable w ork and 
could no t be carried  on w ith o u t m o n ey ; th e  I n 
s titu te  a t  p resen t had  n o t th e  fu nd s w ith  which 
to foster th e  necessary in vestig a tio n  and 
research. The work done so fa r  h a d  been ca rried  
on vo lun tarily  by a lim ited  num ber of well- 
disposed persons and  firms, b u t  th e  In s t i tu te  
could no t fo r ever draw  on those sources. Two 
years ago th e  Council had  passed a reso lu tion  
ag reeing in princip le to  an  increase of subscrip
tions in order th a t  th e  work should be carried
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on. I t  would be dangerous to  draw  the  conclu
sion th a t  th e re  was a very sub stan tia l surplus of 
money each y ear in  th e  I n s t i tu te ; th e  actual 
am ount of th e  subscrip tions from  members in 
G rea t B rita in  exceeded ex p en d itu re  by a very 
few pounds, b u t a su bstan tia l sum could be spent 
very quickly on research or investig ation  w ith 
results of which th e  members would receive full benefit.

H e  could apprecia te  how th e  d ra f t  new Bye- 
Laws differed from  th e  po in t of view of the  
Scottish members. I t  was definitely in  the  
m inds of th e  m a jo rity  of those responsible for 
those revised Bye-Laws th a t  a  m an  should bo 
som ething m ore th a n  a n  ord inary  m oulder before 
he became an Associate M em ber of the  In s titu te . 
T h a t m ig h t be r ig h t  or i t  m ig h t be w rong; b u t 
th e  Bye-Laws had been specifically draw n up 
by m en w ith  th a t  tho u g h t a t  th e  back of th e ir  
m inds, and, so fa r  as he knew, th e  whole Council 
had been qu ite  fully aw are of th a t .  I t  had been 
em phasised by th e  critics  th a t  th e  o rd inary  
m oulder o r journeym an would have difficulty in 
paying th e  increased subscription as an  Associate 
M em ber; and he fully  agreed. B u t, r ig h tly  or 
wrongly, th e  Bye-Laws were n o t draw n u p  p a r
ticu larly  to  c a te r  for th a t  m an, except as an 
Associate. I t  was fe lt th a t  a  M ember should be 
som ething m ore th a n  a skilled operative, and 
ru les were in serted  which called for some educa
tiona l qualification , or some phase of responsi
b ility  (perhaps only lim ited  responsibility) in 
add ition  to  p rac tical knowledge, so th a t  when a 
m an was en titled  to  call him self a M em ber or 
Associate M em ber, i t  would be ap preciated  th a t  
he h ad  ra th e r  m ore qualifications th a n  th e  ordi
nary  journeym an. I t  ap peared  th a t  th a t  was 
no t clearly  understood by all th e  members. The 
ty p e  of person who would pay a  subscription of 
£1 11s. 6d. would receive back by way of service 
th ree  or four or m ore tim es th a t  valuer H e fully 
agreed th a t  fo r th e  average journeym an working 
on th e  floor th e  subscription was m ore th a n  he 
could a ffo rd ; b u t th e  new Bye-Laws were no t 
d ra fted  to  ca te r fo r th a t  type  of m an except as

c  2
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an Associate. I f  such a  m an w ere already  an 
A ssociate M em ber, he could rem ain  an  Associate 
M ember by paying the  e x tra  money, and  i t  would 
be to  his advan tage . B u t if he resigned , and 
wished to  become a  m em ber ag a in  a t  a la te r  
da te , he  could only jo in  as an  Associate. T ha t 
was th e  po in t ab out which th e  m em bers had  to 
m ake up> th e ir  m inds.

M e . B i g g  s a i d  t h a t  t h e  m e e t i n g  c o u l d  n o t  p r e 
t e n d  to- b e  a b l e  t o  d i s c u s s  t h e  m a t t e r  f u l l y  i n  t h e  
t i m e  a v a i l a b l e  o r  t o  d i s c u s s  i t  t o  t h e  e x t e n t  t h a t  
s e e m e d  t o  b e  d e m a n d e d ; t h e r e f o r e ,  h e  s u g g e s t e d  
t h a t  t h e  m e e t i n g  m i g h t  b e  a d j o u r n e d  u n t i l  a b o u t  
O c t o b e r  n e x t ,  so  t h a t  e v e r y b o d y  w o u ld  h a v e  t h e  
o p p o r t u n i t y  t o  e x p r e s s  t h e i r  v ie w s .

A d jo u rn m en t  of Meeting S u p p or ted
Me . Ben H ird  (Cardiff) said  t h a t  m em bers 

would have to  un d erstan d  th a t  a  definite change 
was proposed, which applied to  all B ranches as it 
did to th e  Scottish B ranch. Som ething m ore th a n  
a  m ere change in respect of £  s. d. was being 
proposed, and th e  mem bers m u st face up  to  it .  
H e favoured very much th e  proposal to  hold a 
m eeting to discuss the  m a tte r  thoroughly .

M r. J .  W. G a r d o m  (B irm ingham ) em phasised 
th a t  th e  proposed new Bye-Laws had  been u n d er 
consideration for nearly  two years and  ev ery
body had had  an op p o rtu n ity  of discussing 
them , for they had been p u t to  th e  B ranches and  
there had been special Council m eetings for th e ir  
discussion. H e suggested th a t  th e re  was really  
noth ing in  th e  a rgum ent abou t th e  subscrip tion  
to be paid by th e  w orkm an, w,ho could become 
an Associate fo r a  subscrip tion  of 10s. a year, 
and who would benefit by th e  e x tra  money sub
scribed by m em bers in  o th e r grades. One of th e  
th ing s i t  was desired to  do was to  be able to 
pay the  expenses of good lec tu rers  who would 
a tte n d  th e  B ranch M eetings and would benefit 
workmen as m uch as anybody else. The In s t i tu te  
w anted to  b ring  th e  m en forw ard . H e  urged 
th a t  the m eeting should vote on th e  proposition 
to adopt the  new Bye-Laws.
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M r . B i g g  said he would be sorry to  feel th a t, 

under h is chairm anship , th e  o pp o rtun ity  was no t 
afforded to  ven tila te  th e  m a tte r  to  th e  fu llest 
e x ten t and  to  consider every phase. Each indi
v idual considered th a t  his own view was th e  
r ig h t one, b u t th e  tim e available was n o t suffi
c ien t fo r a  fu ll discussion, and he did n o t wish to 
h u rry  i t .  The m eeting  could be ad journed  u n til 
a  la te r  d a te  for fu ll discussion of the  m a tte r .

M r . L a k e  proposed an  am endm ent th a t  the  
A nnual General M eeting be ad journed  u n til  a 
d a te  in October.

M r . S t o b ie  (P ast-P resid en t) seconded th a t  
am endm ent, and  said th e re  was no th ing  to  pre
ven t g iv ing effect to  the  resolutions already 
passed a t  the  m eeting, and ad journ ing  the  con
s ideration  of th e  Bye-Laws.

M r . H i r d  asked definitely w hether th e  
ad jou rn m en t of the  A nnual General M eeting 
would m ean th a t  th e  election of officers would 
no t stand.

M r . B i g g  s a i d  i t  d i d  n o t .
The am endm ent to  ad jou rn  th e  m eeting  u n til 

October was th en  p u t to  th e  m eeting and 
carried .

[F o r an account of the  proceedings a t  the 
ad journed  an n ual general m eeting, see page 58.]

CIVIC RECEPTION
On Tuesday evening the  members and th e ir  

ladies were received a t  th e  C artw rig h t M emorial 
H all, B rad fo rd ’s A rt Gallery, by th e  L ord M ayor 
and L ady M ayoress (A lderm an H enry  H udson 
and Mrs. H udson).

OPENING OF CONFERENCE
On W ednesday m orning th e  m em bers and 

ladies assembled in  th e  G rea t H a ll of th e  B rad 
ford Technical College, w here they  w ere officially 
welcomed to  B radfo rd  by th e  L ord M ayor 
(A lderm an H enry  H udson, J .P .) ,  who ex tended a 
h earty  welcome to all a tte n d in g  th e  conference, 
and expressed th e  hope th a t  they would 
derive pleasure an d  in s tru c tio n  from  it. H e
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spoke of his p ride in  B rad fo rd  an d  its  sur
roundings, of the  im provem ent of th e  am enities 
of life in  th a t  an d  o ther cities, and u rged  all to 
help to effect such im provem ent in  th e ir  own 
cities, which would m ake our co u n try  a fa r
b e tte r  one to  live in th a n  i t  had been in  th e
past.

P resen ta t io n  of Medals
The L ord M ayor presented  to  M r. S. E .

Dawson (E ast M idlands B ranch) th e  O liver 
S tubbs M edal.

M r. D a w s o n , on receiving th e  M edal, ex
pressed his keen ap preciation  of th e  honour, 
which was coveted by every m em ber of th e  In s t i
tu te ;  and he had special pride in rece iv ing th e  
M edal because he had known M r. Oliver S tubbs 
personally. H e  hoped to  m a in ta in  th e  tra d itio n  
su rround ing  th e  M edal, which had been endowed 
by previous recip ients.

M e . E . J .  F o x  (m anaging d irec to r of th e  
S tan to n  Ironw orks Company, L im ited ), th e  
donor of th e  E. J .  Fox  Gold M edal, which is 
aw arded fo r ou ts tan d in g  con trib u tions to  th e  
progress of th e  foundry  ind u stry , w ith  p a rtic u la r  
reference to foundry  m etallurgy, p resen ted  th e  
M edal to M r. J .  E . H u rs t, a P a sL P re s id e n t of 
th e  In s ti tu te . M r. H u rs t, he said, h a d  devoted  
his whole life tim e to  th e  an a ly tica l an d  
m etallurgica l side of iron  found ing , and  
those who were deeply concerned w ith  
th e  ind u stry  owed him; a  trem endous deb t 
of g ra titu d e  for his good work, w h ilst a t  th e  
same tim e they looked forw ard  to  fu r th e r  good 
work by him  in  the  fu tu re . I t  was unnecessary 
in such a ga th ering  aa th e  an n u a l conference of 
the In s ti tu te  to  recite M r. H u rs t ’s qualifications, 
as one could do a t  very considerable len g th  ; b u t 
i t  was a  p leasure and pride  to  p resen t th e  M edal 
to him, and p a rticu la rly  g ra tify in g  to  welcome 
him back a f te r  his recen t illness. (A pplause.)

M r . H u r s t , in  response, expressed h is g re a t 
pride in th e  aw ard of th e  M edal to  h im , an d  in 
th e  fac t th a t  i t  had  been presen ted  by th e  donor 
personally. D u rin g  th e  la s t 25 years he had
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received m any honours a t  the  hands of th e  mem
bers of th e  I n s t i tu te ; d u ring  th a t  period he had 
been concerned very closely w ith  research  work 
on ca s t iron , and  th e  m embers of th e  In s t i tu te  
h ad  honoured him  by th e  aw ard of Diplomas, 
a  B ranch P residency, th e  Oliver Stubbs M edal, 
th e  Presidency of th e  In s ti tu te , and now th e  E . J .  
Fox Gold M edal. H is p ride on such an  occasion, 
there fo re , could be well appreciated , and he took 
th e  o p p o rtun ity  also to  express his g ra titu d e  for 
th e  overw helm ing sym pathy extended to  him  by 
very m any of his friends d uring  his recen t ill
ness ; th e  kindness ex tended  to  him  a t  th a t  tim e 
would rem ain  in  his memory th ro u g h o u t his life.

I t  would be fitting , he continued, to  pay 
tr ib u te  to th e  encouragem ent and  en thusiastic  
assistance he had received a t  all tim es from  his 
m any colleagues. Indeed, his in itia l in te re s t in 
ironfoundry  m etallu rgy  was due en tire ly  to  the 
en thusiasm  of tw o very old colleagues a t  B ichard  
H ornsby’s 25 years ago; they  were M r. P o tts  
(foundry m anager) and  M r. Onions (works 
m anager), whose en thusiasm  fo r foundry  work 
and foundry  m etallu rgy  was tran sm itted  to  him  
when a young m an and had rem ained w ith  him  
ever since. There were m any o the r colleagues 
also to  whom he owed a g re a t deal, fo r no m an 
could work alone. H e  was deeply g ra te fu l to  
the  m em bers of th e  In s t i tu te  fo r all th e  honours 
they  had conferred upon him , and M rs. H u rs t 
and th e ir  fam ily shared th a t  g ra titu d e .

V o te  of Thanks
M e . B i g g , proposing a h e a rty  vote of thanks 

to  th e  L ord M ayor of B radford  and his colleagues 
fo r th e  welcome ex tended to  th e  v isitors, and for 
the  g re a t help they had given to  m ake th e  con
ference a success, said th a t  th e  In s t i tu te  appre
cia ted  its  obligations to  them  in th e ir  personal 
capacities and  as rep resen ta tives of th e  g rea t 
C ity  of B radford . All a tten d in g  th e  Conference 
had  a  lively in te re s t in  B ra d fo rd ; they  knew 
th a t  th e ir  first W est H id ing  Conference would 
be a  success, and they  had already  had very ta n 
gible evidence from  th e  Lord M ayor and his civic 
colleagues th a t  B radford  wished them  well.



M r . H b p w o r t h  seconded, an d  said  i t  was 
indeed a  p leasu re to  him  to  second th e  expression 
of th an k s  to  th e  L ord M ayor and  th e  C ity 
F a th e rs—w ith  some of whom he h ad  been ap p ren 
ticed  m any years ago in  th e  en g ineering  in 
du stry —fo r th e ir  very genuine su p p o rt of the  
Conference.

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

The L o r d  M a y o r  briefly responded.
Invest i tu res  and Votes of T hanks

M r . B i g g  invested M r. H epw o rth  w ith  th e  
P res id en tia l Badge, which was an  ea rn est of th e  
co-operation of every officer and  m em ber of th e  
In s ti tu te , and, in v itin g  him  form ally to  occupy 
the  chair, wished him  a very happy  and  success
fu l year of office.

M r . H b p w o r t h  occupied th e  chair, am id 
applause, and he presen ted  to  M r. B igg a P a s t-  
P re s id en t’s badge, w ith  th e  best wishes of th e  
In s ti tu te  as a whole, and th e  hope th a t  he would 
wear i t  for m any years to  come.

M r . B i g g , re tu rn in g  his th ank s, said  th e re  
was a sadness in  all f in a lity ; he had su rrend ered  
an  office in  which he had been perfectly  happy  
and of which he was thoroughly  proud . H e  ex 
pressed his apprecia tio n  of th e  friendsh ip  an d  
the  kindly co-operation which had  been ex tended  
to  him from  every q u a rte r.

M r s . B i g g  th en  invested M rs. H epw o rth  w ith  
the badge worn by th e  w ife of th e  I n s t i tu te ’s 
P residen t.

M r s . H e p w o r t h  r e p l i e d .
The badges worn by th e  Sen ior an d  J u n io r  

V ice-Presidents were then  p resen ted  to  M r. 
W. B. Lake and M ajo r R . Miles.

G ree tings  fro m  O v erseas
Telegram s conveying good wishes fo r th e  suc

cess of the  conference were received from  M r. 
S teinbach, th e  In te rn a tio n a l C hairm an  of the  
Am erican F ou ndrym en’s Association, and from  
M r. Sandre, th e  P res id en t of th e  Association 
Technique de Fonderie.
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W elco m e to  O verseas  M embers and Visitors

The P r e s i d e n t  extended a hearty  welcome to  
H e rr  G. G iirtler, of F rank fu rt-on -M ain , Ger
m any ; M r. W. M ason (a M em ber, from  Bom
bay) ; M r. Simpson (a M em ber, from  Hong 
K o n g ); M r. Schofield (from  I n d ia ) ; M r.
F . G. W illiam s (from Ind ia ) and M r. D. A. H . 
S p ring  (from  A u stra lia ). The W est York
shire B ranch, he said, would do all i t  possibly 
could to  ex tend  to  them  real Yorkshire hospi
ta lity , and  he hoped th e ir  v is it to  B radford  would 
prove to  he both profitable and pleasurable.

Air. H epw orth  th en  delivered his P res iden tia l 
Address.

PRESIDENTIAL ADDRESS
M r. Bigg and G entlem en: —
The P res id en tia l Address given to  an  In s ti tu te  

of th is  k ind  frequently  m akes reference to the 
la s t occasion upon which a Conference was held 
in  the  same area . No such reference can be 
m ade on th is  occasion, because th is  is th e  first 
tim e th a t  the  AVest R id ing  of Y orkshire B ranch 
has had the  pleasure of en te rta in in g  the  A nnual 
Conference. I t  is a p leasure which has been 
an tic ipa ted  by th e  m em bers of th e  B ranch for a 
long t im e ; they  have p u t m uch tho u gh t and 
energy in to  th e  p repara tions, and on th e ir  be
half I  ex tend to  you all a sincere welcome to 
th e  W est R id ing  of Yorkshire, and to  th e  C ity of 
B radford  in p a rticu la r.

In d u stria lly , B rad fo rd  is associated in the 
m inds of m ost people w ith  wool, and qu ite  righ tly  
so, fo r i t  is the  cen tre  of th e  la rg e st woollen 
m anu fac tu rin g  a rea  in  th e  world, and m akes the 
finest m a te ria l in  th e  world. I t  is, however, an 
im p o rtan t engineering cen tre , and historically 
i t  has played an  im p o rtan t p a r t  in  th e  develop
m ent of engineering and in  the  developm ent of 
iron  m anufactu re .

The changes and developm ents in  the  iron in 
dustry  and in  engineering in  B radford  are , to
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some ex ten t, typ ical of those which have tak en  
place th rou g hou t th e  in d u str ia l world. A d d itio n 
ally, B rad fo rd  has m ade an  in d iv idu a l co n trib u 
tio n  of its  own to  th e  m a n u fac tu re  of ce rta in  
classes of i r o n ; I  feel th a t  i t  would be of some 
in te re s t to  review briefly these changes and  de
velopm ents.

M onastic records show th a t  m onks w ere en 
gaged in  th e  ex trac tion  and m a n u fac tu re  of iron 
in  and  around  B radford  from  very ea rly  tim es, 
th e  monks of R ievau lx  Abbey hav ing  been 
g ran te d  m ineral righ ts , in d is tric ts  now p a r t  of 
th e  city , in  the  year 1150. F rom  th a t  tim e  on
wards th e  an cien t chronicles m ake fre q u e n t re fe r
ences to forges in the  locality. D evelopm ents on 
a large scale, however, m ay be said  to  d a te  from  
th e  close of th e  e igh teen th  cen tury .

Early Metallurgical D e v e lo p m en ts
Although B radford  can ha rd ly  be classed as an  

iron-m aking d is tr ic t w ith  such d is tr ic ts  as, say, 
South Staffordshire and C leveland, i t  has th e  
d istinction  of being th e  b irthp lace  of th e  h igh est 
grade of iron in th e  world. A v illage, now 
w ith in  th e  c ity  boundary , has given its  nam e to  
th is  class of iron , which is known as “  Low M oor 
iro n .” In  addition  to  th e  Low M oor I ro n  Com
pany, o ther firms in  th e  d is tr ic t, nam ely, th e  
Bowling Ironw orks a t  B rad fo rd  an d  th e  F a rn le y  
Company, Cooper B ro thers, an d  the  M onkbridge 
Company a t  Leeds, em barked upon th e  m an ufac
tu re  of th is  class of m a te ria l u n d er th e  nam e of 
“  B est Y orkshire I ro n .”

No account of the  iron  in d u stry  of th e  d is tr ic t 
would be com plete w ith ou t some descrip tio n  of 
the  two fam ous works a lready  m en tioned , 
nam ely, the  Low Moor I ro n  C om pany an d  th e  
Bowling Ironw orks, fo r th ey  undoub ted ly  in 
fluenced th e  local eng ineering  in d u s try  to  a con
siderable degree, inasm uch as m any of the  
founders of o ther firms in  B rad fo rd  served th e ir  
apprenticesh ip  a t  one or o th e r of th e  works.

The Low M oor Com pany had  its  incep tion  in 
1789, when th e  Lord of th e  M anors of Royds
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H all and W ibsey was forced to  dispose of his 
estates, which passed in to  the  hands of th ree  
gentlem en, M essrs. H ird , Dawson and H ardy . 
These gentlem en b u ilt  up th e  Low Moor W orks, 
which was carried  on for one hundred  years 
under th e ir  nam e before i t  became th e  Low Moor 
Iron  Company, L im ited . The foundation  stone 
of th e  first b last fu rnace was la id  in 1790. The 
furnace was b u ilt of stone an d  was 50 f t. high. 
I t  was, of course, hand  fed, b u t as early  as 
1800 a m echanical charging system  was in tro 
duced, th e  tubs of raw  m ateria l being hauled 
up an  inclined p lane and au tom atically  tipped . 
The b last was provided by a beam  engine, de
signed by th e  com pany’s engineer, M r. John  
Smalley, and was b u ilt locally by Em m ets, of 
B irkenshaw . I t  was of th e  B oulton & W a tt 
type, w ith a single-acting open-topped steam  
cylinder, 5 f t. d iam eter, a t  one end of th e  beam, 
and a single-acting blowing cylinder, 8 f t .  5 in. 
in d iam eter, a t  th e  o ther, th e  stroke being 9 ft. 
6 in . in  each case. This engine did d u ty  u n til 
the  erection  of new furnaces in  1892, and was 
preserved in  perfec t condition a t  th e  works for 
several years a f te r . The new furnaces had capa
cities of 340 and  240 tons per week, and pro
duced th e  fam ous Low Moor cold-blast pig-iron 
known to  all foundrym en.

C oincident w ith  th e  erection of th e  first blast 
furnace, a foundry  was opened by Messrs. H ird , 
Dawson & H ard y . The o u tp u t d u ring  th e  first 
few years was m ainly  colliery tu b  wheels fo r the  
com pany’s collieries, cast-iron rails, pillars and 
general hardw are, b u t a tte n tio n  was th en  de
voted to th e  m anu fac tu re  of cannon and shot, 
and in  1854 th e  weekly o u tp u t of ordnance 
am ounted to  several hundred  tons. D u rin g  th is  
period th e  com pany also tu rn ed  its  a tte n tio n  to  
the m anu fac tu re  of engines, pum ps and heavy 
m achine tools, which were m ade for firms all 
over the  country . I t  was, however, in the  m anu
fac tu re  of the  fam ous Low Moor w rought iron 
th a t  the  com pany was su p rem e; th e  p la te  mill 
was the  larg est in  the  country , w hilst i t  is in 
te res tin g  to  note th a t  the  piston rods, crank-



shafts, c ran k  pins, e tc ., fo r th e  “ G rea t 
E as te rn  ”  were forged here.

A few years ago the  works was d ism an tled ; 
one sm all po rtion  rem ains, however, w here B est 
Y orkshire Iro n  is still made. A t th e  h e ig h t of 
its  fam e th e  com pany’s collieries covered an  a rea  
of 8,000 acres, th e  ironstone m ines h ad  73 miles 
of underg round  roads, all la id  w ith  cast-iron  
rails, and  th e  works also occupied a  v a s t ac re
age.

The Bowling I ro nw o rks
The Bowling Ironw orks was established a few 

years p rio r to  th a t  a t  Low Moor. The valuable 
n a tu re  of th e  local m inera l deposits was first 
recognised by several business m en, am ongst 
whom were M r. Jo h n  S turgess, of W akefield, an  
ironm aste r of some rep u te , and a M r. Jo h n  
Paley, of Leeds. In  1784, they, w ith  o thers, set 
up th e  first found ry  a t  Bowling fo r doing 
foundry  and sm iths’ work, an d  a b risk  tr a d e  was 
done in  flat irons, posnets, ovens, boilers, sash 
and clock weights. I t  was no t u n ti l  th e  year 
1788, however, th a t  works was estab lished  a t  
Bowling for th e  sm elting  of iron  ore, th re e  years 
before th e  sister works a t  Low M oor. The works 
was very sm all d u rin g  th e  firs t few years, b u t  in  
ad d ition  to  th e  dom estic products, heavy guns, 
carronades, how itzers, as well as shot an d  shell 
were m ade. The Bowling cast-iro n  guns, shot 
and shell did splendid service a t  th e  b a ttle s  of 
T ra fa lg ar, W aterloo , th e  bom bardm ent of 
Algiers, and  a t  o the r h is to ric  b a ttle s  on lan d  
and sea. C ast-iron  guns were m ade a t  B owling 
up to  the  tim e of S ir W illiam  A rm stron g ’s in 
vention  of th e  im proved w rou gh t-iron  guns, an d  
i t  is in te re s tin g  to  note th a t  some of th e  firs t 
coils to  be used by S ir W illiam  fo r th e  la t te r  
were m ade of Bowling w rou gh t iron .

The com m ercial en te rp r ise  follow ing upon 
m ore peaceful tim es involved eq ual en te rp rise  
on th e  paTt of th e  B owling Com pany, which a t  
a la te r  period tu rn e d  o u t from  th e ir  ro lling  m ills 
la rg e  q u an titie s  of rods an d  bars, as well as 
boiler p lates, sheet iron , angle and  tee  iron,
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weldless ty res and  weldless hoops for steam  
boilers; from  th e  forges, all k inds of heavy and 
lig h t forgings, axles, shafts, p iston rods, cranks, 
e tc ., and  from  th e  eng ineering  shops, boiler shops 
and foundries, th e  larg est classes of factory  en
gines, pum ping  engines, rolling-m ill engines, 
steam  presses, etc . Old hands used to  re fe r  w ith 
p ride to  a  p a ir  of oscillating cylinders each over 
30 tons in  w eight, and each m ade in  one piece; 
also to  flywheels of ponderous size which were 
m ade fo r various firms. D u rin g  th e  la te  n ine
teen th  cen tu ry  th e  m an ufactu re  of steel was also 
u nd ertaken , an d  th e  steel foundry  a tta in ed  a  
rep u ta tio n  for steel castings of th e  largest size. 
The com pany’s m inera l resources were, however, 
rap id ly  becom ing exhausted , and in 1896 th e  
works was d ism antled. Luckily for th e  local 
workers th e  engine shops were tak en  over by a  
Dewsbury firm, Bever, D orling & Company, 
L im ited , who tran sfe rred  th e ir  business to  B rad 
ford in  1902. This firm had a  world-wide trad e  
in  sugar-refin ing p lan t, and were also famous for 
m ining p lan t, th e ir  products being found in  
practically  every well-known colliery in  the  
N orth  of England.

Tex ti le  Engineering
Norm ally, th e  nam e of B radford  is associated 

w ith the  tex tile  industry , and the  large engineer
ing tra d e  which was carried  on in th e  city  in  the  
early  p a r t  of th e  cen tu ry  is unknow n to  th e  
m ajority  of people. About 1900, Thornton & 
C rebbin were supplying m arine-engine cylinders 
to  all th e  leading shipbuilders in  th e  country  in 
sizes up to 108 in . d iam eter and 25 tons in 
weight. I t  is in te restin g  to note th a t  ELM.S.

Inv inc ib le ,” which was A dm iral S tu rd ee’s flag
ship a t  the  b a ttle  of the F a lk lands; H .M .S . 
“ T h un d erer,” which fough t a t  Ju tla n d , and the 
ill-fated “  H am p sh ire ,” which was lost when 
carry ing  Lord K itchener to  R ussia, were a ll en- 
gined by the  firms to  whom T hornton & Crebbin 
supplied th e  necessary cy linder castings. I t  is a 
lasting  testim ony to  th is  firm th a t  s itu a ted  as 
they were, m any miles from  th e  sea, w ith  heavy



ca rriag e  costs, they  were able to  com pete suc
cessfully in  such a m ark e t. U n fo rtu n a te ly , th is  
concern has passed on, th e  business being tak en  
over by Cole, M archen t & M orley, which was 
founded in  1848 by Jo h n  Cole an d  Jam es M ar
chent, both of whom were employees of the  
Bowling Ironw orks. The business was acquired  
in  1890 by H e rb e rt M orley, who received his 
tra in in g  in  th e  B radford  Technical College, being 
one of th e  first of th e  day s tud en ts. H e  was in 
stru m en ta l in in trodu cing  th e  m a n u fac tu re  of 
the  Diesel engine in  1911, and  his firm also 
played a large p a r t  in  the  in tro d u c tio n  of th e  
“  TJniflow ” or “  cen tra l ex haust eng ine ”  in  
th is  country . In  th is  connection, an o th e r local 
firm, Newton, B ean & M itchell, shared  th e  
honours.

A nother fam ous firm  of a few years ago, and  
one whose nam e will be fam ilia r to  th e  m a jo rity  
of foundrym en, was Thw aites B ro thers, who were 
identified w ith  th e  m an u fac tu re  of steam  ham 
m ers, forge and sm ithy p la n t, R oots’ blowers, 
cupolas, steel converters, ladles and fo un d ry  and  
m etallurgica l equipm ent in  general. D u rin g  th e  
w ar, th is  firm  laid  down a larg e  steel fou nd ry  
for th e  production  of steel castings fro m  th e  
electric fu rnace, in  p a rtic u la r  steel wheels fo r 
lorries and buses, b u t th e  falling-off in  dem and, 
consequent upon th e  post-w ar depression, b ro u g h t 
th is ven tu re  to  an  end.

Existing C ondit ions
A t th e  p resen t tim e, heavy castings of th e  ty pe  

required  by th e  old engine builders a re  n o t being  
produced in  th e  city , b u t  th e re  is, nevertheless, 
qu ite  a considerable found ry  in d u stry , m ain ly  of 
a jobbing n a tu re , as well as found ries  associated 
w ith some of th e  la rg e r  en g ineerin g  firms. There 
are  also several firms which have b u ilt up  success
fu l businesses in  th e  m an u fac tu re  of specialities, 
an d  although  i t  is difficult to  fo recast th e  fu tu re  
developm ent of th e  found ry  in d u stry  of the  city , 
prosperity  possibly lies in  th e  ex tension of such 
specialised m anufactu re .

I t  is a curious fac t th a t ,  w ith  th e  exception  of
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looms, th e  m achinery in  th e  B radford  tra d e  is 
ob ta ined  alm ost en tire ly  from  sources outside 
the  city , and i t  is a fac t th a t  m any advantages 
would accrue from  th e  encouragem ent of the  
m achine m aking branch of local engineering. 
The success, however, depends on a prosperous 
tex tile  in du stry , which is itself a m a tte r  of con
jec tu re  as regards th e  fu tu re .

The W o rk  of th e  Ins t i tu te
The story  of ironfounding in  B radford  is one 

which shows m any changes—changes which have 
been m ade necessary both  by developm ents in the  
in du stry  itself and by o ther outside factors. 
F u rth e rm o re , i t  is probably only rep resen ta tive  
of th e  changes which have tak en  place in  the  
whole foundry  ind u stry  th rou g h ou t th e  country 
d u rin g  th e  las t fifty or six ty  years. I t  is to  be 
expected th a t  th is  In s ti tu te , which in  a little  
over th ir ty  years has developed from  b u t a small 
group of inq u irin g  foundrym en to  a strong 
na tion a l body, should reflect the  progress of the 
in du stry  which i t  serves. Such progress is ind i
cated by th e  Incorpo ra tion  by R oyal C h arte r in 
1921 ; th e  form ation of th e  Technical Com m ittee 
in 1931, and th e  foundation  of th e  m any medals 
and prizes which foundrym en have so generously 
given fo r the  benefit of th e  In s titu te  and the  
honouring of its  members.

The changes which have tak en  place in the 
in du stry , in  its  technique and in its  methods 
d u rin g  th e  la s t tw en ty  years, and increasingly so 
d u rin g  the  p ast five years, have had th e ir  effect 
upon th e  personnel. Positions which a t  th e  end 
of th e  w ar were considered to  be of little  im port
ance have developed to-day in to  posts where a 
considerable am ount of executive ab ility  is re
quired . The grow th of specialisation, th e  appli
cation  of technical knowledge to  th e  various 
foundry  processes, and the  increasing use of 
m echanical appliances, have crea ted  new posts in 
th e  industry , and in add ition  to  th e  foundry- 
m an of long p rac tica l experience, th e  industry  
to-day contains m any m en who combine experi
ence w ith technical knowledge.
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Since th e  g ra n tin g  of th e  R oyal C h arte r  in 

1921, th e  In s t i tu te  has definitely  increased  its 
usefulness to  its  mem bers. F o r  exam ple, the 
Technical C om m ittee has been in  existence for 
some seven years, and  in  th a t  tim e  i t  has been 
of considerable help to  th e  in d u stry  as a  whole, 
and to  m any ind iv idual m em bers. In te rn a tio n a l 
relations have been established and ex tended, our 
own m em bership has increased overseas, and we 
have now a  flourishing B ranch  in  South A frica. 
R elations w ith  o th e r scientific associations have 
been closely cem ented, and th e  In s t i tu te  has ca r
ried  o u t a  g re a t deal of work in  connection w ith 
the  developm ent of foundry  technical education .

The A nnual R eports  of th e  p a s t few years 
con tain  pa rticu la rs  of m any o ther developm ents, 
some n a tio n a l in  ch aracte r, some com paratively 
small, b u t all of them  of im portance to  th e  in 
d ustry  and th e  m embers of th e  In s t i tu te .  The 
im m ediate value to  th e  ind iv idual mem bers of 
some of th e  developm ents to  which reference has 
been m ade is no t always ap p aren t, b u t  th e  possi
b ilities are  n o t by any m eans exhausted , an d  th e  
Council an d  various com m ittees are a t  p resen t 
engaged in investig a ting  various lines of fu r th e r  
developm ent w ith  a view to  g iv ing  increased 
services to th e  indiv idual member.

Thus I  have en tered  upon my y ear of office 
a t  a tim e when, I  believe, m uch of th e  work 
which has been carried  on du rin g  th e  p a st few 
years will be com pleted, and will be passed on 
to  th e  members of th e  In s t i tu te  an d  to  the  
in du stry  which i t  serves. I  feel. too. th a t  the  
various developm ents which are a t  p resen t being 
form ulated, and the  new program m e of work 
under consideration, will, when th e  tim e  comes 
for me to  vacate th is  ch air, have form ed some 
definite step upon which we can  safely tread , 
w ith the  assurance th a t  we have m ade ye t 
fu rth e r  progress.

In  conclusion, I would like to  say a word or 
two about our ex po rt trad e , rea lis ing  as I  do 
th a t  i t  is of v ita l im portance to  ou r existence 
as a na tion . F o r a  m om ent I  will confine my
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rem arks to  E m pire trad e . The E m pire pos
sesses as a buying power a  population  of 500 
m illion people, and I  th in k  th a t  every business 
m an an d  in d u str ia lis t will agree th a t  a m arke t 
of th a t  m agn itude , bound to  us in m any ways, 
such as common policies, tra d itio n  and language, 
is a m a rke t th a t  ought to  be well w orth s triv ing  for.

The E m pire  overseas to-day bought more goods 
th a n  all th e  res t of the  world, in  ad d ition  to 
buying 209 m illion pounds w orth of foreign 
goods. Some of you m ay ask w hat these figures 
and E m pire  trad e  m ean to  th e  foundry  t r a d e ; it  
m eans th is—if our ex po rt tra d e  is strong and 
healthy , our foundry  ind u stry  is bound to  be in 
a healthy  condition. Therefore, le t us try  to do 
all we can to develop m utu al confidence and sym
pathy , so fa r  as is practicable w ith  our E m pire 
overseas; the  world is by no m eans a sa tu ra te d  
m arke t, especially w ith in  the  E m pire, and if we 
here a t  home do no t seek th is  increasing trad e , 
o ther countries will.

The m ain conditions of in d u stria l welfare and 
expansion are  security  and the  confidence which 
flowed w ith  i t ,  and  these m ust be based upon 
peace am ongst the  nations of the  world, and all 
factors opera ting  ag a in st peace m ust be removed 
an d  overcome if our ind u stry  or any o ther in
du stry  is to go forw ard.

M r. B i g g  proposed a h earty  vote of thanks to 
the  P res id en t fo r his address, which included a 
most in te restin g  h isto rical survey of the  found
ing in d u stry  in  Y orkshire and some thou ghts on 
the  outlook for th e  fu tu re .

The vote of th an ks  was carried  w ith  acclam a
tion , and the  P res id en t briefly responded.

The C onference then  divided in to  two sessions. 
Session A was devoted to  more general P apers, 
and  was under th e  chairm anship of the  P resi
dent, w hilst all P apers  dealing w ith  non-ferrous 
m etals -were presented  and discussed in Ses
sion B, over which M r. W. B. Lake, J .P . ,  Senior 
V ice-President, presided. P ap ers  presented and



discussed in  Session A w e re :— “ The R andupson 
Process of C em ent M ould ing,”  by F . W . Rowe,
B.Sc. ; “ R elief of In te rn a l S tress in  C asting s ,” 
by L. E . Benson, M .Sc., and  H . A llison, B .Sc. : 
and  “  E nglish  and A m erican S tee lfo undry  P ra c 
tic e ,” by C. J .  Dadswell, P h .D ., B .S c .(E n g .), 
In g .E .S .F . P ap ers  presented  an d  discussed in 
Session B were as follow s:— “ H ea t-T rea tab le  
A lum inium -Silicon Alloys,” by M onsieur G au th ie r 
(presented  on behalf of th e  Association Technique 
de F o n d erie ); “ A lum inium  C asting  A lloys,”  by 
D ip l.-Ing . G. G iirtle r; and “  Some P hysical F ac
tors in  C asting  H ig h -S tren g th  B rasses,”  by J .  E. 
Newsom, M .M et.

A fter luncheon, which was tak en  a t  th e  Con
n au g h t Rooms, M ann ingham  Lane, th e  following 
works were visited  by m em bers:—W m. A squith , 
L im ited , and  M odern Foundries, L im ited  ; F a ir -  
ba irn  Lawson Combe B arbour, L im ited ; Jo h n  
Fow ler & Com pany (Leeds), L im ited ; and 
P rince-S m ith  & Stells, L im ited .

The ladies inspected th e  fac to ries  of Jo h n  
F o ste r & Son, L im ited , and P r ic e ’s Tailors, 
L im ited.

THE A N N U A L  B ANQ UET
In  th e  evening of W ednesday th e  an n u al b a n 

q ue t was held a t  th e  C onnaught Rooms, M an
ningham  Lane. The P res id en t an d  M rs. H ep- 
worth, w ith  the  L ord M ayor an d  L ady M avoress, 
received th e  m embers and  guests, who enjoyed 
a very happy evening.

The guests included S ir A nthony G adie ; 
A lderm an J .  W. Longley, J . P . ;  M r. H . Holds- 
w orth (M .P . fo r B radfo rd  South) an d  M rs. 
Ilo ld sw o rth ; A lderm an S. H orsfall, J .P . ,  and 
Miss H orsfa ll; C ap ta in  L. J .  S a r je a n t, O .B .E ., 
and  M rs. S a r je a n t;  P rin c ip a l H . R ichardson  
(Bradfoi’d Technical College).

T he Toasts
The Loyal Toast hav ing  been honoured, 

the P r e s i d e n t  proposed “ O ur G uests,”  and  
said th a t  they were d istingu ished  in  m any walks

50
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of life. In  th e  first place, he m entioned the  
v isitors from  overseas. T here were also d is
tingu ished  rep resen ta tives of the  C ity  of B rad 
ford, whom th e  members of th e  In s t i tu te  were 
deligh ted  to  welcome. In  a tr ib u te  to  the 
Lord M ayor and  his colleagues on th e  C ity 
Council, he said he had  wondered w h at was the 
m ain  reason for th e ir  spontaneous generosity on 
the  occasion of the  B radford  Conference, and 
had  concluded th a t  i t  was th e  fac t th a t  th e  
In s t i tu te  was in te n t upon developing the 
p rac tical and scientific sides of th e  indu stry , 
for th e  B radfo rd  C ity Council had always been 
pioneers in m a tte rs  of education . H e paid 
tr ib u te  to  A lderm an H orsfall as a  s ta lw art of 
th e  C ity  C ouncil; and to  A lderm an Longley, 
th e  C hairm an of th e  Technical E duca tion  De
p a rtm en t, and to  his Com m ittee, who had  placed 
th e  Technical College a t  th e  disposal of the  
In s t i tu te  fo r th e  purpose of its  m eetings, and 
would e n te r ta in  them  th e  following evening.

The L o r d  M at  o r , i n  his response, said  th a t  
he and  his colleagues on th e  C ity Council were 
happy to be p resen t and to wish the  In s ti tu te  
well. In  a reference to  in d u str ia l affairs in 
B radfo rd , he said  they had been un d er the  im 
pression th a t  when th e  iron  and steel trad e  
was busy, prices in  th e  wool tra d e  were good. 
B u t a t  present, fo r the  first tim e in 50 years, he 
was told, although  th e  iron and steel trad es  had 
been busy m aking money, th e  soft goods trades 
had  been losing money.

However, he and his colleagues and fellow 
guests were g ra te fu l for th e  m anner in  which 
they had  been en te rta in ed , and were enjoying 
a happy  evening in good company.

The Engineer and th e  Foundry
C a p t . L. J .  S a r j e a n t , O .B .E ., proposing “ The 

In s t i tu te  of B ritish  F oundrym en ,” m ade a 
b r illian t speech, in  which he said th a t  when he 
was asked to  propose th e  toast, his first reaction 
was to  refuse, on th e  ground th a t  th e re  were 
o thers more com petent th a n  h e ; b u t a f te r  a
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l it tle  tho u g h t i t  had  appealed to  h im  as a 
p leasure, fo r he occupied a  very in te re s tin g  posi
tion , inasm uch as he was closely in  touch  w ith  
th e  found ry , tho u gh  definite ly  he was n o t of 
th e  foundry . T herefore, he had delved in to  the  
arch ives of th e  In s t i tu te  and had read  a num ber 
of its  P ap ers.

The foundry , he continued, was one of th e  
m ost im p o rtan t, if  n o t the  m ost im p o rta n t p a r t ,  
of th e  works which he controlled, an d  his 
co n tac t w ith  i t  was of in tense in te re s t. I ts  
p roducts w ere needed in  every portion  of th e  
th ing s which h is o rgan isa tion  produced, an d  they 
were needed a t  a  very  early  stage.

H e was in tensely  in te rested  in  th e  a r t  of th e  
foundrym an, because when difficulties arose i t  
was found th a t  th e re  had  been some change, 
though perhaps only a very small change, in  th e  
production of th e  castings. F or th a t  reason he 
could see clearly th e  p a r t  which th e  In s t i tu te  
m ust play in  th e  developm ent of a g re a t in 
dustry . To him , alth ou gh  an  ou tsider, successful 
found ing  was clearly  a m a tte r  of ex trem e 
accuracy and in tense  precision, and he d id  n o t 
see how i t  was possible for th e  in d u stry  to  
progress as i t  m u st and would do w ith o u t th e  
help of th e  In s titu te , which was co ntro lling , 
cen tra lis ing  and d is tr ib u tin g  knowledge. The 
foundry  was th e  beginning , an d  i t  rem ained  th e  
foundation , of th e  engineering  in d u stry , and  he 
visualised th a t  th e  p a r t  i t  played would be woven 
more and more deeply in to  th e  s tru c tu re  of the  
n a tio n  an d  of ind u stry  as a whole in  th e  
fu tu re .

The p a r t  played by th e  eng ineerin g  in d u s try  
in  th e  fu tu re  would be s im ilar to  th a t  of th e  
doctors of the  m edical profession. W hen dis
coveries were m ade an d  difficulties were overcome 
by doctors, th e  resu lts were m ade know n im 
m ediately to  th e  whole profession, to  be used for 
the  benefit of suffering hu m an ity . S im ilarly , 
when difficulties were overcome in  th e  fu tu re  
in the  engineering world, th e  in fo rm atio n
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derived would bo m ade free to  all engineers, 
fo r th e  benefit of suffering in d u s try ; and, as the  
resu lt of delving in to  th e  archives of th e  In s ti
tu te  and  read ing  P ap ers  presented  to its  
members, he fe lt th a t  the  founding indu stry  
was perhaps fu r th e r  along th a t  road th a n  was 
th e  res t of th e  engineering  calling.

M r . C. W. B i g g  (im m ediate P ast-P resid en t) 
said he was honoured to be asked to  respond to  
th e  to a st, proposed so ably, w ittily  and grace
fully  by C apt. S a rjea n t.

E xpressing  ap preciation  of th e  k ind re fe r
ences m ade to  th e  ac tiv ities of th e  In s titu te , he 
said  th a t  when he was installed  as P res iden t, a 
y ear ago, he had had a very g rea t affection and 
respect fo r th e  In s titu te , and as th e  resu lt of 
his year of office his respect and affection for i t  
had  become g rea te r  th a n  ever. T h a t a large 
num ber of men, who were already very busy, 
should devote tim e and effort, and to  a consider
able ex te n t th e ir  money, no t only to  increasing 
th e ir  knowledge of th e ir  own p a rtic u la r  jobs, b u t 
also to  passing on th e ir  knowledge to  others, 
was an  ideal s ta te  of affairs, w orthy of the 
ad m ira tion  of everybody.

The In s ti tu te  had achieved a g rea t deal. B u t 
one of th e  facto rs in its  w orking which he had 
noted  was th e  existence of w hat m igh t be called 
a form  of divine d iscon tent, which expressed 
itse lf in  an  u rge on the  p a r t  of its  members not 
to  allow themselves to  be satisfied w ith th e ir  
accom plishm ents, bu t to  s triv e  all th e  tim e for 
new and g rea te r  achievem ents. They could no t 
s tan d  s t i l l ; th e  conditions and circum stances by 
w hich th ey  were surrounded were continually  
m oving, an d  unless they  as an  In s t i tu te  k ep t 
pace w ith  progress th ey  would go back. They 
could claim to  have tak en  a very large share in 
th e  developm ents which undoubtedly had tak en  
place in  th e  in d u stry  d u rin g  th e  las t two or 
th ree  decades. W hatev er th e  opinions they held 
w ith  regard  to  an y  one p a rtic u la r  problem which 
faced th e  In s ti tu te , the  members were unanim ous



in tlie ir  am bition  to ensure th a t  th e  In s t i tu te  
should continue to be am ong th e  leaders— and he 
had every confidence th a t  th a t  am bition  would 
be realised .

P resen ta t io n  to  Mr. W ise
A fte r  th e  form al speeches, a  p resen ta tio n  was 

m ade by M r. A. S. W o r c e s t e r  (P re s id en t of 
th e  W est R id ing  B ranch) to  M r. S. W . W ise 
(H on. Conference S ecretary) in  recognition  of h is 
h a rd  work in  connection w ith  th e  o rgan isa tion  
of th e  conference. M r. W orcester said  he was 
p a rticu la rly  happy  to have th e  o p p o rtu n ity  to  
m ake th e  p resen ta tio n , for he had  been a 
colleague of M r. W ise 30 years ago in  M essrs. 
W illans & Robinson, of R ugby, and  i t  was a 
pleasure to  be associated w ith  him  also in  th e  
W est R id ing  B ranch. The o rgan isa tion  of the  
conference h ad  en tailed  an  enorm ous am o un t of 
work, th e  th ree  o u ts tan d in g  persona lities  in  
connection w ith  which were M r. H . F o rre s t 
(C hairm an of th e  Conference C om m ittee), M r. 
T hornton (Hon Conference T reasu rer), and  M r. 
W ise, who was th e  ideal S ecre tary  of th e  W est 
R id in g  B ranch.

In  m aking  the  presen ta tion , which took th e  
form  of a  ta n k a rd  and a cheque, M r. W orcester 
wished M r. W ise good health , an d  “  s tre n g th  to  
his elbow.”

M r . W i s e , in  expressing his th an k s , sa id  he 
had  been a m em ber of th e  In s t i tu te  fo r m any  
years, and had always enjoyed co n tac t w ith  
his fellow m em bers; never had  he w orked w ith  
colleagues w ith  such u n an im ity  as h ad  been in  
evidence th ro ug ho u t th e  o rgan isa tion  of th e  con
ference. H e could n o t have ca rried  on w ith o u t 
the  active suppo rt of all of them .

P re sen ta t io n  to  Mrs. Bigg
A second p resen ta tio n  was m ade by th e  

P r e s i d e n t  to  M rs. B igg fo r th e  p a r t  she had  
played in  m aking M r. B ig g ’s y e a r  of office so 
successful as i t  had  been. I t  took th e  form  of a 
p a ir  of silver candlesticks and an  a sh tray .
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M r s , B i g g , i n  r e s p o n s e ,  m a d e  a n o t h e r  o f  t h e  

h a p p y  s p e e c h e s  f o r  w h i c h  s h e  i s  b e c o m i n g  n o t e d .
Follow ing th e  banquet, th e  m embers and th e ir  

lad ies enjoyed dancin g  u n til  a  la te  hour.

THURSDAY, June 6
The C onference resum ed a t  th e  Technical 

College a t  9.30 a .m ., when a technical session 
was field in  th e  G rea t H all. The following 
P ap ers  were presented  and discussed: —

Chemical Changes of C ast Iro n  in  Cupola 
M elting ,”  by D r. J .  T. M acK enzie; “  Copper in 
C ast I ro n ,”  by A. J .  Nicol Sm ith , B.Sc. 
(arrang ed  by the  B ritish  C ast Iro n  R esearch 
A ssociation); “ M odern M anufactu re  of M achine- 
Tool C astings,”  by J .  B lakiston, A .I.M ech.E . ; 
and  “  Sand B lasting  as A pplied to  the  V itreous 
E nam elling  Process”  by H . W hitaker, M.Sc. 
(arrang ed  by th e  In s t i tu te  of V itreous 
E nam ellers).

The Conference was ad journed  a t  12.30 p.m .. 
and luncheon was tak en  a t  th e  C onnaught 
Rooms. In  th e  afternoon  members v isited the 
works of H epw orth  & G randage, L im ited ; J .  
B lakeborough & Sons, L im ited  ; Thos. B roadbent 
& Sons, L im ited ; and H opkinsons, L im ited.

P a r tie s  of ladies were able to  v is it the  factory  
of Jo h n  M ackintosh & Sons, L im ited , and th a t  
of P a to n s  & B aldw ins, L im ited .

C onversaz ione
In  th e  evening members and ladies, together 

w ith  a num ber of distinguished citizens of B rad 
ford, were en te r ta in e d  to  a  conversazione a t  the  
Technical College, a t  the  inv ita tio n  of 
A lderm an J .  W . Longley, J .P . ,  C hairm an 
of th e  Technical E duca tion  Sub-Com m ittee, 
and of o ther members of th e  Com m ittee. Guests 
were received in  th e  m ain hall of th e  College by 
A lderm an Longley, and by th e  P resid en t and 
M rs. H epw orth.
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The various dep artm en ts  of th e  College were 

th en  inspected un d er th e  gu idance of s tud en ts, 
and dem onstrations were a rran g ed  in  each de
p a rtm e n t by the  m em bers of th e  staff an d  senior 
s tuden ts.

The ev en ing’s program m e included dancing  in 
th e  College H all, which was b eau tifu lly  decorated  
by th e  B rad fo rd  C orporation  P a rk s  D ep artm en t, 
and  th e  com pany were en te rta in ed  to  re fre sh 
m ents by th e ir  hosts. A t an  in te rv a l in  th e  p ro 
ceedings, Mb. J .  H e p w o r t h , th e  P re s id e n t of 
th e  In s t i tu te , expressed to  A lderm an Longley, 
and his colleagues on th e  Technical E d uca tion  
Sub-C om m ittee, his th ank s  for th e ir  h o sp ita lity . 
A l d e r m a n  L o n g l e y  responded and  expressed the  
pleasure of him self and his colleagues a t  th e  
op p o rtu n ity  of en te r ta in in g  th e  In s titu te .

EXCURSION TH R O U G H  THE DALES
As is custom ary, th e  la s t day of th e  C onfer

ence was given over to  an  excursion, an d  th is  
took place on F rid ay , J u n e  17, enab ling  th e  
p a rty  to see some of th e  m ost b e au tifu l scenery 
in  th e  Y orkshire Dales.

The p a rty  le f t e ith e r B rad fo rd  or Leeds by 
m otor coach, th e  first h a lt being m ade a t  H a rro 
ga te , where coffee was served in  th e  V alley 
Gardens. The jo u rney  was continued to  R ipon , 
where luncheon was tak en  a t  th e  Spa H o te l, 
which is beau tifu lly  s itu a ted  in ex tensive grounds 
on th e  o u tsk irts  of the  city. A fte r luncheon 
th e  op p o rtu n ity  was tak en  to  ten d e r th e  th an k s  
of th e  members and ladies to  the  officials of th e  
W est R id ing  of Y orkshire B ranch  for th e ir  hos
p ita lity , fo r th e  work which they  had  ca rried  
ou t in  connection w ith  th e  Conference, and  to  
co n g ra tu la te  them  upon th e  success of th e ir  efforts.

M r . C . W. B i g g  (im m ediate P as t-P res id en t)  
voiced th e  th ank s  of th e  In s t i tu te ,  an d  assured 
th e  W est R id ing  of Y orkshire m em bers th a t  all 
those v is iting  th e  C onference had  enjoyed i t ,  an d  
apprecia ted  fully  all th a t  h ad  been done for 
them . M r. B igg’s rem arks were sup po rted  by
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M e. H . W in t e r t o n  (P ast-P re sid en t), who 
stressed p a rtic u la rly  th e  work of M r. S. W. 
W ise, th e  S ecre tary , and M r. H . F o rres t, the  
C hairm an of th e  Conference Com m ittee.

M r. S. W . W i s e , in replying, said th a t  he was 
glad th a t  M r. F o rre s t had been p a rticu la rly  
associated w ith  th e  rem arks, and pa id  his own 
personal t r ib u te  to  the  valuable co-operation 
which he had  had  from  M r. F orrest.

The jou rney  was continued d u ring  th e  a f te r 
noon by way of M asham  and L eyburn and along 
W ensleydale. A h a lt  was m ade a t  A ysgarth , and 
o pp o rtu n ity  was tak en  to  lay  in  stores of W ens
leydale cheese. The p a rty  th en  proceeded along 
B ishopdale an d  en tered  th e  upp er end of W harfe- 
dale, passing th rou g h  Buckden to  B urnsall, where 
tea  was served a t  th e  in v ita tio n  of th e  P res i
den t an d  M rs. H epw orth .

M r. an d  M rs. H epw orth  were than ked  for th e ir  
hosp ita lity , on th e  m otion of M r . Y .  S t o b ie , 
seconded by M r . D .  S h a r p e . M r . H e p w o r t h  
replied  on behalf of M rs. H epw orth  and himself.

The jou rney  continued along W harfedale , an 
o ther h a lt being m ade a t  Bolton Abbey, and 
te rm in a ted  a t  B radford , one coach calling a t 
Leeds en route.
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A D JO URNED AN NUAL GENERAL MEETING
The an n u a l general m eeting  of th e  In s t i tu te  

of B ritish  F oundrym en, which was ad journed  
from  J u n e  14, 1938, was resum ed a t  th e  E n g i
neers’ C lub, A lbert Square, M anchester, on 
S a tu rd ay , October 15, M r. C. W . B igg p resid ing .

C onsideration was given to th e  following item s 
oil the  agenda of the  m eeting of J u n e  14, 
n a m ely : —

To propose: —
(12) “  T h a t the  Bye-Laws so a lte red  and 

added to and as contained  in th e  p r in t  laid  
before the  M eeting be and th e  same are  hereby 
adopted  as the  Bye-Laws of th e  In s t i tu te  in 
lieu of the  present Bye-Laws suc-h p resen t 
Bye-Laws to  cease to  have effect an d  th e  
Bye-Laws so adopted  to  come in to  force and 
effect when and so soon as the  approval of th e  
P riv y  Council to  th e  Bye-Laws so ad op ted  and 
th e  certificate of approval u n d er th e  h a n d  of 
th e  Clerk of the  P riv y  Council have been 
o b ta in ed .”

(13) In  the  event of th e  Bye-Laws being 
adopted  i t  will be proposed : —

“ T h a t th e  Council be and  i t  is hereby 
au thorised  to  tak e  all necessary steps to  ob ta in  
th e  approval of th e  P riv y  Council to  th e  newly 
adopted  Bye-Laws an d  fo r such purpose if 
necessary to  seek th e  g ra n tin g  to  th e  In s t i tu te  
of a Supplem entary  C h a r te r .”

(14) Any o ther business.
The P h e s i d e n t  explained th a t  th e  m eeting  had 

been ad journed  from  J u n e  14 in  o rder to  con
tinue a discussion on a  reso lu tion  w hich was 
proposed by M r. S. H . R ussell, and  seconded, 
he believed, by M r. W in te rto n . A t th a t  m eeting  
there was some discussion as to  th e  legality , 
first of all, of an  ad jou rn m en t. In  oi'der to  
make th e  position q u ite  clear he was going to
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ask M r. M akemson to  read  th e  legal opinion 
upon th e  poin t.

M s .  M a k e m s o n  (S ecre tary  of th e  In s titu te )  
s ta ted  th a t  th e  solicitors who had  been giving 
advice w ith  reg a rd  to  th e  bye-laws had s ta ted  
i t  was perfectly  clear th a t  a body, constitu ted  
as was the  In s titu te , had  th e  power to  ad journ  
a m eeting  to  a  convenient da te , and a resolution 
passed a t  such an  ad journed  m eeting would be 
ju s t  as valid  as if  passed on the  first d a te  of the  
m eeting . Indeed , th e  tw o m eetings toge ther 
were th e  an n u a l general m eeting.

The C h a ir m a n  th en  called upon M r. S. H . 
Russell to  open th e  discussion by recounting  the 
procedure to  da te .

M r . R u s s e l l  th o u g h t i t  would n o t serve any 
useful purpose if  he spent some considerable tim e 
going over th e  h is to ry  of the  changes in  th e  bye- 
laws. A t B radfo rd  th e re  were two ou tstand ing  
th ing s in  th e  discussion which arose. F irs t, some 
members m ade a po in t q u ite  clear. They were 
pa rticu la rly  members who were n o t definitely or 
conveniently a ttach ed  to  any B ranch. As they 
all knew, m any members could n o t conveniently 
a tte n d  B ranch m eetings. I t  was found th a t  such 
members were, to  a g rea t ex ten t, u n fam ilia r w ith 
th e  proposals which were before th e  an nu al m eet
ing. F o r th a t  reason, the  O rganisation  Commit
tee  decided to  circu larise th e  m em orandum  to  all 
classes of m embers, which was received about a 
m onth ago. I t  was a four-page leaflet, and  really 
contained ev ery th ing  as regarded  th e  history  and 
th e  reasons for the  suggested alte ra tio ns to the 
bye-laws.

A second objection, and perhaps a m ore im por
ta n t  objection, which was raised  a t  B radford  was 
to th e  increase in  subscriptions. T ha t po in t, of 
course, would be fu r th e r  discussed th a t  afternoon. 
N o th ing  in  th e  previous discussion a t  B radford  
could be said to  have alte red  the  unanim ous re 
com m endation of th e  O rganisation  Com m ittee 
th a t  the  bye-laws should be adopted. Supposing 
th e  subscriptions were increased, he did no t th in k  
i t  would serve any useful purpose if he elaborated



th e  po in t for the  m om ent, as to  th e  p a rtic u la r  
reason why th ey  should be increased. The m a tte r  
h ad  been gone over before. The O rgan isa tion  
C om m ittee were fu lly  convinced i t  was necessary 
for th e  well-being of th e  In s t i tu te  th a t  th e  sub
scrip tion  income should be increased.

The C h a ir m a n  th en  announced th a t  th e  Secre
ta ry  had received a num ber of le tte rs  w ith  re fe r
ence to  th e  resolution  to  increase subscrip tions. 
H e  asked him  to  read  them .

M r. T. M a k e m s o n  accordingly read  th e  le tte rs  
p ro tes ting  ag a in st an  increased subscrip tion , and  
also a num ber of le tte rs  in su p po rt of th e  p ro 
posals.

The C h a i r m a n  said he had no desire to  re s tr ic t  
in  any  way th e  o p p o rtu n ity  of an y  m em ber to  
express his views on th e  m a tte r  u n d er discussion. 
H e  was anxious th a t  th e re  should be a th o ro u g h  
expression of opinion, and he was su re  t h a t  all 
p resen t would ap precia te  th e  d e sirab ility  of every  
speaker keeping to  th e  p o in t an d  com ing to  a 
finish as quickly as was reasonably possible.

The Position in Sco tland
M r . D a n ie l  S h a r p e  (S cottish  B ranch) 

reg re tte d  th a t  M r. B allan tine  was unab le  to  be 
present, as he officially rep resen ted  th e  Scottish 
B ranch. H e  hoped th a t  th e  a t t i tu d e  of the  
Scottish B ranch would n o t be m isunderstood. 
H e  th o u g h t t h a t  M r. F . J .  Cook, in  h is  le tte r ,  
h ad  clearly se t o u t th e  position of th e  Sco ttish  
B ranch, a lthough  he had tr ie d  to  s ta te  th e  
negative case. I t  would ap p ear alm ost as thou gh  
th e  Scottish B ranch had  a pecu liar m em bership 
in  so fa r  as they  had a very la rge  n u m b er of 
operatives. W hen com pared w ith , say, th e  
London B ranch, who had a  m in im um  of w ork
shop members, i t  was well t h a t  th ey  should 
ap p rec ia te  th e  po in t of view  expressed by th e  
Scottish  Council. H e  would like to  assu re  them  
all th a t  a t  th e  la s t m eeting  of th e  Sco ttish  
B ranch  apprecia tion  was expressed fo r th e  work 
done by th e  C om m ittee, an d  th e  S co ttish  B ranch  
were very sincere in  believing th a t  th a t  Com-
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m ittee  were ac ting  for th e  very best in te rests in 
th e ir  own view, an d  according to th e  inform a
tion  th ey  had before them . In  th e  Scottish
B ranch th ey  h ad  a  large num ber of members who 
were operatives an d  also members in ju n io r 
executive positions. The view which had been 
expressed a t  B radford  on th e ir  behalf was much 
th e  sam e as the  view which was held th a t  day, 
nam ely, i t  was feared  th a t  by increasing the 
subscription the  orig inal in ten tions of the  associa
tio n  would be ham pered.

M b . R. A . M i l e s  (M anchester) : In  w hat way 
will i t  do th a t?

M b . S h a r p e  replied th a t  in Scotland they 
believed in  giving good value for money as 
well as expecting  value fo r money. They did 
no t w an t to  give less th a n  w hat a  m an was 
paving for. F rom  th e  poin t of view of th e  man 
on th e  floor he th o u g h t th a t  they  ought to be 
carefu l an d  see th a t  they  were n o t going to  pu t 
th e  m an in  th e  position  of say ing : “  Well, i t  is 
not w orth w hile,” and dropping out. H e ju s t 
raised  th e  po in t th a t  they  should be quite  
conscious th e re  was no desire on th e  p a r t  of the  
Scottish B ranch to be little  th e  work of th e  Com
m ittee who h ad  been to  a g rea t deal of trouble 
and had done th e ir  work so well. Nevertheless, 
they  oug h t to  keep in view th e  orig inal in ten 
tio n  of th e  association to  bring  the  operatives 
in to  touch w ith them  all. P erhaps they  were 
u n fo rtu n a te  in Scotland from  th e  po in t of view 
of hav ing  such a num ber of th e ir  active mem
bers who were men working on th e  floor. He 
did n o t wish to  en large on the  s itua tion  from 
th e  p o in t of view of the  increase of subscrip
tion . H is  personal p o in t of view, and he 
th o u g h t also th a t  of his colleagues who were 
presen t upon th a t  occasion, was th a t  the  in 
crease m a tte red  very little . They d id  w an t to 
know w hether th e  m an 0 11 the  floor was going 
to  g e t value for his money. I t  was quite 
appreciated  th a t  th e  medium-class m an was no t 
going to  suffer very badly, while th e  ac tual 
ju n io r was going to  be b e tte r off to th e  ex ten t
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of sixpence. I t  was no t a case of b a rg a in in g  as 
to  w hether th ey  were going to  pay  a pound 
m ore or a  pound less. I t  was necessary to  con
sider w hether they  were likely to  sacrifice a  type  
of m em ber whom i t  waa desirable to  have in  the  
association.

Pessimism a t  N ew castle
M r. C. L a s h l y  (Newcastle B ranch) fe lt th a t  

N ew castle m u st associate them selves w ith  th e  
Scottish  B ranch. M r. G resty, who was th e ir  
P res id en t la s t year, had already expressed h im 
self on th e  poin t, he th o u g h t. T he m em bership 
of th e  N ew castle B ranch  was m ade up  of ab ou t 
65 per cent, of m en who were opera tives. T here 
was n o t th e  sligh test doubt t h a t  when th e  new 
term s of th e  subscrip tion  were m entioned to 
them  those m en would leave. N ew castle fe lt 
very strongly  th a t  i t  would m ean th e  b reak in g  
up of the  N ew castle B ranch.

London’s Approval
M r . C. C. B o o t h  (London B ranch) could n o t 

understand  w h at th e  Sco ttish  people really  had 
to  com plain of. H e th o u g h t th ey  all ap p re 
c ia ted  th a t  they  opposed th e  proposition , and 
th is  was to  some ex te n t an  ad van tag e , because i t  
had enabled all th e  m em bers to  ob ta in  a  fu lle r 
g rasp  of w hat th e  O rganisation  C om m ittee were 
doing. H e  could no t u n d erstan d  why anyone 
should th in k  th ey  were try in g  to  exclude th e  
op e ra tiv es ; as a  m a tte r  of fac t, th ey  w ere try in g  
to  do more fo r them . T heir subscrip tion  was 
no t m o re ; he believed i t  was less. I n  some cases 
they  could g e t in  fo r 5s. I f  th e  In s t i tu te  becam e 
a  m ore pow erful body surely  th ey  could do m ore 
for th e ir  members. A t th e  p resen t tim e  he d id 
not th in k  th e  B ranches d id  a g re a t  deal fo r 
them . A ce rta in  num ber of lec tures was pro 
vided for, thou gh  they  were n o t all published.

In  London they  were no t able to  g e t all the  
operatives to a tte n d  m eetings, because they  
covered such a  la rg e  area . The m eetings hail 
to  be held in a cen tra l p lace in  th e  W est E nd ,
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which involved the  men having to  trav e l long 
distances, as th e  foundries were very widely 
sca tte red . They were unanim ous in  th e ir  
sup po rt of the  proposition a t  the  m eeting in 
London.

M r. T. M a k e m s o n  then  read  th e  details re 
specting  the  proportion  of th e  d ifferen t grades 
of m em bership in each B ranch of th e  In s titu te .

Fifteen Per C ent.  Opera t ives
M r. Y . D e l p o r t  (London B ranch) said th a t  

i t  seemed ap p a re n t th e  objections to  th e  scheme 
had been m ade on behalf of a p a rticu la r class 
of m em bership, namely, th e  operative or the 
m an who worked by m anual labour. I t  was 
ap p a ren t also th a t  th a t  class of mem bership 
co nstitu ted  abou t 15 per cent, of th e  to ta l mem
bership of th e  In s titu te . H e was, of course, 
open to  correction on th a t  p o in t; b u t  he thou gh t 
i t  was also the  fac t th a t  15 p e r cen t., or the  
la rge  m a jo rity  of such operatives, were 
associates.

H e  could no t help re fe rring  to  a sta tem en t 
m ade a t  th e  previous m eeting, on behalf of 
some of these m en, to  th e  effect th a t  they were 
no t in te rested  in  an increase of s ta tu s  of the  
In s ti tu te , an d  they d id no t w ant it. Speaking 
from  th e  floor him self, and no t as a member 
of th e  Com m ittee, th is  seemed to  be an  in
defensible a tt i tu d e . In  his opinion, any m an 
who belonged to an  organ isa tion , w hether it 
be an  In s ti tu te , a  business, a club, or a church, 
who was no t in te rested  in  th e  developm ent, the  
prestige  and  the  increase of influence of such 
o rgan isa tion  was n o t m uch use to  his o rgan isa
tion , nor was he m uch use to  th e  o the r mem
bers of his o rgan isa tion . The best th in g  to  do 
w ith  th a t  typ e  of a rgum ent was to  dismiss i t  
from  consideration. H e would now come to 
w h at he term ed th e  solid objections. They 
seem to  come un d er two h ead in g s; namely, 
(!) increase of subscription, and (2) qualifica
tion . I t  should be rem em bered th a t  they  were 
dealing, in fac t, w ith  a num ber of men the
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m ajo rity  of whom a t th e  p resen t m om ent e ith er 
were or would be eventually  Associates of the  
In s ti tu te . As regarded  th e  new rules, they 
were going to  be asked to pay a  subscrip tion  
of 10s. as ag a in s t th e  10s. 6d. th ey  w ere pay ing  
a t  the  p resen t tim e. T herefore, f a r  from  th e re  
being an  increase in  th e ir  subscrip tion , th e re  
would be a s lig h t decrease.

Qualifications
A new provision was being m ade in  th e  ru les 

fo r young men u nd er 21 years of age only to  
pay 5s. Therefore, th e re  was no financial h a rd 
ship in th e  new rules as th ey  ap p lied  to  the  
p a rtic u la r  class of m en on whose behalf th e  
objection had  been m ade.

W ere they  g e ttin g  less fo r th e ir  subscrip tions? 
N o ! They were going to  g e t ex actly  th e  sam e 
advantages they  were receiving a t  th e  p resen t 
tim e. In  ad d ition , if  th e  scheme w ent th ro u g h  
i t  would p u t th e  In s t i tu te  in to  such a position  
th a t  in  fu tu re  i t  would be able to  do m ore fo r 
th e ir  p a rtic u la r  class as well as fo r  th e  o th e r 
members of th e  In s titu te .

W ith  reg ard  to  qualification , a t  th e  p resen t 
tim e any opera tive could jo in  th e  In s t i tu te  w ith 
ou t qualification , if they  were of th e  age of 21. 
In  his opinion, the  objections p u t  fo rw ard  on 
behalf of th e  m en referred  to  fell to  th e  g roun d , 
an d  he could n o t see any reason why R eso lu tion  
No. 12 should n o t be passed unanim ously.

Im proved Finances
M r. J .  G a r d o m  (B irm ingham  B ranch) spoke 

m  favou r of th e  resolution  being  passed. H e  
th o u g h t th e  objections of th e  o p era tiv e  h ad  been 
su itab ly  dea lt w ith  by previous speakers. H e 
considered th a t ,  if  th e  reso lu tions w ere passed, 
in  a  few years th e  I n s t i tu te  would be £1,000 
per year b e tte r  off. A ssum ing th a t  th e  increase 
of revenue was only £500 i t  would enable them  
to  do a g re a t deal m ore for th e  o pera tive . ' H e 
had alm ost m ade him self unwelcom e on the  
Technical C om m ittee by fo rcing  m en who were 
doing a job every day to  do some work a t  home
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a t  n igh ts for th e  benefit of the  operative. He 
would no t recap itu la te  all th e  work done in  th a t  
respect, b u t they  had  published th ree  m ajor 
rep o rts  of in te re s t to  th e  operative. F irs t , the re  
were th e  “  Typical M icrostructures of C ast Iron  
and M alleable I ro n ,” secondly th e re  was the  
M alleable C ast Iro n  Sub-C om m ittee’s rep o rt on 
“  D im ensional Tolerances,” and th ird ly  the re  
was th e  C ast Iro n  Sub-C om m ittee’s rep o rt on the  
“  P ro p ertie s  of Grey C ast I ro n .” Could anyone 
say th a t  those th ree  publications were of no 
advan tage  to  th e  opera tive? H e th o u g h t not. 
I t  was in  th e  province of the  In s ti tu te  to b ring  
th e  operatives in to  the  o rgan isa tion  and to im 
prove th e  s tand in g  of those men. I t  was only 
f a ir  to  assum e th a t  more could be done fo r th e ir  
benefit if th e re  was more money applied to th a t  
purpose.

W e s t  Riding Approval
M r . A. S. W o r c e s t e r  (W est R id ing  of Yorks. 

B ranch) tho u g h t the re  was one poin t which m ust 
no t be lost s ig h t of. M any Associate M embers 
were ac tually  operatives o r worked in the 
capacity  of m inor foremen. They had become 
Associate M embers chiefly in  order to  get the  
Proceedings, and he th o u g h t they were the 
largest num ber of members to be affected by the  
proposed alte ra tions. A ctually  they were be tte r 
off und er the  new bve-laws. According to the 
c ircu lar which was sen t out, under th e  new bye- 
la-ws they  could be Associates and  purchase the  
Proceedings fo r 8s. In  the  W est R id ing  
B ranch, he claim ed th a t  they had perhaps more 
members in ac tual contact w ith m oulding or 011 
the floor or as m inor forem en th a n  any other 
B ranch in  E ngland. In  his B ranch, th e  proposed 
a lte ra tio n s  of bye-laws were certa in ly  no t viewed 
w ith  alarm .

M r . F. A. H a r p e r  (Lancashire B ranch) said 
th a t  M r. W orcester ra th e r  seemed to in fer th a t  
an Associate member, w anting  to economise, 
would im m ediately spend 8s. instead of 30s. 
T here were som ething like 1,000 Associate 
M embers.

D
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A Q u es tion  of G rad ing

M e. J .  C a m e r o n , j u n r . (S cottish  B ranch), 
speak ing from  the  po in t of view of th e  Scottish 
Council, said  they  had very few Associates. H e 
th o u g h t six  was th e  to ta l  num ber. T heir 
opera tives were Associate M em bers. I t  was a 
m uch g rea te r  th in g  for a p rac tica l m an  on the  
floor to1 pay his e x tra  10s. 6d. th a n  i t  would be 
for people such as him self. Such a m an would 
probably have to rev e rt to  being an  Associate 
as opposed to continu ing  as an  Associate 
M ember. Should they  no t include provision to  
enable th e  m an on th e  floor, who was an 
Associate M ember, to  be an  Associate an d  still 
derive th e  benefits of the  In s t i tu te  by a tte n d in g  
m eetings an d  tak in g  p a r t  in  discussions. H e 
could buy the  Proceedings if he desired. I t  was 
a po in t upon which he would like to  be q u ite  
clear—th e  transference  from  A ssociate M em ber
ship to  Asso'ciateship.

M r . M a k e m s o n  said i t  was im plied th a t  any 
m em ber of the  In s t i tu te  could tra n s fe r  to  any 
o ther g rade  if he was qualified fo r th a t  g rade. 
In  o ther words, a m an who was an  Associate 
M em ber a t  present, bu t who fulfilled th e  q u a li
fication for Associateship as de ta iled  in  th e  ru les, 
could tra n s fe r  to  Associateship.

Mb. J .  C a m e r o n , j u n r ., read  th e  follow ing 
p a ra g ra p h :—

“ An opera tive engaged in  th e  fou nd ing  in 
du stry  shall be en titled  to rem ain  in  m em ber
ship as an Associate irresp ective  of age. No 
o ther person, unless elected an  Associate p rio r 
to  Ju n e  1, 1938, can re ta in  m em bership as an 
Associate a f te r  a tta in in g  th e  age of 28 y e a rs .” 
H e subm itted  th e re  was a defin ite  num ber of 

m inor forem en who could no t be classed as o p e ra
tives and on whom Associate M em bership was 
a burden.

M r. M a k e m s o n  s a i d  i t  w o u l d  n o t  a p p l y  t o  
m i n o r  f o r e m e n .

A S t u d e n t  M e m b e r  said  th e re  was a small 
num ber of s tud en ts  in th e  In s t i tu te ,  an d  they



were always hearing  foundrym en deploring the  
ta c t th a t  th e re  were very few young people who 
took an  in te re s t in  foundry  work. V ery few 
young men ac tually  w anted to go in to  the 
foundry , whereas they would go into other 
trades. I f  the  s ta tu s  of th e  In s ti tu te  were raised, 
th e re  would probably be m any more studen ts 
jo in in g , and working th e ir  way up to  responsible 
positions in  th e  foundry  world.

Falkirk Section
M r. T. S h a n k s  (Scottish B ranch) said th a t  a 

considerable num ber of members in the  F alk irk  
d is tr ic t fe lt th a t  the  difficulty could be overcome 
by form ing ano ther grade of mem bership, who 
wished for some technical qualification. This had 
ev idently  been done before in the  In s ti tu te , and 
the  subscription had been raised from  10s. 6d. 
to a guinea. The F a lk irk  Section fe lt very 
strongly  about th e  poin t, and he believed there 
would be a big change in  th a t  d is tric t, unless 
som ething of the  sort was dqne. A nother poin t 
was th a t  all Associate M embers were proud of 
being members of the  In s ti tu te , and hoped to 
continue to  be members. The new bye-laws were 
no t generally  acceptable by th e  Associate M em
bers. H e fe lt th a t  the  m eeting should give 
o pp o rtun ity  to those members who were unable 
to  a tten d  to voice th e ir  opinions.

G rad ua t ion  of Increase Suggested
M r . J .  J .  M cC l e l l a n d  (W ales and M onm outh 

B ranch) was of opinion th a t  the  Associate Mem
ber was no t th e  most difficult member from  
whom to collect subscriptions. H e  did no t th in k  
th e  In s t i tu te  would be so much penalised from 
th a t  side as they would be from  the  full M ember
ship. As a m a tte r  of fact, he W'as recently told 
by a full M ember th a t  he did no t get very much 
for his money. The m eeting knew his opinion 
about th e  m a tte r . H e still held the  view th a t  if 
th e  move w-as m ade by a g rad u ated  m ethod i t  
would be m uch m ore successful. There would 
be much less dissatisfaction , and he did not see

d 2

Cu



68
any reason as y e t for a lte rin g  his opin ion. Tt 
th e  m eeting  was no t going to  accept his sugges
tion , i t  le f t him  no a lte rn a tiv e  b u t to  vote 
a g a in s t th e  resolution .

A R epre sen ta t iv e  M eeting
Mn. B e n  H i e d  (W ales and M onm outh B ranchl 

rem arked th a t  th e  presen t m eeting  was called 
because i t  was fe lt th a t  th e re  was no t sufficient 
tim e to  discuss th e  sub jec t a t  B rad fo rd , and 
th a t  th e re  should be a chance afforded fo r th e  
opera tive m em ber to  give his opinion. I t  would 
have been th o u g h t th a t  the opera tive  m em ber 
would have m ade an effort to  a tte n d  from  some 
of th e  Branches. Even if i t  cost som eth ing to  
do so one would have th o u g h t the  B ranches could 
have subscribed to  send one rep resen ta tiv e . 
Looking round  the  room i t  was ev iden t th a t  the  
opera tive mem ber was lacking in  a tten d an ce . 
The m em bers who had to  ca rry  on th e  work, 
and  were ca rry in g  on th e  work, w ere p resen t 
again  se ttlin g  th e  poin t. The troub le , as he 
saw it, w ith  th e  opera tive m em ber was th a t  
th a t  m em ber fe lt if  th e  rules became law  he 
would lose a ce rta in  s ta tu s . P ersonally , th e  
speaker th o u g h t th a t  was th e  position which 
th e  opera tive m em ber envisaged fo r him self. 
Really, th e  opera tive m em ber was going to  be 
b e tte r  off, and, personally, a f te r  being  verv 
much ag a in st th e  proposal, he had  been con
verted  in its  favour. H e  th o u g h t i t  was going 
to be th e  best th in g  for th e  ope ra tive  in  th e  fu tu re .

M r . J .  B a y n e  (Lancashire B ranch) fe lt  th a t  
while th e re  had been a s tro ng  plea m ade for 
Associate M embers, two guineas was as m uch as 
m any good m en could afford to  pay. To increase 
th e  subscription to £3 per year m ean t th a t  m any 
men could no t really  afford to  pay it.

Lancash ire ’s A pproval
M r . .T. E .  C o o k e  (Lancash ire  B ranch) said 

the L ancashire B ranch Council took th e  a t t i tu d e  
some m onths ago of definitely  ag reeing  w ith
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the m a jo rity  of the  proposals suggested. They 
recently  th o u g h t i t  desirable to  reconsider the  
position in  th e  ligh t of w h at subsequently 
happened a t  B radford . They had  again  
affirmed th e ir  decision to  su pp o rt th e  proposals 
of th e  O rganisation  Com m ittee. I n  add ition  to 
th a t,  a t  th e  October m eeting  of th e  B ranch, 
a poin t was raised  th a t  th e  L ancashire B ranch 
m embers should m ake it convenient to a tten d  
the  p resent m eeting in  large num bers. Those 
of them  who were fam ilia r w ith  th e  faces which 
were usually  to  be seen a t  the  L ancashire B ranch 
m eetings would realise th a t  the  rem ark  of M r. 
Ben H ird  was qu ite  co rrec t; th a t  th e  people 
who ca rried  ou t th e  business of th e  In s titu te  
were presen t b u t th e  grades of m embers i t  was 
desired should a tte n d  were absent.

B ranch Secretaries, as M r. M cClelland had 
said, knew fa irly  well w h at the  m em bers’ view
poin t was. H e was ra th e r  surprised  to  learn  
from  the  Scottish and Newcastle Branches th a t  
th e ir  members were definitely opposed to  the 
a lte ra tio n . Personally , he fe lt he was as much 
in touch as anyone else w ith  large bodies of 
men in  th e  industry , and he had heard  110  
serious .objections p u t forw ard to  the  proposals 
from  any considerable body of opinion. There 
were, n a tu ra lly , persons who possibly would be 
adversely affected and wish noth ing to  come of 
it. The general opinion of the  L ancashire 
B ranch was in  sup po rt of the  proposals, and 
he th o u g h t all i ts  rep resen ta tives would vote 
in th e ir  favour.

Previous Increases
M r. H. W in t e r t o n  (Past-B residen t) though t 

they were not all looking a t th e  m a tte r  from 
the  same p o in t of view. H e had  been a mem
ber of th e  In s t i tu te  since 1906, and th e re  had 
been several increases of subscription. H e had 
also seen considerable advances in  the  s ta tu s  
of the  In s ti tu te . Upon each occasion, when 
increases of subscriptions were proposed, the  
same objections were raised. I t  was sta ted



upon each occasion th a t  they would lose th e ir  
m em bership. They had heard  to -day  th a t  a t  
th e  first rise from  7s. 6d. to 10s. 6d. i t  was 
s ta ted  they would lose m embers, and  instead 
they  had increased th e ir  m em bership an d  w'ere 
able to  give a  li t t le  m ore to  th e  m em bers of 
all grades th a n  ever before. Upon th e  occasion 
of th e  second increase, sim ilar objections were 
raised, b u t the  finances im proved an d  th e  
m em bership increased. Now they  w ere dealing  
w ith  an o th er suggested increase and  th e  sam e 
objections were ag ain  b ro u g h t before them . 
Candidly, be was bound to  say th a t  he did 
not th in k  th e re  would be any decrease in  m em 
bership or subscriptions. He believed th a t  the  
In s t i tu te  would ga in  in s ta tu s , m em bership and 
finance. I t  would m ost definitely be raised  in 
th e  estim ation of all o ther In s titu tio n s  of th e  
same characte r, which were o p e ra ting  th ro u g h 
out the  country.

H e would like to  say in connection w ith  th e  
Scottish B ranch, of which he had  had  th e  honour 
of being P residen t on one occasion, t h a t  thev  
all ap precia ted  th e  enorm ous am ount of work 
which had been p u t in to  the  p rep a ra tio n  of th e  
proposals by th e  C om m ittee of th e  In s t i tu te .  H e  
a tten d ed  a m eeting  on th e  previous S a tu rd ay  
afternoon  in  Glasgow, an d  his hearers, if they  
had also been p resen t, would have been 
astonished to  observe th e  en thusiasm  w ith  
which the  younger opera tives a tte n d ed  th a t  
m eeting. The best fe a tu re  of th e  a fte rn o o n  was 
a P ap er read by one of th e  younger m em bers 
of th e  In s t i tu te  who had  been aw arded  a Gold 
M edal for its  excellence. H e was a thoroughly  
prac tica l young m an, who und ersto od  every
th in g  he was speak ing about. H e  th o u g h t some 
of his Sco ttish  friends were fea rin g  som eth ing 
which was no t going to  happen . H e believed 
th a t  the  finances of th e  In s t i tu te  would increase 
and th a t  its  s ta tu s  would be m ost definitely enhanced.

The circum stances in respect to  th e  New castle 
B ranch were som ew hat d ifferen t as they  had  had
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a p a rticu la rly  bad tim e lately . They were in 
process of re-building th e ir  o rgan isa tion , and in 
th e ir  p a rtic u la r  case i t  m igh t be m ore difficult, 
to  p reven t some of th e  corner stones of th e ir  
s tru c tu re  from  becoming dislodged. N evertheless, 
he fe lt th a t  th e  Newcastle B ranch would do th e ir  
best to  help th e  In s t i tu te  and  to  help the  O rgani
sa tion  Com m ittee which had been w orking so 
h ard  upon th e  subject. H e was convinced th a t  
eventually  n o t only in  Newcastle, n o t only in 
Scotland, b u t th ro ug ho u t th e  B ritish  E m pire, 
m em bership of th e  In s t i tu te  of B ritish  F oundry- 
men would become synonymous w ith excellence in 
every respect in th e  foundry  trad e .

East Midlands Approval
M r. R . S rR lG G S  (E ast M idlands B ranch) said 

th a t as an  ind ica tion  of th e  feelings of th e  E ast 
M idlands B ranch  members, he came w ith  a very 
strong  co n tingen t of over 20. The E as t M id
lands B ranch  did not share the  fears and fore
bodings of th e ir  no rthe rn  friends. He th ou gh t 
the  m a tte r  had now been discussed qu ite  suffi- 
cien tly  an d  th e  resolution should be pu t.

M r . D u n l e a v t  (E ast M idlands B ranch) said 
th a t  a p o in t had been m ade concerning the  in 
creased subscriptions being a hardship . An in 
crease of 10s. 6d. rep resen ted  slightly  over an 
outlay  of Id . per day. H e could no t conceive 
th a t  th e re  was any hardsh ip  in  th a t.

M r . C. L a s h l v  (Newcastle B ranch) thanked  
M r. W in te rto n  for th e  very kind th ings he had 
said, and would like th e  m embers generally to 
ap precia te  th a t  S per cent, unem ployed in a dis
t r ic t  was a p t to m ake members th in k  somewhat 
on th e  lines of th e  Newcastle B ranch.

M r. J .  R o x b u r g h  (Sheffield) said th a t  Shef
field B ranch Council unanim ously supported  the  
new bve-’aws.

M r . B l y t h e  (B irm ingham ) said th a t  th e  mem
bers of the  B irm ingham  B ranch were no t anxious 
to  pay m ore money th a n  they  had  done p re 
viously; nevertheless, if th e  subscriptions were
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raised , he was q u ite  sure the  B irm ingham  B ranch 
would no t by any m eans le t down th e  In s t i tu te  
on th a t  account. H e  did no t th in k  th e  m em ber
ship would be su b stan tia lly  a lte red .

The C h a ir m a n  th o u g h t th a t ,  as P re s id e n t of 
th e  In s t i tu te  d u rin g  th e  tim e th a t  th e  m a tte r  
was b rou g h t to  a head, and  as ch airm an  of th e  
m eeting , he need have no qualm s w ith  reg a rd  to 
the  possibility of any accusation  th a t  th e  discus
sion had been in  any way stifled. H e h a d  no t 
the  sligh test h e sita tion  in  p u ttin g  th e  reso lu tion  
to th e  m eeting.

U pon resolution No. 12 being p u t to  th e  m eet
ing, th e re  were 58 in  favour an d  5 ag a in s t. I t  
was th e re fo re  ca rried  by a m a jo rity  of 53.

M r. D a n i e l  S h a r p e  wished to  assure th e  m eet
ing th a t  the  S co ttish  B ranch  would be very  happy  
to work in full collaboration  w ith  th e  findings of 
the  m eeting.

R esolution No. 13 was th en  p u t to  th e  m eet
ing on th e  m otion of M r. R . A. M i l e s , seconded 
b y  M r. C. H . K a i n . I t  was ca rried  unan im ously .

M r . M a k e m s o n  said th e re  was a sm all p o in t to 
be settled . On page 3, p a ra g ra p h  4, of th e  
suggested new bjm-laws, th e re  a p p e a re d :— "  No 
other person unless elected an Associate p rio r  to  
Ju ly  1, 1938, can re ta in  m em bership as an  
Associate a f te r  a tta in in g  th e  age of 28 y e a rs .”  
Ju ly  1 was inserted  because i t  was th o u g h t th a t  
th e  proposed new rules were going to  be passed 
a t the  A nnual G eneral M eeting  in  J u n e , and 
th a t  da te  would have to  be alte red .

M r. S. H . R u s s e l l  moved th a t  th e  d a te  be 
J u ly  1, 1939, as i t  was necessary th a t  th e  bve-laws 
should be presented  to  th e  P riv y  Council, who 
would require  th a t  a specific d a te  should be inserted .

The m otion was seconded and carried u n a n imously.
There being no o ther business, th e  proceedings concluded.
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PAPERS PRESENTED A T THE  
BRADFORD CONFERENCE

THE RAND UPSO N PROCESS OF CEMENT Paeer No 631 
MOULDING

By F. W . ROWE, B.Sc. (Associate Member)
The R andupson  process of cem ent m oulding is 

the invention  of a F rench  engineer, M r. D urand , 
of th e  Cie R andupson, of M arseilles, and  has 
been developed, pa rticu la rly  w ith regard  to  the 
special techn ique necessary, by th e  Société 
d ’E lectro Chimie d ’E lectro-M etallurgie e t des 
Aciéries E lectriques d ’U gine (who own the  world 
rights) a t  U gine in the  South  of F rance, du ring  
the  past seven years.

I t  consists, briefly, of th e  use of silica sands 
bonded w ith o rd inary  P o rtlan d  cem ent and w ater 
in place of th e  more usual m oulding sands. This 
sand-cem ent-w ater m ix tu re  is ram med round 
p a tte rn s  m ounted in wooden box p a rts  or in 
coreboxes or strickled  in the  m anner usual w ith 
loam sands. The sand is reinforced a t  various 
points w ith s tra ig h t irons, and staples are  em
bedded where necessary for lifting . The resu lting  
moulds or cores are set aside to  harden , for
periôds vary ing  from 24 to 48 hrs., blacked if
necessary, then  the  various p a rts  clamped 
toge ther and cast w ithout any surrounding  box 
parts.

The moulds or cores a f te r  they are set have 
g rea t m echanical s tren g th  and very high per
m eability. A fter casting  the  moulds are stripped 
in th e  usual m anner and th e  sand crushed, de
silted and  stored for use over again.

Sand bonded w ith  cem ent for foundry  use
appears to have been tr ied  a s  early  as 1897, and
M oldenke m akes m ention, in his well-known tex t 
book, of cores made from  a cem ent-bonded sand, 
b u t the  use of such sands for cores appears to



74
have been abandoned a f te r  an  experim en ta l 
period. This is understandab le, since no study 
of the  fundam en ta ls  appears to have been m ade 
and th e  sole object of the  add ition  of th e  cem ent 
was to  provide a bond.

M r. D u ran d , however, in his researches dis
covered th a t  i t  is essential to preserve a ce rta in  
well-defined ra tio  between th e  am oun t of w ater 
used and th e  q u a n tity  of cem ent, to  ensure th e

F ig . 1.— P e r m e a b i l i t y  C u r v e  f o r  15 p e r  
c e n t . C e m e n t .

high perm eability  which is th e  o u ts tan d in g  fea
tu re  of th e  process. N orm al recognised m ethods 
of perm eability  te s tin g  are  of l i t t le  value lo r 
R andupson m ix tu res, since th e  pe rm eab ility  is 
much higher th a n  th a t  ob ta ined  w ith  o th e r types 
of m oulding sands.

Role of W a t e r  A d d i t ions  to  C e m e n t
In  order to ensure th is  h igh and essen tial per

m eability, the  proportion  of w a te r added to  the  
cem ent sand m ix tu re  m ust be such th a t  th e
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cem ent is subhydrated  only. Given an  unlim ited 
am ount of w ater, P o rtlan d  cem ent absorbs w ater 
in two stages. The first absorption takes place 
usually inside 24 hrs., and is called the  first set, 
w hilst the  second absorption proceeds more slowly

and is not complete lo r a  period approaching 
28 days.

I t  is th e  first set only w ith  which the  R andup- 
son process is concerned, and provided the  essen
tia l conditions of the  specifications are  observed,
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th e  perm eability  of th e  m ix tu re  when se t and 
fully hardened  is extrem ely high. F ig . 1 shows 
a typ ical perm eability  curve for a m ix tu re  con
ta in in g  15 per cent, of cem ent w ith v a ry in g  pro
portions of added w ater, and illu s tra te s  the

F i g . 4 .— L a r g e  R o l l  C a s t in g  M o u l d  a f t e r  
B e i n g  C a s t .

im portance of subhy dra tion  only. i t  will be 
seen th a t  once th e  co rrec t p ropo rtio n  of w a ter 
is exceeded, th e  perm eability  drops w ith  ex trem e 
rap id ity , and such m a te ria l would be useless for 
foundry  work.
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In  p rac tice the  ac tual proportion  of cem ent 

and w a ter used depends very largely on th e  type 
of casting  being cast. A t th e  p resen t tim e large 
tonnages of carbon and alloy steels, cast iron, 
gunm eta l, phosphor bronze and m anganese

F i g . 5.— S a m e  M o u l d  a s  s h o w n  i n  F i g . 4 
p a r t l y  S t r i p p e d .

bronze, alum inium  alloys and m agnesium  alloys 
are  being cast by th is  process and in weights 
vary ing  from  a few pounds up to 30 or 40 tons, 
and so experience has shown w h at varia tion s are 
needed to  g e t th e  best ou t of the  process for 
varying conditions.



Sand C ons idera t io ns
The type of sand used is dependen t on com

m ercial considerations and  local deposits, bu t 
th e  m ost su itab le  is a fa irly  pu re  silica sand
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F i g . G.— C a s t i n g  S t r i p p e d  p r o m  M o u l d .

of ra th e r  coarse g ram  size— for in stance , one in 
which 70 per cent, of th e  g ra in s  rem ain  on a 
60’s sieve. R easonable freedom  from  clay an d  
fine s ilt is an  ad v an tag e  for th e  R andupson
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process, and where refractoriness is im p o rtan t, 
as in th e  case of steel castings, a 98.5 per cent, 
pure silica should be aim ed for. F o r cast iron 
and lower m elting-point alloys th is  is no t so im
p o rtan t, and a less degree of p u rity  can be

F i g . 7 .— R a c k  S t o r a g e  o r  M o u l d s .

allowed providing the  correct g ra in  size and low 
clay co n ten t are  secured.

Cem ent p roportions most su itable for various 
conditions vary  from  3 to  15 per cent, w ith s. 
to ta l w ater co n ten t in the  m ix tu re  from  2 to 
9 per cen t The ac tual m ixing is usually done 
in a mill where no m illing occurs, and most
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I  i g . 2 . T y p i c a l  I n s t r u c t io n !
8 - i n . W orm

The uppermost diagrams show the position of!
■ ul r ° i S -ln  e a c h  m o u ld - T h e  cent! <4i * * * *  in. by f  in. round, two in ,mould) The lowest diagrams show th e  po in each mould.
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iron  R a n d u p s o n  M o u l d in g  ( f o p  
a  I C e n t r e ) .

isife (15 in. by § in. round) and patterns. There ftims show the position of the irons and staples , idd ; irons 28 in. by |  in. round, six in each un: the patterns and the two runners and risers
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of the  more m odern types of m ills a re  su itab le  
for R andupson  sands. The m ix ing  tim e is very 
short—the to ta l cycle is usually between 1J and 
21 m in. The sand m ust be used w ith in  th ree  
to  five hours of being m ixed, and any sand  re 

m aining unused has to  be re tu rn e d  to  th e  m ix ing  
p lan t for reconditioning.

Steel Foundry  C ond it io ns
F or iron and non-ferrous found ing  i t  is usual 

to  use no th ing  b u t old sand, b u t fo r steel
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found ing  a  facing of all-new sand is essential to 
secure the  h ighest re frac to ry  properties. In  the 
green s ta te  th e  sand has very li t t le  bond and 
in th is  respect is com parable to  sea sand bonded

w ith  oil. The sand, th e re fo re , will n o t “ l i f t  ”  
and su itab le  a rrang em en ts  to  c a te r  for th is  are  
necessary in se ttin g  ou t a job fo r m oulding 
S p lit p a tte rn s  are  th e  ideal or th e  “  all core ’’ 
m ethod, b u t w ith  very l ittle  in g en u ity  m ost
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ex isting  p a tte rn s  or m ethods for m oulding can 
be ad ap ted  w ith very little  expense.

Mould Making
R am m ing is very easy and needs little  sk ill ; 

in fac t, th is  is th e  m ain advan tage of th e  pro

cess. The sand flows readily and needs little  
compression and i t  is rem arkable w ith w hat 
speed th e  wooden core or m oulding boxes are 
ram m ed. The sand can also be jo lted  or 
v ibrated  w ith  equally successful results. I t  is
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necessary in all bu t th e  sm allest cores and moulds 
to reinforce th e  sand w ith s tra ig h t rods of iron. 
S u itab le  stocks are  kep t of s tra ig h t irons of 
vary ing  d iam eter and  length , and these a re  em 
bedded in  th e  mould d u rin g  th e  process of

ram m ing. If  i t  is necessary for th e  m ould or 
core afte rw ards  to  be lif ted  by th e  crane , su it
able staples are  em bedded also. The m ould is 
usually tu rn e d  over on to  a  wooden board and 
the  p a tte rn  and wooden fram e rem oved.
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In  the  case of large, moulds, i.e ., those above 

4 f t .  square, a steel p la te  of welded construction 
is used, since large boards have no t sufficient 
stiffness to  rem ain  fla t when being slung by the 
crane. The mould (or core), a f te r  the  necessary

finishing, is p u t on one side for the  chemical 
reaction of se tting  and harden ing  to tak e  place. 
How long th is  takes depends en tire ly  on the 
comipos-ition of th e  m ix tu re , th e  tem p era tu re  
conditions of th e  shop and the  size of th e  mould.
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In  m ost cases i t  is advisable to  allow 48 hrs. 
for th is  to  tak e  place, especially if th e  average 
tem p era tu re  of th e  foundry  is between 45 and 55 
deg. F ah ., b u t if the  shop tem p e ra tu re  averages 
60 deg. F ah ., small and m edium -size m oulds are

sufficiently set to be safe to  cast o r to  black 
in  36 hrs. In  m ost cases, however, even th e  
largest moulds and  cores are  sufficiently s trong  to lif t  in 24 hrs.

In  the  case of steel moulds no coating  of th e
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moulds is necessary or even desirable, and the 
same applies to non-ierrous alloys (including 
alum inium  alloys) except those co ntain in g  phos
phorus or those of which th e  casting  tem p era tu re

exceeds 1,150 deg. C. F o r cast iron, owing to 
th e  flu id ity  of the  m etal, a coating  of blacking 
is neeessary, and th is  is best done when the 
mould or core is set. Sufficient tim e is allowed 
for th is  blacking to air-dry , usually six to  twelve
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hours, or the  b lacking can be d ried  w ith  a blow
lamp or h o t-a ir d ry e i / in  a  few m inutes.

The moulds are  clam ped to ge th er in th e  m anner 
shown in th e  various illu s tra tion s  and oast in  the

norm al way. I t  is a little  frig h ten in g  to 
foundrym en to  see larg e  moulds being cast w ith 
ou t enclosure of any kind , b u t experience soon 
breeds confidence, and a f te r  one has seen a few 
20-ton rolls, 15 f t. long, cast in  an  open p it one
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s o o n  b e g i n s  t o  a p p r e c i a t e  t h e  e x t r a o r d i n a r y  
m e c h a n i c a l  s t r e n g t h  o f  t h e  R a n d u p s o n  m o u ld .

A f t e r  t h e  m o u ld s  h a v e  b e e n  c a s t ,  t h e y  a r e  
k n o c k e d  o u t  e i t h e r  o n  a  g r i d  o r  i n  p r o x i m i t y  t o

a crusher. The used sand passes through a 
crusher and is elevated to screens or o ther type 
of desilting p lan t which removes the  larger 
portion of th e  spent cem ent and any silt, and 
stores the  reconditioned sand in hoppers over or
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ad jacen t to tlie  sand m ixer. This reconditioned 
sand is m ixed w ith the  correct proportion of 
cem ent and w ater, and used over and over again. 
In  iron and bronze founding no new sand is 
needed except to  replace th a t  lost by inevitable 
w astage, bu t, as m entioned previously, a layer

t

i

i

i

>
j F i g . 1 9 .— M a c h i n i n g  a 6 0 - t o n  S t e e l  C a s t in g

MADE BY R aNDUPSON.

of all-new sand should surround th e  p a tte rn  or 
form  the  outside of th e  core in steel founding. 
To economise in sand i t  is usual in large moulds 
and cores to form  th e  g rea te r  portion of these 
from lumps of old broken moulds. These replace 
the usual coke filling m large cores also.
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Core co nstruc tion  is exactly  sim ilar to th a t 

employed in  o rd ina ry  m oulding, except th a t  in 
no circum stances are cast g rids necessary, and 
the  ven t w ire is never used (nor is th is  ever used 
in m oulding). On acount of th e  high s tren g th

F i g .  20.— P u t t i n g  t o g e t h e r  P a r t i a l l y -  
ST R U C K -U P  R a N D U P S O N  C A S T IN G .

of cores it  m igh t be th o u g h t th a t  w ith  th in  
castings co ntraction  troub les m igh t be ex peri
enced, b u t provided th e  sand wall does n o t exceed 
2 to 3 in ., such do n o t occur. The reason for 
th is  is obvious on study in g  th e  m echanism  of th e
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casting . Cem ent, like any o th e r hydraulically- 
bonded m a teria l, breaks down u nd er th e  applica
tion  of h ea t, and th u s  th e  J  or J or 1 in. of 
sand ad jacen t to  th e  casting  (dependent on the

mass) is ro tted  un d er the  ac tion  of th e  heat of 
the m etal, allowing th e  casting  to  co ntract and 
rendering  dressing operations easy. F e ttlin g  or 
dressing costs on castings made by the  R andupson 
process are no different from., and certa in ly  no 
more expensive th an , norm al methods.
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Disadvantages of th e  Process

I t  is not irre lev an t a t  th is  stage  to  review  the 
d isadvantages, obvious or o therw ise, of the 
R andupson process. F irs t  of all th e re  is th e  dis

ad vantage of th e  tim e needed for se ttin g  and  
the space occupied by th e  moulds d u rin g  th is  
se ttin g  tim e. In  prac tice  i t  can  be sa.id th a t  no 
mould is cast u n til two days afteir m oulding, i.e ., 
moulds m ade on M onday a re  n o t cast u n til
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W ednesday. This excepts special oases and rush 
jobs which can be stove-set ready for casting  in 
six hours if stoves are  available, or moulds o ther
wise dried  where th e  se ttin g  tim e is artificially  aided by heat.

F i g . 23.— M o u l d  f o b  L a k g e  S t e b n  T u b e  B r a c k e t  
i n  C a s t  S t e e l .

Secondly, th e re  is th e  room occupied du ring  
the  se ttin g  tim e. In  m ost foundries the  mould 
m ade on M onday is stoved on M onday n ig h t and 
cast on Tuesday, biut w ith  R andupson ex tra

E



storage space has to be provided to  sto re  two 
days’ m oulding instead  of one.

T hird ly , all sand used has to  be p u t  th rough  
the  m ixing p lan t, and all old sand has to  be 
regenerated  w ith  fresh cement.
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F i g . 24.— S t e r n  T u b e  B r a c k e t  i n  C a s t  S t e e l , 
P a r t ia l l y  S t r i p p e d .

F o u rth ly , the  sand will no t la s t fo r m ore th a n  
th ree  to  five hours (dependent on shop tem p era 
tu re  conditions and  th e  ex act m ix tu re ).

F if th ly , the  cost of th e  sand due to  all hav ing  
to go th rou g h  the  m ill an d  to  have new cem ent 
additions each tim e, is m ore expensive th a n  n o r
mal sands used in iron or bronze found ing  prac-
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tice. In  steel founding th e  sand costs on R and- 
upson are  abou t th e  sam e as w ith th e  old 
m ethods, or in some cases cheaper.

S ix th ly , the  sand will n o t l if t  and has little  or 
no bond in  th e  green sta te .

H av ing  recited  these d isadvantages, the  au th o r 
will go in to  the  p rac tica l significance of these as 
they ap p ear in everyday practice.

F i g . 2 5 .— 3 5 - c w t . V a l v e  B o d y  i n  C a s t  S t e e l , 
P a r t ia l l y  S t r i p p e d .

Process Analysed
This first d isadvantage, th a t  of se ttin g  tim e, 

is a big one on small moulds usually cast in 
green sand, and, in the  a u th o r’s opinion, con
siderably lessens the  appeal of the  process where 
the large m ajo rity  of th e  work is cast green sand. 
In  medium -sized work norm ally dried , th e  disad
vantage is no t so m arked, since only an  ex tra  day 
is required  and su itab le  racks o r s to rage stands 
can be m ade (as shown in  F ig . 7) to  hold the 
moulds or cores d u rin g  th e  se ttin g  period.

e 2



In  large moulds th e  ad van tage  is very  de
finitely  on th e  side of th e  R andupson  process for 
th e  following reasons. D ue to  th e  ex trao rd inarily  
speedy m oulding possible w ith  R andu pson , the  
e x tra  tim e needed before casting  is m ore th an
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com pensated fo r by th e  saving in  m oulding tim e. 
This rem ark  refers to  tim e only, q u ite  a p a r t  from  
cost considerations. As a  typ ical exam ple, th e  
au th o r will quote a casting  which rep ea ts  itself 
in th e  foundries w ith  which he is connected w ith
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fa ir  frequency, so th a t  they have recorded num er
ous tim e studies both in  clay-bonded and R and- 
upson sand. In  sk in-dried  clay-bonded sand the 
piecework tim e was 120 hrs., and two skilled 
m oulders usually m ake an d  case one of these 
castings in  ione week. W ith  R andupson, the  
piecework tim e is 45 h rs., and one skilled m an 
and th ree  helpers m ake the  mould in one day. 
Thus, in the  old m ethod a mould s ta r ted  on M on
day is cast Inst th in g  on F rid ay , whereas a mould 
in R andupson is s ta r ted  on M onday and finished

F ig  2 7 .— C a s t - S t e e l  G e a r  C a s e  i n  R a n d u p s o n .

th a t  day and cast on W ednesday, a saving of 
two days.

I f  a num ber off a large mould is requ ired  from 
the  same p a tte rn , the  saving in tim e is much 
m ore rem arkable. F o r instance, if the  same p a t
te rn  came in  for six off, in  the  o rd ina ry  m ethods 
six weeks would be required , whereas in R an d 
upson six castings could be m ade in nine days.

In  brief, i t  may be said th a t  in  large compli 
cated castings, where th e  norm al m oulding tim e 
is th ree  days or above, a  casting  can be produced 
by th e  R andupson  process in  less tim e, and  if 
two or more are  required  from  th e  same p a tte rn , 
in  very m uch less tim e.
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In  m edium  castings (i.e ., 5 to  15 cw ts.) one 
casting  can be delivered in  R andupson  in about 
the same tim e, bu t, if a num ber of castings is 
required  from  the  same p a tte rn , in m uch less 
tim e.F o r small castings norm ally cast green  sand, 
one casting  will tak e  two days longer in R and-

F ig . 28.—M o u l d  f o r  L o c o m o t iv e  W h e e l - C e n t r e

upson, though a num ber can be produced in  th e  
same tim e.

Of th e  second disadvantage, i.e ., room requ ired  
for storage, the re  is no question b u t  th a t ,  tak en  
nn th e  whole, a jobbing found ry  requires 10 per 
cent, more floor space when using th e  R andu pson  
process. To some ex ten t th is  e x tra  floor space 
may be minim ised by sto ring  m oulds in  racks, 
and foundries producing n o th in g  b u t heavy cast
ings can produce m ore castings per square foot 
of floor a rea  th a n  w ith o rd in a ry  m ethods. In  
steel founding or jobbing work w here most



moulds are  d ried , l i t t le  or no e x tra  space is re 
quired .

The th ird  disadvantage, th a t  of all sand having 
to go th rou g h  th e  mills, necessitates a modern 
sand p lan t to  ope ra te  th e  process. I t  is no t 
uncommon to-day w ith  m any foundries to  recon
dition  and  desilt all sand, an d  any such 
foundries need only th e  ad d ition  of a crusher 
to th e ir  p la n t to enable them  to  work the

F i g . 29.— L o c o m o t iv e  D r i v i n g - W h e e l  C a s t in g  
f r o m  M o u l d  s h o w n  i n  F ig . 28.

R andupson process. P rovision of a crusher and 
desilter is essential to work the  Randupson 
process economically.

The fourth  d isadvantage needs no comment, 
and is no t difficult to ca te r for.

The fifth disadvantage, i.e ., h igher cost of sand 
in iron founding, has to  be offset ag ainst savings 
made in o the r directions.

The sixth d isadvantage is catered  for in 
se tting  ou t th e  p a tte rn  o r m oulding methods,
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and is m entioned to w arn  foundrym en th a t  
universal applicab ility  of o rd in a ry  m ethods is 
no t possible.

Advantages Shown
H aving  dea lt w ith the  various d isadv an tages of 

Rand upson, the  foundrym an u n acq u a in ted  w ith  
th is  unique m ethod of m oulding m ay well ask 
where th e  appeal lies ag a in s t tra d itio n a l m ethods.

F ir s t  of all the  au tho r will ou tline th e  aci-

F ig . 30.— S m a l l  A u t o m o b il e  C a s t i n g s  m a d e  b y  
t h e  R a n d u p s o n  P r o c e s s .

vantages in  ascending o rder as they  ap p ea r in  
practice.

(1) No dry ing  stoves needed and  no fuel. 
No comment is needed on th is .

(2) No box p a rts  or no sto rage space fo r box 
parts. Every  foundrym an can co rrec tly  assess 
the  value of th is  w ith ou t any fu r th e r  d ila tion .

(3) The castings, e ith e r  iron, steel o r bronze, 
are much  tr u e r  to  p a tte rn —no swells and  
m uch less w arpage due to  g re a te r  r ig id ity  and 
s tren g th  of moulds.

(4) No scabbing due to  g re a te r  s tre n g th  of 
moulds.

(5) W ith  su itab le  sand and  w ork ing of th e  
process no blowholes due to  m uch h igher 
perm eability .



In  discussing the  advantages, the  one which 
counts th e  m ost in  p ractice has been le f t to  the 
last. T h a t is th e  speed w ith  which R andupson 
moulds can be produced in practice. The au thor 
gave previously an  exam ple w'hich probably 
sounded incredible to  readers, b u t such is the  
daily  experience of those working th is  process. 
A ctual m oulding tim es, and by th a t  th e  au tho r 
wishes to  be very clear th a t  he m eans m oulding
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F i g . 31.— S m a l l  A l l o y  S t e e l  C a s t i n g  m a d e  b y  
R a n d u p s o n .

tim es alone—n o t p u ttin g  together, coring up, 
e tc ., which a re  th e  same as in o rd inary  practice 
—are  reduced from  50 to  300 per cen t., and 
overall labour tim es from  30 to  75 per c e n t . ; and 
—also im p o rtan t—much less skill is requ ired—no 
sprigg ing , no ven ting , no carefu l ram m ing. In  
those two facts one has th e  success of the  R an d 
upson process in  th e  field for which i t  is applic
able. The process is in  prac tice qu ite  different 
from ord inary  founding m ethods and a very 
g re a t deal of one’s preconceived ideas and experi
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ence has to  be discarded, b u t in th e  a u th o r’s 
opinion th e  process is bound to  sp read  rap id ly  
n o t only on account of th e  qu a lity  of casting  
produced, b u t on accoun t of th e  ease and  cost 
w ith which such castings—eith e r  in iron , steel or 
non-ferrous alloys—are produced.

In  conclusion, the  au th o r would like to express 
his th an k s  to  M r. D avid Brown, th e  m anag ing  
d irec to r of D avid Brown & Sons (H u d d .), 
L im ited, n o t only fo r perm ission to  publish th is  
P ap er, b u t for his continued in te re s t and assist
ance in th e  developm ent of th e  R andupson  pro 
cess in  th e  Penistone W orks of h is com pany. 
Thanks also are due to th e  Société d ’E lectro  
Chim ie d ’E lectro-M eta llurgie e t  des Aciéries 
d ’U gine, for much of the  technical in fo rm ation  
contained in  th is  P ap er, and w ith ou t whose help 
th e  successful exp lo itation  of th is  revo lu tionary  
process in th e  foundries w ith which th e  au th o r is 
connected would no t have been possible.

The au th o r acknowledges th e  help  in  in fo rm a
tion and photographs from  o ther licensees of the  
process, including M r. M arshall P ost, Vice- 
P res id en t of th e  B irdsboro F ou ndry  & M achine 
Company, B irdsboro, U .S .A ., D r. Guido 
V anzetti, M r. Lewis, of th e  M anganese B rass & 
Bronze Company, and the  Société des Forges 
d ’Ales of Alais, F rance.

DISCUSSION
Mb. E. L o n g d e n , who, a f te r  pay ing  tr ib u te  

to M r. Rowe and his firm for h av ing  ta k e n  on 
so w holeheartedly a m oulding system  which was 
described as revolu tionary , po in ted  o u t th a t  in  
the  foundry  in d u stry  no th ing  so fa r  disclosed 
could be described as revolu tionary . M ost execu
tives who had  been in  th e  in d u stry  for th e  la s t 
ten  to  tw enty  years would have tr ie d  alm ost 
everything, including th e  cem ent process, which 
he would no t go as fa r  as to  say  had been found 
useless ; perhaps, th rou g h  lack of perseverance 
foundrym en had no t reached such a h igh  s ta te  
of efficiency as claim ed for th e  process in  M r. Rowe’s P ap er.
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A Practical Reaction

H e tho u g h t i t  was due to  th e  foundry  trad e  
generally  th a t  th e re  should be a thorough a irin g  
of th is  very special phase of foundry  practice. 
I t  touched very keenly th e  prac tica l side of 
found ry  work. W hen th e  P ap e r was published 
foundry  executives th ro u g h o u t B rita in  m igh t be 
receiving requests to look in to  th e ir  supposedly 
out-of-date m oulding p ractice  and go ahead. 
Some indiv iduals connected w ith  foundries would 
t ry  an y th in g  once, w hatever i t  m igh t be, b u t i t  
could prove very dangerous and expensive. H is 
critic ism  m ust n o t be m isconstrued th a t  he was 
ag a in st change. The hazards of the  trad e  neces
sarily  m ade one cautious of claims to revolu
tio n a ry  changes in  the  foundry . The first, illus
t ra tio n  in  th e  P ap er, F ig . 2, showed the  a rran g e
m ent for rein fo rcing  a cem ent mould for a very 
small gear cen tre  casting . W as th e re  any 
foundrym an who valued th e  appearance of a 
small casting , or who opera ted  m oulding 
m achines, or ran  a continuous casting p lan t, 
who would for a m om ent look tw ice a t  the  
cem ent process? W as i t  possible to  secure equally 
good-looking castings in cem ent? W as i t  pos
sible to obta in  th e  smooth ru n n in g  of the  elastic 
system which obtained w ith  sand in th e  norm al 
m oulding practice?

A Steel G ear  Casting
A fter ascerta in ing  from  M r. Rowe th a t  the  

mould described in F ig . 2 was for a steel casting , 
M r. Longden agreed th a t  th e re  m igh t be some 
small ju stification  for m aking the  mould in 
cem ent, if one considered from  th e  P ap er  as a 
whole th a t  steel came ou t favourably in th is  pro
cess. B u t la te r  in the  P ap er reference was made 
to the  elim ination  of m oulding boxes. W hat, 
then , was the  use of try in g  to  save the  use of 
m oulding boxes if from  six to  twelve loose irons 
m ust be in troduced  in to  th e  very small cem ent 
mould to  hold i t  to ge th er?  To his m ind, th a t  
was no t going forw ard, b u t in circles. M r. 
Rowe adm itted  th a t  he was no t too happy w ith
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the  economy of cem ent-bonded sand for small 
castings.

T im e Cycle
Then th e re  was th e  question of th e  cycle of 

opera tions which called fo r a se ttin g  tim e  of 
from  one to  two days, which was ra th e r  a la rm 
ing when com pared w ith  th e  steady  ru n n in g  
of norm al sand m oulding w ith  its  continuous 
sequence of operations. The fa c t th a t  so w ide 
a ran g e  of se ttin g  tim es as from  24 to  48 hours 
was needed was a set-back to  th e  found ry . 
A fter all, u n it  production  p er u n i t  a re a  of th e  
foundry  floor reflected on th e  on-cost charges. 
I t  influenced th e  cost of castings w here th e  
floor area  was la rge  and  th e re  was a  sm all 
pro ra ta  o u tp u t.

Roll Castings
R efe rrin g  to  F ig . 5 showing a cem ent m ould 

fo r a roll casting , for which m uch was claim ed 
as hav ing  been cast on end w ith o u t m oulding 
boxes, M r. L ongden said th a t  one could nea rly  
count the  num erous w rought-iron  or steel 
rods em bedded in th e  cem ent sand. I t  was no t 
th o u g h t to  be an  im provem ent to  abandon  th e  
use of m oulding boxes (which w ere norm ally 
available). One could iden tify , from  th e  illus
tra tio n , 40 c ircu la r irons, an d  th e re  m ig h t be 
as m any vertical ones, m any of which could 
be also seen. To bend irons an d  bed them  
in  a mould and hand le  them  from  po in t to  
po in t was tim e-absorbing. W h a t ab o u t th e  
cost of th e  irons ?

Moulding Box Costs
There was also expense for the  wooden boxes 

to  m ake th e  mould. A fte r  th e  cem ent had  been 
knocked off th e  outside th e  irons w ere d is
closed, showing th a t  very considerable re in fo rce
m ents were necessary to  w ith stan d  fe rro -s ta tic  
pressure. W ith  o rd ina ry  m oulding boxes th e  
same mould could be m ade w ith o u t a single 
iron. The clam ping of m oulding boxes was also 
less costly th a n  clam ping cem ent sand m oulds.
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The am ount of tackle th a t  the  system  dem anded 
quickly cancelled o u t any possible saving in 
m oulding boxes.

The precision w ith  which ord inary  m oulding 
boxes w ent to ge th er and  the  accuracy of the  
jo in ts  of th e  mould were very im po rtan t. The 
m oulding costs would be increased by th e  tim e 
of se ttin g  the  cem ent p a rts  toge ther and th a t  
was a considerable item . A gain, dressing 
charges m igh t be increased due to th e  irregu la r 
jo in ts  on th e  casting  m ade by p u ttin g  cem ent 
blocks toge ther.

Auxiliary Labour
W ith  th e  cem ent process th e re  was a serious 

cost in sand m ixing and ancillary  labour, whilst 
th e  cem ent itself was no t cheap. M r. Rowe 
had  himself outlined  th e  m any disadvantages 
as well as th e  advantages of th e  process. The 
advan tages which th e  speaker appreciated  
were concerned w ith  th e  possibility of reducing 
swelling of th e  casting  if of large dimensions 
and elim ination  of d ry ing  by artific ia l means, 
although  th is  la s t ad van tage was doubtfu l in 
view of th e  long se ttin g  tim e. B u t was the  
cem ent mould free from  the  usual hazards 
which surrounded  norm al sand practice?

The  T im e Element
I t  had  been poin ted  ou t th a t  danger arose if 

too m uch w a ter was in troduced  in to  th e  cem ent 
sand m ix tu re . The proper se ttin g  tim e was be
tween 24 and 48 hrs., depending upon th e  class 
of m ould, and th e  cem ent sand took on a secon
dary  and m ore perm anen t and stro nger hardness 
a f te r  about 24 days. This would exclude the  
production of t h e ' very large  class of casting 
tak in g  m ore th a n  ab out th ree  weeks to  m ake.

Hardness  and Surface
The mould would be so h a rd  th a t  i t  would have 

to  be broken up  by a  tu p . The h a rd  se t of the  
mould was ag a in st a fine surface finish and easy 
rep a ir to  th e  face of the  mould. A serious rep a ir
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to  a m ould, which was no t uncommon, w o u ld  
requ ire  th e  se ttin g  tim e over again .

W ere m oulding boxes elim inated , as claimed? 
On m ost of the  illu s tra tion s  one could see, more 
or less, m oulding boxes em ployed for cement 
moulds.

I t  was s ta ted  th a t  cores did no t need cast core 
grids. B u t was th is  tim e-saving? W as there 
not more tim e tak en  in  a rran g in g  loose irons 
and th e ir  w iring  th a n  in  s tam p in g  o u t a  simple 
g rid  on th e  foundry  floor. The speak er suggested 
th a t  the  hawser-pipe core shown in  F ig . 1 4  would 
be m ore cheaply and safely m ade by using a cast 
grid . The hawser-pipe mould was enclosed in  a 
m oulding box, i t  would be noted—i t  was no t cast 
w ith ou t the  ord inary  m oulding box as s ta ted  in 
the P aper.

Largest W e ig h t  and Section
The m anganese steel m ould was m ade w ith 

section cores, otherw ise i t  would be too long to  
le t th e  mould s tand , perhaps reach ing  th e  secon
dary  hardening . W ould M r. Rowe be k ind  
enough to give m ore in fo rm ation  ab o u t th e  large 
casing casting  he refe rred  to ?  Could M r. Rowe 
s ta te  th e  w eight and section th ickness of the  
la rg e st casting  he had  m ade, b u t  no t included in 
th e  illu s tra tio n s?  The castin g  w as a piecew ork 
job for which, u n d er norm al sand p rac tice , 1 2 0  
hrs. was given to two skilled men.

M e . R o w e  s a i d  t h e  c a s t i n g  w a s  4 |  t o n s  w e i g h t  
a n d  h a d  a  g e n e r a l  s e c t i o n  o f  -J i n .

Labour Costs
M e . L o n g d e n  said th e  question was involved 

by th e  in tro du ction  of ‘• 'he lpers.” A piecework 
tim e of 45 hrs. was given in  th e  cem ent process 
to one skilled m oulder and th ree  helpers. I t  was 
often  difficult to  find o u t  the  cost of castings 
m ade u n d er new systems. T here was a  tendency 
when a new process o r  a r tic le  was in trodu ced  to 
prove its  w orth  by giving every help an d  fac ility  
no t yielded to' th e  norm al m ethod.

The th ree  helpers should really  be included in 
the  prim e or first cost, an d  th is  was in  re latio n
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to  the  1 2 0  hours given to  two skilled moulders 
on th e  norm al practice.

M r . R o w e  s a i d  t h a t  t h e  4 5  h o u r s  w a s  t h e  t o t a l  
t i m e  s p e n t  b y  o n e  s k i l l e d  m a n  a n d  t h r e e  
l a b o u r e r s  m a k i n g  a  m o u ld .

M r . L o n g d e n  : Roughly, th e  men would make 
tim e and  a-half?

M r . R o w e  : Y e s .
M r . L o n g d e n  : W ould they  m ake tim e and 

one-half on both  classes of m oulds?
M r. R o w e : Yes.
M r . L o n g d e n  : How m u c h  tim e was spen t b y  

th e  core m aker on th e  job?
M r . R o w e  : P robably  a day.
M r . L o n g d e n  observed th a t  the  saving in tim e 

a t  th e  best was in  th e  shortened ram m ing tim e. 
All o ther opera tion  tim es could no t be cu t. In 
form ation  had been given of th e  acceleration of 
delivery tim e in  th e  cem ent process if  more than  
one casting  was requ ired  of the  same p a tte rn . 
Surely th a t  was a question, really , of sufficient 
m oulding tackle. I f  one could go on m aking one 
cem ent mould a f te r  ano ther, one could do the 
same in  the  o rd in a ry  practice. H e  tho u g h t the  
real in ten tion  was to  in fer th a t  delivery tim e 
was accelerated a p a r t  from  th e  saving in ram 
m ing tim e.

A gain, i t  was all a question of th e  reasonable 
provision of foundry  tackle. A fter all, the re  
could be no saving in  ram m ing ag a in st a mould 
ram m ed m echanically. In  th e  cem ent process 
th e re  was th e  d isadvantage of weakness in  the 
green s ta te  compelling more extensive use of 
rodding. M ight he ask why, w ith  an  iron  cast
ing , a mould was coated w ith re frac to ry  and no 
coating  was required  on a steel mould which was 
poured w ith  a much higher m elting poin t m etal ? 
I t  was s ta ted  th a t ,  if  blacked, a mould would 
a ir  d ry  in six hours. Thus, a mould would 
occupy the  foundry  floor 24 to  48 hours for se t
tin g  and  6 hours for blacking, unless hastened 
by artific ia l d ry ing  processes. F ina lly , M r.
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Longden asked M r. Rowe w hether th e  cost of the 
castings was lower w ith the  cem ent process than  
by th e  previous ord inary  and s ta n d a rd  practice.

A W ell-Established Process
M b . R o w e  suggested th a t  M r. Longden had 

not read  the  P ap er—short as i t  was—w ith  the  
care he would have liked him  to  do. The proof 
of th e  pudding  was in  th e  ea ting . There were 
no less th an  4,000 tons of castings per week 
being m ade by cem ent m oulding up to  th e  p re 
sen t tim e. There were some 37 d ifferen t com
panies opera ting  the  process, and, of course, 
some of them  m igh t be fools, b u t i t  was ha rd ly  

. likely th a t  all of them  were. H e (M r. Rowe) 
did s ta te  very clearly  th a t ,  in  his own personal 
opinion, and he was only voicing his own p e r
sonal opinion, the  process was n o t su itab le  to  
compete w ith  green-sand moulds.

Reduction in Ramming Time
M r. Longden had stressed th e  d isadv an tag e  

of the  long se ttin g  tim e, b u t th a t  was one of 
th e  points he (the speaker) had  em phasised in  
th e  P ap er, ye t th e re  were hun dreds of types of 
p a tte rn  which ne ither th e  speak er no r M r. 
Longden nor anyone else could ram  up in  a 
week, which one could ram  up in  cem ent in  a 
day, and th a t  was very definite. How fa r  th a t  
was favourable to  one’s own work was a m a tte r  
of ind iv idual ta s te , or in d iv idu a l requirem ents 
of the  very d ifferent foundries. Personally , he 
would be the  la s t to  p u t th e  process fo rw ard  as 
th e  be-all and end-all of foundry  work, b u t  in 
considering th e  question of th e  long se ttin g  tim e, 
one had to  tak e  in to  account th e  saving of 
ram m ing up th e  o rd in a ry  m o u ld ; i t  was th e  
saving on the  ram m ing up in  th e  q u a n tity  order 
which reduced the  tim e tak en  to  m ake a m u lti
plic ity  of moulds.

Ironing ve rsu s  C ast  Grids
As regard s th e  question of iron ing , and th e  

am ount of iron ing  required , i t  was som ething 
for the  ind iv idual foundrym an to  decide for
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him self as to  w hether the  tim e required  for iron
ing outw eighed th e  advan tages of th e  system. 
H e was sorry th a t  M r. Longden th ou g h t fit to 
query th e  core fo r th e  hawser-pipe as having 
core grids in , because he did no t th in k  M r. 
Longden had  any evidence th e re  to go on a t  
all, and he could assure M r. Longden th a t  cores 
m uch m ore difficult were regularly  being m ade 
w ith ou t cast core grids w ith  loose irons and 
no w iring . M oreover, i t  su ited  the  speaker’s 
conditions b e tte r  to  m ake them  w ith irons ra th e r  
th an  cast core grids. The la rg est castings m ade 
by th is  process were 50 to  60 tons in  weight, 
though his had  no t exceeded 15 tons.

As regards b lacking moulds, i t  was s ta ted  quite  
clearly in  th e  P ap e r  th a t  moulds fo r cast iron 
had  to  be blacked, because th e  flu id ity  of the  
cast iron, or phosphor-bronze, was so g rea t th a t  
w ith th is  highly perm eable sand one did not 
otherw ise g e t a smooth skin.

Mould Breaking Costs
Mb. R . S p b i g g s  said he had  had th e  privilege 

of seeing the  R andupson foundry , and i t  was 
su rp rising  to  him  th a t  m ore foundrym en had not 
tr ie d  th e  process. There was no d ou b t th a t  
M r. Rowe had  m ade a success of it, and th a t  he 
m ade good castings was well known. The au th o r 
had  very frank ly  given a  l is t of disadvantages, 
an d  th e  speaker was aw are th a t  M r. Rowe had 
tak en  very effective steps to  deal w ith  these dis
ad van tages by o rgan isa tion  and  m echanical 
m eans. One p o in t which he had no t enum erated  
was th e  cost of break ing  up th e  moulds. T h a t 
appeared from  a  very casual personal observation 
to  be q u ite  an  item , and definitely a  d isadvantage 
to  th is  class of work. Then th e  previous speaker 
had said i t  was a  question of economics. He 
believed th a t  M r. Rowe did claim  th a t  th e re  were 
savings in the  process, qu ite  a p a r t  from  other 
advantages, such as unskilled labour and so on. 
H e  employed a' q u a n tity  of m echanical m e an s ; 
in fac t, from th e  illu s tra tio ns  i t  could be seen 
th a t  his foundry  was a t  any ra te  pa rtia lly
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m echanised, and i t  would be in te re s tin g  to learn 
w hether he based his savings 0 11 floor m oulding 
th e  floor where the  sand was m ade up— w ithout 
m echanical m eans, o r w hether he would g e t th e  
savings if he com pared w ith  an o th er foundry  
hav ing  an equal am ount of m echan isa tion  to  his 
own p lant.

Floor Moulding Jobs
M r . R o w e  said he reg re tte d  th a t  he d id  no t 

m ention in the  P ap e r the  d isadvan tage  of b reak 
ing up the  moulds, which ce rta in ly  one h ad  to  
tak e  in to  account. H e had tr ie d  as f a r  as  pos
sible to  be fa ir  and unbiased and unp re jud iced  
about th e  process, and he had nam ed th e  dis
advantages, and the  b reak ing  up  of th e  m oulds 
was one th a t  a t  th e  presen t tim e  he was over
coming by m echanical m eans. The whole of tho  
moulds could be crushed, and th e  sand  recovered, 
w ithou t any serious cost.

In  regard  to th e  com parison of costs and  th e  
effect of m echanisation, as fa r  as possible in  th e  
illu stra tions he had chosen jobs m ade on th e  
floor, by o rd ina ry  m ethods, and  jobs which were 
s till m ade on the  floor. H e was a fra id  he  could 
not do more th a n  re ite ra te  th a t  th e  g re a te s t 
advan tage was th e  ex trem ely  rap id  m oulding 
tim es on jobs and th e  ra p id ity  w ith  which num 
bers of castings from  m edium  an d  large  sized 
p a tte rn s  were m ade where only one p a t te rn  
existed, and th e  fac t t h a t  less ca re  needed to  
be exercised in m aking th e  m oulds th a n  in  th e  
norm al processes.

Skill Reten tion
M r . J .  H . C o o p e r  asked w hether i t  was the  

policy of th e  In s t i tu te  to  reduce to  an  absolute 
m inim um  th e  am ount of skill requ ired . H e  did 
no t th in k  th a t  i t  was. H e th o u g h t th e  object 
was to  re ta in  the  skill of th e  m oulder an d  th e  
people connected w ith  th e  found ry  a t  the  
h ighest possible level.o f efficiency, so t h a t  when 
a difficult casting  was to be m ade, th e re  were 
the  skilled men available. H e would like to  
ask M r. Rowe w hether, if he w ent to  an o th er
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found ry , he would have confidence in  applying 
the  same process. H e knew th a t  a t  his p resent 
found ry  th e re  had been ad ap ta tio n  exclusively 
for th is , an d  i t  had  am ple space. W ould he 
have th e  confidence to  apply th e  process to  
an o ther foundry  which was successfully m aking 
steel castings a t  th e  p resen t tim e?

M r. R o w e , in reply, asked if he would he 
wrong in  saying th a t  M r. Cooper’s object was 
to  keep foundry  work as difficult as possible?

M r . C o o p e r  explained th a t  he m ean t th a t  
skilled men were essential. H e did n o t m ean 
to  m ake i t  difficult a t  all, b u t experience was 
necessary.

The “ N o rm a n d ie ” Castings
M r . R o w e  said th a t ,  so f a r  as in trodu cing  

th e  process to  ano ther facto ry , of course his 
firm was only one of m any licensees of the 
process, and i t  was in te re s tin g  to  note th a t  
ste rn  and stem  posts fo r th e  “ N orm andie ” 
were cast by th is  process. Steel castings up to
70 tons in  w eight were being cast by the
process every day and m any of them  were most 
difficult and in tr ic a te  castings. H e  had  no t 
had th e  ad van tag e of personal acquain tance of 
m aking  very large steel castings of th a t  type, 
b u t those were m erely shown to  illu s tra te  th a t  
th e  field was n o t res tric ted  by th e  size or 
in tricacy  of th e  castings concerned.

Ingot Mould Making
M r . R o b e r t  B a l l a n t i n e  said th a t  th e  R and- 

upson process fo r ingo t m ould production  had 
p a rticu la rly  in te rested  him  over a period, and 
more so since th e  Valley M ould Com pany in.
Am erica had adopted  the  system. In  th e  firm
w ith which he was connected (the Fullwood 
Company) they cast as m uch as 200 tons per 
day, bu t, he understood, th e  Am erican concern 
reached 500 tons per day. In  view of th is  
huge to ta l  cast, i t  would ap p ear th a t  th e  process 
was highly successful, b u t on th e  question of 
posts he was sceptical as to  w hether the  in tro -
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duction  would effect economies as com pared w ith 
th e  ex isting  dry-sand system.

W as i t  essential fo r th e  roll shown in  Fig- * 
th a t  th e  mould should be b u ilt  u p  in  sec tion s; 
fu r th e r , could i t  be jo lted  an d  dried  success
fully as a  u n it?

Jolt-Ramming C em e n t  Sand
M r. R o w e , re fe rrin g  to  th e  large ro ll casting , 

F igs. 4, 5, 6 , et seq, said  th a t  i t  was q u ite  pos
sible to  jo lt-ram  w ith  cem ent sand. A t th e
foundry  in question qu ite  la rge  m oulds up  to  
15 or 2 0  tons in  w eight were being jo lt-ram m ed 
in cem ent sand. H e had n o t th e  ad v an tag e  of 
knowing ju s t how th e  V alley C om pany m ade 
th e ir  moulds, b u t he d id  know th a t  th ey  were 
producing somewhere betw een 2,500 an d  3,000 
tons of ingo t moulds and  th e  like p er m onth ,
exclusively by th e  cem ent sand process.

Mould Perm eab il i ty
A  M e m b e r  asked w hat effect th e  cem ent sand 

would have on th e  hands of th e  m oulders, and 
w hether, in F ig . 1, th e  curve could be ta k e n  in 
conjunction w ith  D r. D adsw ell’s P a p e r  in  re 
gard  to  m axim um  perm eability .

Effect on Skin
M r . R o w e  said  th a t  people who h a d  n o t been 

used to  w orking w ith  cem ent sand  ce rta in ly , fo r 
th e  first few days, found  th a t  i t  d id  cause some 
ir r i ta tio n  of the  fin g e r-tip s ; b u t  when they  had 
been w orking for probably two or th ree  weeks, 
the  troub le  d isappeared . H is fo u n d ry  had  
som ething like 2 0 0  m en w ork ing in  i t  a ll day 
long, and th e re  was no difficulty a t  all on th a t  
score.

W ith  rega rd  to  perm eability  figures, th e  o rd i
nary  tes ts  were no t su itab le  for th e  R andupson  
process, since th e  perm eability , as fa r  as one 
could see, was som ething like th ree  to  fo u r tim es 
as h igh as th e  best perm eability  figures recorded 
w ith ord inary  m oulding sand. T h a t, of course, 
was one of the  g re a t fea tu res  of th e  process, th a t  
th e  perm eability  was so high. As a  m a tte r  of
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fac t, one of th e  dem onstrations th a t  th e  original 
licensees had  been doing to  show th e  h igh  per
m eability was to  tak e  an  o rd in a ry  steel mould 
ab out 2  f t .  sq. and  pour a q u a r t  of w ater in to  
it, and  to  cast w ith in  five m inu tes to  demon
s tra te  th a t ,  in  sp ite  of th e  large am ount of 
steam  generated , th e  perm eability  was such th a t  
the steam  found ex it w ith ou t any  trouble .

C o n trac t io n  Strains
R eply ing  to  M r .  H i r d ,  who asked if th e re  had 

been any troub le  w ith  co ntraction  stra in s, M r .  
R o w e  said th a t  th a t  question raised a poin t 
which im m ediately came in to  people’s m inds 
when they  saw those h a rd  cores and a very hard  
mould. The core-m aking p ractice was exactly 
th e  same as one would adopt w ith  ord inary  sand, 
inasm uch as th e  cen tre , as fa r  as possible, was 
e ith er filled w ith  coke or w ith  portions of broken 
m ould, and i t  was necessary to  keep th e  th ick 
ness of th e  cem ent sand in  th e  core to  a reason
able m axim um , som ething like 2  to  2 J  inches.

Everybody was aw are of th e  difficulties of con
trac tio n  te a rs  in  steel castings, which were much 
higher th a n  those in  iron. People who had  seen 
th e  a u th o r’s foundries had always com mented on 
th e  fac t th a t  th e  system dem anded very much 
less b rack e ting  on steel castings th a n  was no r
mally th e  case. W ith  valve castings in  p a rtic u 
la r th e re  was no bracketing  a t  all. The foundry  
was m aking qu ite  a num ber of very ligh t steel 
castings where ag ain  no brackets were used, and 
th e re  was no troub le  w ith con trac tion  tea rs .

Moisture Contro l
A  M e m b e r  asked M r .  Rowe where he re 

cru ited  his labour. W ere th e  m en skilled in  dry- 
sand  work, or were they  ju s t  people who came 
in  new to  th e  job? W as the  contro l of m oisture 
very m uch m ore difficult when w orking th is  pro
cess th a n  in  o rd in a ry  green or d ry  sand ?

M r . R o w e  s a i d  h e  h a d  a  n u m b e r  o f  s k i l l e d  
m o u l d e r s ,  a n d ,  o f  c o u r s e ,  w i t h  d i f f i c u l t  a n d  i n t r i 
c a t e  c a s t i n g s  t h e  s k i l l  o f  t h e  m o u l d e r  i n  f i n i s h 
i n g  a n d  k n o w i n g  w h e r e  t o  p l a c e  h i s  r u n n e r s
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and where to iron, the  job and  se t in cores, and 
th a t  so rt of th in g , was as m uch needed as ever, 
w hether th e  cores and moulds were m ade of green 
sand or oil sand o r any o ther type . The skill and 
experience of th e  m oulder were requ ired  to  p u t 
such castings together.The m oisture in th e  sand  was contro lled  by 
frequ en t tests  th ro ug ho u t the  day to  see th a t  th e  
m oisture co n ten t of th e  sand was w ith in  th e  
specified lim its. A ctually, th e  contro l of m oistu re  
was no t so critica l in cem ent sand, an d  v a ria 
tions of 5  per cent, up or down were adm issible 
w ithou t any noticeable difference in  th e  hardness 
or perm eability  of th e  finished m ould. W ork ing 
very largely, as he d id, w ith recovered sand, it  
was dry  and m oisture free. I t  was q u ite  easy 
working w ith  new sand, using th e  o rd in a ry  type 
of w a ter m eter, to  control th e  w eight o r  volum e 
of w ater en tering .

Application un d er  A b n o rm al  H u m id i ty  Conditions
M b . P .  B a b r y  P a r k s  said  his com pany was in 

H ong Kong, and possessed a  foun d ry  w here he 
was ope ra ting  a b a tte ry  of sm all e lec tric  fu r 
naces. I t  was, u n fo rtu n a te ly , s i tu a te d  in  a  very 
hum id belt in  which fo r a considerable portion  
of th e  y ear th e re  was th e  abnorm al h u m id ity  of 
sometim es 90 o r even 100 per cen t. H e  noticed  
one of th e  chief claim s for th is  process was the  
ad v an tage  of n a tu ra l  d ry ing , and  he asked M r. 
Rowe if he could give an  opin ion as to  how th e  
opera tion  of th e  R andu pson  process would be 
affected u n d er such conditions of abnorm al 
hum idity . H e was chiefly concerned in  steel ca s t
ings, s te rn  fram es and ru d d e r fram es, an d  pro 
peller brackets of ab out 5 tons. H e  had  n o t had 
tim e to  study  th e  new process very carefu lly , hav ing  
only been in  th is  co u n try  a very  sh o rt tim e ; 
b u t i t  occurred to  him  th a t  these abnorm al con
ditions m ig h t seriously in te rfe re  w ith  th e  effec- 
tiveness of th e  process. By a s tran g e  coincidence 
one of his friends, M r. Sim pson, was also p resen t 
from  H ong K ong, and he th o u g h t he would 
verify  the  s ta tem en ts about the  troub le occurring
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in foundry  operations on account of th is  
abnorm al hum idity .

A tm osp her ic  Conditions
Mxt. R o w e  said the  process was fa r  m ore influ

enced by tem p era tu re  th a n  by hum idity . This 
had been fairly  well studied , and hum id ity  read
ings in  various foundries of various licensees had 
been tak en  over fa irly  long periods to see how 
th is  affected th e  process. As a m a tte r  of fact, the 
foundry  of th e  o rig inal licensees was s itu a ted  in 
a very dam p corner of th e  Alps, and the  
hum id ity  th e re  ranged  from  85 to 95 q u ite  fre
quently . As to  w hether a ra th e r  g rea te r 
hum id ity , as was experienced in  th e  v is ito r’s 
foundry , would affect the  process, i t  was some
w hat difficult to be do g m atic ; b u t he im agined 
w ith the  g rea te r  tem p era tu re  th a t  they had the re  
th a t  th e  d ry ing  tim e would no t be seriously 
affected by th e  increased hum idity . Those who 
knew the m echanics of cem ent knew i t  was quite  
possible for th is  cem ent to  harden  in very damp 
atm ospheres.

COM M UNICATIONS
M e . H . J .  M i l l e e  w rote : As poin ted  o u t in 

the early  p a r t  of M r. Rowe’s P ap er, the applica
tion  of cement-bomded sand is no t by any means 
a new developm ent, although most of the  earlier 
a ttem p ts  to use such m ix tu res were a failure. 
However, one exam ple of ou ts tan d ing  success in 
th e  use of cem ent-sand m ixtures, which dates 
back fo r a  considerable period—ap p aren tly  prio r 
to th e  commercial app lication  of the  R andupson 
process—is provided in  connection w ith  certa in  
copper castings employed in  th e  copper refining 
industry .

From  inform ation  provided by the  courtesy of 
M r. C. H . Aldrich, technical m anager of the 
U nited  S ta te s  M etals R efining Company, i t  is 
possible fo r me to  say th a t  in 1928 a technique 
for producing copper castings w ith  cem ent-sand 
cores was developed in th e  C arte re t works of th a t  
Company. I t  is believed, however, th a t  cement-
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sand m ix tu res w ere also being used som ewhat 
ea rlie r in  ce rta in  o the r copper refineries, b u t i t  
is difficult to  s ta te  ju s t  when th e  prac tice was 
first developed. 'Since about 1930, however, th e  
use of cem ent sand cores for ce rta in  copper 
castings has become general p rac tice  th ro u g h o u t 
the  industry . The eem ent-sand m ix tu res  have 
also been used for moulds in ad d ition  to  cores, 
and i t  would seem th a t  th e  p rac tice  as developed 
by th e  U n ited  S ta te s  M etals R efin ing Com pany 
and others, has n o t been p ro tec ted  by pa ten ts .

The m ost im p o rtan t app lication  of cem ent-sand 
m ixtures in copper refineries is fo r th e  cores used 
in m anufactu re  of water-cooled copper castings 
required fo r th e  producion of th e  solid copper 
moulds in which wire bars a re  oast. These cast
ings are  of approxim ate ly  th e  sam e ex te rna l 
shape and  dim ensions as a copper w ire b a r, and 
they  are  hollow w ith  only two or th re e  sm all 
holes a t  th e  top , which are  provided fo r pipe 
connections. These holes serve to  ca rry  
suspension hooks for th e  core, which m ust 
eventually  be removed th ro ug h  these holes. The 
difficulty of core rem oval was responsible in  th e  
first place for th e  experim en ts on core m a te r ia ls ; 
other facto rs which i t  was necessary to  observe 
w e re : (a) The avoidance of vo la tile  co n stitu en ts  
which could lib e ra te  gases, a m a tte r  w hich is of 
more th a n  o rd in a ry  im portance  w ith  toug h  p itch  
co p p er; (b) th e  possession of sufficient s tre n g th  
in the  cores to  m a in ta in  th e  necessary shape 
d u ring  casting , and  (c) th e  use of a com para
tively weak and  frag ile  m ix tu re  so as to  avoid 
shrinkag e cracks in  th e  copper castings.

A fte r  m any experim en ts w ith a wide ran g e  of 
core m a teria ls, used u n d er d ifferen t conditions, 
th e  core m a teria l which was developed was a  
m ix tu re  of ten  p a rts  of silica sand and  one p a r t  
of P o rtlan d  cem ent, dam pened w ith  w a ter to  such 
a consistency th a t  i t  can be packed in to  a 
wooden core box. A fte r s tand in g  in  th e  boxes 
fo r 24 h rs ., th e  cores a re  rem oved and p a in ted  
w ith  bone ash em ulsion, an d  are  th en  dried  in  a 
steam  heated  oven for 48 hrs. a t  110 deg. C.
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C astings m ade with, cores p repared  in th is  
m anner are  allowed to  cool to  a tem peratu re  
som ew hat below red h ea t, and they are  then 
quenched in a ta n k  of w ater. The penetra tion  
of w ater in to  th e  ho t core gives rise to  steam  
generation  w ith m ore or less explosive violence, 
and th is  resu lts  in  a complete d is in teg ra tion  of 
th e  core, which is en tire ly  blown out, leaving th e  
casting  qu ite  clean.

In  add ition  to  th e  advan tage  which th e  cem ent 
■ sand m ix tu re  offers in  respect of its  “ dis
and in teg ra tio n  ” fea tu res, i t  is found to he stronger
used th a n  ord inary  sand  and  gives f a r  less “  blow ing.”
ings The above procedure is, of course, a very
jper special developm ent, b u t th e  cem ent sand
■ast- m ix tu re  has also been used fo r moulds. The
ml s im ilarity  in practice, especially in  rega rd  to th e
and proportions of cem ent and w ater, w ith  the
M11 R andupson process is very  strik ing , and indeed
pip,. th e  only difference seems to be in th e  adoption
im of stove h eating  in  th e  one case.

M r. A. M a r s h a l l , in  a  w ritten  cqptribution , 
Tie asked if th e  R andupson process was applicable to
tie th e  m an ufac tu re  of large cast-iron m arine
als; cylinders, cast on end, and w ith  a  head above the
ijto bore. Air. M arshall poin ted  ou t th a t  the  best
uts ru n n e r system was a com bination of drop and
i0f bottom  pouring. The in ga te  a t  th e  bottom  was
td placed so th a t  th e  m etal en tered  th e  mould tan -

gentially , w hilst th e  drop runners  were spaced 
jp, 8  or 9 in . a p a rt, being kep t clear in th e  regions
jj. of the  ports.
oil Air. M arshall said  th a t  when m aking cast-iron

liners up to  24 ft. in  length , these were cast on 
of end. The first m etal down from  the  basin
as, en tered  the  mould a t  the  bottom  and when about
a 15 cwts. to  1 ton  had been poured, plugs were

ut released and  th e  casting  com pleted by top  and
cl bottom  pouring. H e asked if th e  R andupson
a process would be applicable to  these castings,
es H e would also welcome some fu r th e r  inform a-
¡i tion  on th e  application  of th e  process in  replao-
s ing large cores which were a t  p resen t swept u p

in l o a m , a n d  r e m a r k e d  th a t  a  m o u ld  and core
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of cem ent would ap p ear to  p rev en t co n traction  
tak in g  place. I f  th is  were th e  case he would 
like to  know w hether any difficulties were 
experienced from  hot tea rs , d is to rtio n , etc.

A u th o r ’s Reply
In answ er to  M r. M arshall’s questions, M r. 

R o w f . replied th a t  th e  K andupson process w a s

P i g . A .— C a s t i n g  S i m i l a r  t o  a L a r g e  
M a r i n e  C y l i n d e r .

qu ite  applicable bo th  to  th e  m a n u fac tu re  of la rge  
m arine cylinders and to  liners up  to  24 f t .  long. 
The casting  shown in F ig . A, a lthough  not a c tu 
ally a m arine  cylinder, is a sim ilar casting , and  
th is  was cast w ith a su itab le  head above th e  bore.

In  answer to  th e  fu r th e r  queries, th e  a u th o r  
s ta ted  th a t  any casting  norm ally sw ept up  in 
loam could be m ade w ithou t th e  necessity of 
brick reinforcem ent or drying . The large ¿ear-
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wheel cen tre  illu s tra ted  in  F ig . B was swept up 
in loam. D espite th e  g rea t s tren g th  of cement 
sand «^hen set, th e  cores are m ade in  the  usual 
m anner w ith  a coke or rubble cen tre , and no 
difficulty is experienced due to  contraction . M r. 
Rowe explained th a t  the  reason for th is  was

F i g . B .—G e a r - W h e e l  C e n t r e  W e i g h i n g  
1 2 ^  t o n s . S w e p t  u p  i n  L o a m .

th a t  und er the  app lication  of hot m etal, the 
first \  in . or 1  in . of the  surface was ro tted  
due to  the  heat, and th is  allowed of contraction  
tak in g  place. The m ethod of core construction 
in th e  R andupson process was exactly  the  same 
as for o rd inary  sand.
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P a p e r  N o .  i 32 RELIEF OF INTERNAL S T R E S S JN  CASTINGS
By L. E. BENSON, M.Sc., and H. ALLISON, B.Sc.

W hilst some of th e  h a rm fu l resu lts  of in te rn a ) 
stresses in  castings have been known for a  long 
tim e, little  a tte m p t has been m ade to  find o u t 
w hat annealing  conditions are  necessary for th e  
rem oval of in te rn a l stresses. In te rn a l  stresses 
can resu lt in  cracks which m ay or m ay n o t be 
detected before th e  castings a re  finished and  go 
in to  service. A p a rt from  ac tu a l crack ing , 
in te rn a l stresses m ay lead to  d is to rtio n  d u r in g  
m achining or in  service u nd er easy service con
ditions.

In  th e  au th o rs’ experience d is to rtio n  of cast
ings and forgings d u ring  m achin ing  is in  th e  
m ain n o t due to  “  m achining stresses ”  (i.e ., 
stresses set up d u rin g  m ach in ing), as freq uen tly  
s ta ted , b u t is due to  in te rn a l stresses in itia lly . 
These are  only revealed when th e  rem oval of 
m etal on m achining d istu rbs th e  balance of th e  
in te rn a l stresses, th u s  allow ing d is to rtio n  to  occur 
u n til a balance is restored . W ith  p roper an n ea l
ing beforehand , such d is to rtio n  on m achin ing  
can be avoided excep t, perhaps, fo r special work 
dem anding very close lim its.

A nother fallacy which i t  is hoped th is  P a p e r  
will explode is  th a t ,  in  steel casting s an d  forg- 
ings, a t  any ra te , objectionable in te rn a l stresses 
revealed by m achining are  due to  casting  or 
forging conditions. The re lief of stresses on 
annealing  is essentially  a  creep phenom enon, b u t 
as th e  bulk of ex isting  d a ta  on th e  creep  of steel 
is concerned w ith  steady loads and  tem p era tu res  
over long periods, th e  d a ta  a re  no t read ily  
applicable to  p rac tica l an nea lin g  conditions 
where th e  tim e is com paratively  sh o rt and  th e  
stress is progressively reduced as an n ea lin g  pro
ceeds and relief occurs. F u rth e rm o re , l i t t le  creep 
d a ta  ex ist on m a teria ls  o th e r th a n  steel.
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Procedure

To o b ta in  some in fo rm ation  rega rd ing  the 
degree of stress re lief to  be ob ta ined  from  d if
fe ren t annealin g  trea tm en ts , experim ents have 
been m ade on cast iron , carbon steel, A dm iralty  
gunm eta l and  a h igh-tensile bronze. W ith  each 
m aterial, test-pieces were carefu lly  m achined and 
ground to  size, and  p a irs  of test-pieces were fitted 
toge ther w ith  a s t ir ru p  in  th e  middle, the  ends 
being separa ted  by sm all distance pieces, as 
shown in  F ig . 1. The size of th e  s tirru p  and 
thickness of d istance pieces were chosen to  give 
the  requ ired  m axim um  bending stresses a t  the  
m iddle of th e  span. E ach assembly was th en  
annealed in  an  au tom atically-contro lled furnace, 
and, a f te r  cooling down, th e  residual stress was 
calculated from  th e  am ount of s tra ig h ten in g  
which occurred when th e  test-pieces were released 
from th e  s tirru p .

The m axim um  fibre stresses in  th e  bars were 
calculated from  th e  following approxim ate 
expression based on the  elastic theory .

8Ef 
'  ~  0.17/-. 

when /  =  m axim um  fibre stress.
S =  deflection of b a r  m easured a t  m id

length .
I = effective len g th  of b a r between 

supports.
t  =  th ickness of te s t  s trip .
E  =  Y oung’s m odulus tak en  as

13,000 tons p er sq. in . fo r s te e l ;
6,250 tons per sq. in . fo r cast 

i r o n ;
7,000 tons p e r sq. in . fo r gun

m etal and bronze.
I t  was realised th a t  th e  m ethod employed is 

no t s tric tly  accurate , and th a t  th e  stress calcu
lations are  based on th e  assum ption th a t  stress 
d is tribu tio n  in  th e  bars is lin ear both before and 
a f te r  annealing , which is no t necessarily tru e . 
The m ethod is sufficiently accura te  fo r practical 
purposes, however, and, w ith  steel specimens, 
te s t resu lts  ob ta ined  by a  less convenient bu t
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m ore d irec t m ethod have given good ag reem ent 
w ith results  obtained by th e  m ethod described
h e re . 1

CAST IRON 
Stress  Relief in A nnealing

The test-bars  were m achined from  a  ca s t block 
of grey  iron approxim ately  3 in . square  section, 
so as to  rep resen t th e  conditions ex istin g  in a 
large casting .

An analysis of the  m a teria l gave th e  follow ing 
re s u lts :—G.C, 3.03; C.C, 0 .40; Si, 2.02; M n, 
0.38; S, 0.096 and P , 0.64 per cen t. The resu lts  
of the  experim ents a re  given in Table 1.

An annealing  period of 6  hrs. was chosen first 
as rep resen ting  commercial p ractice w ith  large 
furnaces, when a fa irly  lengthy soaking period 
has to be allowed. Tests A, A,, B and C (Table 
I) show the  effect of an nealing  a t  tem p era tu res  
varying from  350 to  600 deg. C. w ith  an  in itia l  
stress of about 5 tons per sq. in ., an d  th e  resu lts  
are shown graph ically  in  th e  left-han d  cu rve in 
P ig . 2.* This curve shows th a t  th e  percen tag e 
stress relief increased progressively w ith  tem 
p era tu re , the  curve falling  steeply in  th e  region 
of 500 deg. C. A t 550 deg. C. th e  curve is 
fla tten in g  ou t and the  in itia l stress has been 
relieved by 90 per cent.

The influence of tim e of soaking for an nealin g  
tem pera tu res of 500 and 600 deg. C. is shown 
by a com parison of tests  D and  E  w ith  te s ts  A, 
and C.

Test. Annealing treatment. Stress 
relief. 

Per cent.
D Heated to 500 deg. C. No soaking Heated to 500 deg. C. 6 hours’ soaking

Heated to 600 deg. C. No soaking 
Heated to 600 deg. C. 6 hours’ soaking

51.5A,
E 60.0

80.0C
97.5

• Stress-relief tem perature curves for cast iron and steel sim ilar to those shown in Fig. 2 were shown in th e  discussion of a P aper by  Machin and Oldham a t a meeting of the  Lancashire B ranch on t  ebruary  16, 1935. As they  were no t prin ted  in the  rep o rt on the  discussion, they  are included in th is Paper.



I t  will be noted th a t  a considerable m easure of 
stress relief is obta ined m erely by heating  to 
the  annealing  tem p era tu re  w ithout soaking (the 
heating  tim e in all cases was about 1  h r.), and 
w ith slower ra tes  of h ea tin g  such as would 
ob ta in  in o rd ina ry  foundry  practice  the  degree 
of stress relief on m erely hea ting  would be 
g rea te r still.

W hilst it  appeared from th e  above th a t anneal
ing a t  tem p era tu res  above 550 deg. C. would 
give substan tia l freedom from in te rn a l stress, i t  
was desirable to  know a t  w hat tem p era tu re  
grow th of iron on annealing  would occur. E x is t
ing inform ation did no t provide th e  inform ation 
required, as growth, was m easured a f te r  repeated

F i g . 1 .— A s s e m b l y  f o b  T e s t s  t o  D e t e r m i n e  
E f f e c t  o f  A n n e a l in g  P e k io d  o n  S t r e s s  
R e l i e f .

or lengthy annealing , and the  m easurem ents 
were generally  too coarse to be of value a f te r  a 
single tre a tm en t. Accordingly tests were made 
on 1 |  in. round sand-cast bars of cylinder iron 
13J in. long.

The nom inal composition of th e  iron was as 
fo llow s:—T.C, 3 .3 ; C.C, 0 .7 ; Si, 1.4; M n, 0.7; 
S, 0.10, and P , 0.5 per cent.

Tests tak en  on one b a r gave a tensile s treng th  
of 13.6 tons per sq. in. and 217 B rinell. M icro
exam ination  showed a satisfactory  pearlitic  type 
of s tru c tu re .

E ach  b a r was cu t in two and the  pieces 
machined a t  th e  ends in line w ith F ig . 3. The 
“  pips ”  a t  the  extrem e ends were subsequently

G row th  on Annealing

Tatt pieces
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used for overall leng th  m easurem ents, the 
shoulders being provided in o rder th a t  end caps 
could be sh runk  on so as to p ro tect the  “  pips ” 
from oxidation  d u rin g  annealing . One test-piece 
from each bar was m achined all over the  length, 
reducing the d iam eter to  1  in ., th e  o ther test- 
piece being unm achined except for the  ends.

M achined and unm achined bars were annealed 
a t  various tem p era tu res  in an electric furnace 
for 6  h rs., overall length  m easurem ents being 
m ade on each bar before and  a f te r  annealing.

The m easurem ents m ade are given in Table I I  
and are  shown plotted on the righ t-han d  side

23

4a

60.

8 0

!Oo
ICO 200 300. 4 00  5 0 0  600 700 BOO 900  /OOO

A n n e a lin g  T e m p e ra tu re  °c 

F i g . 2 .— E f f e c t  o f  A n n e a l in g  T e m p e r a t u r e  o n  t h e  S t r e s s  R e l ie s  
a n d  G r o w t h  o f  C a s t  I r o n .

of F ig . 2. A fte r annealing  a t the highest tem 
p era tu re , only the  slightest discoloration of the  
m easuring pips was found, so th a t  no loss of 
accuracy occurred th rou g h  oxidation. The 
m easurem ents were m ade to an  accuracy of 
0.00001 in. per in. leng th  of specimen. I t  will 
be seen th a t  v irtu a lly  no grow th occurred a t  
500 deg. C., and a t  550 deg. the  extension was 
only 0.0002 in. per in. Above 550 deg. C., how
ever, a very rap id  increase in th e  ra te  of grow th 
occurs. I t  is im p o rtan t to note th a t  machined 
and unm achined specimens behaved sim ilarly.
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The ir re g u la rity  in th e  grow th curve in  the  

region of 850 deg. C. was n o t expected, and 
has not been investigated  fu r th e r . I t  m ay be 
due to  changes associated w ith  the  c ritica l range, 
in which case i t  would probably be swam ped by 
th e  grow th extension on repeated  hea tin g , or 
on h ea tin g  fo r very m uch longer periods. Con
sidering th e  stress relief and grow th curves 
to ge th er i t  appears th a t  an nealin g  a t  a tem 
p e ra tu re  of 550 deg. C. is su itab le  for cast iron . 
A t lower tem p era tu res  su b stan tia l stress re lief 
cannot be relied on, an d  a t  h igher tem p era tu res  
th e re  is a risk  of appreciab le grow th occurring .

STEEL
The behaviour of steel has been considered as 

regards the  shape of th e  stress relief cu rve  w ith  
annealing  tem p era tu re  and also as reg a rd s  th e

F i g . 3.— S p e c i m e n  U s e d  t o  D e t e r m i n e  
G r o w t h  o f  C a s t  I r o n  o n  A n n e a l i n g . 

effect of th e  an nealing  period. The resu lts  are 
included in  de ta il in  Table I I I .  The resu lts  
obtained on w rought m a te ria l as well as on cast 
m a te ria l are  given, b u t no apology fo r doing so 
is m ade since such good ag reem en t has been 
found th a t  th e  resu lts  can be considered to g e th e r 
as a whole w ith  advan tage.

Analyses of th e  steels a re  as follow : ■— 
W rought S tee l.— C, 0.13; Si, 0.28; M n, 0.38; 

S, 0.036; and P , 0.019 per cent.
Cast S tee l.— C, 0.30; Si, 0.24; M n, 0 .71; S, 

0.046; and  P , 0.034 per cent.
The physical p roperties  of th e  cast steel, 

which was ob ta ined  in th e  form  of a coupon 
a ttached  directly  to  a  steel cy linder, were as 
fo llow :—U ltim ate  tensile s tren g th , 3 4  tons per



sq. i n . ; yield poin t, 16.8 tons per sq. i n . ; elonga
tion , 28.0 per c e n t . ; reduction  of area , 33.6 per
cent. ; an d  bend, 127 deg.

The w rought-steel bars were annealed in a 
labora tory  fu rnace  a t 880 deg. C. and slow- 
cooled. The cast m a te ria l had  been annealed 
for 23 hrs. a t  900 deg C. in a large foundry 
fu rnace  w ith a load of castings, and a fte r  rough 
m achining of th e  castings i t  had been fu rth e r 
annealed  for 4 hrs. a t  650 deg. C. and  cooled in 
th e  closed fu rnace to  100 deg. C. in 14 hrs.

The stress re l ie f : tem p era tu re  curve of an 
an nealing  period of 6  hrs., which approxim ates 
to  p rac tica l conditions, is shown in  F ig . 4. The

T a b l e  I I .— Growth of Cast-Iron Bars.

Annealing
tem perature.

Deg. C.

Cast surface. Machined surface.
T otal

extension.
Ins.

E x ten 
sion. 

P er in.
Total

extension.
Ins.

E x ten 
sion. 

Per in.
500 > 0 .0 0 0 0 5 0.00000 __ __
550 . . 0.00065 0.00013 0.0012 0.0002
575 . . 0.00435 0.0008 — —.
625 . . 0.0222 0.0044 — —
650 . . 0.03145 0.0063 0.0304 0.0061
750 . . 0.0318 0.0064 0.0307 0.0061
850 . . 0.0208 0.0042 0.0185 0.0037
950 .. 0 .034 0.0068 0.03425 0.0068
curve is generally sim ilar to th a t  for cast iron, 
and falls steeply in  th e  region 500 to 550 deg. C., 
fla tten ing  ou t to  a low residual stress figure a t 
about 600 deg. C. I t  will be noted th a t  anneal
ing for 6 hrs. a t  600 deg. C. has reduced the 
in itia l stress in both cast and w rought steel to 
5 to  10 per cent.

The effect of th e  length  of the  annealing  period 
is illu s tra ted  by F ig . 5. A lthough points are 
p lo tted  for both w rought and cast m ateria l, it  
is found, allowing for reasonable experim ental 
erro r, th a t  the  points m ust fall on some such 
fam ily of curves as is shown. A relatively con
siderable m easure of stress relief has occurred 
w ith no soaking period a t all, i.e ., ju s t  heating

f 2
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up to  the  annealing  tem p era tu re . In  view of 
th is  and of the  way the  curves ten d  to flatten  
out, i t  is clear th a t  w ith in  p ractical lim itations 
the  length  of the  soaking period is of secondary 
im portance to th e  tem p era tu re  itself.

ADMIRALTY GUNMETAL AND 
HIGH-TENSILE BRONZE

I t  is no t usual to  anneal non-ferrous castings, 
b u t fo r some purposes where perm anence of

A n n e a l in g  Te m p e r a  t u r e  c

F i g . 4 .— E f f e c t  o f  A n n e a l in g  T e m p e r a t u r e  
o n  S t r e s s  R e l i e f  o f  S t e e l . (A n n e a l in g  
P e r i o d  6  h r s . I n i t i a l  S t r e s s  a p p r o x .

5  t o n s  p e r  s q . i n .)  
dim ensions is im p o rtan t and where absence ol 
in te rna l stresses m ust be assured annealing  may 
be desirable. To obta in  some idea of th e  be
haviour of such alloys, stress relief curves have 
been constructed for A dm iralty  gunm etal and 
a high-tensile bronze, these alloys being chosen 
deliberately as being im p o rtan t represen ta tives 
of the  Cu :S n  and  Cu :Z n  types of alloy.

To sim ulate conditions th a t  would be likely to 
occur in  ac tu a l castings, m a teria l fo r the  tests
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was obtained as sand-cast slabs 9 in. by 9 in . by 
f  in. th ick , these being m achined in to  strip s  ot 
the  desired dimensions. P a r tic u la rs  of the  
m aterials are  as follow, th e  te s t  figures being 
obtained on pieces m achined from  sand-cast 
b a r s : —

A dm ira lty  G unm etal.—Cu, 88.0; Sn, 10.0; an d  
Zn, 2.0 per cent.

II .-T . Bronze.—Cu, 55.93; F e, 1.49; M n, 3.74; 
and Zn, 35.03 per cent.

H ours S o arin g  a  t  A n n e a lin g  T e m p e r a tu re

F i g .  5 .— E f f e c t  o f  A n n e a l i n g  P e r i o d  o n  
S t r e s s  R e l i e f  o f  S t e e l  a t  D i f f e r e n t  
A n n e a l i n g  T e m p e r a t u r e s .

A d m ira lty  G unm eta l.—Y ield po in t, 9.7 tons 
per sq. i n . ; u ltim a te  tensile  s tre n g th , 17.4 tons 
per sq. i n . ; and elongation , 16.0 p e r cen t.

H .-T . B ro nze .—Yield po in t, 21.8 tons per sq. 
i n . ; u ltim a te  tensile s tre n g th , 42.3 tons per sq. 
i n . ; and  elongation, 28.0 per cent.

P a r tic u la rs  of the  an nealing  experim en ts  are  
given in Table IV , and  th e  stress r e l ie f : tem p era 
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tu re  curves for an annealing  period of 3  hrs. 
are shown plotted  in  F ig . 6 .

The curves in  F ig . 6  show th a t  in these non- 
ferrous alloys th e  in itia l stresses are  dissipated 
a t a much lower tem p era tu re  th a n  w ith  steel or 
cast iron, su b stan tia l freedom  from  stress being 
obtained a f te r  annealing  a t  400 deg. C. for 
high-tensile bronze and 500 deg. C. for 
gunm etal. The curves are  also of a somewhat 
d ifferent form , th e  steepest p a rt  occurring a t  
an  ea rlie r stage.

I t  is also im p o rtan t to note th a t  a lthough the 
copper-zinc alloy has a tensile s treng th  in the 
cold m ore th a n  twice as g rea t as the  copper-tin 
alloy, the  tem p era tu re  necessary to  bring  about 
an im p o rtan t degree of stress relief is approxi
m ately 100 deg. C. lower. W hilst such a result 
m ight no t be expected, i t  is not altogether sur
prising  since, as has been pointed out, stress 
relief is really  a creep phenomenon and the 
study of creep has shown th a t  the  behaviour of 
m aterials und er stress a t  atm ospheric tem pera
tu re  can be a ltogether m isleading as regards 
th e ir  behaviour under stress a t  elevated tem pera
tures. Indeed, Dickenson in  his pioneer P ap er 
of 19222 gives d a ta  regard ing  a nickel-chrome 
steel which had a tensile  s tren g th  in  th e  cold 
of 52.8 tons per sq. in ., as ag a in s t 43.2 tons per 
sq. in . for a  carbon steel, b u t which, neverthe
less, broke in one-tenth  th e  tim e for th e  la tte r  
steel when tested  a t  550 to  600 deg. C.

CONCLUSIONS
(1) E ffect of A nnealing T em p era tw e  and  

D u ra tio n .—U nder th e  conditions of the  experi
m ents, which were chosen to represen t practical 
conditions as f a r  as possible, i t  has been shown 
th a t  su bstan tia l stress relief can be obtained 
by annealing  a t  approxim ately  the  following 
m inim um  tem peratu res.

A dm iralty  gunm etal   500 deg. C.
H igh-tensile bronze   400 deg. C.
Oast iron   550 deg. C.
C arbon steel ............................. 600 deg. C.



I t  has been shown th a t  an nealin g  grey cast 
iron appreciab ly  in excess of 550 deg. C. will 
produce m easurable grow th.

I t  m ay also be pointed o u t th a t  an nealing  
ce rta in  steel castings, notably  m olybdenum  
steel castings, much in excess of 650 deg. C., 
bu t below th e  critica l range, will b rin g  ab ou t 
spheroid isation  of th e  carb ide co n stitu en t, pos
sibly w ith very de trim en ta l results as reg a rd s  the  
creep s treng th  of the  m a teria l, i.e ., th e  pro-
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A n n  ea l i n g  Te m p e r a t u r e  c  .

F i g .  6 .— E f f e c t  o f  A n n e a l i n g  T e m p e r a t u r e  
o n  S t r e s s  R e l i e f  o f  A d m i r a l t y  G u n m e t a l  
a n d  H i g h - T e n s i l e  B r o n z e .

p erty  for which these steels are  p a rticu la rly  valuable.’
ih e  effect of t he lengtli of th e  an nealin g  

period is of secondary im portance a t  any ra te  
w ith in o rd in a ry  com m ercial found ry  prac tice . 
The tem p era tu re  : stress relief curves a re  steep ,
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at however, and for th is  reason i t  is essential th a t
ill sufficient soaking should be allowed for the

castings to  a t ta in  the  annealing  tem p era tu re  
ng th roughout. U nder o rd inary  shop conditions
um there is generally a very big lag in tem p era tu re
C., between th e  job and the  contro l therm ocouples
out unless a p ractice is m ade of deliberately  placing
pos- therm ocouples in su itable holes in  the  castings
the themselves, or, if no t convenient, in  holes drilled
pro- >n blocks of m etal of rep resen ta tive  dimensions

com pared w ith  th e  charge.
The experim ents m ade show th a t  i t  is quite 

erroneous to  suppose th a t  in  iron  or steel cast
ings any large m easure of stress relief can be 
obtained by ageing a t  atm ospheric tem pera tu re  
or by annealing  a t  tem pera tu res  such as 150 
or 350 deg. C. The im pression conveyed by some 
specifications in  th is respect is un fo rtu n a te .

(2) E ffec t of B a te  of Cooling a fte r  Annealing  .— 
The annealing  trea tm en ts  considered above will 
produce effective stress relief a t  the annealing 
tem peratu re , b u t th e  p a rts  when cold will no t 
necessarily be still stress-free. In te rn a l stresses 
are  generally  th e  resu lt of uneven tem pera tu re  
d is tribu tio n  d u rin g  cooling down, p articu larly  
w hilst cooling th ro ug h  the  tem p era tu re  a t  which 
the  m a teria l changes in  ch aracte r from  plastic to 
elastic—say 600 to 350 deg. C. fo r steel and cast 
iron. Cooling from  the  stress-relieving tem pera
tu re  m ay, set up a system of in te rn a l stresses 
therefo re , as well as cooling a f te r  casting  or 
a f te r  a h igh -tem p era tu re  annealing  trea tm en t.

To avoid th is  possibility, furnace-cooling is re 
st commended, and the  au thors’ experience indicates
u th a t  cooling in a closed furnace to  100 deg. C.

is sa tisfactory  even for such im p o rta n t steel 
castings as tu rb in e  cylinders and large steam- 
ohests. Small p a rts  of even section may be air- 

arlT cooled w ithout serious de trim en t, b u t i t  is diffi
cu lt to  draw  th e  line in practice, since castings 

tog are  no t generally  of even section an d  large
tem p era tu re  differences would be likely on cool- 

■M- ing in air.ep,
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(3) G eneration of In te rn a l S tresses .—Steel 

castings are alm ost always annealed a t a tem 
p era tu re  in  the  region of 900 deg. C. and are 
frequently  given a second tre a tm e n t a t  600 to 
650 deg. C. a f te r  rough m achining. In  view of 
the fac t th a t  in te rn a l stresses become dissipated 
a t  '»bout 600 deg. C., i t  is clear th a t  the 
in te rn a l stresses to which th e  engineer objects 
are no t the  resu lt of cooling down a f te r  casting 
or forging as sometimes supposed, h u t have been 
developed by uneven cooling a f te r  annealing. 
I t  m ay even happen , th roug h  lack of apprecia
tion of how in te rn a l stresses are developed and 
relieved, th a t  th e  second annealing  tre a tm en t 
is more de trim en ta l th a n  beneficial. F or 
exam ple, castings annealed a t  900 deg. C. and 
Blowly cooled may be in te rna lly  stress-free and 
actually  in b e tte r  condition th a n  a f te r  a second 
trea tm en t followed by com paratively rap id  cool
ing. I t  is the  la s t tre a tm e n t th a t  counts, and 
in th e  au th o rs’ opinion one properly controlled 
h ea t-trea tm en t is thoroughly sa tisfactory  unless 
exceptionally heavy m achining is done subse
quently . In  any case, one properly controlled 
annealing  is p referab le to repeated  annealing 
trea tm en ts  if due regard  is no t paid to the  final 
cooling conditions.

As regards annealing  stresses in steel parts , 
i t  is only fa ir  to say th a t  th e  au th o rs’ experience 
is th a t  th e  foundry is less culpable th a n  the  
forge. W hether iron foundries are in such a 
strong position is a debatable poin t, since many 
iron castings are  no t annealed a t  all. The need 
for annealing  will depend, of course, on the  
degree of in te rna l stress th a t  can he to lera ted  
and the  un ifo rm ity  of tem p era tu re  th a t  can 
be m ain tained  as the  castings cool down, p a rticu 
larly th ro ug h  the  rang e  550 to 350 deg. C.

(4) M agnitude of In terna l Stresses .—The 
stresses applied to th e  test-bars experim entally  
were chosen a rb itra r ily  for convenience and to  
rep resen t th e  m agnitude of stress which the 
au thors  believe may exist. I t  is qu ite  clear 
th a t  much h igher stresses can ex ist in castings
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since cracking does occur, bu t i t  is to  be expected 
th a t  such stresses would bo dissipated  a t  sub
s tan tia lly  the  same tem p era tu res  as indicated  by 
th is investigation . This view is supported  by 
the fac t th a t  stress relief curves ob ta ined  on steel 
using in itia l stresses of d ifferen t m ag n itud e 
tended to come toge ther as th e  an n ea lin g  tem 
p e ra tu re  approached 600 to  650 deg. C .‘

The au thors a re  indebted  to  D r. A. P . M. 
Flem ing, C .B .E ., d irec tor and m anager of th e  
research and education d epartm en ts  of M etro- 
politan-V ickers E lectrica l Company, L im ited , for 
permission to publish the in form atio n  contained  
in th is P aper.
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2 D ickenson . " Som e E xp erim en ts on th e  F low  o f  S teels a t  a Low R ed H eat, w ith  a N ote  on  th e  Scaling o f  H eated  S te e ls .” Journal, D o n  and Steel In stitu te , 1922, V ol. C V I, p . 103.
3 B ailey  and R ob erts. “ T he T esting o f  M aterials for Service  

in  H igh-T em perature S team  P la n t .” Proc. I . M eeh. E ., 1932, Vol. 122, p . 209.
DISCUSSION

M r . B e n s o n , in trod u c in g  his P ap e r, said  th a t  
a t  th e  tim e th e  ex perim en ts  were ca rried  ou t, 
he and his colleague could no t find any work 
useful for co rrela tion  or any rea l gu idance re 
g a rd in g  th e  conditions which were necessary to  
give effective s tress  re lief in casting s, an d  for 
th is  reason they would welcome p a rtic u la r ly  any 
criticism  or constructive rem arks.

F u r th e r  C o rre la t io n  of Results Suggested
D r. A. B. E v e r e s t  suggested th a t  one should 

accept th e  a u th o rs’ resu lts  w ith cau tion . There - 
was, on th e  one hand , p len ty  of evidence th a t  
castings m ay be stressed locally, even up to  
b reak ing  poin t, and such stress resu lted  in dis
to rtio n  and sometim es fra c tu re  long a f te r  th e  
casting  had cooled. F o r th e  e lim ination  of such 
stress m any of th e  B ritish  specifications advised 
annealing  a t  a  tem p e ra tu re  of 450 deg. C., b u t 
a p a r t  from tliis th e re  was a  genera l im pression
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am ong engineers th a t  even lower tem 
pe ra tu res  could be effective, and in fact 
w eathering a t  norm al tem pera tu res  was 
regarded  as of use in  equalising the  stresses 
in question. Now th e  au thors quoted a figure of 
550 deg. C. as th e  m inim um  tem p era tu re  neces
sary to give stress relief, and  th is  figure was 
clearly a g re a t deal h igher th a n  m ost foundrym en 
would be p repared  to  accept. H e asked w hether 
th is difficulty had perhaps c rep t in because the 
au thors were dealing w ith  te s t  specimens where 
the  stress was uniform , whereas the  troubles 
which norm ally arose in a casting  were clearly of 
a  more in tense and localised n a tu re . Again, it  
was obvious th a t  stress relief was achieved by 
m eans of creep. W ork ca rried  o u t a t  th e  N .P .L . 
had shown th a t  the  creep stress of cast iron a t  
tem peratu res below 450 deg. C. was relatively 
low, and certa in ly  fa r  lower th a n  the  intense 
localised stresses referred  to above. I t  would not 
seem, therefo re , necessary to go to  a  tem p era tu re  
as high as 550 deg. C. in o rd er a t  least to reduce 
these stresses to harm less values. I t  did no t 
perhaps m a tte r  a g rea t deal if the  stresses le f t 
in the  casting  were low, provided they were well 
d istribu ted  an d  balanced.

A nother po in t noticed in  th e  au tho rs’ P ap er 
was th a t  th e  work has been carried  o u t on irons 
of fairly  high phosphorus content. I t  was sug
gested th a t  th is  m igh t have had an  im po rtan t 
bearing, and he asked w hat th e  au thors would 
consider th e  relationsh ip  betw'een phosphorus 
co n ten t and the  tem p era tu re  necessary for effec
tive stress annealing .

S tress-F ree  Castings N on-Existen t
M r. B e n s o n , in  reply, said the  po in t raised b y  

Dr. E verest reg a rd in g  the  am ount of stress which 
m ight safely lie in  castings and the annealing  
tem p era tu re  which was necessary was a question 
of degree. I t  was common knowledge the re  were 
m any castings in  service behaving perfectly  sa tis
facto rily  which were no t stress free. I t  was pro
bably tru e  to  say th a t  th e re  were no castings 
which were really stress free, and very few which
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were even effectively stress free. W hilst fo r some 
purposes m oderate stress could ex ist w ithou t 
being seriously harm fu l, th e re  were cases where 
su bstan tia l freedom  from  stress was desirable and 
where the  s ligh test d is to rtion  would be serious. 
To ob ta in  a substan tia lly  stress free  condition, 
he believed, and all the  evidence he had  seen 
supported  th e  view, th a t  th a t  could only be 
obtained by annealing  a t  about 550 deg. C-, fol
lowed by sufficiently slow cooling, no t to  g en era te  
a new system  of in te rn a l stresses.

H e th ou gh t D r. E verest m ean t, when he re 
ferred  to  “  un ifo rm ity  of s tre ss ,” in te rn a l stress 
of a m oderate m agnitude .

Specificational Difficulties
There was, of course, no such th in g  as a cast

ing contain in g  un ifo rm ity  of in te rn a l s tre s s ; if 
the  stresses were in te rn a l, th e re  m ust be some 
stress in  tension and some stress in  com pression. 
W ith  regard  to  the  specification tem p era tu res , 
he was glad th a t  po in t had been raised . The 
w ording of some specifications was m islead ing. 
I t  was s ta ted  in some specifications t h a t  castings 
m ust be annealed  a t  a tem p e ra tu re  such as, in  
one case, 150 deg. C., in an o th er case 350 deg. 
C., and in  some specifications 450 deg. C ., fo r a 
sufficient tim e to  produce re lief of all in te rn a l 
stresses. T hat, of course, was im possible, unless 
one annealed  a t  a tem p e ra tu re  of 550 deg. C ., 
b u t a t  lower tem p era tu res  for m any  types of 
work sa tisfac to ry  castings were produced, con
ta in in g  m oderate stresses. R efe rrin g  to  F ig . 2, 
i t  was obvious th a t  in  th e  reg ion  of 400 to  
450 deg. C., th e  ra te  of stress re lief increased 
very rap id ly . H e did n o t th in k  i t  was possible 
to  ob ta in  any stress re lief w orth  considering by 
m eans of ageing. H e did n o t consider th a t  
phosphorus had any su b stan tia l effect on th e  
annealing  tem p era tu re , a lth ough  he h ad  no t 
tr ie d  it  ou t experim en tally . The re lief of stress 
was really a k ind  of ra p id  “  creep ,”  and  phos
phorus was no t one of th e  elem ents generally  
recognised as hav ing  an  appreciab le effect on 
the  “  creep ” behaviour of ferrous m etals.
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Rigidity of  High-P Irons a t  High T em p e ra tu re s

M r. R . C. T u c k e r  pointed out, in reference to 
the  las t s ta tem en t, th a t  th e  work done by the 
B ritish  C ast Iro n  R esearch Association had 
shown th a t  even a t  a  tem p era tu re  of 850 deg. C. 
phosphoric irons were generally  m ore rig id  than  
low phosphorus irons.

M r. B e n s o n  said he did no t wish to  challenge 
th a t  s ta tem en t. H e was very glad to have the 
inform ation.

A m eliora t ive  Effect of V ib ra t ion
M r. E . L o n g d e n , a f te r  co n g ra tu la ting  M r. 

Allison and M r. Benson 0 11 tack ling  another 
phase of foundry  practice which was so very 
im p o rtan t to  those who were m aking delicate 
and large castings, said so fa r  as the  s ta tem en t 
was concerned th a t  ageing did n o t relieve stress, 
th e  prac tica l foundrym an felt th a t  th is  did 
obtain. They p u t ce rta in  classes of castings th a t 
could be conveniently handled into ovens for 
annealing , and found th a t  a t  a' tem p era tu re  of 
250 deg. C. they obtained a considerable change 
in the  dim ensional s tab ility  of th e  m etal. C ast
ings were usually rough-m achined, and th en  pu t 
in th e  oven for th is  very s ligh t annealing . He 
considered th a t  th e  ageing was in a m easure 
effected by th e  v ib ra tio n  of th e  surroundings, 
ra th e r  th a n  ju s t  the  passage of tim e. H e thou gh t 
th a t if one considered the  shaking of the  casting , 
the d istu rbance of it, ju s t  by ea rth  trem ors due 
to the  opera tion  of a  workshop, and tem pera tu re  
changes, th a t  m igh t have a bearing  on the 
question,. I t  was th e  practice of some foundries 
to age a  casting , and they would no t use a cast- 
ing unless i t  was twelve m onths old. A nnealing a t  
tem peratu res round abou t 500 deg. C. would not 
in ju re  the  hardness, and any serious changes in 
shape would be cured in 99 per cent, of the  cases. 
B ut, so fa r  as large castings were concerned, 
th a t,  of course, was impossible, since such large 
ovens could n o t be m ade available.

M r . B e n s o n  s a i d  h e  w a s  g l a d  t o  h e a r  t h a t  
s o m e b o d y  e l s e  h a d  f o u n d  t h a t  a  t e m p e r a t u r e  a s
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high as 500deg. C. was advantageous. W ith  reg ard  
to ageing, he could no t agree th a t  ageing for 
even a year was going to be beneficial. Y et even 
if i t  was, i t  seemed to  be m uch m ore sa tisfac
to ry  to  produce the  effect in  a  fu rn ace  under 
controlled conditions, and w ith c e rta in ty  in a 
few hours.

Im p ro v em en t  by Rumbling
M e . T. H . T u r n e r  (D oncaster) asked 

whether th e  au thors had considered th e  ac tion  
of rum bling the  castings. Some foundries had 
castings shaken and  banged to g e th er in  a  ro ta t 
ing  barrel. H e had heard  th a t  th a t  resu lted  in  
a  reduction  in  the  residual in te rn a l stresses.

M b . B e n s o n  said he doubted w hether rum blin g  
would have an  appreciab ly  beneficial effect, b u t 
he could u n d erstand  th a t  w ith  small castings 
co ntain ing  extrem ely high in te rn a l stresses 
rum bling m igh t be sufficiently severe to produce 
local yielding in places. This m igh t occur w ith  
steel, b u t in  the  case of cast iron  such severe 
tre a tm en t would be likely to  produce crack ing  
ra th e r  th a n  p lastic  d isto rtion .

V ibra t ion  T heory  S u b s ta n t ia te d
M r . B e n  H i e d , speak ing w ith  reference t o  

in te rn a l stresses in  cast iron , said he had  
definite proof th a t  v ib ra tio n  rem oved these 
stresses and im proved th e  s tre n g th  of th e  cast
ing. This effect was very pronounced w ith  cast 
iron  railw ay chairs cast on to  steel sleepers. The 
chairs, when cast on th e  sleeper, w ere subjected  
to a transverse  te s t  w ith in  a few days of cast
ing. L a te r  a num ber of these sleepers were 
tak en  ou t of th e  railw ay track , a f te r  twelve 
m onths’ service, and tes ted  in  th e  same way. The 
resu lts  showed a 1 0 0  per cent, increase in 
s tren g th . As cast, th e  average was 20 to  25 tons 
transverse—a fte r  twelve m on ths’ service, 40 to 50 tons.

A num ber of years ago, M oldenke, w ritin g  on 
th is  sub jec t of v ibrations, suggested th a t  large 
castings which could n o t be tum bled in  a b a rre l 
would have th e ir  stresses rem oved and s tre n g th



145
im proved by sub jec ting  them  to v ibrations on a 
p la in  jo lt m achine tab le.

M r. .J. H . C o o p e r  said th e re  was a q uan tity  
of published d a ta  w ith  regard  to  th is  v ibration  
of castings, p a rticu la rly  in  Am erica, and it  
was shown definitely th a t  even th e  tap p in g  of 
th e  end of the  m achine m ade an increase in 
the  te s t results which was quite  appreciable. 
I t  was published in  th e  Am erican F oundrym en’s 
A ssociation’s Proceedings, and subsequently 
they incorporated  in th e ir  specification th a t  th is  
should be done.

Cooling Rate Im p o r tan t
Mr . K a i n  th o u g h t members ou g h t to be p a r

ticu larly  g ra te fu l to  th e  au thors for p u ttin g  
th is  question of stress relief on a q u a n tita tiv e  
basis a t  last. There had been much discussion 
about these m a tte rs  from tim e to tim e, b u t i t  
had never been previously p u t on a  q u an tita tiv e  
basis. H e  hoped th a t  any fu r th e r  work th a t  
they did, they  would publish and m ake avail
able for the  steel foundry  indu stry . H e asked 
if the  au thors could give a  definite maxim um 
figure for th e  cooling ra te . He noted th a t  
fu rnace cooling was recommended, b u t founders 
were very a p t in  these days, when pushed for 
o u tp u t, to  open the  doors to  hasten  the  cooling 
of the c a s tin g s ; sh u ttin g  the  doors to steady-up 
th e  cooling, then  to re-open them  again . He 
would like to  know if they could give a definite 
m axim um  figure beyond which they consider 
i t  was no t safe to  go.

C on tro l l ing  Factors
Mr . B e n s o n ,  in reply, said th a t  was a very 

difficult question to answ er precisely. H e had 
had experience in th e  m easurem ent of in te rn a l 
stresses in some castings as delivered to  his 
firm. Also, i t  was known from  general p r in 
ciples th a t  th e  risk  of in te rn a l stress was g rea te r 
w ith large m asses; the g rea te r  the  dimensions 
th e  g rea te r  th e  risk , so th a t  th e  ra te  of cooling 
to  be preferred  depended n o t only on the  shape
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of th e  casting , b u t on its  mass, which compli
cated  m a tte rs  very profoundly. T here was no 
doubt th a t  m any sm all castings, p a rticu la rly  
when un iform  in shape, were in  a perfectly  safe 
condition if air-cooled from  th e  annealed tem 
pera tu re . A t the  o ther ex trem e, very large 
castings developed in te rn a l stresses so easily th a t  
people who had had experience of these knew of 
castings cracking spontaneously on cooling down 
freely in air. F o r exam ple, r ig id  barre l-shape  
castings m ust be cooled very slowly in th e  fu r 
nace. The largest castings of which he had 
had personal experience, such as flywheels of 
20 to 50 tons w eight as rough-m achined, m ust 
be cooled down in  th e  fu rn ace  fo r a  period  of 
days, say fo r a  week, if they  were to  be sub
stan tia lly  stress free. W ith  th e  in te rm e d ia te  
size of castings he feared  one h ad  to  be gu ided  
by experience. A t T rafford P a rk  steel castings 
for tu rb in e  work were all cooled slowly in  th e  
furnace, pa rticu la rly  on th e  second an n ea l which 
was a t  600 to  650 deg. C. The m ost dangerous 
range of tem p era tu re  was th e  rang e  d u rin g  
which the  casting s changed from  a  p lastic  con
d ition  to  a r ig id  e lastic  s ta te . T h a t ran g e  was 
known fo r carbon steel, an d  i t  was also sub
s tan tia lly  th e  same, he th o u g h t, fo r ca s t iron . 
T h a t ran g e  of te m p e ra tu re  was fro m  ab ou t 
600 to  350 deg. C.

M r . M a k e m s o n , in closing th e  discussion, said 
th a t fu r th e r  co n trib u tions to  th e  discussion in  
w riting  would be welcomed, an d  would be 
published.

C o m m u nica t io n
M r. A. M a r s h a l l  w rote t h a t  he had  m ade 

some casi^iron gears ran g in g  in  section a t  th e  
iim  from 1 in. to  4 in ., and th a t  he h ad  g iven 
these castings a  h e a t- tre a tm e n t which was ca r
ried o u t as a continuous process in  a th ree - 
cham ber furnace. The firs t cham ber was used to  
p reh ea t th e  castings, th e  second for soaking, an d  
th e  th ird  fo r cooling off. All castings w ere of 
th e  sam e com position. H e  would like to  know 
if any harm  would be done by g iv ing  all th e
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casting s th e  sam e tre a tm e n t, and if th e  tim e 
fixed fo r those of 1 -in. section would be adequate 
for those of 4-in. section.

A u th o rs ’ Reply
In  reply, th e  au thors  s ta ted  th a t  the  tr e a t

m ent to ensure th a t  in te rn a l stresses are reduced 
to a m inim um  is th e  same for cast-iron gear 
castings as to r o the r cast-iron  pa rts , and  we 
recommend th a t  they  should be heated  to a tem 
p e ra tu re  of 550 deg. C.

The soaking period should be ad justed  so th a t  
the  whole fu rnace  charge, including th e  th ickest 
section, reaches th is  tem p era tu re  uniform ly. 
Soaking beyond th is  po in t is unnecessary and 
conditions which are  su itable fo r th e  heaviest 
castings will be su itab le  for lig h te r work also. 
Conditions su itab le  for 1-in. section castings 
m igh t be insufficient for th e  4-in. th ick  eastings.

W ith in  ord inary  foundry  lim its th e  tre a tm en t 
a t  550 deg. C. will be sa tisfactory  for different 
compositions of iron.

C ontinuous annealing  in  a  three-cham ber fu r
nace should be sa tisfac to ry , b u t if th e  castings 
have to  be tak en  from  th e  fu rnace before they 
have cooled to  ab out 150 deg. C. they  should 
th en  be allowed to finish off cooling gently  in an 
em pty  furnace, p it  or o ther enclosed space, so as 
to  avoid unequal cooling of d ifferen t sections.
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P ap e r N o 633 ENGLISH AND AMERICAN STEEL-FOUNDRY
PRACTICE

By C. J. DADSWELL, Ph.D., B.Sc.(Eng.), 
Ingenieur E.S.F.

The steel-foundry industry  in G rea t B rita in  
is esentially  of a jobbing n a tu re , th e  ex isting  
foundries being of all sizes, w ith  o u tp u ts  v ary in g  
from a few tons per week up to  several h u n d red  
tons per week. There have been few B ritish  
steel foundries laid  ou t foi specialised produc
tion  of a lim ited  va rie ty  of castings ex cep tin g  
in cases such as mine tub  wheels, railw ay 
wagon com ponents and wheels, some m anganese 
steel specialities, some gear wheels an d  valve 
castings, and it  is only recen tly  t h a t  m ore 
elaborate m ethods of p roduction  have been in tro 
duced. In  no case does th e  o u tp u t of these 
specialities com pare w ith  th e  o u tp u t ob ta ined  
in the  largest A m erican foundries* devoted  to  
th e  production  of vast q u a n titie s  of th e  sam e 
or sim ilar castings.

The A m erican steel-foundry  in d u stry  is very 
much specialised, n o t only for th e  m ass-produc- 
tio n  of m achine-m oulded castings b u t  fo r types 
of castings of all sizes, and i t  is th is  specia lisa tion  
th a t  s trikes one so forcibly d u rin g  a v is it to  
the steel foundries of th a t  co un try . The cause 
and effect of th is  line of developm ent m ake an  in 
te res tin g  study . The cause was p a rtly  the  size and 
geographical position of th e  m arke ts  an d  p a rtly  
th e  cost and qua lity  of labour available , p a r tic u 
larly  in  the  ea rlie r days of th e  in d u stry , w h ilst 
the  effect has been a h igher s tan d a rd  of qua lity  
and a decrease in the  cost of p rodu ction , which 
has been m arked  enough to  be an im p o rta n t 
facto r in  the  tren d  th a t  ap pears  to  ex ist in 
America tow ards the  g rea te r  use of steel cast-

* The term  “ American ” th roughou t th is  P aper refers e ither to  the  country or the people ot the  U.S.A, eirner to
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ings a t  the  expense of fabrica tion  and other 
m ethods of m anufactu re . There are grounds for 
believing th a t  an opposite tren d  ex ists in  th is 
country  to-day, p a rticu la rly  in  some branches of 
the  electrical ind u stry , which would seem to 
suggest th a t  a co-operative effort is needed to 
wards a h igher degree of specialisation in pro
duction and a more active and organised propa
ganda am ongst designers to m eet the  com petition 
from  outside th e  steel casting  indu stry , a fa r 
more serious m a tte r  fo r the  trad e  as a  whole 
th an  rivalry  w ith in  itself.

F o r 'th e  m ass-preduction of steel castings the 
B ritish  in d u stry  has no p lan t really com parable 
to th e  la rge r ones in Am erica, b u t la tte rly  
B ritish  steel foundries have tended to  specialise 
in a m odest way, and although th e  q uan tities  
involved, e ith er for m ass-production or for w hat 
one m igh t term  “ specialised production in small 
q u a n titie s ,” are no th ing  like those obtained in 
the  S tates, be tte r  production m ethods have been 
developed. They have usually been somewhat 
ham pered in th a t  q u an tities  have n o t w arran ted  
special foundries or even fu ll m echanisation, so 
th a t  su itab le  compromises have been introduced 
as a developm ent of th e  special lines already 
established.

There is in  fac t a tendency am ongst all the 
larger B ritish  producers of steel castings to  have 
one or m ore specialist lines w ith which to  form 
a nucleus of production , to help them  w ith th e ir  
o u tp u t of jobbing work, a policy which seemà to 
offer the  best prospects of success under our con
ditions, and which has some advantages over 
Am erican methods by m aking our average o u t
pu ts less variable w ith  th e  fluctuations th a t  can 
occur in specialised products. The princip le is 
sa tisfactory  if properly applied, b u t can lead to 
trouble w ith  both types of p roduct due to  the 
a n tip a th y  th a t  exists between the  im provisation 
of th e  real craftsm en and the m echanical dis
cipline so essential to specialist production 
methods. There is no doubt th a t  the  organ isa
tion of a large jobbing foundry  is very much
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more difficult th a n  th a t  of a  fou nd ry  devoted 
en tire ly  to  m ass-production work.

I t  will be ad m itted  th a t  th e  B ritish  steel 
foundries have been glower in  ad ap tin g  th e ir  
o rgan isa tion  for the  “ m odest ” or “ semi-mass 
production type  of work, and in  th is  respect 
were behind th e  B ritish  iron found ing  in d u stry , 
which commenced on h igher p roduction  bases 
somewhat ea rlie r owing to  its association w ith 
the  m otor-car ind u stry  which quicklj- le a rn t its  
lessons from  A m erican m otor vehicle m an ufac
tu rers .

The m ethod of recru itm en t fo r executives in 
B ritish  foundries has probably had some influence 
on th e  slow developm ent of p roduction  m ethods. 
In Am erica th e re  was no doubt a t  one tim e a 
lack of skilled foundry  a rtisan s , and th e  execu
tive positions were filled by a  com bination  of 
foundrym en an d  engineers. In  our co u n try  th e  
recru itm en t of executives has in  th e  p a st been 
alm ost exclusively from  the  ran k s  of m oulders 
and jÿ itte rnm akers, who, w hilst capable of pro
ducing the  highest qua lity  castings, are  no t 
always so receptive of th e  la te s t developm ents 
in science, engineering and  m anagem ent as th e  
less specialised general engineer.

There is no doubt th a t  in found ry  m anagem ent 
both an engineering  an d  a m etallu rg ica l t r a in 
ing are  always an  advan tage, and th e  form er 
is alm ost essential where m echan isa tion  has been 
seriously developed. The lack of skilled a r tisan s  
had also no doubt a d irec t influence on th e  
ea rlie r application  of p roduction  m ethods and 
specialisation in Am erica, in th a t  m eans had 
to  be found to  m ake th e  p rodu ct as fa r  as pos
sible independent of th e  skill of th e  workm en. 
F u rth e r, the  trem endous ra te  of developm ent of 
a g rea t virg in  country  by a race th a t  was pro 
gressive and en terp ris in g  alm ost to a fau lt, 
n a tu ra lly  led to in tensive production  beyond 
an y th ing  th a t  had been heard  of in  th e  old world.

I n  ce rta in  cases a  g re a t im provem ent has 
recently  been m ade in th e  ra tio n a l o rgan isa tion
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of B ritish  jobb ing an d  sem i-production work. 
This has been assisted by th e  in trodu ction  of 
p lanning  sections, which are  m ore or less 
e lem entary  as com pared w ith  those in  large rnass- 
production factories b u t which do, to  some 
ex ten t, tak e  th e  lay ing-out of th e  work and so 
on from  th e  shop floor and place them  more 
under considered office contro l. In  th e  case of 
jobbing work an d  w ith  keen and in te lligen t fore
men i t  is n e ith e r  desirable nor feasible to  m ake 
th e  p lann ing  of p roduction  en tire ly  office-con
tro lled , b u t ca refu l guidance on th e  p a rt  of 
those in  charge enables th e  forem en to  work out 
the final de tails  to  ad van tage and  is a m ost useful 
educational force for them .

The technical aspect of th e  steel-foundry indus
tries  shows differences between the  Am erican and 
B ritish  m ethods, due to  th e  facto rs which have 
already  been m entioned as affecting the  question 
of specialisation, an d  also due to  varia tion s in 
raw  m ateria ls  and  th e  m echanical appliances 
which i t  is possible to  use on jobbing and special 
production work. O ther im p o rtan t facto rs are 
th e  psychology and trad itio n s  of th e  people and 
th e  s tan d a rd  of finish of th e  products required. 
The im pression in  th is  country  is th a t  buyers 
dem and a b e tte r  finish from  B ritish  th a n  from  
A m erican steel foundries, b u t th e  au tho r is of 
the  opinion th a t  present-day A m erican castings 
are  becoming generally  equal in  finish to  our 
own, and  in  th e  case of some of th e  best 
specialised firms even b e tter.

This im provem ent is largely due to  th e  effect 
of th e  la s t  depression, d u rin g  which th e  
A m erican foundries sought to  im prove th e ir  pro
ducts to  gain  custom ers an d  increased th e ir  
ex pend itu re  on research, w ith  a consequent 
im provem ent in th e ir  technique. S im ilarly , 
although less money has been spent in th is  coun
t ry  on steel-foundry research d u ring  th e  same 
period, th e  recen t depression in  our. foundries 
has encouraged investigations to  develop 
m ateria ls  and m ethods which will cheapen pro
duction , w hilst m a in ta in in g  th e  s tan d a rd  in
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finish. Inciden ta lly , th is  sam e depressed period 
in th is  country  has dim inished th e  num ber of 
skilled a rtisan s  available, by red u c tion  in  re c ru it
m ent and by d r i f t  to  th e  b e tte r  pa id  and  m ore 
secure sheltered trad es, m aking i t  necessary for 
us to  develop m ethods of p roduction  an d  o rgan i
sation  th a t  can function  w ith  less dependence on 
th e  s tan d a rd  of labour.

D is t r ibu t ion  and O rg an isa t io n  of  th e  
Industries

The rem arkable am ount of specia lisa tion  in  
the  A m erican steel foundries has a lready  been 
m entioned. I t  does no t follow th a t  one p a re n t 
com pany operates foundries th ro u g h o u t th e  
country  which in every case m ake th e  same pro
ducts, bu t one finds the  sam e castings being 
made in  d ifferent p a rts  of th e  co un try  by d if
feren t concerns. T heir m ethods, however, a re  
o ften  very sim ilar, even in  d e ta il, th ou gh  the 
works m ay be fa r  a p a r t. This is p a rtly  due 
to th e  in te rchange of in fo rm atio n , which in 
recen t years has become m ore common, betweeii 
m anu fac tu re rs  of sim ilar castings. They realise 
th a t  everyone benefits by such in te rchan g e , and 
th a t  they have li t t le  to  fe a r  from  d is ta n t  com
pe tito rs  as tra n sp o r t  costs sa fegu ard  th e ir  
m arke t. The spread  of ideas is also fostered  by 
th e  tendency for A m erican executives generally  
to  move ab ou t from  one em ployer to  an o th er 
more th a n  is usual in  th is  co un try , an d , th e ir  
experience being specialised, they  n a tu ra lly  move 
principally  am ong th e  firms m aking  th e  sam e 
types of castings. An exam ple is th e  cast mill- 
roll, which is a highly successful specialised pro
duc t m ade in ju s t  th e  same way in  P itts b u rg  or 
Chicago, two cen tres for th is  class of casting , 
where th e  dem and is large. F o rtu n a te ly , th e  
in terchange of ideas am ong B ritish  steel 
founders is fa r  m ore freq u en t th a n  i t  was only 
ten  years ago and is bound to  benefit everyone 
concerned.

In  Am erica one finds specialisation even in  
large castings, one exam ple being th a t  of rolling-
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mill equipm ent, the  m anufactu re rs  of which p lan t 
opera te  th e ir  own foundries and produce perhaps 
several roll housings of over 50 tons w eight per 
week. F ig . 1 shows two such housings which 
were oast and m achined in E ngland. The opera
tio n  of th e ir  own foundries by firms of engineers 
is more m arked in Am erica th a n  in England,

F i g . 1 .— Two R o l l  H o u s i n g s  o f  E n g l i s h  M a n u f a c t u k e .

p a rticu la rly  in th e  heavy industries. In  th is 
country , the  dem and for large castings for any 
one firm could no t w a rran t a special foundry, 
and, in  fac t, no foundry  could ex ist on an o u tp u t 
of large castings only, so th a t  in  E ngland  it  is 
found th a t  large castings are made by foundries 
ru n  in conjunction' w ith  steelworks, where the 
surplus o u tp u t of the  large open-hearth m elting
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furnaces can be absorbed by the  production  of 
ingots for forging or rolling.

Moulding T echnique and Materials
There is a m arked difference in. A m erica and 

E ngland  reg a rd in g  th e  categories of size and 
w eight into which castings a re  d iv ided  for 
m aking in green sand, skin-dried or d ry  sand.

F i g . 2 .— E n g l i s h  M o u l d in g  U n i t  f o r  G r e e n - S a n d  C a s t i n g s .

There is also considerable difference in  th e  k ind 
of m oulding m ix tu res employed for these 
different sands, the  difference in m a te ria l being 
m ost m arked  in th e  case of A m erican d ry  sand, 
which w ith  very  few exceptions is of th e  
synthetic typ e  for all sizes of castings. 
M oulders’ “  com position ”  as used alm ost 
generally  in' th is  country  for heav ier castings
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is practically  unknow n, and the re  are fewer th an  
half-a-dozen Am erican concerns using cham otte 
“ com po,” a process which has recently been 
lea rn t in  A m erica from  the  C ontinent, b u t which 
is n o t likely to  ex tend  very much, owing to its 
h igh er cost com pared w ith  syn thetic  sand.

As fo r the  difference in  categories, one of 
the  s trik in g  fea tu res of Am erican steel-foundry 
p ractice  is th e  ex ten t to which green-sand mould-

E i r ; .  3 .— E n d  o f  A m e r i c a n  C r e e n - S a n d  M o u l d in g  U n i t .

ing is practised . A p art from its  being almost 
universa lly  used for m achine moulding, i t  is 
common to  find jobbing castings up to  five tons 
being m ade in green sand, and up to  25 tons by 
the  sk in-dried  m ethod. N oth ing  like th e  same 
propo rtio n  of green-sand m oulding is done in 
E ng lan d , although  i t  is now coming into more 
favour, and  th e  tonnage so produced is growing 
every year. A casting  weighing five hundred
weights is still considered a large one to  m ake 
in green sand here, a lthough castings up to  one
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ton are  made g reen  in th e  foundry  w ith which 
the  au th o r is connected.

A green-sand m oulding u n it  for m aking steel 
castings w eighing up to  five hundredw eights is 
shown in  F ig . 2.

The reason why green-sand m oulding has de
veloped to a fa r  g rea te r  ex ten t in A m erica th an  
in  E ng lan d , where for m any years i t  was used in 
only a few foundries, is no doubt th e  large-scale

F i g . 4 .— P o u r i n g  A m e r i c a n  G r e e n - S a n d  C a s t i n g s .

production in Am erica, as green sand is th e  only 
logical m ethod for large ou tp u ts . F ig . 3 shows 
the  end of a p roduction line of an  A m erican 
green-sand m oulding u n it  which produces over 
one hundred  castings w eighing approxim ate ly  
750 lbs. each in  less th a n  e ig h t hours, and  F ig  4 
is a view of th e  casting  floor w ith th e  moulds 
being poured.

Skin d ry ing  is an obvious developm ent from  
green-sand m oulding, as of course i t  has m any of 
th e  same advantages, in  th a t  m oulding boxes
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circu la te  more quickly and no dry ing  stoves are 
required . I t  is, there fo re , common to  find 
Am erican foundries m aking castings up to  several 
tons in w eight where th e re  are no mould drying 
stoves.

The m oulding sand m ix tu res for green-sand, 
sk in-dried  and also dry-sand work are practically 
all of the  syn the tic  type , and are made from 
silica sand having vary ing  small am ounts of 
n a tu ra l  clay m ixed w ith fireclays or bentonite, 
an d  in  some cases one or more of th e  cereal 
binders. In  Am erica th e re  is even less n a tu ra l 
m oulding sand available th a n  in th is country, and 
the  au th o r believes th a t  before the last W ar a 
large q u a n tity  of B elgian sand was im ported into 
A m erica in th e  same way as i t  has been used for 
m any years for th e  small am ounts of green-sand 
castings th a t  were m ade in  E ngland before the 
last five to ten  years. I t  may be th a t  i t  was the  
difficulty of ob ta in ing  th is  im ported sand in 
Am erica d u rin g  the  G rea t W ar th a t  led to the 
rap id  developm ent of syn thetic  sand.

I t  is th e  ru le  ra th e r  th a n  the  exception to find 
some form  of sand control in  every American 
steel foundry , and p a rtic u la r  a tten tio n  is paid in 
foundries w orking in  green sand to  obta in  a high 
perm eability  figure, th is  being as high as 2 0 0  for 
bacKing sand. Table I  gives th e  m echanical
g rad in g  an d  chem ical analysis of typical silica
sands used in Am erica and in  E ngland for
m aking  green and d ry  sand m ixtures. The
appearance of th e  sands a t  a m agnification or 
25 d iam eters is shown in  F igs. 5 to 9.

The silica sand  used in  Am erican dry-sand m ix
tu res  is som ew hat coarser th a n  th a t  used m  the 
green sand, and is in fac t coarser th a n  th e  silica 
sand commonly used in th is  country . The 
heaviest steel castings m ade in the  syn thetic  m ix
tu re s  com pare very favourably  in  finish w ith our 
castings of equal w eight m ade in “  compo,” and 
one wonders why synthetic  m ix tu res have not 
been developed more in th is  country , considering 
th e  re la tively  high cost of “ com po.” In  E ngland
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syn the tic  dry  sands m ixed on slightly  d ifferen t 
lines have been used for lig h te r castings, which 
in  A m erica would m ore often  be m ade in  green 
sand. B elgian sands a re  also m uch used fo r dry- 
sand work, a lth ough  th e  au th o r is sure  th a t  n< 
castings have been m ade in  E n g lan d , using  B el
g ian  sand, as heavy as some m ade in  th e  co un try  
in which i t  occurs, w here 50-ton an d  heav ier cast
ings a re  m ade. Exam ples of m oulds for very 
large English castings m ade in “  compo ”  are

F i g . 5 .— O t t a w a  S a n d . x  2 5 .

illu s tra ted  in  F igs. 10 and 11. F ig . 10 shows a 
mill housing, sim ilar to  those seen in  F ig . 1, and 
F ig . 11 th e  coring up of th e  m ould fo r an  80- 
ton press casting . I ts  appearance when ready  
for m achining is shown in  F ig . 12. In c id en ta lly  
a sim ilar casting  believed to  be th e  heav iest steel 
casting  yet m ade in  E n g lan d  and  w eighing 120 
tons, has recen tly  been m ade in  th e  fou nd ry  
w ith  which th e  au th o r is connected.
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A t tim es, in o rder to  increase th e  dry streng th  

of th e  m ix tu re  for top  p a rts , and also to  prevent 
p en e tra tio n  of steel in to  cores, the  American 
prac tice  is to  add silica flour to  the  m ix tu re  to 
close i t  up.

F o r th e  bonding of cores the  Am erican steel 
foundries use both p ro p rie ta ry  brands of core oil 
and th e ir  own core b inders m ade from  linseed oil 
an d  cereal b inders or resinous compounds and 
o the r known binders. A la rg e r proportion of the

F i g . 6 .— K i n g s  L y n n  R e d  S a n d , x  25 .

steel foundries m ake up th e ir  own m ix tu res than  
is common in  E ng land , possibly again  because 
th e ir  o u tp u ts  are  la rg e r, and therefo re  th e ir  re 
quirem ents of core m aterials  can be more 
econom ically m et th a n  would be the  case in m any 
B ritish  concerns. The properties and applica
tio n  of cereal b inders fo r b ind ing both mould 
an d  core m ateria ls  are b e tte r  understood in 
A m erica th a n  in  th is  country , and they are used 
more extensively. This g rea te r  use of cereal
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binders m ay be due to  the  fac t th a t  A m erica is 
a large producer of cereals, an d  has th e re fo re  
developed ou tle ts  fo r ce rta in  of th e  by-products, 
or perhaps founders dem anded th is  m a te ria l 
and developed i t  in  co llaboration  w ith  th e  p ro 
ducers. I t  is presum ably due to  th e  fa c t th a t  
p ro p rie ta ry  core b inders in  th is  co u n try  have 
been easily available for the  founder, th a t  th e re  
has been less inducem ent fo r him  to  produce his 
own m ix tu res of binders.

F i g . 7 .— A m e r i c a n  S a n d  ( S o u r c e
U n k n o w n ) ,  x  25 .

In  review ing th e  m oulding m a teria ls  used in 
both countries, i t  is impossible to  conclude w ith 
ou t reference to  cem ent m oulding, which is so 
much un d er discussion a t  p resen t. One A m erican 
concern in p a rtic u la r  has tak en  up th is  process 
w ith en thusiasm , and has obta ined considerable 
success. C astings of a general jobbing n a tu re  are  
produced w ith  com paratively  good resu lts, equal 
to  those m ade by any o ther process. I t  is par-
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ticu la rly  in te restin g  to  note th a t  steel castings 
up to  ab out 50 tons in w eight have been pro
duced, and  from  th e  photograph  of one of these 
castings the  process appears to  have been very 
successful.

Sand Handling and Reclamation 
Alm ost w ith ou t exception every steel foundry 

in  A m erica hand ling  green-sand castings has 
some form  of sand handling  p lan t, and in  the

F i g . 8 . — V e n a n g o  S a n d . x  25.
la rge r concerns very elaborate equipm ent has 
been insta lled . There are  no com parable plants 
in  B rita in , for th e  simple reason th a t  the re  are 
no concerns hand ling  such large q u an tities  of 
sand, b u t m ost steel founders will be fam ilia r 
w ith  th e  type of p lan t, having seen somewhat 
s im ilar equipm ent in  iron  foundries, of which an 
increasing num ber have been equipped with 
hand ling  facilities in the  la s t ten  years or so. 
Nearly all th e  steel foundries in  G reat B rita in  
th a t are  ex tend in g  th e ir  green-sand practice 
have installed  some form  or o ther of handling

G
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p lan t, and th a t  which was installed  over 10 years 
ago in  th e  found ry  w ith  which th e  a u th o r  is con
nected, and  recen tly  com pletely m odernised, is 
perhaps the  la rg est of its  k in d  in  th e  co un try  for 
a steel foundry . F ig . 13 is a view of one 15 to n  
per hou r gi'een backing sand p rep a ra tio n  u n it  in  
th is  foundry .

E xam in a tio n  of A m erican p lan ts  shows m any 
a tte m p ts  a t  sa tisfac to ry  sand reclam ation , and

T a b l e  I .— Typical Silica Sands Used in American and Engli

Source. Used in.
Percentages on B.S

8. 10. 16. 22. 30. 44. 6

For green sands—Ottawa . . U.S.A. — — —. 0.43 11.33 40.0 24.
Kings Lynn England — — 0.04 0.13 2.19 27.31 24.

For dry sands—X U.S.A. — ' — — 0.33 8.63 33.01 28.
Venango U.S.A. 10.0 3.0 7.4 9.4 18.5 27.8 10.
Leighton Buzzard .. England 0.34 0.21 1.75 8.35 31.3 44.9 10.

T a b l e  I I . — An Example of American Green Sai
Percentages on B.S.I. sie'

Condition.
16. 22. 30. 44. 60. 100.

Before reclamation. . After reclamation . . 0.250.06 0.40.15 10.768.72
32.24
35.9

23.1431.92
17.18
15.13

one finds both m echanical g rad in g  and  a ir  sepa
ra tio n  in opera tion . L a te s t opinion ap pears  to  
favour m echanical sep ara tio n  of th e  undesirab le  
from  the  desirable g ra in  sizes, and  m ost of the  
new p lan ts  being insta lled  a re  based on th is  
p rincip le. A process of w hich m ore will be h eard  
in th e  fu tu re , b u t which a t  p resen t is in  its  
infancy, is th e  use of a  classifier pum p fo r sand , 
which can be used in  co njunction  w ith th e  hydro-
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b last system  of cleaning castings. This system of 
cleaning, which is s till in  th e  process of develop
m ent, m erits  a  brief reference. I t  is a com bina
tio n  of the  hydrau lic  m ethod, using w a ter only, 
which received pub licity  some few years ago, 
b u t which was n o t found really satisfactory  for 
c lean ing  steel castings, and th e  use of sand. The 
sand is en tra in ed  in  a high-pressure w ater je t, 
and pro jec ted  a t  th e  casting  being cleaned.

Synthetic Orem-Sand and Dry-Hand Mixtures.
ieve Nos.

Totalsand
grade.

Analysis.

100. 150. -1 5 0 . sut. Clay. Si02. 
Per cent.

Fe20 3. 
Per cent.

A120 3. 
Per cent.

Loss on ignition. Per cent.

4.9 4.24 0.57 1.94 1.7 96.36 98.60 Trace 0.95 0.354.19 4.76 0.1 2.33 4.07 93.6 93.9 4.06 1.14 1.2

0.54 5.24 0.18 2.07 1.84 96.09 98.30 0.14 0.96 0.423.7 1.0 0.06 2.98 5.45 92.98 96.10 0.57 2.03 0.85
2.27 0.28 0.1 — — — 99.1 0.43 0.32 0.2
tefore and After Reclamation by A ir Separation.
fos.

Totalsand
grade.

Analysis.

50. -150 . sut. Clay. S i02. 
Per cent.

Fe20 3. 
Per cent.

A120 3. 
Per cent.

Loss on ignition. Per cent.
.37.8 0.150.07 4.060.61 7.645.55 88.393.74 96.296.30 0.430.28

2.071.92
2.051.87

F igs. 14 an d  15 respectively show th e  appear
ance of an  A m erican green sand before and a fte r 
reclam ation  by a ir  separa tion , and  Table I I  indi
cates th e  g rad in g  of th is  sand before and a f te r  
tre a tm e n t. The p a rtic u la r  foundry  from  which 
these exam ples w ere obta ined operates on less 
th a n  10 per cen t, ad d ition  of new sand and  is 
producing regu larly  green-sand castings up to 
A ton  in  w eight.
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I t  is in te re s tin g  to  note th a t  c lim atic  con

d itions compel m ost of th e  steel founders in  
A m erica to  hold large stocks of sand d u rin g  th e  
w in ter m onths, owing to  th e  fac t th a t  snow and  
fro st m ake i t  difficult to  ob ta in  th e  sand  from  
th e  p its . This m eans th a t  th e  foundries m ust 
have sufficient areas available to  sto re th e ir  sand, 
and m ust be able to  handle it. There being no 
such necessity in  B rita in , very  few steel foun-

F i g . 9 .— L e i g h t o n  B u z z a r d  S a n d , x  2 5 .

dries here have facilities  for s to ring  such large 
q uan titie s  of sand.

A m erican  Moulding P ractices  of P a r t icu la r  In te res t
Before leaving the  sub jec t of m oulding, th e  

au th o r would like to m ention ce rta in  practices in 
A m erica which a re  unique, and  for which due 
c red it m u st he given to  our A m erican colleagues. 
P erhaps th e  m ost s tr ik in g  of all, and  one of 
which m any steel founders in  th is  co u n try  have 
no dou b t read  or h eard , is th a t  of m aking  cast-
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steel locomotive fram es w ith  cylinders and other 
a tta ch m en ts  such as boiler saddles, and horn 
block guides cast in tegra lly . These fram es, w ater 
bottom s for ten ders  and o th e r castings up to  a 
m axim um  of about 90 f t. in len g th , are  m ade in 
low-carbon steel, unannealed , and are m achined 
on special m achine tools. There are two large

F i g . 1 0 .— “  C o m p o  ”  M o u l d  ron  M i l l  H o u s i n g .

works belonging to  th e  same com pany in America 
m aking these castings, fo r which th e  equipm ent 
an d  lay ou t are  so extensive, and th e  m achine 
tools used for finishing a re  so specialised, th a t  it  
is ex trem ely  unlikely th a t  sim ilar castings will be 
m ade in  any o ther p a rts  of the  world,. P a r 
ticu lars  of m oulding m ethods used have been 
published in th e  technical journals, so th a t  there
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is no need to  describe th e  e n tire  process, b u t in a 
few words i t  consists of bu ild ing  up th e  com
plete moulds in dry-sand cores placed on specially 
m achined steel jigs in  m oulding p its  (a norm al 
fram e consists of 600 cores). In  one of these 
works, six-wheeled bogie tru ck  castings are  
ram m ed in  green sand on a jo lt-ram  m achine of

F i g . 1 1 .— C o r i n g - u p  a  “  C o m p o  ”  M ourn  f o r  a n  8 0 - T o n  S t e e l  
P r e s s  C a s t i n g .

70 tons capacity  w ith  a m achine tab le  22 f t .  
long, which is probably th e  la rg e st jolt-ra.m  
m achine in  th e  world.

Stee l Melting U nits
The m elting  u n its  used in A m erica and G rea t 

B rita in  for the  supply of steel fo r m aking  cast-
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ings a re  m ore or less sim ilar, w ith  the  exception 
th a t  th e re  a re  now very few Tropenas p lan ts in 
Am erica, where th e  m ost common u n it  fo r the 
sm all foundries is th e  electric furnace, usually 
w ith  an  acid lin ing , as ag ainst th e  alm ost un i
versal basic lin ing  in  th is  country. I t  has been 
suggested th a t  th e  reason why th e  acid electric

F i g .  1 2 .— 8 0 - T o n  S t e e l  P r e s s  C a s t i n g ,  r e a d t  f o r  M a c h i n i n g .

fu rnace  is so m uch used in Am erica is again  the 
effect of th e  G rea t W ar, when i t  was difficult 
an d  expensive to  ob ta in  basic linings. I t  has 
been said th a t  th e  A m erican steel foundries 
using electric furnaces have produced some very 
bad steel in the  past, b u t now, a t  any ra te , th e ir 
steel appears to  be generally  im proved. The acid 
electric fu rnace produces a g rea te r  o u tp u t a t
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a lower cost price com pared w itli a  basic fu rn ace  
of th e  same capacity , th e  steel hav ing  a  flu id ity  
which com pares more favourably w ith  T ropenas 
steel th a n  does basic steel. This, to g e th e r  w ith  
its flexibility  and probably also th e  av a ilab ility  
of cheap electrical power, has no doubt led to  th e  
adoption of th e  acid electric fu rn ace  in the

F i g . 13.— E n g l i s h  U n i t  f o r  P r e p a r a t i o n  o f  G r e e n  B a c k i n g  S a n d .

sm aller foundries in p reference to  th e  surface 
blown converter.

F or la rge r o u tp u ts  bo th  acid and basic open- 
h e a rth  furnaces a re  used, commonly fired by oil 
or n a tu ra l  gas, occasionally by producer "gas. 
The average capacity  of th e  large open-hearth  
furnaces in  foundries devoted en tire ly  to  the  
m anu fac tu re  of heavy steel castings ap pears to
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be ab ou t 50 tons m axim um , whereas, in  th is  
co un try , in  steelworks m aking  both steel castings 
an d  ingots, th e  larger fu rnaces are  usually of 
60 tons capacity . Sm aller furnaces are of course 
used in  both countries. The m ost common size 
of acid-electric fu rnace  is about 6 tons capacity , 
th e re  being of course both  la rg e r and sm aller 
furnaces.

F i g .  1 4 .— A m e r i c a n  G r e e n  S a n d  b e f o r e  
R e c l a m a t i o n ,  x  25

One m igh t expect continuous casting  systems 
w ith  m echanical mould conveyors to  be commonly 
employed in A m erican production  steel foundries, 
b u t th is  is no t th e  case. The foundries having 
very large o u tp u ts  of, say, five-hundredweight 
castings use open-hearth  furnaces of approxi
m ately 30 tons capacity , and u tilise extensive 
casting  floors to  accomm odate th e  moulds for 
each charge.
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Steel Specifications and th e  Use of Alloy Stee ls  in Castings

Q uite recently  steel-casting  m a n u fac tu re rs  in 
both th is  country  and  A m erica have been asked 
for, and have produced, qua lities  of castings of 
g rea te r  s tre n g th  th a n  th e  o rd in a ry  m ild steel 
type  to  m eet th e  dem and of designers, an d  to  
m eet th e  com petition  of artic les  m ade in  o ther 
ways such as forgings, s tam pings and  fab rica ted

F i g .  1 5 .— A m e r i c a n  G r e e n  S a n d  a f t e r  
R e c l a m a t i o n ,  x  2 5 .

s tru c tu res . The A m ericans have done m ore in 
th is  direc tion , p a rtly  because th e ir  m ark e ts  
spread  over a w ider Held and th e re fo re  offer 
g rea te r  opp ortun ities , p a rtly  because of th e ir  
en thusiasm  for an y th in g  new which they  pursue 
energetically , and  p a rtly  owing to  th e  incen tive  
to  rega in  m arke ts  lost d u rin g  th e  years of de
pression. M anganese, vanadiu m  an d  nickel are  
common alloying agents fo r th e ir  so-called high- 
ten sile  steels, an d  one finds th a t  d iffe ren t con



cerns concen tra te  on one or o ther com binations 
of these alloys. The use of t ita n iu m  and other 
m ethods fo r contro lling  g ra in  size is developing 
in Am erica, b u t th e  au th o r is n o t aw are of 
any B ritish  m anu fac tu re rs  exercising g ra in  size 
contro l for steel employed in  castings.

T here is a  c e rta in  school of tho u g h t in the  
B ritish  steel-foundry  in d u stry  which believes 
th a t  in  o rder to  de fea t th e  rivals of steel cast
ings previously m entioned, th e  ex isting  stan dard  
specifications fo r steel castings should be 
stiffened. The au th o r does no t agree w ith th is 
m ethod of dealing  w ith  the problem, b u t sug
gests th a t  i t  m igh t be solved by in troducing  
fu r th e r  specifications fo r h igh-tensile steel cast
ings sim ilar to  th a t  of th e  la te st specification for 
railw ay castings issued by th e  Association of 
A m erican R ailroads, which originally  had a
G rade “  A ”  for unannealed  castings, and a
G rade “  B ” for annealed  castings g iving 16 tons 
per sq. in . yield. I t  has now slightly  im proved 
th e  G rade “ B ”  by specifying a  yield of 17 tons 
per sq. in ., and an  u ltim a te  tensile stress of 
31 tons p er sq. in ., and has in troduced  a new 
grade  “  C ”  for h igh-tensile steel w ith  a yield 
of 24.5 tons per sq. in . and u ltim a te  tensile 
s tre n g th  of 40 tons per sq. in ., w ith  a m inim um  
elongation  of 2 2  per cent, and  reduction  in  area 
of 40 per cent. A purchaser of th is  Grade
“ C ” h igh-tensile steel will n a tu ra lly  pay a
h igh er price th a n  for th e  o rd in a ry  grades of 
steel, which are  sufficiently s trong  for general 
purposes.

H e a t - t re a tm e n t  Methods
M ost of th e  h e a t- tre a tm en t furnaces used in 

th e  steel foundries of Am erica are  fired e ith er 
by oil or n a tu ra l  gas, as ag a in s t coal, producer 
gas or tow n’s gas in  th is  country. In  Am erica 
m ost small castings are  h ea t-tre a ted  by norm ali
sing, w ith  or w ith ou t subsequent tem pering. 
The heav ier castings are, of course, annealed 
and cooled in  th e  fu rnace, although i t  is notice
able th a t  fo r very large castings th e  ra tes  of 
hea tin g  and cooling are ra th e r  h igher th a n
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those used in Sheffield. I t  is no t likely th a t  the 
difference in th e  ra tes  can be a t tr ib u te d  to any 
be tte r scientific knowledge, b u t is probably due 
to the  fac t th a t  w ith the  sm aller o u tp u t in  th is 
country  furnaces have been available to  perm it 
one to  play safe w ith  large masses, whereas in 
Am erica the  o u tp u t has probably increased u n til 
they have been forced to  speed up th e  an nealing , 
ap paren tly  w ith success.

F i g . 1 6 .— A m e r i c a n  F e t t l i n g  S h o p  C o n v e y o r  L i n e .

W hereas large cast-steel anvil-blocks w eighing 
from  2 0  to  1 0 0  tons m ade in  B ritish  foundries 
are  annealed, A m erican opinion on th e  subject 
is d iv id ed ; some steel foundries anneal big anvil 
blocks while others allow them  to  cool down over 
a long period in the  moulds, as in  th e  case of cast-iron blocks.

An in te resting  procedure in a t  least two 
Am erican foundries is the  d ifferen tia l ha rd en 
ing of d ifferent p a rts  of small castings, to  obta in  
im proved wear resistance.
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Fettl ing and Cleaning of Castings

The fe ttlin g  shop m ethods or processes in  both 
countries are  sim ilar, excepting  th a t  in ce rta in  
cases in  Am erica th e  fe ttlin g  shop can be very 
m uch b e tte r  organ ised th a n  ¡in th is  country , as 
fewer types of castings pass th rou g h  one p a r
ticu la r shop. This makes i t  easier both to 
a rran g e  for flow production and to  set up  a 
sa tisfac to ry  organ isa tion , which in  the  case of a 
fe ttlin g  shop is as difficult a problem as any 
encoun tered  in foundry  m anagem ent.

An exam ple of an  Am erican conveyor line, 
w here castings up to  half a ton  in  weight, rest
in g  on grids, trav e l on g rav ity  rollers past the  
various fe ttlin g  operations, is shown in F ig . 16, 
whilst F ig . 17 illu s tra tes  one of the few convey
ing systems which have been installed  in English 
fe ttlin g  shops.

H igh-pressure com pressed-air shot-blasting is 
becoming common in  th is  country  and is widely 
used in  Am erica. B ritish  foundrym en are  also 
following th e  Am ericans in ex tending  the  use of 
th e  airless cen trifu ga l shot-pirojector cleaning 
m achines, the  m erits  of which have been rapidly  
recognised in  both countries. W hereas in E ng
land th is  type of m achine has always been 
supplied in  the  form  of a tum bler, or in its 
modified apron-conveyor form , excepting in one 
in s ta lla tion  already in operation  and in a fu rth e r  
p la n t to be installed in  th e  foundry  w ith  which 
th e  au tho r is connected, th e  cen trifugal airless 
shot p ro jec to r has been applied in  Am erica to 
several types of special machines for specialised 
work. This is again  because th e  justification  for 
spending money on such elaborate equipm ent has 
arisen  th e re  m ore read ily  th a n  in th is  country. 
One extrem ely in te restin g  exam ple of th is 
application  is the  specialised cleaning of bogie 
castings w eighing ab out five hundredw eights 
each, which are cleaned a t  th e  ra te  of one every 
two m inutes. A p art from the use of th is  m ethod 
of cleaning on account of its  economy in a i r  and 
its convenience, th e  Am erican m anufactu re rs
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have been as in terested  as is th e  case here in its  
re lation  to the  problem of silicosis.

The p resen t a t t i tu d e  in  Am erica tow ards 
silicosis is very keen, and  every th ing  is done 
tow ards th e  elim ination  of th is  disease, some 
works having th e ir  own X -ray  a p p a ra tu s  in  the  
works first-aid departm en t for keeping a check on

F i g . 1 7 .— C o n v e y o r  S y s t e m  i n  E n g l i s h  F e t t l in g  S h o p .

all workers. This keenness is due to  leg islation , 
and has been increased because m any foundries 
have been th e  victim s of ce rta in  types of compensation cases.

In  view of the  recent F actories Act in th is  
country , the  provision in  m any A m erican 
foundries of works w elfare equipm ent in  th e  
form  of canteens, washing and locker accommo-
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elation is in te resting . This equipm ent is be tte r 
th a n  th a t  generally  provided, in  our foundries, 
being equivalent to th e  type of accomm odation 
in sta lled  a t  m any m odern colliery p itheads in  th is 
co untry . P a r tic u la r  a tte n tio n  is paid to  the  
w earing of goggles, an d  all staff, forem en and 
even v isitors have to  wear goggles when passing 
th ro u g h  th e  fe ttlin g  shops.

Labour Conditions
The question of labour in  Am erica, how much 

a m an earns, how freely he spends his money, 
how he works and how he com pares w ith  the 
B ritish  labour would m ake the subject of a very 
in te restin g  P a p e r  in  itself. There are  m any 
good workm en both  in  Am erica and in  th is 
co un try , and in  m aking com parisons one m ust 
consider conditions. O ften com parisons a re  made 
w ithou t due consideration  for th is. The B ritish  
w orkm an, w orking on a p roduction  line w ith  the  
o p p o rtu n ity  to  ea rn  good money, will produce as 
m uch as th e  Am erican, b u t so o ften  comparisons 
a re  m ade betw een th e  Am erican w orkm an under 
p roduction  conditions w ith  th e  B ritish  
w orkm an un d er jobbing conditions. Those in 
charge of foundries m aking m otor oar components 
are  perhaps beitter able to  express an  opinion 
on th is  m a tte r  th a n  th e  au thor. T rade Union 
conditions in  Am erica are n o t like those in  th is  
co un try , and a t  th e  p resen t m om ent are  causing 
th e  em ployers some anxiety . This is p a rtly  due 
to  th e  fa c t th a t  th e  T rade U nion grow th in  th a t  
co un try  is m uch m ore recen t th a n  here, and also 
to th e  very m ixed races com prising American 
labour, coupled w ith  political influences which it 
is ou t of place to  discuss here.

Foundry Research
There is no doub t th a t  in  the  post-w ar period 

th e  steel-foundry  in d u stry  has advanced a  long 
way both  in  G rea t B rita in  and in  Am erica, 
b u t th e  au th o r is of the  opinion th a t  the  
Am ericans have moved relatively  som ewhat 
fa r th e r  th a n  is th e  case here. There are  several
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reasons why th is  should be, one being th e  influ
ence of specialisation which has been m entioned 
several tim es, and ano ther th a t  th e re  a re  m any 
m ore steel foundries in A m erica th a n  in  E ng lan d , 
and therefo re  m ore people g iv ing th o u g h t to  its  
products. A fu r th e r  im p o rtan t reason is th a t  
m ore tim e and money have been devoted to  re 
search in Am erica. A p art from  th e  la rg e r  con
cerns having devoted a  ce rta in  am oun t of energy 
w ith in  th e ir  own organisations to  th is  end, cer
ta in  of th e  sm aller foundries have grouped th e ir  
resources, one instance, in th e  a u th o r’s opinion, 
having been very fru itfu l. This was th e  E lectric  
Steel F ou nders’ R esearch Group, which was sup
ported by five different concerns. A v is it to 
th ree  of them  showed such a h igh s tan d a rd  gener
ally in  all th e ir  opera tions an d  in  th e ir  finished 
products as to  give convincing evidence of th e ir  
wisdom in  so spending th e ir  money du rin g  the  
depression period.

As in th is  country , o ther researches are  tak in g  
place under th e  d irec tion  of various t r a d e  and 
scientific associations. In  th is  d irec tion  and  in 
m any o thers our A m erican bro ther o rgan isa tion - 
th e  Am erican F oundrym en’s Association—w ith  
its  wide m em bership, has a large influence. P a r 
ticu la r  m ention m igh t be m ade of th e  ac tiv ities  
in th is  country  of the  S teel C astings Com m ittees 
of th e  In s t i tu te  of B ritish  Foundrym en and  of 
the  Iro n  and  Steel In s ti tu te , b u t th e  m em bers of 
these com m ittees are  also busy foundrym en and 
scientists. W ould i t  no t give us a quicker re tu rn  
if groups of m anu factu re rs  or th e  T rade Asso
cia tion  were to in it ia te  a research council on th e  
lines of th e  Am erican E lec tric  S teel F o u n d ers’ 
Group, who would have ce rta in  fu ll-tim e inv esti
gators working in collaboration w ith  th e  pre> 
viously m entioned com m ittees?

Conclusion
A visit to the  U nited S ta te s  of A m erica to 

m ake a study of e ith e r  a' specialised steel- 
foundry production or a general survey of th e ir  
practices is a  m ost refresh ing  experience, and



dispels th e  preva len t im pression th a t  th e ir  pro
ducts are generally  much in ferio r to  B ritish .

In  view of the  rap id  developm ents th a t  will 
still be m ade by our progressive friends, i t  is 
probable th a t  one should renew acquain tance 
w ith  th e ir  foundries every five yeaTS. C ontact 
w ith  them  is very in stru ctive , particu larly , if 
one keeps a logical ju dg m en t reg a rd in g  d ifferent 
conditions, w ith ou t being too sceptical or sure 
th a t  B rita in  is placed in such en tire ly  different 
conditions th a t  an  ad ap ta tio n  of ideas is not 
practicable .

The reception accorded by th e  Am erican foun- 
drym en w ith o u t exception to  one of th e ir  own 
profession from  th is  side of the  A tlan tic  is as 
hospitable, in s tru c tiv e  and helpfu l as one could 
possibly desire, and th e  au th o r would like to  take  
th is  o p p o rtu n ity  of expressing his appreciation  
of th e  m anner in  which he was everywhere wel
comed on his recen t to u r  of Am erican steel 
foundries.

The au th o r wishes to  express his g ra titu d e  to 
th e  d irec tors of E nglish  Steel C orporation , 
L im ited , fo r perm ission to  p resen t th is  P ap er.

DISCUSSION 
Q uali ty  of  A m erican  Stee l Castings

M e. C. H . K a i n , opening th e  discussion, 
th ank ed  D r. Dadswell for his P ap er, and com
m ented on the  fac t th a t,  a t  long last, th e  au tho r 
had exploded th e  idea th a t  A m erican steel cast
ings were very  much worse th a n  B ritish . H e 
feared  th a t  a num ber of steel foundries had com
fo rtab ly  advanced th a t  s ta tem en t on occasions 
ra th e r  to  cover bad practice  th a n  from  a tru e  
knowledge of th e  facts. U ndoubtedly, Am erican 
castings recently  had  im proved very consider
ably.

D r. Dadswell had m ade reference to  th e  d r if t 
from  th e  foundry  of skilled a rtisan s  in to  be tter- 
paid  trad es, and had suggested th a t  one of the 
m ethods of overcom ing th is  difficulty was by 
b e tte r  technical contro l, presum ably w ith the

177
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object of using unskilled labour. Mr. Kain sug
gested th a t th is was rather a top-heavy sort of 
organisation. Executives ought a t the same time 
to give serious consideration to improving the 
standard of their labour, and striving to achieve 
the same conditions which obtained in the better- 
paid and more secure sheltered trades.

Permeability of Steel Moulding Sands
The P aper naturally  dealt very largely with 

sand and sand technique, because feeding steel 
castings in America was presumably much the 
same as here. The author had referred p a rti
cularly to the high permeability sands commonly 
used in America, and gave the permeability figure 
of 200 as being high in a backing sand. The 
speaker suggested th a t such a figure was not 
particularly high for steel moulding sand, for 
green-sand work, and th a t a range of 350 to 400 
was not uncommon and certainly gave better 
results with green sand.

The author had also stated th a t silica flour 
was occasionally used to prevent penetration of 
steel into cores, and to strengthen the m ixture 
for use in top parts. Personally, Mr. Kain 
would consider it  better practice to use a finer 
grain of sand than to use a coarse sand and to 
mix it  with silica flour, as th a t was frequently 
a cause of surface scabbing.

Mechanical Sand Grading Preferred
I t  was interesting to note th a t there seemed 

to be general agreement th a t mechanical grading 
or mechanical separation of silt was superior to 
pneumatic methods. These had been tried  for 
many years, and personal experience had shown 
them to be very erratic. There were a number of mechanical separating systems on the m arket 
which work very satisfactorily.

He asked the author what the reason was 
for the increase in grain size in the reclaimed 
sand. There seemed to be a greater quantity 
of sands on the 44/66 mesh sieves, which might,
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of course, be due to agglomeration or to concentration.

The Paper claimed tha t the acid furnace was 
very widely used in America, and he would like 
to know what scrap they had available for use 
m such furnaces, for one of the greatest diffi
culties in this country was to obtain low phos
phorus scrap. I t  was also stated th a t the acid 
furnace produced steel a t lower cost than basic. 
Could the author give any indication of the 
relative cost of the steel made by the two furnaces ?

Grain-Size Control
Another statem ent was th a t grain-size control 

in steel castings was not practised in this 
country, but th a t was questionable, as he believed 
it  was practised in a number of cases. One 01 
two foundries certainly did it  deliberately, and 
many others did it  unconsciously by the addition of aluminium.

Dr. Dadswell had dealt with specifications, and 
the question was worthy of serious consideration 
th e  tim e would undoubtedly come when steel 
founders would have to meet very stringent 
specifications. He thought the au thor’s suggested 
method of fu rther grading rather than a genera] 
all-round increase of common specifications was 
greatly to be sought for, but he seriously doubted 
the statem ent th a t the purchaser of these high- 
tensile steels would “ n a tu ra lly ” pay a highei 
price than for the ordinary steel. Personal 
experience was th a t buyers wanted the highei 
grades a t the same price. Dr. Dadswell had also 
made some suggestions for co-operative or joint 
research, which has undoubtedly produced very 
good results in the United States, and he agreed 
th a t the steel castings makers in this country 
might also give th a t subject very serious con- sideration.

American Steel Castings
D r . D a d s w e l l , after thanking M r. Kain for 

his remarks, said he was not sure whether he



180
bad overstressed the  q u a lity  and finish of 
Am erican castings, as he was su rp rised  w ith 
w hat he had seen, p a rticu la rly  in  view of th e  
general im pression here th a t  A m erican foundries 
could satisfy  custom ers w ith  rougher products 
th a n  was possible in  th is  country . A v is it la s t
ing two m onths was insufficient to  see every 
foundry , and only “  im pressions ”  could be 
gained.

As to th e  m ovem ent of skilled labour away 
from  the  steel foundry  in d u stry , he did n o t quite 
m ean w hat M r. K a in  had ap p a ren tly  u n d er
stood. W h a t he had  in  m ind was th a t  by 
scientifically controlled production  one could get 
la rger ou tpu ts  from  th e  sam e num ber of m e n ; 
for exam ple, p roduction could be increased by th e  
elim ination  of w aste m ovem ent by th e  w orkers 
concerned. In  fac t, one found th a t  th e  level of 
earn ings increased when th e  workers were on 
piece-work, as one ob ta ined  h igher o u tp u t. H e 
had no desire to  see th e  developm ent of m eans 
generally to  elim inate skilled m en, and to  employ 
in  th e ir  place unskilled men, b u t ra th e r  to  em 
ploy skilled men to  b e tte r  effect.

P erm eabil i ty  of S teel Moulding Sands
The figure of 300 to 400 for high perm eability  

sand seemed ra th e r  h igh  to him . H e did no t 
th in k  m any foundries used such m a te ria l on 
green-sand work. The average perm eability  of 
his facing sand was, if he rem em bered r ig h tly , 
about 180, and 160 to 180 for backing sand. H e 
believed th a t  in  exam ining perm eability  figures 
one m ust bear in m ind th e  n a tu re  of th e  sand 
which was being considered, th e  bonding agents, 
the  am ount of m oisture, and so fo rth . The 
perm eability  of a syn thetic  sand m igh t no t neces
sarily  be required  so high as th a t  of a na tu ra lly - 
bonded sand, which m igh t tak e  a h igher m oisture 
co n ten t and, therefo re , genera te  more steam  and 
gas.

Silica Flour and Steel P en e t ra t io n
The question of m ixing silica flour in to  m ould

ing sand in order to increase its  s tre n g th  in  top



p a rts  to  p revent scabbing, i t  m ust be adm itted , 
d id ap p ear ra th e r  odd. H e failed to  ap preciate  
why a very fine sand should no t be used, and  he 
was try in g  th a t  a t  th e  p resen t tim e. H e had 
tr ie d  th e  add ition  of silica flour as ca rried  out 
in Am erica, and found th a t  i t  d id  have some 
beneficial effect. I t  was p a rticu la rly  useful in  
p reven tin g  pen e tra tio n  of steel in to  cores where 
they  were su rrounded  by heavy sections of m etal. 
U n til one had seen i t ,  i t  was difficult to  visualise 
th e  am ount of p en e tra tion  th a t  could tak e  place 
in to , say, a 6 -in. dia. core, su rrounded  by 5 or 
6  in . of steel. One objection to  th e  addition  of 
silica flour was th a t  of cost. H e believed th a t 
silica flour could be purchased m uch more cheaply 
in  A m erica th a n  here.

As to th e  reclam ation  of sand, th e  American 
conclusion th a t  th e  m echanical m ethod was the  
m ost sa tisfac to ry  and economical confirmed per- 
sonal opinion a f te r  exhaustive tests.

Acid and Basic Steel Problem s
H e h ad  w ith  him  no ac tual figures of the  re lativ e 

costs of acid and basic steel, bu t he would supply 
M r. K a in  w ith  m ore in form ation  on th a t  point 
la te r. I t  was no t only the  question of th e  cost 
of th e  steel which gave the  acid some advan
tag es over basic for ce rta in  types of production. 
F o r exam ple, th e  acid furnace was a very rapid  
m elting  u n it, b u t i t  was a little  difficult to get 
accustom ed to , and th e  com position was no t so 
easily controlled as in the  basic furnace, par
ticu la rly  for th e  carbon co n ten t of m ild steel.

Grain-Size Contro l
H e did no t im agine th a t  th e re  were m any foun 

dries in ten tiona lly  carry in g  o u t grain-size con
tro l. I t  had happened un in ten tion a lly , b u t he 
d id n o t th in k  th a t  m any of th e  basic electric 
found ries were doing i t  fo r th e ir  castings, be
cause th e re  had been a  tendency to keep the 
alum inium  as low as possible. I t  was usually 
insisted th a t  one should add as little; alum inium  
as possible to th e  steel, and th e  am oun t which
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was used in Sheffield varied  from  p rac tic a l^  
no th ing  up to  ha lf a  pound p e r ton , which was 
insufficient to give a  controlled g ra in  size. Some 
in te resting  work on th e  effect of alum in ium  on 
electric steel had been published by Simms and 
his co-workers, according to  whom th e  ad d itio n  ol 
half a  pound per to n  was th e  w orst am o un t ol 
a lum inium  th a t  could he added to  steel.

Casting Locom otive Fram es
M r . J .  H . C o o p e r  said the  au th o r had  m en

tioned the  casting  of a locomotive fram e up to  a 
length  of about 90 f t. H e had  seen some v e rj 
large ones run , and he would like to  ask whethei 
th e  mould was heated  before pouring , w hethei 
i t  was ru n  a t  both ends, how m any ru n n e rs  were 
employed, and finally th e  m ethod of easing afte i 
pouring.

D r . D a d s w e l l , in reply, said h e  would n o t be 
ce rta in , b u t he did no t believe th e  m oulds were 
warmed up a f te r  closing. The only reason foi 
such a h eating  would be to  d ry  any jo in tin g  
m aterials between cores. The cores were v e rj 
carefu lly  checked over fo r size, as no t one loco
m otive fram e was m ade, b u t perhaps 30 or 40 
fram es, and there fo re  the  core sizes were care
fully controlled, and they  were p rep a red  to  jig s  
The ru nn ers  depended on th e  w eight of the 
fram es, b u t they usually took the  form  of one oi 
more down-gates a t  th e  cen tre  of th e  casting , 
w ith long itud inal ru n n e rs  a t  th e  bottom , having 
several ingates. The general princip le was to 
run  from  the  bottom  w ith  a  long itu d in a l ru n n e r  
U nfo rtu nate ly , he did no t see a fram e a c tu a llj being cast.

Large G rain  Sands P re fe rred
M r . E .  L o n g d e n  s a i d  t h a t  t h e  l a r g e r  s a n d  

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

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



large castings of from 30 to  100 tons w eight— 
exam ination  of th e  sand a f te r  casting  under the  
microscope ind icated  th a t  m etal was mixed w ith  
th e  sand.

M r . L o n g d e n  said i t  was possible to  ge t 
definite f r i t t in g  of th e  sand behind th e  blacking 
or re frac to ry  coat if unsu itab le  sand were 
used. M oreover, occasionally th e re  were s tra in s  
of m etal which held in th is. The use of silica 
flour if very fine would be preferab le generally 
to  fine-grain sand.

Steel P e n e t ra t io n
M b. T. R. W a l k e r  said he had exam ined 

microscopically the  specimens to  which M r. 
Dadswell had referred . Some of th e  cores were 
m ade from  core sand w ith  an  oil b inder, and 
th e  steel had  p en e tra ted  between the  sand 
gra ins. The g ra in s were n o t fused together. If  
th e  specim ens were broken up and analysed it 
was q u ite  common to  find th a t  th e  steel 
am oun ted  to  50 per cen t, of th e  to ta l weight, 
and  i t  was ac tually  steel of approxim ate ly  the  
same chemical com position as the casting  itself.

R eg ard in g  M r. K a in ’s query respecting  the  
increase of percentages of some of th e  sand 
g ra ins a f te r  reclam ation , an  increase in  the 
proportion  of la rg e r  g ra in s  was only to  be 
expected, since m any of th e  sm all and very 
small partic les had been removed. F o r example, 
if one had  a sand m ix tu re  contain ing  80 per 
cen t, of sand g ra in s  w ith  2 0  pe r cent, of clay, 
and all th e  clay were tak en  ou t, th e  m ateria l 
rem ain ing  would n a tu ra lly  contain  1 0 0  per cent, 
of sand  grains. A ctually , th e  rem oval of 
m a teria l in  desilting  was no t so simple as th a t, 
as some p ropo rtion  of th e  la rge r g ra ins was 
rem oved a t  th e  sam e tim e  as th e  required 
am ount of s ilt and clay.

G rain  Refinement
Mr . R . C. T u c k e r  th o u g h t th a t  when foundry- 

men were up against the  question of perm ea
b ility  i t  was very m uch b e tte r  to use a  uniform
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g ra in  sand, and stop i t  up w ith silica flour, 
which would be tak en  ou t by th e  s ilt p lan t, 
th a n  to  use two different grades of sand, one 
for th e  top  and the  o ther for core and sides 
of the  mould. W ith  reg a rd  to  th e  contro l of 
g ra in  size of m etals by the  ad d ition  of 
alum inium , he did no t ap precia te  references to  
“  controlled g ra in  size.” The expression 
“ g ra in  refinem ent ” was preferab le.
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HEAT-TREATABLE ALUMINIUM-SILICON P a p e r  N o .  634 
CASTING ALLOYS 

By GASTON G. GAUTHIER*
[ F r e n c h  E x c h a n g e  P a p e r ]

Sum m ary
The au thor gives some of the results obtained 

¿71 the course o f researches made by the labora
tory o f the  Gompagnie Alais, Froges & Camargue 
on heat-trea table alum inium -silicon casting alloys 
contain ing in  add ition  m agnesium , manganese or 
cobalt.

Tables give the va ria tion  of the  mechanical 
properties und er the influence o f the heat-trea t- 
m ents and under the influence of variations in  
the conten ts o f S i, Fe, Mg, M n, Co and Na.

I t  is no t th e  purpose of th is  P ap er to  give 
new results . The alloys under discussion have 
been known since 1931, and m uch work has heen 
done on them . The a u th o r’s in ten tion  is simply 
to group th e  figures obtained in  th e  course of 
extensive investigations m ade in the  laboratory 
of th e  Com pagnie Alais, Froges & C am argue, and 
to  provide in th is  way com prehensive inform ation 
useful to foundrym en and  designers.

E ver since they  have been in use, th e  alloys 
co n ta in in g  13 per cent, silicon, modified by 
means of sodium and called A lpax o r Silum in, 
depending on th e  country , have undergone con
siderable in d u str ia l developm ent by reason of 
th e ir  casting  properties, in o th e r words, th e ir  
excellent m ould-filling capacity  and th e  fa ith 
fulness w ith which th e  finest de tails  a re  repro
duced.F o r m an u fac tu rin g  these alloys, th e ir  inventor,
A ladar Pacz, endeavouring to  u tilise  an  a lu 
m inium  of th e  lowest possible quality  as base, 
very soon perceived th a t  above 0 .8  per cent, iron

* H ead o f R esearch  D ep artm en t, C om pagnie A la is, F roges et C am argue, C ham bery (S a v o y ).



the  elongation of these alloys rap id ly  drops, and 
he was led to  in vestig a te  th e  m eans for obv iat
ing th is  disadvantage, due to  th e  fo rm ation  of 
fiat, b r ittle  crystals of a compound of alum in ium , 
iron and silicon. As early  as 1920, he took o u t 
pa ten ts  for additions of m anganese, cobalt, 
chrom ium , etc. These additions ce rta in ly  h ad  th e  
effect of refining the  g ra in  of A lpax of h igh iron  
content, and of considerably increasing  the  
m echanical p roperties of A lpax of norm al iron  
conten t. The tensile  s tre n g th  rem ained  below 
2 0  kg. per sq. m m., th e  e longation  a tta in e d  a t  
the  m ost 1 0  to  1 2  per cen t., and  th e  elastic lim it 
a t  0 .0 2  p e r cent, elongation rem ained  in  th e  
region of 5 to 7 kg. per sq. m m ., according to  
the quality  and q u a n tity  of th e  ad d itions m ade.

I t  was n o t u n til 1931 th a t  an  appreciab le  
advance was m ade in th is  class of alloys by th e  
appearance of h ea t-tre a tab le  alloys, th e  h a rd en 
ing com ponent of which is a sm all q u a n tity  of 
th e  compound M gaSi. F o r co u n te rac tin g  th e  
effect of the  iron, one of th e  elem ents previously 
indicated  by Pacz fo r th is  purpose is added, as 
well as the  ad d ition  of m agnesium . The la t te r  
has the  effect of causing th e  fo rm ation  of flat, 
b r ittle  crystals of an  alloy rich in  iron  an d  silicon, 
so th a t  fo r such alloys i t  would be necessary to 
employ very p ure  alum inium  and silicon as base, 
which would be a  serious d isadv an tag e . The 
additions of m anganese and cobalt for co un terac t
ing th is  d e trim en ta l influence are  th e  two ad d i
tions which up til l  now have been m ost 
investigated  and  are th e  only ones which have 
been adopted  in in d u str ia l practice.

The typ ical alloy contains ap p ro x im ate ly : — 
Si, 9 to  12.5 per c e n t . ; M g, 0.25 to  0.35 per 
c e n t . ; F e, < 0 .5  per c e n t . ; w ith  e ith e r  M n 0.3 to  
0.5 per cent, or Co 0.4 to  0.6 per cent.

In  th is  P ap er, i t  is in tended  to  deal succes
sively w ith  alloys co n ta in in g  m anganese and 
alloys con tain in g  cobalt.

Genera l  Remarks
The investigations were m ade on sand-cast 

and chill-cast specimens, b u t only th e  resu lts
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obta ined on sand-cast specimens will be given in 
w hat follows. C asting  in sand was effected w ith 
th e  use of green sand, th a t  is to  say, sand con
ta in in g  about 5 to  6  per cent, m oisture. The 
mould carried  two specimens connected toge ther 
a t  both heads by channels. At one end of these 
channels is a gate , which has the  form  of a saw
too th  roof fo r re ta in in g  th e  dross, and a t  the 
o ther end is th e  feeding head. The pouring tem 
p e ra tu re  was always uniform ly between 700 and 
720 deg. C. The te s t specimens were about 
15 mm. in  d iam eter, and, a f te r  m achining, the 
useful p a r t  was reduced to  a d iam eter of 13.8 
mm. an d  to  a length  of 105 m m., in order to 
m easure th e  elongation on 1 0 0  mm.

All th e  m elts (excepting , of course, those used 
for in vestig a ting  th e  influence of small am ounts 
of sodium ) were subjected to  an  addition  of 
sodium  by th e  process known as “ double modi
fication .”  The b a th  of m olten m etal is provided 
w ith  a surface layer of 0.3 per cent, of a m ix
tu re  of 6 6  per cent, of NaCl an d  33 per cent, 
of N a F  as soon as its  tem p era tu re  reaches 750 
deg. C. A t 780 deg. C., 0.05 per cent. N a is 
in troduced  by m eans of a p e rfo ra ted  bell-shaped 
tool. The m etal is allowed to  cool, and the 
samples are  cast, as s ta ted  above, between 700 
and 720 deg. C.

The specim ens for th e  notched-bar im pact te s t 
were m ade from  th e  above samples, being 
m achined on all faces. They were of square sec
tion  of 10 by 10 mm., leng th  55 mm., and the 
notch was 2 mm. deep and 2 mm. wide (M esnager 
specim en). The fa tig u e  te s t specimens were 
m achined from  castings 2 0  mm. in  d iam eter and 
of sufficient leng th , th e  dimensions being those 
laid  down by th e  F rench  A irc ra ft S tan dards for 
Alkan m achines.

F o r the  hea t-tre a tm en ts , an  electrically-heated 
muffle fu rnace  w ith  tem pera tu re-reg u la tin g  
m eans was used for the  h ea ting  before quench
ing. On leaving th e  furnace, the  specimens were 
very rap id ly  plunged in to  cold w ater a t  2 0  deg. 
C., so as to avoid 5 secs, a t  the  most elapsing
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between the  opening of th e  fu rnace and the  
quenching of th e  samples. H ea tin g  for age- 
harden ing  was carried  o u t in an  o il-bath , the  
tem p era tu re  of which wras contro lled w ith th e  
aid of a therm om eter.

Plan o f  Discussion
F o r each of th e  alloys co n ta in in g  m anganese 

or cobalt, th e  same plan of discussion will be 
adopted, as follow s:—F irs t  of all an  accoun t will 
be given of th e  investigations m ade for p e rfec t
ing the  h e a t- tre a tm en t and of th e  v a ria tio n s  in 
the properties depending on th e  h e a t- tre a tm en t, 
and a f te r  th a t  th e  influence ex erted  on the  p ro 
perties by sligh t varia tion s in  th e  d ifferen t ad d i
tions for th e  h e a t- tre a tm en t adopted  will be re 
viewed.

ALLOYS W IT H  THE AD DITIO N OF MANGANESE
Heat-Treatm ent

(A) Q uenching .—The influence of th e  d u ra tio n  
and tem p era tu re  of hea tin g  before quenching 
was exam ined for num erous casts of th e  sam e 
composition, con ta in ing  ap p ro x im a te ly :— Si 12.5, 
Mg 0.25, M n 0.45, and F e  0.35 per cent.

F ir s t  of all th e  influence of th e  va ria tio n  of 
the  quenching tem p era tu re  was in v estig a ted  in 
th e  case of a  un iform  d u ra tio n  of h e a tin g  of 
10 hrs. Table I  gives th e  resu lts  ob ta ined  for 
these various tem p era tu res  w ith specim ens which 
in addition  had  been subjected  to  a un iform  
age-harden ing  tre a tm e n t a t  155 deg. C. for 
24 hrs. This tab le  clearly  shows th a t  th e  tem 
p e ra tu re  of 565 deg. C. is too high.

F o r fixing th e  d u ra tio n  of h ea tin g  before 
quenching, the  m echanical p roperties a tta in ab le  
on specimens heated  respectively for 3 , 4 J, 6 
and 1 0  hrs. and th en  quenched were in v esti
ga ted  for several tem p era tu res  below 560 deg. C. 
All th e  specimens were th en  subjected  to  a u n i
form  age-hardening tre a tm e n t a t  155 deg. C. 
for 24 hrs. Table I I  gives these resu lts  fo r the  
tem p era tu res  540 and 550 deg. C.
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C onsideration of Tables I and I I  perm its one 

to say th a t  the  quenching tem p era tu re  to  be 
adopted  to r in d u str ia l practice may be fixed 
between 540 and 550 deg. C., according to  the  
precision of th e  tem pera tu re -reg u la ting  device. 
The d u ra tio n  of h ea tin g  m ay be fixed a t  6  h rs., 
because th e  ga in  in p roperties obtained by pro
longing th e  tre a tm e n t is only very slight. Such 
a  d u ra tio n  of tre a tm e n t is relatively short and 
is sa tisfac to ry  in  practice.

(7?) Age-hardening T rea tm en t .—Em ploying the 
same lo t of alloy as for th e  above tests , an in
vestigation  was also made to  determ ine the  age-
T a b l e  I.—Influence of Quenching Temperature in Alloys 

containing 0-45 Mn.
Temperature of heating.

520 deg. C. 530 deg. C. 540 deg. C. 550 deg. C.
565 

deg. C.
T e n s i l e  strength, kg. per sq. mm.Elongation, per cent. . .

28.7
1.75

29.2
2.0

29.0
2.0

29.5
2.25

27.5
1.75

harden ing  conditions. F or th is  purpose, a batch 
of specim ens was heated  for 6  hrs. a t  540 deg. C., 
quenched in  cold w a ter an d  subjected to an 
age-hardening tre a tm e n t of vary ing  d u ra tio n  and 
tem p era tu re . The chief results of p rac tica l in 
te re s t have been reproduced in Table I I I ,  from 
which i t  m ay be g a thered  th a t  various com bina
tions of tem p era tu re  and d u ra tio n  giving ap p re
ciably th e  same results  can be selected. In  prac
tice, th e  tem p era tu re  of 160 deg. C. has been 
adopted , th is  corresponding to  a h ea tin g  period 
of 1 0  h rs., because in  these conditions a sligh t 
dev iation  e ith er of tem p era tu re  or d u ra tio n  of 
heating  only produces a very sligh t modifica
tion  in the  resu lting  properties, th is  being a very 
im p o rtan t point.



I t  m ay be observed th a t  up to 135 deg. C. 
the influence of age-hardening on th e  reduction  
of elongation is slight, which m ay be ad v an 
tageous fo r ce rta in  ap p lications of th e  castings, 
for exam ple for small castings which are  sub
sequently subjected to  deform ation stresses d u r
ing assembly (riv eting , fo r exam ple).

In  all th e  tes ts  to  be described below, th e  fol
lowing h e a t- tre a tm en t was adopted  :—h e a tin g  for 
6  hrs. a t  540 deg. C., quenching in  cold w ater, 
age-harden ing  for 10 hrs. a t  160 deg. C.

Influence of th e  Silicon C o n te n t
Table IV  shows th e  effect of v ary in g  th e  s ili

con co n ten t between 8.5 and  12.5 per cent, on 
the tensile s tren g th , elongation , e lastic  lim it a t  
0 .0 2  per cent, of th e  p e rm an en t e longation , 
fa tigu e  s tre n g th  by reversed bending  te s ts  and 
hardness. I t  is found th a t  the  increase in th e  
silicon co n ten t increases th e  tensile  s tre n g th  and 
also th e  elastic lim it and hardness. The fa tig u e  
s tren g th , on th e  co n tra ry , appears  to  pass 
th roug h  a m axim um  between 9.5 and 11.5 per 
cent, silicon. This la t te r  re su lt m ay be explained 
as being due to the  d isapp earan ce of th e  la s t 
p rim ary  crystals of silicon, which, being m ore 
b r ittle  th a n  th e  m a trix  of th e  alloy, a re  prob
ably th e  seat of “ notch effects,”  thu s  ind u cin g  
p rem atu re  frac tu re .

The notched b a r im pact figure is alm ost con
s ta n t fo r all these alloys and is ab o u t 0.40 kg. 
per sq. cm.

The flowing power or “ life ”  of th e  alloy is 
m easured by th e  len g th  of m etal i t  is possible to 
obta in  on pouring  th e  alloy >at 700 deg. C. in a 
sp iral m ould. The resu lt of th e  te s t  shows th a t  
th is  p roperty  tends to  d im in ish  slightly  w ith 
decrease in  th e  silicon content. F o r 9 per cent. 
Si, the  “ life ” is 80 per cent, th a t  of an  alloy 
contain ing  12 per cent. Si.

F rom  the  exam ination  of these properties, it  
follows th a t  if castings are  to  be subsequently 
subjected to a lte rn a tin g  stresses, i t  will be neces
sary to  m ake them  of an  alloy having a silicon
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co n ten t an th e  v ic in ity  of 1 0  p er cent, in o rder 
to be w ith in  the  zone of m axim um  fa tig u e  
s tren g th . In  th is  case, th e re  m ay be some 
sligh t ad d itional difficulties in  th e  foundry , due 
m ainly to th e  fo rm ation  of “  pinholes,”  h u t  th is  
slight d isadv antage is of l ittle  im po rtance com
pared  w ith  the  ad van tage  of th e  im proved 
behaviour of th e  casting  in service. W here cast
ings are no t to  be subjected to  excessively severe 
a lte rn a tin g  stresses, i t  will be p referab le  to  cast 
w ith an  alloy hav ing  ab o u t 12.5 per cent, 
silicon, so as to  ensure a com bination of high 
elastic lim it, ten sile  s tre n g th  and  hardness.

T a b l e  I I I . — In fluence o f Temperature

Temperature. Ascast.
Quenched, 125 deg.C. 135 deg. C.

Duration in hours.
non-age-hardened. 5 hrs. 10 hrs. 20 hrs. 5 hrs. 10 hrs. 20 hrs.

Tensile strength, kg. per sq. mm. 18.1 22.8 23.8 23.9 24.5 24.8 25.4 26.9Elongation,per cent. 4.25 4.0 5.0 4.7 4.5 4.5 4.2 4.0Brinell hardness .. 66 90 90 92 97 98 105
Influence of th e  Magnesium C o n te n t

Table V gives the  m echanical p roperties  re 
su ltin g  from  a v a ria tio n  in  th e  m agnesium  
co n ten t between 0.15 and 0.75 per cen t, in  alloys 
co ntain ing  approx im ate ly  Si 12.4, F e  0.4, and 
M n 0.5 per cent. I n  ad d ition  to  th e  properties  
of the  m etal tre a te d  as above, th is  tab le  also 
gives the  p roperties of th e  m etal as cast, because 
in th is  condition th e  influence of th e  m agnesium  
is alm ost th e  same as on an  alloy w ith o u t m an 
ganese. As will be seen, the  effect of m agnesium  
is to increase th e  tensile s tren g th , e lastic lim it 
and hardness, and to  dim inish the  elongation very 
considerably, th is  la t te r  effect being pro
portionally  much more m arked on th e  tre a te d  
alloy th a n  on the  alloy as cast. These resu lts  
perm it the  most ap p ro p ria te  m agnesium  con ten t 
to  be fixed as follows. B earing  in  m ind th a t  
from  0.25 to 0.35 per cen t., th e  increase in  th e
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tensile  s treng th  is rela tively  slight as compared 
w ith  the  d im inu tion  in  elongation (resu lting  in 
brittleness), th e  m axim um  conten t will be fixed 
a t  ab out 0.30 per cent. M ore exactly, th is 
co n ten t will be fixed a t  0.25 +  0.03 per cent.

As is to  be feared , upon each renm elting of 
scrap (runners, risers, e tc .), chemical analysis, 
or b e tte r  still spectrographic analysis, Teveals a 
loss of magnesium'. In  th e  case of rem ielts com
pris ing  only sm all pieces of scrap weighing a  few 
hundred  gram m es, th is  loss m ay be p u t a t  an  
average of about 15 per cent, of th e  content. 
A very appreciable drop in th e  m echanical pro

mt nd Duration of Heating for Age-Hardening.
145 deg. C. 155 deg. C. 165 deg. C. 175 deg. C.

i hrs. 10 hrs. 20 hrs. 5 hrs. 10 hrs. 20 hrs. 5 hrs. 10 hrs. 20 hrs. 5 hrs. 10 hrs. 20 hrs.

25.24.595
26.54.297

29.5
3.0105

26.53.596
28.7
3105

29.42107
29.02.2

103
28.71.7105

27.81.0106
28.41.5110

28.00.7100
28.00.597

perties  would follow if scrap only was employed. 
F o rtu n a te ly , i t  is usual in th e  foundry  to  employ 
both new m etal and scrap, th e  proportion  being 
approxim ately  slightly  more th a n  one-th ird  of 
scrap for slightly less th a n  tw o-th irds of new 
m etal. To allow for th e  loss of m agnesium , 
therefo re , i t  is m erely necessary e ith er to  employ 
a new alloy co ntain ing  slightly  more th a n  the 
norm al conten t of m agnesium  or to  add 
m agnesium  or in te rm ed ia te  m agnesium  alloy to 
each melt.

In  addition , i t  m ust be rem arked th a t  in  the 
course of th e  h ea ting  p rio r to  quenching, the 
surface of castings loses some of its m agnesium  
(by oxidation  and possibly by vola tilisa tion), re
su ltin g  in  two f a c ts :

(a) R eduction  in  th e  hardness of th e  surface 
la y e r : I t  is m erely necessary to rem ove half a 
m illim etre of m etal to  find a  norm al Brinell

n
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hardness again . The m ean difference found  is 
10 to 15 Brdnell un its . This should be tak en  in to  
account in  reception tests.

(6 ) In h e re n t p ro tec tion  of castings a 'gainst 
corrosion, th e  surface layer serving as p ro tec tive 
layer on account of its  low m agnesium  co n ten t.

Influence of th e  Q u an t i ty  of  Sodium
As s ta ted  above, all th e  foregoing resu lts  were 

ob ta ined  on cast specim ens which h a d  been 
subjected to “ double m odification ,” as described 
in the  section headed “ G eneral R em ark s ,”  be
cause m axim um  ten sile  s tre n g th , and, above all, 
m axim um  elongation , were ob ta ined  u n d e r such 
conditions. The following ex perim en ts  showed

T a b l e  IV.— Influence of Silicon.
Si.Percent.

Tensile strength. 
Kg. per sq. mm.

Elonga
tion.Percent.

Elasticlimit
0.02.

Fatiguestrength.
Brinellhard

ness.
8.5 .. 25.6 2.0 13.0 7.25 899.5 . . 25.0 2.0 13.2 7.25 9010.5 .. 25.8 2.2 13.5 7.5 9511.5 .. 28.0 2.5 14.0 7.25 9712.5 .. 28.2 3.0 16.0 7.0 103

the  influence which sm all q u an titie s  of sodium  
are  able to  ex e rt on th e  m echanical p roperties  
(Table V I).

In  each case, about 33 lbs. of alloy were 
m elted from  a batch  of known com position, and 
for thei first fou r m elts 0.3 p er cen t, of th e  m ix
tu re  N aCl 6 6  per cent, an d  N a F  33 per cen t, was 
added a t  780 to 800 deg. C. Then, a f te r  th e  lapse 
of 5 m in., decreasing q u an titie s  of sodium  were 
added a t  780 deg. C. In  two o th e r m elts, m odi
fication was effected w ith  sodium  w ith o u t th e  
previous add ition  of salts.

I t  will be seen th a t  good p roperties c an n o t be 
secured in th e  absence of salts. The ac tion  of 
the  la t te r  m ust probably be th a t  of degassing 
th e  m olten m eta l before th e  in tro du ction  of th e  
sodium . In  add ition , i t  is c lear th a t  a t  least 
0.05 per cent, sodium  m u st be added.
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The presence of sodium increases th e  elonga^ 

tio n  and to  a  sligh t ex te n t also th e  tensile  
s tre n g th  and hardness. I t  m ay. fu rth erm o re , be 
observed th a t  casts which have been sub jec ted  to  
double m odification possess fewer “ pinholes 
th an  th e  others. This is due  to  th e  degassing 
action  of th e  salts  throw n on th e  su rface  tow ards 
the  end of m elting.

Influence of Manganese
The action of m anganese in Al-Si alloys is to  

transfo rm  th e  b r ittle  lam ellar crystals  of Al-Fe-
T a b l e  V I.—Influence of Sodium.

Sodium 
added. Per cent.

Properties of treated alloy.
Tensile strength. 
Kg. per sq. mm.

Elongation. Per cent.
Brinellhardness.

With addition of salts.
0.05 28.6 3.0 108
0.025 27.6 1.75 100
0.0125 24.8 0.75 100
0 24.3 0.5 98

Without addition of salts.
0.025 27.0 1.2 1000.0125 25.4 1 0.75 95
Si in to  crystals of com pact and  less b r i t t le  form . 
The m anganese th us  exerts  two effects which con
tr ib u te  in  achieving th e  same object. By
dim in ish ing th e  surface of crystals rich  in  iron ,
i t  reduces th e  im portance of the slip planes, while 
in add ition  i t  reduces th e  b rittlen ess  of these
crystals rich  in  iron. I t  will be ap p rec ia ted  th a t
the m anganese co n ten t to  be adopted  fo r an  alloy 
depends alm ost en tire ly  upon th e  iro n  co n ten t.

In  prac tice , th e  iron co n ten t is less th a n  0.5 
per cen t. An addition  of 0.4 to  0.5 per cen t. M n 
is therefo re sufficient for th e  la t te r  to  ex e rt its  
fu ll effect. Tests show, m oreover, th a t  a  v a ria 
tion  between 0.25 and  0.5 p er cen t. M n in an
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alloy co n ta in in g  0.5 per cent, iron only very 
slightly  affects th e  properties of th e  alloy. The 
co n ten t of 0.5 per cent. M n will therefo re be 
adopted , so as to  allow fo r th e  possibility of an  
ad d ition  of iron  which m ay always occur in the 
course of the  m an ipu la tion  of th e  alloy in the 
foundry.

Influence of Iron
A lthough in  Al-Si alloys w ith ou t additional 

com ponents, b u t which have been modified by 
m eans of sodium  or sodium salts, a t  least 0 .7  to 
0 .8  per cent, iron  is necessary to  cause the 
ap pearance of crystals of Al-Fe-Si, these crystals 
ap p ear in alloys con ta in in g  m agnesium  for quite

T a b l e  V II .—Influence of Quenching Temperature.
Temperature of heating.

540 deg. C. 550 deg. C. 560 deg. C. 565 deg. C. 570 deg. C.
Tensile strength, kg. per sq. mm.Elongation, per cent. ..

28.5
3

29.0
4.2

29.5
2.7

26.5
1

26.0
0.6

low contents, if th e re  are  no o ther additions, such 
as m anganese. I t  m ay be said th a t  from 0.3 per 
cent, these crystals a re  very clearly visible in 
m icro-sections. In  such circum stances, an  addi
tion  of 0.25 per cent, m anganese' is sufficient to 
tran sfo rm  them . In  th e  presence of 0.4 to  0.5 
per cent, m anganese, a t  least Q.7 per cent, iron  is 
necessary to  cause th e  appearance of th e  b rittle  
Al-Fe-Si crystals. This is th e  co n ten t which has 
been adopted .

ALLOYS W IT H  ADDITION OF COBALT
As already  ind icated  by Pacz fo r Al-Si alloys 

w ithou t any additions, ab out 1920 (F rench p a ten t 
No. 523,665), cobalt has an  even g rea te r tra n s 
form ation action th an  m anganese on the  lam ellar 
and b r it t le  crystals of the  compound Al-Fe-Si,
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and i t  was th e re fo re  n a tu ra l  to th in k  th a t  the  
m anganese could be replaced by cobalt in  the  
hea t-tre a tab le  Al-Si alloys w ith  advan tageous 
results.In  th e  case of these alloys, th e  genera l te n 
dency being to  use a ra th e r  low silicon co n ten t 
in  th e  v ic in ity  of 9  per cen t., th e  au th o r adopted  
the  following m ean co n ten t (except, of course, 
when in v estig a tin g  th e  influence of silicon) :
Mg 0.25, F e  0.4, and Co 0.5 per cent.

H e a t -T re a tm e n t
(A) Q uenching .—The resu lts  g iven in  Table V I I  

in d ica te  th e  properties  of alloys h eated  a t  tem 
pera tu res  betw een 520 an d  570 deg. C. fo r a 
un iform  period of 1 0  h rs ., quenched in  cold w a ter 
(20 deg. C .), and th en  all subjec ted  to  a  un ifo rm  
age-harden ing  tre a tm e n t a t  150 deg. C. fo r 
33 hrs. I t  will he seen th a t  th e  ex trem e quench
ing  tem p era tu re  is below 570 deg. C ., because 
th e  p roperties corresponding to  th a t  tem p era 
tu re —especially th e  elongation—are  very  low, 
th e re  being in c ip ien t fusion. The in d u s tr ia l 
quenching tem p era tu re  m ay be fixed a t  550 deg. 
C. in  order to  allow for any acciden tal v a ria tio n  
in th e  tem p e ra tu re  regu la tion .

Table V I I I  gives the  influence of th e  d u ra tio n  
of h ea ting  before quenching for th e  tem p e ra tu re s  
545, 550 and 560 deg. C. I t  will be seen th a t  
quenching a f te r  hea tin g  for 10 h rs. a t  550 deg. 
C. appears to  be th e  m ost ad van tageous. A 
shorter d u ra tio n  of hea tin g  fails to  give ad equate  
elongation, and, except in  th e  case of ex trem ely  
well-equipped in sta lla tion s, i t  is n o t possible to  
propose a shorter h ea tin g  a t  a h igh er tem p e ra 
tu re .

(6) A ge-hardening .—The age-harden ing  tem 
pera tu res were ascerta ined  by tre a t in g  a fairly  
large num ber of hatches of sam ples from  
different casts which were always quenched in 
cold w a ter a f te r  hea tin g  fo r 1 0  hrs. a t  550 deg. 
C. A ge-hardening was carried  ou t a t  tem p era
tu res  between 135 an d  170 deg. C. fo r lengths
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of tim e vary in g  from  5 to  33 h rs. Table IX  
gives th e  resu lts obtained.

C onsideration of th is  tab le  shows th a t  th e  
m axim um  tensile  s tre n g th  is only ob ta ined  above 
150 deg. C., and th a t  i t  is th en  necessary to  
continue th e  tre a tm e n t fo r a period of 33 h rs ., 
a  costly opera tion , owing to  the  furnaces being 
engaged for such a considerable len g th  of tim e  
and  th e  consum ption of hea tin g  power. The 
au th o r has adopted h ea tin g  fo r 10 h rs. a t  165 
deg. C. as g iving th e  best ag e-harden ing  t r e a t 
m ent.

In  the  following considerations, th e  resu lts  will 
always be given on samples sub jected  to  the 
following com bination of t r e a tm e n ts : h e a tin g  for

T a b l e  IX .— Influence of Temperature and
Temperature. As cast.

Quenched,
non-age-hardened.

135
Duration of heating. 5 hrs. 10 his,

Tensile strength, kg. per sq. mm. 17.7 22.8 22.9 23.0
Elongation, per cent. 5.0 6.5 6.5 6.5
Brinell hardness 62 73 75 80

10 hrs. a t  550 deg. C., quenching in  cold w ater, 
then  age-harden ing  fo r 10 hrs. a t  165 deg. C.

Influence of th e  Silicon C o n te n t
Table X  gives th e  resu lts  ob ta ined  on trea te d  

specimens hav ing  a  silicon co n ten t v a ry in g  be
tween 7 and  11 per cen t., th e  con ten ts  of th e  
o ther com ponents being m a in ta in ed  a t  ap p ro x i
m ately th e  following fig u res :—M g, 0 .25; F e, 
0.35, and Co, 0.45 per cent. Betw een 7 and
1 1  p er cen t., th e  influence of silicon on th e  
increase in th e  tensile  s tre n g th  and  th e  v a ria 
tion  of th e  elongation  is re la tiv e ly  s ligh t. The 
au th o r is unable to give any definite resu lts  re 
gard in g  th e  fa tig u e  s tre n g th  as the  investiga tions 
a re  s till in progress.

The influence of silicon on th e  flowing power 
or “  life ” is ap pro xim ate ly  th e  same as th a t  
m entioned for th e  alloys co n ta in in g  m anganese.
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C onsideration of th e  influence of silicon shows 
th a t  th e  co n ten t to be adopted may he fixed a t  
about 9 per cent.

Influence of th e  Magnesium C on ten t
The m agnesium  con ten t was varied  from  0.15 

to  0.50 per cent, in  alloys contain ing  approxi
m ately  : Si, 9 ; F e, 0.35, and  Co, 0.50 per cent.

The results are  reproduced in  Table X I, which 
shows very clearly th a t  the re  is no advantage in 
m agnesium  contents h igher th a n  0.25 per cent. 
As in  th e  case of th e  alloys contain ing  m an
ganese, th e  elongation drops rap id ly  w ithout th is 
considerable d ro p  being com pensated by a suffi
cien t increase in  th e  tensile s tren g th . The value

duration of Heating for Age-Hardening.
eg. C. 150 deg. C. 165 deg.C. 170 deg. C.
0 hrs. 33 hrs. 5 hrs. 10 hrs. 20 hrs. 33 hrs. 5 hrs. 10 hrs. 20 hrs. 33 hrs. 10 hrs.
35 0 26.5 24.5 27.5 28.0 30.0 27.7 29.4 30.2 30.1 30.5
6.0 5.0 5.0 5.0 4.0 3.0 4.0 4.0 3.7 3.5 3.0
90 95 90 98 100 104 100 105 107 107 107

of 0.25 per cent, will there fo re be adopted as 
the  m ean m agnesium  co n ten t for these alloys.

R eg ard in g  th e  losses of m agnesium  on each re
m elt, th e  s ta tem en ts m ade in  connection w ith 
alloys con ta in ing  an  addition  of m anganese are 
likewise applicable to  alloys contain ing  an  addi
tio n  of cobalt, the  average loss of magnesium 
due to  re-m elting being th e  same fo r these two 
sorts of alloy. The same applies to th e  loss of 
m agnesium  from  th e  su rface of castings du ring  
th e  h e a t- tre a tm en t an d  th e  consequences of such 
loss.

As s ta ted  above, th e  action  of cobalt on the 
crystals of th e  compound Al-Fe-Si is sim ilar 
to th a t  of m anganese. This is qu ite  apparen t 
no t only from  th e  resu lts  of m echanical tests 
b u t also from  exam ination  of micro-sections. Tn 
such sections etched w ith  1  per cent, hydro
fluoric acid, the  Al-Fe-Si crystals appear light
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blue and are  in  th e  form  of long needles. I n 
creasing add itions of cobalt show th a t  a t  about 
0.4 per cent. Co, th e  A l-Fe-Si crysta ls  are  t r a n s 
form ed in to  m ore com pact crystals, ap pearing  
b r o w n  i n  c o l o u r  and s h o w n  up in  m icro-sections 
etched as above. A t 0.6 p er cen t., th e  crystals 
increase considerably in  size and  ap p ea r darker 
brown in  colour as th e  cobalt co n ten t increases. 
The dim ensions become rap id ly  very larg e  and 
above 0.6 p er cent. Co, th e  crystals  m ay a tta in  
several m illim etres in  length .

T a b l e  X .—Influence of Silicon Content.

Si. Per cent.
Tensile strength. Kg. per sq. mm.

Elasticlimit0.02.
Elonga

tion. Per cent.
Brinellhardness.

7 28.5 17 6 908 29.0 19 5 959 30.3 21 5 10511 30.3 22 5 108
T a b l e  X I.— Influence of Magnesium Content.

Mg. 
Per cent. Tensile strength. Kg. per sq. mm. Elongation. Per cent.

0.15 26.5 5.00.25 30.2 3.00.35 30.2 1.70.50 31.5 0.7
For th is  reason, th e  cobalt co n ten t will be 

kep t in th e  v ic in ity  of 0.45 to  0.50 per ce n t 
because i t  is extrem ely likely th a t  th e  large 
crystals ap pearing  in  th e  case of th e  h igh er con
ten ts  are p re jud ic ia l to  securing  h igh  fa tig ue  
s treng ths.

There is no appreciab le difference betw een the 
influence of iron in alloys co n ta in in g  a n  ad dition  
of cobalt and  th a t  of th e  sam e m etal in  alloys 
contain ing  an  ad d ition  of m anganese, th e  slight 
differences which always ex is t betw een any twc 
m elts of foundry  alloys m asking th e  s ligh t differ
ence, if any, of th e  influence of th e  iron.
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Influence of Sodium

The tests  were carried  o u t exactly as for alloys 
con ta in in g  m anganese. The results  are given in 
Table X I I .  Com parison of th is  tab le  with 
Table V I shows th a t  less sodium  is required  foi 
alloys co n ta in in g  cobalt th a n  for alloys contain
ing m anganese, when the  surface of th e  m etal has 
been protec ted  d u rin g  m elting  by 0.3 per cent, of 
salts. As in th e  case of th e  m anganese alloys, 
protection  of th e  m etal d u rin g  m elting  by means 
of salts  dim inishes the  tendency to form  “ p in
holes,”  probably because th e  action of th e  salts is 
to effect degassing and a sort of deoxidation of 
th e  m olten  ba th .

T a b l e  X II .—Influence of Sodium.

Sodium added. Per cent.
Properties of treated alloy.

Tensile strength. Kg. per sq. mm.
Elongation. Per cent.

With addition of salts.
0.05 30.0 2.9
0.025 30.3 3.5
0.0125 .. .29.7 3.2
0 ............................... 20.0 1.7

Without addition of salts.
0.025 30.7 2.0
0.0125 .. 27.8 1.1

The hea t-tre a tab le  alum inium -silicon casting 
alloys rep resen t a  considerable advance over 
ord inary  silicon alloys. The la t te r  merely have 
the  following m echanical p ro p e rtie s :—Tensile 
stren g th , 18 to  2 0  kg. p er sq. m m .; elongation, 
7 to  10 per c e n t . ; hardness, 55 to  60 Brinell, 
and  fa tig u e  s tren g th , 4.5 kg. per sq. m m .; 
whereas th e  alloys con tain in g  an  addition  of 
m agnesium  an d  m anganese or cobalt have the 
following m echanical p roperties : —Tensile 
s tren g th , 27 to  30 kg. p er sq. mm. ; elongation, 
1 to  4 per c e n t . ; hardness, 90 to  110 B rinell, and 
fa tig u e  s tren g th , 7.5 kg. per sq. mm.

In  ad d ition  to  th e ir  h igh m echanical proper
ties, these alloys possess casting  qualities almost



equal to  those of o rd ina ry  Al-Si alloys, th is  being 
an  extrem ely im p o rta n t poin t. I t  is t ru e  th a t  
these properties  a re  surpassed by ce rta in  alloys 
co ntain ing  copper an d  titan iu m ,*  b u t i t  is possible 
to  hope th a t  fu r th e r  research  will im prove the 
resu lts  ob ta ined  and th a t  in d u stry  will h ea r more 
of th e  Al-Si alloys w ith  ha rd en in g  ad d itions.
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• For correction to this statem ent see author's reply to  Dr 
B. H unt on page 258.
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ALUMINIUM CASTING ALLOYS P
By G. GURTLER*

[ G e r m a n  E x c h a n g e  P a p e r ]
A study  of th e  developm ent of alum inium  

casting  alloys in  E nglan d  and Germ any shows 
th a t  in  both countries, as also in o ther countries, 
th ree  very sim ilar m ain  types of alloys are in 
use. These are  th e  alloys w ith  th e  principal 
ad d itions of Cu, Si or Mg. According to the 
dem ands which they have to  m eet, th e  alloys also 
co n ta in  fu r th e r  additions of a  second of the 
above elem ents a n d /o r  Zn, N i, Fe, Mn, Ti, etc.

I n  E nglan d , alloys on an  Al-Cu basis w ith 
additions of N i and Mg of th e  type of “ Y ” and 
“ R R  ” alloys a re  largely employed for high- 
grade castings, whereas in Germ any g rea te r im
portance has been placed on developing th e  Al-Si 
alloys which possess good casting  properties, are 
rendered  age-hardenable by an  addition  of Mg 
and  rep resen t valuable constructional m aterials. 
These alloys, toge ther w ith those of the  Al-Mg 
group w ith  various additions of Si and Mg, have 
th e  fu r th e r  ad v an tage  th a t  th e ir  resistance to 
corrosion is fa r  superior to  th a t  of alloys con
ta in in g  copper,. In  ad d ition  to  these th ree  main 
groups of alloys, th e re  are  also1 a  num ber of 
special alloys which will be discussed la ter.

Some of th e  foundry  and m etallurgical 
problem s which have been dealt w ith  in  recent 
rim es in Germ any, and th e  knowledge thereby 
acquired, will be considered in  th is  P ap er, the 
au th o r’s in te n tio n  being to  discuss more p a rti
cu larly  those alloys which are  no t so well known 
in  E ng lan d , an d  he wili thus perhaps be able to 
throw  ou t a few suggestions.

Gases in Aluminium
The problem of th e  rem oval of gases, especially 

hydrogen, from  m olten alum inium  still plays an
* D ip l.-Ing. Scientific Officer to  the M etal Laboratory o f the  

M etallgesellschaft A .G ., Frankfurt a.M ., Germany.
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im p o rta n t p a r t  an m elting an d  fou nd ry  prac tice . 
I t  is known th a t  alum in ium  an d  its  alloys absorb 
gas in  qu an titie s  which increase w ith  increasing  
tem p era tu re  and pressu re . 1 -2 D u rin g  m elting , 
th e  presence of w a te r vapo u r an d  hydrogen, and 
to  a  lesser degree also o th e r gases, in  th e  
crucibles or th e  brickw ork of th e  fu rn ace  and 
in the  fu rnace atm osphere, generally  resu lts  in  
an  absorption of gases which, w ith  th e  changes 
in tem p era tu re  and  concen tra tion  occurring  
du ring  th e  subsequent course of m elting  and  
pouring, leads to a  su p ersa tu ra tio n  of th e  m elt 
w ith gas.

The first problem  of an  effective rem oval of 
gas is to  establish an  eq u ilib rium  as com pletely 
and as rap id ly  as possible betw een th e  gassed 
m elt and an  atm osphere which is free  from  gas 
or con tains only in e r t  gases. This is accom
plished, fo r exam ple, by low ering th e  tem p era 
tur© very slowly and  re -hea ting  rap id ly , 3 by 
passing in e rt  or chem ically ac tive gases th ro u g h  
th e  m olten m e ta l , 3 4 an d  by th e  use of salts  
con tain ing  in p a rtic u la r  ch lorine an d  
fluorine . 5 6 7 The m ost effective m ethod is a 
com bination of sa lt t re a tm e n t and allow ing to  
s tand , d u rin g  which tim e th e  tem p e ra tu re  need 
no t be allowed to  fall. An exam ple of a 
labora tory  ex perim en t em ploying re la tiv e ly  sm all 
am ounts of m olten m etal will i l lu s tra te  th is  
point.

A m elt of pure alum inium  (99.5 per cen t.)  was 
gassed a t  750 deg. C. in  an  electric fu rn ace  by 
passing hydrogen th ro u g h  it ,  and  while th e  tem 
pe ra tu re  was m ain ta ined , sam ples were ta k e n  a t  
various in te rv a ls  an d  th e ir  den sity  a f te r  solidi
fying in  sand was determ ined . A second m elt 
was gassed a t th e  sam e tem p e ra tu re  in  th e  same 
way, and a f te r  a first sam ple had  been tak en , 
ab out 1  pe r cen t, of a  m ix tu re  of sodium  
chloride and sodium  fluoride was s tirred  in , a 
fu r th e r  sam ple being poured im m ediately a f te r  
th e  sa lt tre a tm e n t. The resu lts  of these two ex
perim ents are  shown by th e  curves in  F ig . 1 , 
and ind ica te  clearly  th e  acceleration  of degasi-
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fixation by th e  sa lt trea tm en t. W ith  the  larger 
q u an titie s  of m e ta l used in  th e  foundry, degasi
fication n a tu ra lly  requires a longer tim e. I t  is 
im p o rtan t to  have an  atm osphere which is 
perfec tly  free from  hydrogen, pa rticu la rly  if "  
the  pouring  tem p era tu re  is to  be high. In  ex
perim ents w ith  Al-Si alloys, for instance, i t  was 
observed th a t  when the  m etal was allowed to
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F i g . 1 .— R e s u l t s  o f  A l l o w in g  P u k e  
A l u m i n i u m  t o  S t a n d  w i t h  a n d  w it h o u t  
S a l t .

stan d  in  a gas-heated fu rnace which had been 
heated  up and  th en  p u t ou t of opera tion  a t  the 
commencement of th e  s tand in g  experim ent, i t  
was impossible to  secure complete degasification. 
The experim en t was successful only when a con
ta in e r  was provided in  th e  fu rnace, the  crucible 
being placed in the  con ta iner and carbon dioxide 
being passed through  th e  co ntainer as protective
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gas d u rin g  th e  s tan d in g  period. Such dangers 
are  no t so g re a t in  th e  electric fu rnace . I n  th e  
a u th o r’s opinion, th e  best ex p lan a tio n  of the  
effect of the  sa lt tre a tm e n t in  accele ra ting  th e  
libe ra tio n  of gas is th a t  fu rn ish ed  by Scheuer, 
according to  whom th e  oxide film form ing  on the  
surface of th e  m elt and p rev en tin g  th e  es tab 
lishm ent of th e  gas equ ilib rium  is destroyed by

F i g . 2 .— E x p e r i m e n t a l  A p p a r a t u s  
f o r  I n v e s t i g a t i n g  t h e  I n f l u e n c e  
o f  t h e  M o u l d .

the  salt, th u s  resu ltin g  in  a b e tte r  diffusion of 
th e  gases.

Supersonic  V ib ra t ions
In  th e  case of aqueous solutions, i t  has been 

observed th a t  a  very effective libe ra tion  of gas 
is produced by th e  ac tion  of supersonic v ib ra 
tions. I t  is dou b tfu l, however, w hether m olten
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m etal can be degassed by supersonic vibrations, 
although  i t  may indeed be assumed th a t  gases in 
th e  s ta te  of su p ersa tu ra ted  solution could be 
libera ted  and  would escape in  th e  form of m inu te 
bubbles, b u t th e  prac tica l solution of the  prob
lem is very difficult and th e  au tho r is no t aware 
of any ind u stria lly  and economically applicable 
m ethod of in trod u cin g  th e  necessary energy into 
the  m elt and  tra n sm ittin g  such energy through 
i t  w ith  th e  least possible loss.
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F i G .  3 .— V a r i a t i o n  o f  G a s s i n g  w i t h  
T e m p e r a t u r e , T i m e  a n d  A m o u n t  o f  
M o i s t u r e .

W h a t  Happens in a Sand Mould
The second and  m ore difficult problem  for the 

foundrym an is to  p reven t th e  m etal from  re
absorbing gas while th e  mould is being filled. 
The m oisture in  the  m ould—in alum inium  cast
ing green-sand moulds a re  usually  employed—ii  
ev aporated  and is dissociated by th e  molten 
m etal in to  hydrogen and oxygen. Even in the 
case of a highly perm eable sand mould, atomic 
hydrogen in  a relatively  h igh concentration  will 
ap pear in  the  boundary  zone between th e  s a n d

#



and m etal. This nascen t hydrogen is very ac tive 
and  gases th e  m eta l so rap id ly  th a t  th e  equi
lib rium  betw een th e  m elt an d  a ir  can n o t be 
established rap id ly  enough in  th e  tim e elapsing 
before solidification. E ven using  d ry  moulds, 
i t  has been possible to  observe in th e  foun d ry  an 
increase in  th e  gas co n ten t w ith ce rta in  alloys.

The following ex perim en ta l a p p a ra tu s  was 
devised to  provide a p ic tu re  of th e  occurrences 
tak in g  place in th e  m ould : —
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F i g . 4 .— G a s  C o n t e n t  a n d  D e n s i t y  i n  S a n d - 
C a s t  a n d  C h i l l - C a s t  S p e c i m e n s .

A porous crucible rep resen tin g  the  m ould and 
co ntain ing  about 200 grm s. of a S ilum in (Alpax) 
m elt, modified by m eans of sodium , was placed 
in  a vertica l tu b e  s tan d in g  in  a cylindrical 
laboratory  electric fu rnace . The m etal was then
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heated  to  700 and  800 deg. C. and a ir  satu ra ted  
w ith  w a te r vapour a t  30 and 50 deg. C. was 
passed th ro ug h  th e  tub e  and th e  porous crucible 
a t  a m oderate  pressure (abou t 0.05 a tm .), co rre
sponding to  a  m oisture co n ten t of 5 and 12 per 
cent, respectively. A t th e  same tim e, th e  melt 
was s tirre d  w ith  a  rod  in  o rder to  im ita te  flow 
along th e  walls of th e  m ould. F ig . 2 shows the 
ex perim en ta l ap p ara tu s , and  F ig . 3 th e  results 
of an ex perim en t w ith  modified A lpax (Silum in).

The evaluation  of th e  resu lts  was m ade on 
sm all samples cast in an  open carbon mould. The
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F i g . 5 a .— V a r i a t i o n  o f  F a t ig u e  S t r e n g t h  
OF A liPA X -G A M M A  W IT H  10  PER CENT. S i  
w i t h  t h e  T i C o n t e n t .

ch aracte r of th e  surface of the  samples—th e  gas. 
in escaping th rou g h  th e  surface, leaves a crater 
of ab ou t p inhead size—is a  fairly  reliable 
m easure of th e  degree of gas-content, as was 
shown by com parative m easurem ents of the  den
sity  and gas de term inatio ns by ex trac tion  in 
vacuo. Zero denotes a perfectly  gas-free speci
m en, five a strongly-gassed specimen. I t  is 
always possible to  effect a g rada tio n  according to 
a  series of six samples of increasing gas content
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tak en  as a  s ta n d a rd .“ The ex perim en t shows the  
h arm fu l effect of even s ligh t q u a n titie s  of 
m oistu re  an d  th e  im po rtance  of keep ing  th e  
pouring tem p era tu re  as low as possible. .In m any 
cases, th e  foundrym an will n o t w an t to  forgo 
the  rap id  cooling effect of th e  green m ould, and 
therefo re  th e  only m eans a t  his disposal will he 
th e  shorten ing  of th e  p a th  of flow, an d  hence 
th e  reduc tion  of th e  tim e of flow, an d  th e  possi
b ility  of low ering th e  pouring  tem p e ra tu re .

R ap id  cooling even has a  favourab le effect, 
since in th e  case, fo r exam ple, of chill castings, 
i t  is possible even w ith  gassed m elts to  produce 
sounder castings th an  in the  case of casting  in 
sand. This m eans th a t ,  when solidification is 
rap id , the  m eta l is able to  re ta in  in  so lution 
larger q u an titie s  of gas th a n  correspond to  
equilibrium . M easurem ents of th e  d en sity  and 
the  gas-con tent by h o t vacuum  ex tra c tio n  of bars 
(about 1  in . d iam eter an d  8  in . len g th ) cast 
sim ultaneously in  sand and  chill m oulds from  
m elts of d ifferent gas co nten ts show t h a t  in  th e  
case of th e  sand-cast bars, th e  density  dim in ishes 
w ith  increasing gas co n ten t, b u t  rem ains alm ost 
co nstan t in  th e  case of ch ill-cast bars  (see F ig . 4).

The absolute q u a n titie s  of gas, m oreover, differ 
according to th e  m ethod em ployed fo r de te rm in 
ing th e  gas. The la rg e st am ounts have been 
found by C haudron 9 in  an  elec tric  d ischarge tu be  
in which th e  specim en whose gas co n ten t is to  be 
ascerta ined  is exposed to  a  bom bardm ent by 
ions an d  electrons. The foundrym an, how ever, is 
no t im m ediately in te rested  in  th e  absolute’ quan
titie s  of gas contained  in  th e  m etal, b u t  he is 
only concerned w ith  th e  gas which is lib e ra ted  
d u r in g  solidification and produces blow-holes and 
gas cavities.

The au th o r will now discuss some m eta llu rg ica l 
questions and  resu lts  which should also in te re s t th e  foundrym an.

Influence of T itan iu m
To begin w ith , a  few rem arks on th e  influ

ence of sm all ad d itions of Ti to  cast alloys 
S ta r tin g  from  th e  observation th a t  in  th e  case
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of th e  “ Y ”  alloy w ith  a  very coarse macro
g ra in , sh rinkage cracks appeared along the  boun-

0 .0 3 %  Ti. 0 .2 %  Ti. 0 .5 %  Ti.
F i g . 5 b .— V a r i a t i o n  o f  G r a i n  S i z e  o f  

A l p a x -G a m m a  w i t h  1 0  p e r  c e n t . S i  
w i t h  t h e  T i C o n t e n t .

da'ries of th e  large g rains, an  a tte m p t was made 
to  elim inate  th is  phenomenon by m aking use oi 
th e  well-known grain-refin ing effect of Ti, a



214
successful resu lt being achieved w ith  an  addition  
of 0.2 per cen t, t i ta n iu m . 10 In  th is  connection, 
i t  was of in te re s t to  see w hether th e  fa tigue 
s tre n g th  of cast alum inium  increases w ith  th e  in 
crease in  fineness of th e  g ra in . G ough , 11 i t  is 
tru e , fa iled  to  find any influence on th e  grain  
boundaries in  th e  case of alum inium  crystals , bu t 
T em plin 12 observed an  increase in  th e  fa tig u e  
s tre n g th  of ab out 2 0  pe r cen t., by th e  refining 
of th e  m acro-grain  in  th e  case of rolled m a teria l.

E ndurance tes ts  on cast bars of 12 and  40 mm
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F i g . 6 .— V a r i a t i o n  o p  F a t ig u e  S t r e n g t h  
o p  A l p a x - G a m m a  c o n t a i n i n g  12 p e r  c e n t .
AND 6  PER CENT. S i  W ITH  THE Ti 
C o n t e n t .

d iam eter of “  Y ”  alloy and Alpax-Gam m a' hav
ing a  silicon co n ten t of 1 0  per cen t, showed a 
fa tig u e  s tre n g th  increasing  w ith  increase in  fine
ness of th e  g ra in . 10'13 The op tim um  Ti conten ts 
lay in  the  ran ge  of 0.3 to  0.5 per cen t., an  in 
crease in  th e  fa tig u e  s tre n g th  of 15 to  20 pei 
cent, being observed (see F igs. 5 a  an d  b ) .  The 
ex p lana tion  th a t  an  increase in  the  num ber of 
g ra in  boundaries would resu lt in  an  increase in 
th e  fa tig u e  s tre n g th  appeared  th e re fo re  to  be
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correct. W hen th e  tes ts  were extended to Alpas 
w ith  12 per cent. Si and 6  per cent. Si, however, 
no change in th e  fa tig u e  stren g th  was found, 
desp ite  th e  same g ra in  refinem ent (F ig. 6 ). 

In vestig a tio n  of th e  f ra c tu rin g  process showed,

P m .  7 .— A l u m i n i u m  D e n d r i t e  w i t h  S l i p  
B a n d s . x  2 0 0 .

in ag reem en t w ith  Gough an d  his co llaborators , 14 
th a t  fra c tu re  is in itia te d  by cracks along the 
slip planes in  th e  alum inium  prim ary  crystals 
F ig . 7 shows an  alum inium  prim ary  crystal with 
slip bands produced by stre tch ing . The more 
extensive these slip planes are , i.e ., th e  larger
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and m ore continuous the  alum in ium  p rim ary  
crystals, the  m ore pronounced will th e ir  notch- 
effect be when subjected to  rep ea ted  stressing  
An alloy in  which th is  unfavourab le  form  of the 
p rim ary  crystals has been a lte red  by th e  addition  
of titan iu m , th is  m etal increasing  th e  num ber 
of p rim ary  crystals and  d im in ish ing th e ii 
size, as is shown in F igs. 8  and  9, may 
exh ib it an  increase in  fa tig u e  s tre n g th , while, 
on the  co n tra ry , no im provem ent occurs when the 
shape of th e  alum inium  dendrites  is only imma-

F i g .  8 .— A l p a x - G a m m a  w i t h  10 p e r  c e n t . 
S i  a n d  0 f e e  c e n t . T i. x  40.

te ria lly  alte red , as is shown in  F igs. 10 to  13 in 
the case of an  Al-Si alloy w ith  12 and  6  per 
cent. S i . 13 Age-H ardening  by Mg2Si

In  a num ber of cast alloys used in  Germ any, 
advan tage has been tak en  of th e  strength- 
increasing  effect of th e  com pound M g,Si a t ta in 
able by h e a t- tre a tm en t, in  th e  sam e way, for 
instance, as th a t  of CuA12 in  th e  case of the 
Al-Cu alloys. In  alloys co n ta in in g  several per 
cent, of M g, th e  solubility  of th e  M g2Si is alm ost 
en tire ly  prevented , while excess of Si only has a
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sligh t influence on the  solubility of M g,Si. Thus, 
for instance, in the  case of th e  Al-Si alloy, Alpax- 
Gamma w ith  an  add ition  of 0.5 per cent. Mg, a 
considerable increase in  tensile streng th , yield 
po in t and  hardness is secured by annealing at 
530 deg. C. and  quenching in  w ater, followed by 
hea tin g  for 2 0  hours a t  150 deg. C . 15 (F ig . 14). 
In  th is  connection, th e  behaviour of the  fatigue 
s tre n g th  is rem arkable, as i t  is no t affected by 
th e  M g2Si con ten t like th e  s ta tic  properties, th is 
being shown by a comparison w ith an  Al-Si alloy

F i g .  9 .— A lp a x - G a m m a  w i t h  1 0  p e r  
c e n t .  S i a n d  0 .4  p e r  c e n t .  T i. x  4 0 .

free from  Mg and one w ith  0.5 per cent. Mg in 
d ifferent stages of th e  h e a t- tre a tm en t (F ig. 15). 
The s ta tic  properties a t ta in  th e ir  sub stan tia l in
crease by age-harden ing  a t  150 deg. C. The 
fa tig u e  s tre n g th  is n o t affected, b u t a tta in s  its 
increase by th e  “ hom ogenisation ” heating . The Si 
so lubility  m ust there fo re  be held responsible for 
th e  change in  the  fa tig u e  s tren g th . As will be 
g a thered  from  F ig . 16, th e  fa tig u e  s tren g th  is 
also influenced m uch more th a n  th e  s ta tic  pro
perties by th e  p a rtic u la r  Si co n ten t in  solution, 
according to  a given therm al tem p era tu re .
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S ta r tin g  from  a corrosion re s is ta n t alloy type 

w ith small add itions of Mg an d  Si, in which 
the  am ount of th e  com pound M g2Si was less than  
the  m axim um  solubility  of 1.85 p e r cen t., the 
Si co n ten t was increased to  about 4 per cent, 
for th e  purpose of im proving th e  casting  p ro 
perties, p a rtic u la rly  for chill castings, th e  Mg 
co n ten t being increased to  ab o u t 3 p e r cen t., 
so th a t  the  to ta l co n ten t of M g2Si was ab ou t 
4.5 per cent. F u r th e r  ad d itions are  M n an d  Ti. 
This alloy is known in  G erm any by th e  nam e

F i g . 10.— A l p a x - G a m m a  w i t h  12 p e u  
c e n t . S i a n d  0 p e k  c e n t . T i. x  40.

“ K SS 250,” and h e a t- tre a tm e n t im p a rts  to  i t  
excellent m echanical p roperties. W ith  chill-cast 
bars, a tensile s tre n g th  of 10.3 tons per sq. in ., 
an elongation  of 1 . 6  per cent, an d  a hardness of 
69 k g ./m m .2 was ob ta ined  in  th e  m etal as cast. 
A fter a h e a t- tre a tm e n t consisting of an nealin g  
a t  540 deg. C. for 3 hrs. an d  age-harden ing  a t  
140 deg. C. for 20 h rs ., a  ten sile  s tre n g th  of 
2 1  tons per sq. in ., an  elongation  of 1 . 3  per 
cen t., and a hardness of 124 k g ./m m ,.2 was obtained).*

* The author is indebted to Dr. Sterner-Eainer for these data.



219

F i g .  11.— A lp a x - G a m m a  w i t h  12 p e e  
c e n t .  Si a n d  0.4 p e e  c e n t .  T t. x 40.

F i g . 12.— A l p a x -G a m m a  w i t h  6  p e e  
CENT. Si AND 0 PEE CENT. T l. x 40.
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A ttem pts to  rend er alloys hav ing  an  excess of 

Mg h ea t-tre a tab le  by ad ditions of Ce, Z n and 
Mn have m e t w ith  success, especially in  th e  case 
of rap id  solidification, when th e  M g2Si is 
obta ined in  a’ finely d iv ided s ta te , th u s  fac ili
ta tin g  th e  diffiusion d u rin g  th e  a rtific ia l age- 
h a rden ing  tre a tm e n t . 16 The op tim um  composi
tio n  is 3 p e r cen t. M g ; 0.8 p er cen t. Si ; 0.3 per 
cent. C e; 0.8 per cen t. Z n ; an d  0.8 p e r cen t. 
M n. By a h e a t- tre a tm en t consisting of “  hom o
genisa tion  ” a t  600 deg. C. fo r 6  hours followed

F i g . 13.— A l p a x - G a m m a  w i t h  6  p e r  
c e n t . S i a n d  0.4 p e r  c e n t . T i. x  40.

by age-harden ing  for 16 hou rs a t  170 deg. C., 
a yield p o in t of about 15.8 tons per sq. in . and 
a- tensile  s tre n g th  of 17.1 tons per sq. in . fo r 
an  elongation  of ab ou t 2.5 per cen t, a re  a tta in e d  
The corresponding values in  th e  as-cast s ta te  
are  7.0 to ns  p e r sq. in ., 10.7 to n s  p e r sq. in . 
an d  3 per cen t.

A ge-Hardening by M gZn2
F in a lly , reference m ay be m ade to  an o th er 

g ro up  of alloys which were n o t found serviceable 
as rolled alloys on accoun t of a  tendency  to
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stress-corrosion b u t which afford certa in  advan
tages as cast alloys and have begun to be used 
on an  increasing  scale. These are th e  alloys 
known by th e  nam e “ G 54,” th e  hardening  
co n stitu en t of which is th e  compound M gZn2 and 
to which Mg and Zn are  added either in the

F i g .  1 4 .— I n c r e a s e  i n  T e n s i l e  S t r e n g t h  o f  
Q u e n c h e d  A l p a x  w i t h  0.4 t o  0.5 p e r  
c e n t .  M g b y  h e a t i n g  f o r  20 h r s .  a t  150 
d e g .  C .

proportions corresponding to th e  compound or 
w ith  an  excess of M g o r Z n . 17 The optim um  
alloys are those w ith  a  M g-Zn ra tio  between 
1 : 3  and  1 : 5 .4 , w ith  which i t  is possible, a l te r  
h e a t- tre a tm en t (annealing  a t  475 deg. C .,quench
ing, and age-harden ing a t  150 deg. C. for 
14 hours) to a tta in  tensile s treng ths of over
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25 tons per sq. in . an d  hardnesses of over 
140 k g ./m m .2, b u t w ith only a s lig h t elongation , 
In  th is  case, th e  to ta l co n ten t of M g +  Z n lies 
a t  9 p er cen t. A sm aller ad d ition , fo r in stance  
7 per cent. M g +  Z n, resu lts  in  ten sile  s tre n g th s  
of 2 2 . 2  tons per sq. in . and  hardnesses of 
130 k g ./m m . 2 w ith  an elongation  of 3 to  4 per 
c e n t . 18 The p a rtic u la r  significance of these 
alloys, however, is th a t  th ey  are  very  su itab le  for 
t re a tm e n t by anodic ox idation , a  very un iform  
and a ttra c tiv e  surface being produced. The 
alloy is therefo re  g rea tly  in dem and for purposes

□ ALPAX FREE FROM Mg

CAST 8  DAYS 6  HRS 6HRS R HRS RHRS
•150° 2  HRS.

F i g . 15.—F a t i g u e  S t r e n g t h  o f  A l p a x  w i t h  
0 AND 0.5 P E B  CENT. M g  I N  D IF F E R E N T
C o n d i t i o n s .

where a good appearance and good m echanical 
p roperties are  requ ired

V arious problem s re la tin g  to  found ry  prac tice  
and m e tallu rgy  recently  s tud ied  in  G erm any a re  
discussed. The rem oval of gases from  th e  "m elt 
is best effected by a  com bination of sa lt t r e a t 
m en t an d  s tand in g  in  a  n e u tra l atm osphere. 
Absorption of gases from  th e  m ould can be 
reduced by low ering th e  pouring  tem p era tu re , 
sho rten ing  th e  period of flow and  increasing  th e  r a te  of cooling.

WITH 0 5 %  M g
12«1

Sum m ary



223

F i g . 1G .— V a r i a t i o n  o f  t h e  S t a t i c  a n d  
D y n a m i c  P r o p e r t i e s  o f  A l p a x  w i t h  t h e  
S i  S o l u b i l i t y .
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The influence of Ti on th e  fa tig u e  s tre n g th  

of A lpax w ith  various Si co n ten ts is discussed, 
as is also th e  influence of various h e a t- tre a t-  
m ents. In  th e  case of th is  and ce rta in  o th e r 
alloys, the  increased solubility  of M g2Si a t  high 
tem p era tu res  is u tilised  for im proving the  
m echanical p roperties  by h e a t- tre a tm en t.

The sam e property  is also possessed by the  
compound M gZ n 2 contained in th e  artificially  
age-hardenable alloys of th e  “  G54 ”  group , dis
tingu ished  fo r th e ir  excellent su itab ility  for 
anodic oxidation.
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SOME PHYSICAL FACTORS IN CASTING HIGH-STRENGTH BRASSES
By J. E. NEW SON , M.Met.

I n  th e  th ird  E dw ard W illiam s L ectu re , 1 
delivered in  Ju n e , 1937, to  th is  In s ti tu te  by the 
au th o r’s fo rm er Professor, D r. C. H . Desch, some 
of th e  m ost im p o rtan t physical facto rs in the  
casting  of m etals were discussed. In  view of 
the  very h igh  s tan d a rd  of th a t  address, i t  is w ith 
no l ittle  trep id a tio n  th a t  the  ta sk  has been 
un d ertak en  in  th is  P a p e r  to consider some of 
th e  less im p o rta n t facto rs to  which he then re
ferred , w ith  special m ention of those which are 
of in te re s t in th e  casting  of h igh-streng th  
brasses. These alloys have been chosen since they 
illu s tra te  these facto rs very well, and because 
they are  used for some of the  largest non-ferrous 
castings in production. In  such large castings 
the re la tiv e  im portance of these factors increases, 
and b e tte r  facilities for study ing  them  become 
available. They a re , of course, of qu ite  con
siderable significance for all non-ferrous castings, 
th e  degree vary ing  w ith  th e  mass of th e  casting 
and  ce rta in  in h e ren t p roperties of th e  alloys. 
These alloys possess m any desirable mechanical 
and physical properties, b u t p resen t ce rta in  diffi
culties to  those foundrym en who have had little  
experience of them .

The m echanical p roperties of m ost alloys are 
influenced by th e  g ra in  size, and th e  form  and 
d istrib u tio n  of th e  constitu en ts . In  practice, the 
ideal of a  un iform  g ra in  size is alm ost impossible 
of achievem ent, b u t a  carefu l study  of condi
tions and a recognition  of th e  principles involved 
can be of some help  in  approach ing th e  ideal. 
The g ra in  size is controlled largely by the  therm al 
conditions which prevail from  th e  tim e the 
m olten m etal en ters  the  mould u n til the  cold 
solid casting  is knocked out. I t  is im p o rtan t to

P a p e r  N o. 636
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rem em ber th a t  n o t only the  to ta l q u a n tity  of h e a t 
to be dissipated  m ust be considered, b u t also th e  
ra te  a t  which i t  is d issipated .

The therm al conditions can be d iv ided un d er 
two h e a d s :— (1) Those which a re  due to  specific 
properties of th e  alloy itself and can only be 
varied  by change of com position. These include 
th e  specific hea t, the  la te n t h e a t of fusion, th e  
therm al conductiv ity , th e  tem p e ra tu re  and 
ex ten t of th e  freezing range. (2) Those which 
can be varied  u nd er contro l by ex te rn a l m eans, 
such as the  casting  tem p e ra tu re  and  degree of 
sup erh eat of th e  m etal, and th e  n a tu re  and  pro
perties of th e  mould m a teria l.

Factors  for C on tro l
I t  will be realised th a t  some m easure of contro l 

is possible an d  can be exercised to  ad van tage, 
especially w ith  large castings, by th e  foundrym an 
who is p repa red  to  consider th is  aspect of his 
c ra ft. The alloy to  be used, th e  m ass of th e  
casting , its  sections and general design, an d  th e  
ra tio  of cooling surface to volume are  chosen by 
th e  designer, b u t these form  th e  basis on which 
th e  casting  tem p era tu re  m u st be selected. The 
casting  tem p era tu re , in  co n junc tion  w ith  th e  
specific h e a t an d  la te n t  h e a t of fusion, establishes 
th e  to ta l h ea t con ten t of the  m olten m etal poured 
into th e  mould.

The ra te  a t  which th is  h e a t is given up  by 
th e  m etal is dependent upon th e  in it ia l  tem p era 
tu re  difference between th e  m etal and th e  m ould, 
th e  th e rm al conductiv ities of m eta l an d  m ould, 
th e  p roperties of th e  surfaces of m e ta l and  th e  
mould, and ag a in  the  volum e-area ra tio .

In  th e  p a st th e re  has been a m arked  tendency  
to regard  such properties  as specific h e a t and 
la te n t h e a t as of academ ic ra th e r  th a n  p rac tica l 
in te re s t and  im portance. This is n o t su rp rising , 
as even to-day th e re  is available very li t t le  pub
lished in fo rm ation  except in  th e  case of pure 
m etals. I t  m ust be ad m itted  th a t  they  a re  of 
real significance from  two p rac tica l s tandp o in ts .

In  th e  first case, th e  cost of m elting  alloys is 
direc tly  re la ted  to  th e  am ount of fuel, be it
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coke, coal, oil or electricity , consumed to  provide 
th e  necessary h e a t u n its  to  raise th e  alloy to the 
casting  tem p era tu re  and th e  num ber of heat 
u n its  varies w ith  th e  specific heat, la te n t heat 
and casting  tem p era tu re . An opp ortun ity  arose 
of ob ta in in g  a d irec t exam ple of th is  on a 650- 
lb. oil-fired til t in g  fu rnace, where a study of 
th e  oil consum ption showed th a t  alm ost exactly 
th e  same q u a n tity  of oil was consumed to  melt 
200 lbs. of a lum inium  alloy, casting a t  650 deg. 
C., as to  m elt 650 lbs. of A dm iralty  gunm etal 
casting  a t  1,150 deg. C. Secondly, i t  m ust be 
rem em bered th a t  when specific heat, la te n t heat 
and casting  tem p era tu re  are high, th e  to ta l heat 
co n ten t to  be d issipated  is proportionately  high, 
and will have an im p o rtan t influence on grain 
size and m echanical properties.

I t  would perhaps be as well a t  th is  stage to 
consider these several facto rs individually  and 
then  to  exam ine th e ir  collective effect in the  case 
of th e  alloys und er review.

Specific H ea t
This is usually expressed in m etric  un its, and 

is th e  q u a n tity  of h ea t required  to  raise 1  gm. 
of th e  m a teria l th rou g h  1 deg. C. =  calories per 
g ram , per deg. C. The specific hea t is n o t con
s ta n t  over all tem peratu res, and in  general in
creases w ith rising  tem p era tu re  u n til the  m etal 
is m olten, when a steady value is obtained. The 
specific heats of a num ber of m etals of high 
p u rity  have been determ ined a t  th e  N .P .L ., and 
Table I  is ab strac ted  from  th e ir  “ Physical Con
s tan ts  of P u re  M etals.” 2

These figures are quoted to show how the 
values vary  fo r th e  d ifferent m etals. The deter
m inations in th e  case of alloys are much more 
difficult, being com plicated by phase and allo- 
tro p ic  changes d u rin g  h ea ting  and cooling. In  
a recen t P ap e r  by Sykes and W ilk inson / who 
were studying  the  atom ic re-arrangem ents in 
brasses consisting wholly or in p a rt  of the  P- 
co nstitu en t, th e  specific heats  of these very pure 
copper-zinc alloys were published, covering a
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ran ge  of tem pera tu res . A study  of th is  P a p e r  
reveals th e  difficulties associated w ith  precision 
m easurem ents of th is  p rop erty  of alloys, an d  i t  
can read ily  be ap precia ted  why so few d a ta  are  
known for th e  m ore complex alloy system s. T heir 
“ specific h ea t-tem p e ra tu re  ” curves show values 
of 0.094 c a ls . /g m ./ l  deg. C. a t  100 deg. C., 
reaching 0.104 c a ls . /g m ./ l  deg. C. a t  240 deg. 
C., r is in g  sharp ly  to  a  m axim um  of 0.27 ca ls ./  
g m ./ l  deg. C. a t  th e  c ritica l tem p e ra tu re  of 
ab ou t 450 deg. C ., fa lling  aw ay ag a in  to  th e  
previous curve. The h ig h -s tren g th  brasses ex
h ib it a b reak  in  th e  cooling curve a t  th is  c ritica l

T a b l e  I.—Specific Heats of Common Non-Ferrous Metals.

Metal. Melting point. 
Deg. C.

Specific heat. Cals.per gm. per 
1 deg. C.

At 100 deg. C. Molten.
Aluminium 657 0.228 0.36
Copper 1,083 0.097 O'. 122
Lead 327 0.028 0 .0 2 0
Tin 232 0.064 0.056
Zinc 420 0.095 0.124
tem p era tu re  which will be re fe rred  to  a t  a la te r  
stage.

L a ten t  H e a t  of Fusion
The la te n t h e a t of fusion is th e  num ber of 

gram , calories requ ired  to  convert 1  grm . of 
th e  m a te ria l from  th e  solid to  th e  liqu id  s ta te  
w ith ou t change of tem p era tu re . Table I I  from  
th e  sam e N .P .L . Tables of Physical C o nstan ts” 
shows th e  values o b ta ined  for th e  sam e pure 
m etals, b u t i t  should be noted th a t  th e  value 
assigned to  alum inium  is still n o t finally se ttled . 
H ere  ag a in  th e  figures re la te  to  very pu re  m etals, 
and a tte n tio n  is d raw n to  the  widely d ifferen t 
values for th e  several m etals.

I t  is very difficult to  find reliab le  values fo r 
alloys, due perhaps in  p a r t  to  com plications a r is 
ing from  h ea t of fo rm ation  of com pounds, b u t  a
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new cooling curve m ethod is being tr ie d  ou t a t  the  N .P .L .

Therm al Conductivity
The therm al conductiv ity  (K) is a m easure of 

th e  h e a t transference , an d  is usually given as 
th e  num ber of gram .-calories which pass per 
second th rough  one cubic cen tim etre  of th e  sub
stance when th e  tem p era tu res  of the  opposite 
sides of the  cube are m ain ta ined  a t  a difference 
of 1 deg. C. The values generally decrease 
s lightly  w ith  rising  tem pera tu re , and average 
values a re  alum in ium  0.50, copper 0.88, lead 
0.075, t in  0.13 and  zinc 0.26. This property  is

T a b l e  II .— Latent Heat of Fusion of Some Common Non-Ferrous Metals.

Metal. Melting point. Deg. C.
Latent heat of fusion. Gm. cals, per gm.

Aluminium 657 92.4Copper 1,083 49.95Lead 327 6.26
Tin .......................... 232 14.6Zinc 420 26.6
of some im portance in large castings by affecting 
the  tim e tak en  for tem p era tu re  grad ien ts to dis
ap pear and un iform  cooling conditions to  become 
established, thus affecting th e  in itia l g ra in  size 
of the  casting .

Freezing Range
A pure m etal m elts and freezes a t  a constant 

tem p era tu re , b u t in  most alloys th e  process ex
tends over a  range of tem p era tu re , and a t  this 
stage both  solid and liquid are  present, giving 
rise to  a  pasty  condition, which can be a serious 
h ind rance to  th e  effective feeding of a casting. 
As an  alloy cools in th e  m olten condition, i t  con
trac ts  w ith  falling  tem p era tu re . A t th e  change 
from  the  liquid  to  th e  solid s ta te  th e re  is (with 
only one or two exceptions) a m arked shrinkage 
in  volume, followed by a fu r th e r  steady contrac
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tion  to  norm al tem p era tu res . This phenom enon 
is well known to  foundrym en, an d  is provided 
for by m aking p a tte rn s  to  th e  co n trac tion  ru le , 
and by th e  jud ic ious use of risers and  feed ing  
heads in  th e  mould. The co n trac tion  allowance 
for h ig h -s tren g th  brasses varies from  in . to  
-]% in. to  the  foot, and  generous rise rs  m u st be 
provided. F ig . 1 shows a  typ ica l cooling curve 
for an  alloy of th is  type, and  in view of th e  
behaviour of th e  alloy in  th e  risers of a  la rge  
casting , th e  ac tu a l tem p e ra tu re  in te rv a l of th e  
freezing ran g e  is su rp risin g ly  short. On th e  
o ther hand , th e  tim e in te rv a l is long, an d  th e  
im portance of th is  will be re fe rred  to  when con
sidering  all the  fac to rs  tog e ther.

C ast ing  T e m p e r a tu r e
This is th e  fac to r which lends itse lf m ost 

read ily  to  control. I t  m ay be s ta ted  as a 
genera lisa tion  th a t  in  m any non-ferrous m etals 
sligh t va ria tio n s  of casting  tem p e ra tu re  have a 
more m arked influence on th e  m echanical p ro p e r
ties th a n  q u ite  appreciab le v a ria tio n s  in  th e  p ro 
portions of th e  m ajo r constitu en ts . This is p a r 
ticu la rly  tru e  of th e  gun m eta l an d  t in  bronzes, 
an d  to  a less m arked  degree w ith  th e  h igh- 
s tre n g th  brasses. The choice of th e  ap p ro p ria te  
casting  tem p e ra tu re  is freq u en tly  a m a tte r  of 
ju d g m en t and  experience of th e  alloy. A useful 
basis is 10 per cent, su perhea t, th a t  is, fo r an  
alloy m elting  a t  1,000 deg. C. a basis would be 
1,000 +  (10 per cent, of 1,000) =  1,100 deg. C. 
F o r castings of th in  sections and  larg e  su rface  
a fu r th e r  ad d itio n  would be necessary, an d  for 
large com pact castings a  reduc tion  could be 
made.

A num ber of types of base-m etal therm ocouples 
and ind icators, sufficiently robust fo r found ry  
use w ith  reasonable care, a re  ob ta inab le, an d  i t  
is advisable to  use a pyrom eter to  o b ta in  con
s isten tly  good results. L ig h tin g  conditions in 
m ost foundries are  n o t ideal, and sub jec t to  con
siderable va ria tio n  th ro u g h o u t one day, as well 
as from  day to  day, and, in  ad d ition , th e  oxide 
films p resen t on th e  d ifferen t k inds of m etal
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m ake the  estim ation of tem p era tu re  by colour 
very deceptive, and optical pyrom eters unreliable.

Mould Material
The therm al p roperties of mould m aterials have 

no t received m uch a tte n tio n  in  the  past, although

F i g . 1.

the  use of m etallic inserts in to  the  mould, known 
as chills or denseners, is a common practice to 
accelerate th e  ra te  of cooling of heavy sections. 
H udson4 has carried  ou t some in te restin g  prac
tica l work on th is  subject, and in a recen t artic le  
suggested th e  use of non-m etallic m aterials of
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high therm al conductivity . In  the  course of his 
investigation  he noted th a t  most of the  commonly 
used foundry sands, w hether green or d ry , had 
practically  the  same low therm al conductiv ity , 
b u t th a t  g rap h ite  or silicon-carbide m ix tu res 
could be prepared , w ith  su itab le  m oulding 
characteristics., and therm al conductiv ities be
tw een th a t  of m ild steel and  copper. H e also 
noted the  low therm al conductiv ity  of o rd in ary  
foundry blacking, which compares un favourab ly  
w ith a  g rap h ite  base wash. The specific h e a t of 
the m oulding m ateria l has a sligh t influence on 
the  ra te  of cooling of a casting , b u t becomes in 
significant in  the  case of sands of such low con
ductiv ity . The therm al conductiv ity  (K ) for 
sand is 0.00013, for Acheson g rap h ite  0.300, 
w hilst the  specific heats a re :  sand 0.19 and 
g rap h ite  0.467.

Effect of F un dam en ta l  Physical Fac tors
I t  is proposed to  consider now in  genera l term s 

th e  collective effect of these factors in  th e  
prim ary  crystallisation  of th e  h igh -streng th  
brasses cast in  sand. I t  is impossible to  observe 
all th a t  occurs in  a mould du rin g  casting , b u t 
by studying  a large num ber of partly -open  
moulds, one can visualise th e  flow of th e  m eta l 
and  speculate as to  th e  conditions ex is ting  in  
th e  mould. W hen a stream  of h igh -streng th  brass 
en ters a well-designed ga te  and  passes thence  to  
the  mould quietly , a th in  tenacious film of a lu 
m inium  oxide appears on the  surface of th e  
m etal. This film breaks and  is continuously re 
form ed, and  to  some ex ten t serves as a p ro tec
tio n  to  the  m etal. On th e  o ther hand , if  the  
m etal en ters th rough  a wrongly designed gate , 
and  th e  stream  of m etal breaks in to  tu rb u le n t 
flow, zinc oxide or dross is form ed and  carried  
along by the  stream , lodging aga in s t th e  walls or 
in  recesses or angles of th e  mould to  appear as 
defects in  the  casting . W hen th e  casting  is 
stripped  i t  should show a smooth surface of 
golden yellow colour, which is th e  n a tu ra l colour 
of the  alloy seen th rough  a very th in  tra n sp a re n t
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film of alum inium  oxide. Very small percentages 
of alum inium  are  sufficient to  produce th is effect, 
w hilst h igh  percentages of m anganese give a red 
or purple iridescent tinge to the film.

I f  now the  therm al changes which occur be 
considered, i t  is obvious th a t  h ea t is given up 
by th e  m etal to  the mould surface. The tem pera
tu re  of th e  mould face is raised and th a t  of the 
m etal lowered u n til a un iform  tem pera tu re  is 
reached where they  meet. On account of the 
very low therm al conductiv ity  of the  sand only 
a very th in  layer of the  mould reaches the tem 
p era tu re  of th e  m etal, and a steep tem pera tu re  
g rad ien t is established. In  th e  m etal, a certain  
num ber of h ea t u n its  a re  lost to the  sand, and, 
dependent upon the  specific h ea t and the  la ten t 
hea t of fusion, a fall in  tem pera tu re  results ; 
w ith  norm al casting  tem pera tu res th is  fall in  
tem pera tu re  is sufficient to  lead to  th e  form ation 
of a  shell of solid m etal.

The conductiv ity  of the  m etal is high, and 
h ea t flow is fu r th e r  assisted by convection cur
ren ts and m ovem ent of the  liquid m etal, and 
any tem p era tu re  grad ien ts will be slight. This 
rap id  d is tribu tion  of hea t tends to equalisation 
of tem pera tu re , w ith th e  resu lt th a t  the  tem 
p e ra tu re  of th e  m olten m etal quickly falls to  th a t 
a t  which i t  is in equilibrium  with the  solid m etal 
formed. H ensel, 5 in  a  recent P ap er on the 
prim ary  crystallisation  of m etals, sta tes th a t  the 
degree of superheat regulates the thickness of 
the  shell of solid m etal—the lower the superheat 
the th icker the  shell—and the  tem pera tu re  of the 
m elt drops almost im m ediately to the  tem pera
tu re  of solidification. “  W hen casting a super
heated  m elt in to  a hot sand mould, crystallisa
tion  s ta rted  in  th is case only a fte r  the  en tire  
mass had cooled down to  the m elting point. The 
casting  tem p era tu re  affects g reatly  the  tim e of 
solidification and therew ith  the velocity of 
c rysta llisa tion .” H e also stresses the  im portance 
of th e  la te n t h ea t of fusion and considers th a t 
the ra te  a t  which th is can be dissipated largely 
controls th e  velocity of crystallisation.



The au th o r had  found previously by pyro
m eters placed in  the  heads of propellers up to 
15 tons cast w eight poured a t  970 deg. C. t h a t  the  
tem pera tu re  fell alm ost im m ediately to  890 deg. 
C., th e  tem p era tu re  a t  which freezing  began. 
Solidification was complete a t  870 deg. C., an 
in terval of only 2 0  deg., b u t th e  tim e to  pass 
th rough  th is range is some hours, a f te r  which 
the  ra te  of cooling is more norm al. This freez
ing range  is easily confirmed in  th e  laboratory , 
where the  tim e in te rv a l is again  strik ing ly  
shown.

D uring  th e  freezing, when liquid  and  solid 
phases are  p resent toge ther, th e  m eta l is in  a 
pasty  s ta te , which accounts fo r some of th e  diffi
culties of feeding castings in  these alloys. Such 
a slow ra te  of cooling th rough  th e  freezing  ran g e  
tends norm ally to  produce in  alloys a  coarse 
prim ary  g ra in  size. The g ra in  size, however, 
is also affected by th e  num ber of nuclei which 
may be present. These alloys con ta in  iron  in  
am ounts up to  1.5 per cent, and th e  action  of the  
iron in  refining the  s tru c tu re  is im p o rtan t and 
in teresting .

B auer and  H ansen 6 s tud ied  th e  effect of small 
iron additions to  th e  copper-zinc system . They 
found th a t  w ith  an  iron add ition  of abou t 1  per 
cen t., a p rim ary  p rec ip ita tion  of an  iron-rich  
copper-zinc compound occurred a t  abou t 905 deg. 
C.— a few degrees above th e  liqu idus of the 
copper-zinc system. A few degrees lower a peri- 
tectic reaction  occurs between p a r t  of th is  and 
the liquid m elt. W ith  an  iron con ten t below the  
critica l value, all th e  p rim ary  compound was ab
sorbed in  th e  reac tio n ; th e  compound en te r in g  
in to  the  reaction  is p rec ip ita ted  la te r  as a secon
dary  form. W hen th ere  is sufficient iron  p resen t 
for the  p rim ary  to  persist, i t  serves as nuclei for 
crystallisation  of the  m etal. W hen i t  is absent, 
and the  secondary form  appears a f te r  th e  copper- 
zinc system has crystallised, th e  nuclei a re  not 
available. This appears to  be the  exp lana tion  
of the  strik in g  differences observed in  th e  fra c 
tu res  of tes t-bars tak en  from  m elts of high- 
s tren g th  brass when th e  iron is below norm al.

234
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F o r these alloys the  critical iron content 

appears to  be about 0.75 per cent. F ig . 2 shows 
the  fra c tu re  of finger test-bars, contain ing 0 .6 8  
per cent. Fe, 0.73 per cent. F e  and the more 
norm al 1 per cent. Fe. The first shows w hat is 
known in the  works as a  “  fibrous fra c tu re ,” and 
the colum nar crystals a t  r ig h t angles to  face of 
mould persist across the section and meet. In  
th e  second, colum nar crystals extend only partly  
across th e  section, and there  is then  a zone of 
equi-axed crystals. In  th e  th ird  case, only equi- 
axed crystals of very small size are to be seen 
and there  are  no colum nar crystals. This type of

A B C  
F i g .  2 .— F r a c t u r e s  o f  F i n g e r  T e s t - B a r s :  A, 0.68 p e r  c e n t .  F e ;  

B, 0.73 p e r  c e n t .  F e ;  C, 1.0 p e r  c e n t .  F e .

colum nar prim ary  crystallisation  has been ob
served on small chill bars, chill-cast extrusion 
ingots and sand castings when the iron content 
has been too low to  provide the  nuclei which lead 
to  refinem ent of g ra in  size. Some w riters have 
referred  to  th is iron-rich compound (also called 
the blue-etching constituent) as “ excess 
h ardener,” b u t w ith  norm al compositions i t  is 
not so much an  “  excess ” as a necessity, to  
obtain  the desired struc tu re . R ecent work sug
gests th a t  some o ther additions to  h igh-stiength  
brasses may through  sim ilar reactions ac t as 
refining agents.

So much for the prim ary crystallisation of the 
h igh-streng th  brasses. On very large castings, 
com bination of circum stances may in special in-
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stances lead to  a phenomenon which modifies th is 
prim ary stru c tu re . W hen the  alloy changes from  
the liquid to  the  solid s ta te  i t  appears first as the 
/8-solid solution. W ith  fu r th e r  cooling th e re  is a 
phase change and the  a-solid so lu tion  is p rec ip i
ta ted . D uring  recen t years m uch work has been 
carried  o u t on recrystallisation  and  g ra in  grow th 
which occur on annealing  cold-worked m etals. 
Thanks to  the  classical researches of C arp en te r7 
and Elam , th is  is now one of th e  m ost w idely used 
m ethods of producing single c ry s ta l test-pieces. 
Various au th o ritie s 8’ 10 also s ta te  th a t  rec ry sta l
lisation  and g ra in  grow th can occur in  alloys by 
reheating  above a phase change-point, b u t i t  is 
difficult to trace  any record of such exam ples 
hav ing  been exam ined. L ogan 1 1  records an  
example in propeller brass. One charac te ris tic  
which d istinguishes th is  g ra in  g row th from  coarse 
g ra ins due to  slow p rim ary  c rysta llisa tion  is th a t  
in the first case large gra ins ap p ea r ad jac en t to  
very fine gra ins w ithou t in te rm ed ia te  sizes, 
w hilst in the  second case th ere  m ay be a reg u la r 
g radua tion  of sizes.

Phase Changes
The phase change, necessary fo r g ra in  grow th, 

is due, in the h igh-streng th  brasses, to  th e  re
solution of th e  a-solid solution in  th e  /8-solid 
solution. The tem p e ra tu re  of th is  change varies 
w ith  the  composition and is ind ica ted  on th e  
therm al equilibrium  d iag ram  by th e  line sep a ra 
tin g  th e  [i from  th e  a +  /3 fields.

T herm al  H is to ry  of Large Castings
In  a  very large casting  one can im agine how 

the  conditions for recrysta llisa tion  and g ra in  
grow th can arise. Im m ediately  a f te r  casting , one 
has a mould in  which is a shell of solid m eta l 
contain ing  liquid m etal. The face of the  mould 
has been heated  and th e  solid shell cooled u n til 
a uniform  tem p era tu re  is a tta in ed  fo r a short 
tim e a t  the  in terface . The tem p e ra tu re  of th e  
m etal in  some areas m ay be depressed n o t only 
below th e  freezing po in t, b u t to  th e  p o in t a t
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which the  a-phase ju s t begins to  separate. B ut 
w ith in  the  shell is m etal which is still liquid, and 
is a t  a h igher tem pera tu re , and th is  is a condi
tion  of unstable equilibrium . By convection and 
conduction h ea t is tran sfe rred  from  the  ho tter 
to th e  cooler m etal (and it  m ust not be forgotten 
th a t  the  la te n t hea t of fusion is also liberated!,

D C

A  B
F i g . 3 .— A , F i n g e r  B a b  a s  C a s t ; B ,  F i n g e r  B a b  A n n e a l e d  a t  7 0 0

DEG. C. EOB 1 H B. ; C, NORMAL A.LLOY, COOLED, REHEATED ABOVE 
P h a s e  C h a n g e ; D ,  L o w - I r o n  A l l o y , c o o l e d , r e h e a t e d  a b o v e  

P h a s e  C h a n g e .

and th is may raise the  tem pera tu re  of the cooled 
m etal above the  phase change point again . The 
tem pera tu re  g rad ien t in  th e  m etal now becomes 
very slight, and once the  whole mass is solid, 
tran sfe r of heat is by conduction only, and thus 
the second cooling down to  the  phase change 
tem pera tu re  may be very slow. To verify these 
assum ptions some experim ents were carried  out.



E x p e r im e n ta l  Evidence
(1) Chill-cast “ finger ”  tes t-bars, abou t \  sq. 

in. cross-section, in which th e  ra p id  cooling re 
stric ts  th e  separation  of th e  a-constituen t, were 
re-heated a t  700 deg. C. fo r 1 h r., and  recry sta l
lisation  and g ra in  grow th occurred so th a t  th e  
polished and etched specimen showed th a t  th e  
cross-section consisted of only 4 or 5 g ra in s , v id e  
Fig. 3 (A and  B).

As th e  chill-cast b ar m ay have been in  a s ta te  
of in te rn a l s tress , 9 due to the  rap id  cooling, 
ano ther experim ent was m ade, which also served 
to  illu s tra te  th e  refining influence of iron .

(2) A small crucible con ta in ing  650 gms. of the  
norm al alloy was heated  in  a vertica l e lectric fu r 
nace and  raised  to  a tem p era tu re  of 980 deg. C., 
90 deg. C. above the  m elting  po in t of th e  alloy. 
The cu rren t was sw itched off, and  th e  tem p era
tu re  fell u n til th e  phase-change tem p era tu re  was 
approached, when the  doors of the  fu rnace  were 
opened and th e  upper p a r t of th e  crucible cooled 
more rap id ly  th a n  th e  base. The doors were 
then  closed, cu rren t sw itched on again  and  th e  
tem pera tu re  raised  above th e  phase-change tem 
pera tu re , m ain ta ined  for 1  h r. and  then  th e  tem 
p era tu re  was lowered slowly (about 5 deg. C 
per m inute). W hen cold th e  m etal was removed 
from  the  crucible, sectioned, polished and  etched, 
and i t  was found th a t  recry sta llisa tion  had  
occurred in the  region which had  cooled below 
the phase change tem p era tu re  and  th e n  been re
heated. The line of dem arcation  of la rge  and 
fine grains was well defined, as seen in  F ig . 3 
(C).

The experim ent was repeated  under iden tica l 
conditions as to  th e  w eight of m elt, h ea tin g  and 
cooling conditions w ith  an  alloy co n ta in ing  0.70 
per cent, iron instead  of th e  1  p e r cent, in  the  
previous case. I t  was th en  found th ac  th e  re
crystallised area  was la rg er in  ex ten t and  the  
small grains were coarser th a n  in  th e  first case 
(see F ig . 3 (D)).

The presence of th e  b lue-etching constituen t 
would therefore  appear to  in h ib it g ra in  grow th,



239

F i g . 4 , A .— A s  C a s t .

F i g . 4 , B . — A n n e a l e d .

F i g . 4 .
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and  th is  res tric tion  by a separa te  phase under 
ce rta in  conditions has been no ted  in  th e  case of 
recrvstallisation  following cold-work. I n  th e  
above experim ent, in  which th e  m e ta l was not 
cast, th e  possibility of stress being p resen t in  the  
pieces seems very rem ote, and  th e  recrysta llisa
tio n  and  g ra in  grow th  a re  shown to  occur purely  
as a resu lt of th e  cooling an d  rehea ting .

(3) A portion  of a sand-cast te s t-b a r was cu t, 
1 in . bv 1 in. by 7 in . long, and  one face was 
polished, etched and  photographed. The g ra in  
was uniform , as is shown in  F ig . 4 (A). The bar 
was annealed  fo r 1 h r. a t  600 deg. C. to  ensure 
freedom from  stress, an d  was th e n  heated  in  an 
electric furnace, so th a t  one end was ra ised  to  
750 deg. C. and  the  o ther end p ro jected  from  th e  
furnace and  reached 445 deg. C. A tem p e ra tu re  
g rad ien t was th u s established, F ig . 4. This was 
m easured by a pyrom eter in serted  in to  holes 
drilled  a t  1 in . in te rva ls along th e  b a r. The 
tem p era tu re  conditions were m a in ta in ed  fo r 
4 hrs. to  ensure th a t  th e  phase-ehange would be 
completed a t  th e  h o tte r  end  of th e  b a r, an d  a f te r  
cooling in  a ir  th e  face was again  polished and 
etched, w ith  th e  resu lt shown in  F ig . 4 (B).

I t  should be noted  p a rticu la rly  th a t ,  although  
th e  tem p era tu re  varied  evenly along th e  b a r. th e  
very strik in g  change in  g ra in  is rem arkablv  
ab ru p t w ith no in te rm ed ia te  sizes, in d ica tin g  
th a t  i t  has occurred only w here th e  c ritic a l con
ditions have been fulfilled. Fortunaxelv , the  
com bination of these c ritica l conditions occurs 
only ra re ly  in  p ractice , and  now th ey  a re  recog
nised, two m ethods of approach to  th e  problem 
of e lim inating  them  suggest them selves, nam elv, 
to  avoid th e  in itia l fa ll of tem p e ra tu re  below th e  
phase change or to  modify th e  alloy or mould 
m ateria l so t h a t  reh ea tin g  above th e  phase 
change is not likely to  occur.

The subsequent cooling of th e  casting  leads 
norm ally to  p rec ip ita tion  of the  a-solid solution, 
th e  ra te  of cooling affecting th e  size and  d is tr i
bu tion . There is ju s t one fu r th e r  p o in t to  be 
m entioned. W hen a large casting  shrinks on 
cooling, i t  seems very probable th a t  th e  casting
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“  sits down ”  on th e  lower p a rt of the  mould 
and shrinks away from  the  upper p a rt. I t  is 
difficult to  determ ine w hat will be the  effect on 
the  ra te  of cooling of the  heated  a ir  space be
tween th e  casting  and  th e  mould, particu larly  
when i t  is rem embered th a t  th e  surface of the 
casting  is covered by a th in  film of aluminium 
oxide, a poor conductor of heat.

W hilst no a tte m p t has been made in  th is Papei 
to  describe the  methods adopted in laboratories 
to  determ ine the  values of the  properties dis
cussed, i t  has been shown, i t  is hoped, th a t  these 
physical factors have a  very real p ractical bear
ing on some of th e  problems encountered in non- 
ferrous foundries.

The whole question of successful casting in  all 
the commercial non-ferrous alloys is closely re 
la ted  to  the  therm al history  and behaviour of 
the m etal th roughou t th e  m elting, casting  and 
cooling cycle, and  such properties as specific heat 
and la te n t hea t of fusion, varying widely from 
system to  system, cover a much g rea te r range 
th an  in  th e  ferrous alloys.

In  some instances, a  h igh specific heat, which 
may call for special m easures in  the foundry, 
may be one of the  valuable assets of the  finished 
casting, as, for example, large alum inium  alloj 
pistons for internal-com bustion engines, where 
high hea t capacity  w ithout large tem pera tu re  in
crease is desirable.

I t  is pleasing to  note th a t  the  lack of infor
m ation on some of these properties is now recog
nised, and th a t  work is proceeding a t such in
s titu tio n s as the  N ational Physical Laboratory 
and will become available to the industry .
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DISCUSSION ON PAPERS BY G. G. GAUTHIER, 
G. GÜRTLER, AND J. E. N E W S O N

T he Exchange Papers
M r. G au th ie r’s P a p e r was in troduced  by M b. 

Y. C. F a u l k n e r  (P as t-P residen t), who rem inded 
the m eeting th a t  i t  was one of a series of foreign 
E xchange Papers. The first E xchange P ap e r 
was presented to  the  In s titu te  in  1921, a t  a m eet
ing  held in B lackpool; i t  was con tribu ted  from  
America, and  had dealt w ith  electric furnaces. 
The exchange system was m ain ta ined  betw een 
E ngland and America fo r a num ber of years, 
and subsequently had spread to  alm ost all th e  
industria l countries of the world. H e  a t t r i 
buted a g re a t im portance to  the  system, because 
no country  had a monopoly of b ra ins, and some 
countries progressed on d is tinctive lines. M r. 
G au th ie r’s P ap er, fo r exam ple, showed th a t  
progress in F rance  in  connection w ith  th e  alloys 
discussed in th e  P a p e r was on lines ra th e r  
different from  those followed in th is  country .

In  the  tran s la tio n  of th e  P ap e r i t  was decided 
to  s ta te  th e  figures in  th e  m etric  system because 
of th e  very small differences noted  betw een them  
in  some cases ; if th e  resu lts were expressed in 
tons per sq. in. instead  of kg. per sq. m m ., the  
differences in some cases would be alm ost im 
perceptible. I f  i t  were borne in  m ind th a t  18 to 
2 0  kg. per sq. mm. was equ ivalen t to  about 
1 2  tons per sq. in ., one would get a b e tte r  idea 
of the  contents of the  P ap e r th an  by tr a n s 
la ting  each figure.

G erm an and French O b se rv a t io n s  C om p ared
H e r r  G . G ü r t l e r , in p resen ting  his P ap er, 

first conveyed to th e  B ritish  foundrym en the  
hearty  greetings of the  Technischer H au p tau s- 
schuss fü r Giessereiwesen, and  of all th e ir  G er
m an colleagues. The resu lts of th e  investiga
tions presented by Mr- G au th ier, he continued,
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corresponded exactly  w ith  those made in  the 
researches of the  m etallurg ical laboratory  of the 
M etallgesellschaft A.-G. In  Germany, the usual 
am ount of the  Mg content was 0.4 to 0.5 per 
cent., producing a h igher yield point, tensile 
s tren g th  and B rinell hardness th a n  the  alloys 
w ith a sm aller addition  of magnesium as used in 
F rance. On the o ther hand, according to  the 
observations of M r. G authier, the  elongation 
decreased.

The h ea t-trea tm en t consisted in  annealing a t 
530 deg. C. for a period of from 3 to  4 hrs., 
quenching in  w ater a t  room tem peratu re , and 
age-hardening a t  150 deg. C. for 20 hrs. The 
results obtained w ith specimens cast in the 
m anner described by M r. G auth ier were as
follows : — Kgs. per Tons per sq. mm. sq. in.

Yield po in t.. . .  22 to 28 13 to 18Tensile strength . .  25 to 32 16 to 20Brinell hardness . .  80 to 100 —E longation.. .. 0-5 to 4-0 per cent.
According to  the Germ an observations, the 
fa tigue  s tren g th  was no t influenced by the 
magnesium  concentration . I t  was supposed th a t 
the  varia tion  of the  fatigue streng th  w ith the 
Si con ten t was influenced, not only by the 
appearance of the  silicon prim ary crystals, bu t 
also by the  varia tion  of the  kind of solidifica
tion  w ith the  different Si contents.

No difference in the  effect of m anganese or 
cobalt on th e  m echanical properties could be 
observed. A microscopic difference was found 
between th e  two crystals. The crystal contain
ing m anganese formed prim ary  dendrites in the 
typ ical shape of “  Chinese sc r ip t,” w hilst the 
crystal contain ing  cobalt solidified a little  more 
in  th e  shape of needles in  the  same tim e with 
the  Al-Si eutectic.

Advantage of Eutectic Alloys
A considerable advantage of the  eutectic Al-Si 

alloys over th e  Al-Cu, Al-Mg and other alloys
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w ith  a  long solidification range  was th a t  they  
showed th e  possibility of ca rry ing  o u t th e  heat- 
tre a tm e n t of large castings in th e  same m anner 
as th a t  of te s t specimens w ithou t danger of 
deform ation or cracking. C erta in  well-known 
castings, for instance, m ust be quenched in boil
ing w ater in  o rder to  reduce th e  ra te  of cooliug.

The conditions for the  p roduction  of a gas-free 
casting  were (1 ) th e  p rep a ra tio n  of a de-gassed 
m elt by tre a tin g  w ith sa lt and allowing to  s tand , 
and (2 ) the  avoidance of th e  absorption  of gases 
when filling th e  mould by low ering th e  pouring  
tem p era tu re  and shorten ing  th e  leng th  and  tim e 
of flow.

The investigations on th e  effects of th e  add i
tion  of titan iu m  on th e  fa tig u e  s tren g th  were 
being continued, and th e  resu lts  ob tained  so fa r  
did not differ from  those given in  the  P ap e r.

Practicab il i ty  of  Double T re a tm e n t
M r . W. W e s t  (Leyland M otors, L im ited) said 

th a t  the  P apers by M r. G au th ie r an d  H e rr  
G iirtler gave B ritish  foundrym en much useful 
inform ation, for they ind icated  investigations in 
a  direction d ifferent from  th a t  in  which we in 
th is country  had  been w orking, and  afforded 
B ritish  workers oppo rtun ities to  modify th e ir  
line of a tta ck  in th e ir  researches on the  alloys 
concerned.

Those who were w orking w ith  alum inium  alloys 
already knew th e  possibilities of m odification by 
sodium tre a tm e n t and some of th e  benefits to be 
derived by the  additions of special elem ents like 
titan iu m , m agnesium , etc. The question which 
arose in  the m inds of m anagers of alum inium  
foundries was w hether th e  double modification 
as suggested in  M r. G au th ie r’s P ap e r d id  not 
over-step the  lim its of foundry  w orking. Those 
who had  tr ied  modification in p ractice  were more 
or less convinced th a t  th e  single tre a tm e n t was 
sufficient to  go on w ith.

R egard ing  the  fa tig u e  figures as given in  H e rr  
G h rtle r’s P ap er, these were very in te re s tin g  and
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had prom ise of some g re a t usefulness. Could the 
au th o r of th e  P ap e r add  to th is inform ation 
w hether such alloys had been used in any exten
sive way for th e  production of castings which 
had been subjected to  stress conditions in  ser
vice? Those who had had extensive experience in 
m agnesium  alloy castings opera ting  under condi
tions which could n o t be reproduced in  the 
laboratory  had found th a t  fa tig u e  figures were 
ra th e r  misleading.

Gas Removal
Discussing th e  removal of gases from molten 

alum inium  alloys, M r. W est s ta ted  th a t  he was 
fam iliar w ith a  sim ilar process which had been 
developed by th e  B ritish  N on-Ferrous Metals 
R esearch Association, b u t could H err G iirtler 
ind ica te  how fa r  his methods had been suc
cessful in  ac tua l operation  in the  foundry? I t  
seemed to  be necessary th a t  any m ethod of gas 
rem oval should be of such a  character th a t  it  
could be applied by th e  o rdinary  m an in the 
foundry.

Mr,. W est s ta ted  th a t  H e rr  G iirtler was to be 
highly praised  fo r th e  m anner in  which he had 
delivered his P ap e r in English, and more p ar
ticu la rly  fo r h is excellent ab ility  in dealing with 
the  discussion in  th e  same language.

High Casting T e m p e ra tu re  Q uer ied
M r. N . G. A s h t o n , re fe rring  to  M r. 

G au th ie r’s P ap er, asked why the  alum inium - 
silicon alloy testdbars dealt w ith there in  were 
poured a t  a tem pera tu re  between 700 and 720 
deg. C. H e had  wondered why i t  was the 
p rac tice  to  pour the  high-silicon alloys a t  so 
high a tem pera tu re , because w ith other types 
of alloys he had obtained b e tte r  results when 
casting a t  a tem p era tu re  of about 650 deg. C.

Discussing H e rr  G iirtle r’s reference to  modi
fication of alloys by m eans of ti tan iu m —though 
i t  was in  effect a g ra in  size reduction  by means 
of titan iu m , and  could hard ly  be described as 
modification—he suggested th a t  a combination 
of manganese and titan iu m  would be more effec
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tive . H e had used m anganese an d  ti ta n iu m  in 
o rd inary  norm al silicon alloys—n o t sodium- 
modified— and had effected im provem ent, not 
necessarily in tensile s tren g th , b u t in  m achin- 
ability . The photograph  of slip bands in  F ig . 7 
of H e rr G iir tle r’s P ap e r was a very  good exam ple.

H av ing  had some experience of 10 per cent, 
zinc-alum inium  alloys, he asked if H e rr  G ü rtle r 
could confirm th a t  they  were q u ite  good from  
the  po in t of view of corrosion resistance, and 
w hether he supported  the  allegation  th a t  the  
zinc-alum inium  alloys were hot-short. In  3L5 
alloy was hot shortness due only to  annealing , 
and if  so was i t  due to  th e  copper add i
tion?  The la tte r  was probably th e  reason, be
cause he did not th in k  th e  alum inium  alloys 
w ith zinc alone were necessarily to  be condemned 
from th a t  po in t of view.

Gas E lim ination
Mn. S. H . R u s s e l l  (P as t-P resid en t) 

commented th a t  one of the  g re a t problems of the  
alum inium  founder was to  elim inate  gases, 
which, u n fo rtuna te ly , w ent in to  solution in  the  
m olten alum inium . The m ethod in  H e rr  
G ü rtle r’s P ap e r of de-gassing by low ering th e  
tem p era tu re  very slowly and re-heating  rap id ly  
was new to  him , and he asked for some elabora
tion  of it . H e had  always understood  th a t  when 
once an alum inium  alloy was badly gassed i t  was 
practically  ru ined , unless i t  was subjected  to  
modification. (In  m aking th a t  rem ark  he had 
in  m ind the  “  Y ”  alloys ra th e r  th a n  th e  
silieon-alum inium  alloys.)

The influence of titan ium , on alum inium  alloys 
in terested  him p a rticu la rly , because he had  been 
studying  a sim ilar app lication  to  cast iron , and 
he asked how H e rr  G ürtle r added th e  tita n iu m  
to th e  alum inium  alloy to  give th e  beneficial 
results ind icated  in  the  P ap er, because i t  had 
been found most difficult to  add ti ta n iu m  to  
iron satisfactorily . The research had been com
plicated  and d isappo in ting  in dealing w ith  cast 
iron, because, although every th ing  ind icated  th a t
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the titan iu m  should appear in the iron, fre
quently  i t  had got in to  th e  slag, and there  was 
not sufficient in the  iron to give th e  beneficial 
effect which undoubtedly could be obtained if it  
were really there.

Com m enting on th e  sta tem en t in  the  summary 
of the  Paiper th a t  the  rem oval of gases from 
th e  m elt was best effected by a  com bination of 
sa lt tre a tm e n t and stand ing  in  a n eu tra l atm o
sphere, he asked how th a t  n eu tra l atm osphere 
was to  be obtained in commercial p ractice when 
handling pots contain ing , perhaps, 50 or 60 lbs. 
of m olten alum inium . H e asked w hether the 
sa lt was merely placed on the  top  of the  pot (it 
was s ta ted  in th e  P ap er by Mr. G auth ier th a t  
the b a th  of m olten m etal was provided w ith a 
surface layer of 0.3 per cent, of a m ix ture  of 
66  per cent. N aCl and 33 per cent, of N aF  as 
soon as its  tem p era tu re  reached 750 deg. C.), or 
w hether i t  was stirred  in. I f  the  la t te r  were the 
practice, was th e  sa lt s tirred  in a t  an early  stage, 
th a t  is as soon as the  m etal was m olten?

M e. F . H u d s o n  said th a t  the inform ation 
given in  th e  Papers by M r. G au th ier and H err 
G ü rtle r was so well expressed th a t  i t  would prove 
of g re a t value to  the  practical m an. H e was 
particu larly  in terested  in th e  very simple way 
in which H e rr G ürtler had  shown the  effect of 
gases in  lig h t alloys. To the  average foundry- 
men th e  effects of gases in  m etals were ra th e r 
com plicated, b u t from  a read ing  of H err 
G ü rtle r’s experim ents one could readily under
stand  w hat was m eant, and the  members were 
indebted to  H e rr G ürtle r for th a t  inform ation.

W ith  regard  to  degasification being brought 
about by allowing the  m etal to  stand  a fte r  
trea tm en t, th e  graphs in  th e  P ap e r showed the 
tim e allowed for small experim ental melts, bu t 
he asked w hat was the approxim ate tim e th a t 
la rger foundry heats should be allowed to  stand.

Standing T im e for Modification
M r. W. N. C o o k , B.Sc., a f te r  congratu lating  

the authors upon th e ir  Papers, agreed 1 w ith  Mr.
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Ashton th a t  in th e  foundry  i t  was custom ary 
to cast th e  alloys a t  a  tem p e ra tu re  betw een 650 
and  670 deg. C., and said th a t  in  p rac tice  quite  
good resu lts  w ere obtained. Q uite recen tly  tes t- 
bars of o rd inary  A lpax (known also as “  L33 ” ) 
gave figures between 11.3 and 12 tons p er sq. in. 
Supporting  M r. H udson’s request fo r inform a
tion  as to  th e  length  of tim e  d u rin g  w hich the  
m etal should be allowed to  s tan d  a f te r  single 
m odification w ith  sodium, he said  th a t  in  th e  
foundry a  1 0 0 -lb. pot would stan d  fo r possibly 
half an  hour.

W hen a  m etal was allowed to  become too  hot, 
the furnacem an would cool i t  by in se rtin g  a  gate , 
detached from  a previous casting , and  the  
am ount of gas th a t  was evolved when th e  g a te  
en tered  the  m etal was am azing. T here was no 
doubt th a t  th e  cooling action  of th e  g a te  caused 
a  considerable release of gas, which was evolved 
in a  huge bubble.

O riginally, sodium was used for m odification, 
and there  had  followed a  large num ber of P a te n ts  
involving the  use of complex salts and  o ther 
th ings, b u t in  E ng land  foundrym en had  reverted  
to the  orig inal sodium m odification, which was 
found to  be most sa tisfactory . H e had  found 
th a t  about 1  oz. of sodium  to  a  70-lb. pot of 
alum inium  was a sa tisfac to ry  am ount. H e asked 
w hat was th e  practice in  G erm an foundries.

Relative C asting  P ro p e r t ie s
D r. L. B. H u n t  said th a t  th e  P a p e r  by M r. 

G au th ier ind icated  the  very g re a t advance th a t  
had  been m ade by th e  developm ent of th e  hea t- 
tre a ted  alum inium -silicon casting  alloys over the  
previously-known “  as-oast ”  alum inium -silicon 
alloys. T ha t was a  very im p o rtan t advance, and 
he believed th a t  because of i t  th e  fu tu re  would 
see qu ite  an extension of th e ir  use in  the  eng in 
eering  industry .

Com m enting on the  s ta tem en t in M r. 
G au th ie r’s conclusions th a t  the  hea t-trea tab le  
alum inium -silicon casting  alloys possessed cast
ing  qualities alm ost equal to  those of o rd inary
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alum inium -silicon alloys, although surpassed by 
ce rta in  alloys contain ing  copper and  titan iu m , 
he said one would have th ough t th a t  any 
alum inium -silicon alloy would have much better 
casting  properties th an  any copper-containing 
alloy. Therefore, he asked if M r. G auth ier would 
elaborate th a t  point.

D ealing w ith  H e rr  G iirtle r’s in teresting  survey 
of recen t G erm an researches, he commented upon 
the  m ethod of de-gassing by means of a sa lt flux 
and a n eu tra l atm osphere such as n itrogen  or 
CO,, and suggested th a t  H e rr  G ürtler was a 
litt le  u n fa ir  to  B ritish  research, because he be
lieved H anson and S later, a t  the  B ritish  Non- 
Ferrous M etals Research Association (and not 
D r. Scheuer) had advised th a t  method and had 
explained i ts  working by the  breaking down of 
th e  oxide film.

V o te  of Thanks
F inally , D r . H u n t  proposed a  hearty  vote of 

thanks to  th e  au thors fo r th e ir  Papers, and ex
pressed appreciation  particu larly  of the fac t th a t  
H e rr G ü rtle r had  come to  th is  country  in  order 
to p resen t his P ap e r personally.

M r. F . H u d s o n  seconded the  vote of thanks, 
which was accorded w ith  acclam ation.

The C h a i r m a n  (M r. W. B. Lake) expressed 
appreciation  of the  greetings conveyed by H err 
G ürtler on behalf of his colleagues in Germany, 
and said th a t  the  B ritish  foundrym en heartily  
reciprocated ; he asked H e rr  G ürtle r to  convey 
th e ir  good wishes to  his G erm an colleagues.

M r . F a u l k n e r  said th a t  he hoped to  m eet Mr. 
G au th ier personally in the  near fu tu re , and 
would have pleasure in telling  him th a t  his P aper 
had been well received and was much appreciated. 
H e confirmed th e  s ta tem en t by M r. Ashton th a t, 
according to th e  B ritish  lite ra tu re , the  pouring 
tem pera tu re  of the  alum inium -silicon alloys was 
about 650 deg. C., and said th a t  the  tem pera
tu re  of 720 deg. m entioned in  M r. G au th ier’s 
P aper seemed somewhat high.
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A U T H O R ’S REPLY

H e r b  G ü r t l e r , rep ly ing  to  th e  discussion on 
his P aper, said th a t  m odification by m eans of 
sodium  was carried  o u t a t  m any foundries in 
G erm any, and no g rea t difficulties had  been ex
perienced w ith  it. D egasification by m eans of 
m etallic sodium alone was very slow, however, 
and in  th e  g rea t w eights of m etal d ea lt w ith  in 
foundry  practice th e  process was accelerated  by 
the add ition  of sa lt. Crucibles con ta in ing  80 or 
1 0 0  kg. of m etal would degasify sufficiently if 
they  were allowed to  stand  fo r 15 or 20 m ins.

E xperience of th e  addition  of m agnesium  and  
zinc to alum inium  casting  alloys was n o t yet 
very g rea t in G erm any, and  th e  resu lts he had 
given were th e  outcome of labora to ry  ex p eri
ments. H e supposed th a t  those alloys were not 
very good from  th e  p o in t of view of kot-short- 
ness, due to  th e  g rea t ra te  of solidification by th e  
hypo-eutectic composition. E xperim en ts had  been 
m ade on anodising them.. However, he believed 
th a t  such alloys would be found to  be useful 
for small castings, in  which th e  tensile  re 
quirem ents were small and where a good surface 
was required .

H e agreed w ith  the  view th a t  the  casting  tem 
pera tu res given by M r. G au th ier fo r th e  heat- 
trea tab le  alum inium -silicon casting  alloys were 
ra th e r  too h igh, and  said  th a t  in  G erm any i t  
had been found advantageous to  lower th e  cast
ing tem p era tu re  a  little . B u t th e  lowest tem 
pe ra tu re  th a t  could be used for alum inium -silicon 
alloys in  the  foundry  was about 700 deg. C., 
because a t  lower tem p era tu res  th e  p roperties of 
the m etal w ere n o t such as would allow adequate  
feeding of th e  castings. W ith  very large cast
ings i t  was necessary to  use tem p era tu res  as high 
as 750 or 770 deg. C. However, th e  problem of 
low ering the  casting  tem p era tu re  was bound up  
w ith  the  form  of the  mould.

R eplying to th e  question as to  the  m ethod of 
in troducing  tita n iu m  in to  alum inium  alloys, he 
said th a t  small pieces of an  alloy of alum inium
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with. 2 0  per cent, of tita n iu m  were added to the 
m elt, so as to  produce an alloy having a titan ium  
con ten t of 5 or 6  per cent. The tem pera tu re  
m ust he very high—'about 1,200 deg. C. Then 
small pieces of th e  alloy contain ing 5 or 6 per 
cent, of ti ta n iu m  were added to  the  m elt of the  
casting  alloy ; in  th a t  way the  final alloy having 
the  requ ired  conten t of titan iu m  was produced. 
The ti ta n iu m  was absorbed a t  a tem pera tu re  of 
about SOO deg. A nother method consisted in 
in troducing  the  titan iu m  during the electrolysis 
process by m eans of T i0 2.

In  th e  degasification process, a small am ount 
of salt was m elted w ith the  m etal in the  crucible. 
Then a layer of sa lt was deposited on the surface 
of the  m etal, and subsequently i t  was allowed 
to stand . The im provem ent of the  m achining 
properties of th e  alloys was a difficult problem, 
and he suggested th a t  the most advantageous 
m ethod of dealing w ith  it  was to  make a careful 
choice of the tool steels used for m achining.

M r . A s h t o n  c o m m e n t e d  t h a t  m a n g a n e s e  
h e l p e d ,  i n  h i s  e x p e r i e n c e .

MR. N E W S O N ’S PAPER
The discussion of the  P ap e r by M r. J .  E. 

N e w s o n  was opened by M r. F . H u d s o n , who 
said th a t  foundry  practice was a g igan tic  jig 
saw puzzle, and  P apers such as th a t  by Mr. 
Newson could be likened to  the  pieces which 
worked in to  the  p icture. U ntil the  characters of 
all th e  pieces were known and recognised, the 
m any foundry problems could never be solved. 
The P ap e r was very refreshing, for i t  contributed  
pieces to  the jig-saw puzzle in no small measure.

C onductiv ity  of Mould Materials
Com m enting on the  statem ents in the  P aper 

concerning the  hea t conductivity  of mould 
m aterials, and the reference to  some of the work 
which he had carried  ou t some years ago, Mr.
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H udson said th a t  th a t  work had  been carried  a 
step fu r th e r  by independent investigators. H e 
m entioned particu la rly  th a t  C. A. Parsons, of 
Newcastle-upon-Tyne, had  tak en  ou t a  P a ten t*  
for a sim ilar process, qu ite  independently , and 
were actually  using th is  in  foundry  practice. 
A dm ittedly they  were using i t  on cast i r o n ; they  
had found i t  to  he very beneficial in  th e  m aking 
of large grey  iron castings, p a rticu la rly  where 
sections varied.

A t the  risk of appearing  greedy, he asked for 
M r. Newson’s comments on th e  flu id ity  or 
“  life ”  of the  h igh -streng th  brasses, fo r th a t  
was a phase about which a good deal m ore in 
form ation was needed. In  th e  course of some 
work he had carried  ou t a few years ago on 
fluidity  he had been in te rested  to  note th a t  some 
of the  non-ferrous alloys had  ac tua lly  m uch less 
“  life  ” th an  o rd inary  cast iron. Phosphor- 
bronze, for instance, had given a m uch lower 
“  life  ”  te s t th a n  o rd inary  cast iron , a lthough  
i t  had  a  much more searching action  on th e  
mould. T ha t b rough t in to  th e  p ic tu re  facto rs 
of surface tension an d  o ther conditions, and  he 
fe lt th a t  work in  th is  connection could very 
profitably be continued.

F inally , he expressed the  hope th a t  fu r th e r  
P apers of the  k ind  presented  by M r. Newson 
would be con tribu ted , in  order th a t  th e  facts 
should be made available for reference.

C ontro l l ing  G rain  G ro w th  by C h ro m iu m
M r. J .  E. 0 . L i t t l e  asked if M r. Newson 

could give in fo rm ation  on the  control of the  
g ra in  grow th of h igh -streng th  brasses by chro
m ium instead  of iron. Some work had  been 
done, he said, p a rticu la rly  by Gonser and  H ea th , 
in which 0.17 per cent, of chrom ium  was claim ed 
to in h ib it g ra in  grow th a ltogether. So fa r  he 
personally had tr ied  only one experim ent, and 
in th a t  experim ent th e  g ra in s had certa in ly  
grown. In  th is, however, i t  was found th a t  the

* B ritish  P a te n t 470 ,972 .
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chrom ium  had no t gone in to  solution properly, 
so the  experim ents would be continued.

M r. H . T a y l o r  asked w hether small addi
tions of nickel, up to  1  per cen t., lowered the 
tensile s tren g th  of high-tensile brass, in  Mr. 
Newson’s experience. H is own experience was 
th a t  such additions of nickel did lower the te n 
sile s treng th , though  they  m ight increase the 
elongation.

L a ten t  H ea t  and Melting Costs
M r . S. H . R u s s e l l  (P ast-P residen t) said he 

had never realised so clearly, before read ing  Mr. 
Newson’s P ap e r, th e  im portance of la ten t hea t 
in regard  to  m elting costs. H e had always 
im agined th a t  alum inium  alloy was m elted in  the 
foundry more cheaply th a n  A dm iralty g u n m eta l; 
b u t i t  seemed th a t  in  an oil-fired ti lt in g  furnace 
the  consum ption of oil during th e  m elting  of 
250 lbs. of alum inium  was about the  same as the 
consum ption in  m elting  650 lbs. of gunm etal 
(which was of about th e  same bulk), the  la t te r  to 
be cast a t  1,150 deg.' C. H e would take  care to 
bring  th a t  fa c t to  the a tten tio n  of his costing 
departm en t. I t  emphasised the  g rea t im portance 
of g iving close consideration to  the  factors dis
cussed in  th e  P aper.

High-Tensile Brass Casting
Com m enting on th e  cooling curve in  Fig. 1, he 

said he did no t understand  fully how i t  was made 
up, for the curve was so rem arkably horizontal in 
the early  p a r t  of the  cooling range. A period of 
about 390 secs, had  elapsed during the reduc
tion  of the  tem pera tu re  from about 902 to 890 
deg. B u t he could n o t reconcile the  o ther figures 
w ith the  seconds. M any m inutes, and probably 
th ree-quarters of an hour, m ust have elapsed 
before the tem p era tu re  of th e  m etal had been 
reduced to  300 deg. C., unless i t  was cast in thin 
sections. In  his very lim ited experience of high- 
streng th  brass, th e  thermo-couple and th e  im mer
sion type of pyrom eter were ex trao rd inarily  reli
able. Some 15 m onths ago, when dealing w ith a 
con trac t for A dm iralty  gunm etal and a  small



q u an tity  of h igh-tensile brass, he had first had  a 
ta lk  w ith  a P a s t-P res id en t of th e  In s titu te , and 
had then  cast some test-bars, each one of which 
had a  tensile s tren g th  of 42 tons. On th e  advice 
of th a t  P ast-P res id en t, 30 cwts. of castings were 
made, using th e  therm o-couple, and no trouble  a t 
all had  been experienced. On th e  o th e r hand , in 
dealing w ith a high tin -co n ten t phosphor-bronze 
some trouble  had  been experienced, a lthough  he 
had n o t expected trouble.

There was a' g re a t deal of in te re s t in  M r 
Newson’s exp lana tion  of his conception of th e  
m anner in  which th e  m etal en tered  th e  mould, 
and the  form ation  of th e  tenacious film of a lu 
m inium  oxide on th e  surface, which pro tected  the 
m etal, provided th e  m eta l was n o t broken up 
too m uch by tu rbu lence  ; th e  re su lt was bene
ficial, and  a smooth surface of th e  golden or 
yellow colour was produced. H e personally had 
succeeded in  achieving th a t  re su lt in  th e  very 
small q u an tities  of m a te ria l he had  handled .

The problem  was ex trao rd in a rily  fasc inating , 
for d ifferent conditions arose w ith each differen t 
alloy. M r. N ewson’s con tribu tion , dealing  w ith 
one of th e  m ost difficult alloys to  m an ip u la te , was 
indeed valuable.

M r. T. H e n r y  T u r n e r , M .So. (D oncaster), 
recalled discussions in  the  In s ti tu te  concerning 
the  ra is ing  of th e  s ta tu s  of th e  foundry  industry , 
and said i t  was clear th a t  th e  s ta tu s  m ust be 
raised  if foundry  m oulding m ateria ls  w ere to  be 
understood in  the  m anner ind icated  by Mr, 
Newson’s P ap er. W hen such m a tte rs  as the  
specific heats and conductiv ity  of the  ind iv idual 
constituen ts in  m oulding sands were being 
studied , the  In s titu te  was definitely m oving in 
the  r ig h t direction.

A U T H O R ’S REPLY
M r . N e w s o n  replied  to  the  discussion. A fter 

expressing appreciation  of M r. H udson ’s re 
m arks, he said he had purposely avoided the 
problem of flu id ity , because i t  had  been dealt 
w ith so fully by D r. C. H .  Desch in the  th ird



E dw ard  W illiams L ecture delivered to  the 
In s titu te  in Ju n e , 1937.

D ealing w ith  M r. L it tle ’s reference to the 
control of grain-grow th by means of chromium, 
lie said the original in ten tion  was to control the 
grain-grow tli of alloys which had been subjected 
to cold work, followed by annealing. In  view of 
the  success of th is  work he had tr ied  some 
experim ents on cast alloys, bu t i t  had proved tc  
be very difficult to get a chromium-copper alloy 
to dissolve satisfactorily  in the  high-strength 
brasses. In  the  P ap e r he had m entioned the  use 
of m ateria ls o ther th an  iron which would have a 
refining action, and he had had chromium in 
m ind then . H e had realised th a t  other addi
tions m ight have a refining action, although he 
did not know w hether the action was precisely 
the  same as the  iron-rich phase in  the  manganese 
bronzes. The photographs in F ig . 2 of the Paper 
were in tended  to emphasise the  im portan t 
influence of iron, which was more easily in tro 
duced th a n  chromium.

Balanced Additions
Discussing M r. Taylor’s question concerning 

the  effect of nickel, he said th a t  in considering 
h igh-streng th  brasses one m ust take  account of 
all the  elem ents present, and m ust m ain ta in  a 
correct balance of the various m etals added. He 
though t th a t  in  certain  alloys, 1  per cent, of 
nickel would not have a  m arked effect on the 
tensile streng th , b u t in  a norm al manganese 
bronze 1  per cent, of nickel definitely effected 
general im provem ent; a higher percentage of 
nickel effected even g rea te r im provem ent, pro
vided a correct balance was obtained w ith the 
o ther m etals in the  alloy. “  T urbadium ,” an 
alloy introduced about the year 1910, contained 
2  per cent, of nickel, and i t  was the  most 
successful alloy in troduced up to th a t  date for 
resisting  erosion.

Laten t  H ea t  and Melting Costs
As to the  effect of la te n t hea t on the  cost of 

m elting, he assured M r. Russell th a t  the  figures
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given in  th e  P ap e r in th a t  connection had  been 
checked over qu ite  a  long period of w orking, 
m aking the  o rd inary  “ 2L5 ”  alloy, and  i t  was 
tru e  th a t  as m uch oil was requ ired  to  m elt 250 
lbs. of alum in ium  as was requ ired  to  m elt 650 lbs. 
of gunm etal. Inc iden tally , he poin ted  o u t th a t  a 
bu rn  caused by alum inium  alloy was o ften  fa r  
more severe th a n  a  burn  caused by gunm etal or 
bronze, fo r the  reason th a t  m ore h ea t was stored 
in the  m etal.

Differential Cooling Curves
The d ifferential cooling curve in  F ig . 1, upon 

which M r. Russell had  com m ented, was presen ted  
in  th e  recognised form. The therm o-couple was 
im mersed in a  crucible of m eta l, and  th e  whole 
crucible, w ith  th e  therm o-couple im m ersed, was 
allowed to  cool very very slowly in  an  e lec tric  or 
o ther su itab le  furnace. By m eans of a  m etro
nome o r stop watches, th e  tim e  occupied by the  
fall of te m p e ra tu re  over a  c e rta in  num ber of 
degrees was m easured. In  his experim ents, th e  
tim e  in te rv a l was m easured accurately  fo r suc
cessive decreases of 10 deg. C., th e  tem p e ra tu re  
of any prolonged a rre s t being noted . The tim e 
in tervals in  seconds were p lo tted  ag a in s t tem 
pera tu re . D uring  th e  fa ll from  910 to  900 deg. 
there  was a  long hold-up a t  902 deg., and  a t  
890 deg. th e  m etal had  held th e  tem p e ra tu re  fo r 
400 secs. Then th e re  was a  sligh t kick forw ard  on 
the  curve, because th e  te m p e ra tu re  of th e  su r
roundings of the  crucible had  fallen  slightly  lower 
th an  th e  tem p e ra tu re  of th e  m eta l in  th e  c ru 
cible; th u s , th e  ra te  of cooling was accelerated  
w hilst equilibrium  conditions were re-established. 
Any phase change should be m arked  clearly, and  
th ere  was a  w ell-m arked p o in t in  the  case of th e  
m anganese bronzes a t  abou t 450 deg .; b u t th e re  
were also o ther m inor po in ts on his curve which 
m ight he due to  ex te rn a l influences.

Foundry H andling of High-Tensile Brasses
A fter cong ra tu la tin g  M r. R ussell on th e  good 

results he had ob tained  w ith  h igh-tensile brasses, 
w i t h o u t  h a v i n g  p r e v i o u s  e x p e r i e n c e ,  h e  s a i d  t h a t
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sometimes foundrym en experienced trouble w ith 
such alloys because they did no t understand  the 
form  of skim gate  to  use to  p reven t dross form a
tion , etc. ; fu r th e r, i t  was necessary to use very 
generous heads in order to allow for contraction 
and for the  very difficult pasty  range. In  large 
jobs th e  heads were always rod fed, b u t th a t  was 
no t so necessary in sm aller jobs.

W ith  regard  to the surface film on the  alloys, 
he said he had carried  out a num ber of experi
m ents w ith open moulds in order to  study the 
flow of m etal in to  the  mould, and  the  reactions 
between the  m etal and the various types of 
mould m ateria ls and dressings. In  very large 
jobs one could sometimes see the succession of 
lines, ind icating  the  continual re-form ing of the 
film. If  th e  m etal was poured w ithout prov id
ing proper control a t  en try , trouble would be 
experienced, as zinc would be volatilised and, 
combining w ith oxygen of the a ir, would form 
zinc oxide, which, floating on the surface of 
the m etal, could give rise to drossy, d ir ty  patches 
when trapped .

On the m otion of M r. W. B. S a l l it t , seconded 
b y  M r . V. D e l p o r t , a hearty  vote of thanks 
discussion on his P aper.

MR. GAUTHIER’S REPLY
M r . G a s t o n  G . G a u t h i e r  w rites as follows in 

reply to  the  various questions raised during  the 
discussion on his P aper.

To M r. W e s t : Double modification as detailed 
and used in  th e  research is no more difficult to 
apply in  practice th an  single modification e ither 
by sodium or salts. The first addition  of 0.3 
per cent, of sa lt is made in to ta lity  du ring  m elt
ing, especially w hilst the m etal is increasing in 
tem pera tu re  and such a method introduces no 
additional difficulty. I t  can be made by the 
workman responsible for the  supervision of the 
furnaces. As to the in troduction  of sodium, th is 
is a well-known and cu rren tly  used operation.

To M r. A sh to n : The casting tem perature  
cited, th a t  is from  700 to  720 deg. C., is th a t

K
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which has given in  p ractice  tes t-bars  showing 
the  best m echanical results. Thus, as was 
pointed  out by M r. G ürtler, th e  casting  tem pera
tu re  depends on th e  mould to  be filled and  is 
fixed in  practice by th e  pathw ay th e  m eta l has 
to follow. In  order to  c larify  th e  s itu a tio n , the  
photograph, F ig . A, shows th e  ac tu a l tes t-bar

F ig . A .—T e s t - B a b  U s e d .

referred  to. A m etre ru le is included so as to 
ind ica te  the  dimensions.

To D r. H u n t : The question raised by Dr. 
H u n t arose from  a typ in g  erro r, for which the  
au tho r apologises. The phrase should have read  : 
“ I t  is tru e  th a t  th e  m echanical p roperties are 
surpassed by those of ce rta in  alloys con ta in ing  
copper and titan iu m , e tc .”
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CHEMICAL CHANGES IN CUPOLA MELTING P a p e r  N o . 637 

By JAMES T. MACKENZIE*
[ A m e r i c a n  E x c h a n g e  P a p e r ]

The cupola is a hollow shaft of refractory  
open a t  th e  top to  adm it solid fuel, m etal and, 
incidentally , flux, w ith openings near the bottom 
to allow a ir  to  en ter, and below these to  le t the 
slag and m etal flow out. The usual steel shell 
is inciden tal to holding the refractory  shell to 
gether, and the  o ther m etal appurtenances are 
mechanical contrivances for delivering th e  blast, 
holding slag and iron u n til ready for delivery, 
etc. P rim arily , the  purpose of the refractory  is 
to hold h ea t and  cause i t  to  be absorbed by the 
iron. The flux is to  render fusible the ash of 
the coke and such silicious m ateria l as is 
charged w ith the  m etal or is m elted from the 
lining. M ost of the  principles of physics and 
chem istry are  a t  work simultaneously during a 
heat, b u t i t  is often  difficult, if no t impossible, 
to  determ ine a t  a given point, tim e or level, 
which ones are  in  control and which in abeyance.

Assuming th a t  the  lin ing  is of a fa irly  satis
factory  refrac to ry , there  are  really five factors 
which control the  effluent m e ta l: —

(а) The m etallic charge— its chemical com
position and the  ra tio  of its  surface to  weight 
or, generally, the  size of the  pieces.

(б ) The fuel—its  composition, size, shape 
and  stru c tu re , and its  w eight in  proportion to 
th e  iron.

(c) The blast—its  tem pera tu re , moisture 
con ten t and velocity (local as well as mean).

(d) The s tru c tu ra l details of the  cupola.
(e) The am ount and quality  of the flux.

The changes in th e  iron are m ainly due to  the
oxygen of the b last and its  reaction  with the

* C hief M etallurgist, Am erican Cast Iron P ip e  Com pany, B ir- m iniiham , A la .. U .S .A .
k 2
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coke, the  carbon and su lphur of th e  coke, and 
the  fluxing power of the  flux. O ther changes 
are due to  tem pera tu re-so lub ility  relationships, 
bu t practically  no change is a linear func tion  of 
any one condition, reaction  or p roperty . 
Table I  shows a lis t of the  variables to  be found 
in o rd inary  practice, and  even th is m ay n o t be 
complete, no t only for th e  obvious reason th a t  
the au th o r has overlooked some, b u t th a t  there  
may be some no t ye t recognised by anyone. F o r
tu n a te ly , however, m any of these can be held 
constan t for all p rac tica l purposes, so th a t  others 
can be studied , if n o t exactly  singly, a t  leas t in 
small groups. I t  should be rem em bered th a t  
such studies should be repo rted  only in  th e  p ast 
tense as a w arning th a t  the  exact conditions of 
the  experim ent m igh t never occur again .

This P ap e r does no t a tte m p t to  cover th e  work 
th a t  has been done along these lines by o ther in 
vestigators, b u t is fran k ly  a review  of th e  work 
done by the  au th o r and  his collaborators a t  th e  
Am erican C ast Iro n  P ipe  Com pany in  B irm ing 
ham, A labama, and  reported  to  th e  In s ti tu te  of 
B ritish  Foundrym en , 1 and  to  th e  A m erican 
Foundrym en’s A ssociation , 2 3 4 to g e th er w ith 
some tests no t previously published.

T he T h re e  Zones
The m ost im p o rtan t changes in  th e  iron  (a t 

least, so i t  seems to-day) a r e :— (1) The ox ida
tion  of iron, carbon, silicon and m anganese, and
(2) the  absorption  of carbon and su lphur. There 
are  th ree laboratories in  the  cupola fa irly  easily 
defined on paper, b u t which are  n o t so easily 
separated  in  the  furnaces, i t  is tho u g h t, as 
foundrym en are  prone to  th in k . These a r e : th e  
sh aft, where th e  m etal is still so lid ; th e  m e lt
ing zone, where the  oxygen of th e  b last is used 
up, where the  ash of th e  coke is being released 
to  form  slag, and the  iron  is tr ick lin g  th rough  
the bu rn ing  coke; and th e  hearth , where the 
liquid iron and slag collect in the  in terstices of 
a mass of coke to  separa te  before w ithdraw al.
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Of th e  reactions in  th e  sh a ft the  most, im 

p o rta n t is apparen tly  th e  absorp tion  of su lphur 
and some oxidation . In  th e  P a p e r  on size of 
coke4 th e  in itia l absorption  of su lphur on the  
small coke is very h igh, as com pared to  the  
large  coke (Fig. 1)," as long as th e  o rig inal filling 
of th e  cupola was being m elted (th rough  th e  7 th  
tap ) , and  th is  was th e  only variab le  so affected. 
The bed heigh t being the  same in bo th  cases, a 
g re a t d©al more small coke was burned  before 
m elting began th a n  large, w ith  consequent ex
posure of the  solid iron  in  th e  sh a f t to  the 
sulphur. H igh  beds are  notoriously prone to 
h igh sulphur on th e  first charges. Table I I  gives 
some h itherto  unpublished tes ts  on heigh t of bed, 
which show th a t  while th e  su lphur pick-up on the  
3rd and 5 th  ladles changed from  0.044 to  0.076 
per cent., on th e  first ladle i t  rose from  0.044 
to  0.119 per cent, as th e  bed was ra ised  from  
30 to  50 in. (tests on th e  21-in. cupola used  in  
(3))-

Reactions in th e  Stack
O xidation is probably a m inor reac tion  in  th e  

stack. W ith  about 10 per cent, coke ra tio  
(norm al cokes) Piw ow arsky shows v irtua lly  
constan t C 0 2 and  CO ra tio  above th e  m elting  
zone. P robably  m ost of the  ox idation  of small 
scrap is from  solid pieces fa lling  th ro u g h  th e  
coke down in to  th e  lower p a r t  of th e  m elting  
zone, where th ere  is free  oxygen.

O arburisation  in  the  stack  is also exceedingly 
small. The B oudouard re la tions show nearly  
80 per cent. CO necessary fo r reduction  of oxide 
a t  1,200 deg. C., and  few cupolas ru n  over 
60 per cen t., m ost, probably, ru n n in g  below 
50 per cent. In  ru n n in g  a te s t w ith  a  still steel 
residue , 1 th e  b last was on fo r over an hour 
w ith  no m elting. W hen th e  bottom  was dropped 
a  piece of w rought iron  was found which had 
ju s t  begun to  m elt, and  th is  was exam ined m icro
scopically. A bout one h u nd red th  of a n  inch 
around the  circum ference was found  to  be 
carburised to  approxim ately  0.50 to  1.50 p er cent.



IN STITU TE OF B R ITISH  FOUNDRYMEX. 

P r o c e e d i n g s — V o l . X X X I. 1937-38.

E R R A T A .

P a p e r  o n

“ C h e m i c a l  C h a n g e s  i n  C u p o l a  M e l t i n g . ”

Page 262. — Line 35, delete steel.

Page 271. — Between columns 9 and 10, insert col

um n “ Sulphur in M elt,"  the figures for which 

are : D ayton 0.195 ; Sewanee 0.104 ; Fine 

Creek 0.10 ; Bradford 0.113 ; A.B.C. 0.118 ; 

B arre tt 0.102; Bayonne 0.146; Parco 0.133.

Page 283. — Footnote to Table V II should read : 

Melt No. 1.— Oxygen, 0.005 ; N itrogen, 0.013. 

Melt No. 15.— Oxygen, 0.014; Nitrogen, 0.007.

Page 286.— 6  lines from bottom , for grades read 

sizes. 4 lines from bottom , for fine read thin.
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carbon. Tliis m ust bave been in  a very h igh  CO 
atm osphere rich w ith hydrocarbons for the  full 
tim e, for the coke was ab o u t 18 per cent, volatile 
and the  flames were a deep rich red, reach ing  a 
he igh t of 2 0  f t .  or more above th e  stack , as 
compared to  a  pale blue of abou t 5 f t . fo r a 
norm al (ABC) coke w ith  the p a rtic u la r  bed, b last 
and coke ra tio  used. The fa c t th a t  no iron  
m elted showed th a t  th e  reaction  to  CO was too 
rap id  to raise th e  tem p e ra tu re  to  th e  m elting  
point.

H e a r th  Reactions
The h ea rth  is also com paratively simple. The 

P ap er by Johnson3 showed th a t  w hatever effect 
the  dep th  of th e  h e a rth  has on ca rb u risa tio n , i t  
was obscured in so m any cases th a t  no ru le  could 
be postu lated . F ig . 2 shows th a t  in  th ree  o u t 
of five pairs of te s ts  th e  low (4 in .) tuyeres 
gave h igher carbons th a n  the  h igh (16 in .) , b u t 
th a t  in  all th ree  pairs of in te rm itte n t tap s  versus 
continuous flow, the  in te rm itte n t ta p  gave h igher 
carbons th an  continuous flow, th is  effect being 
fa r  g rea te r on the  low tuyeres th a n  th e  high. 
A personal th o u g h t is th a t  th e  am oun t and  
fluidity of th e  slag in te rfe re  so w ith  th e  iron- 
coke con tac t th a t  dep th  of coke below th e  tuyeres 
is of secondary im portance. Then, aga in , the  
coke a t  th e  level of, and ju s t  below, th e  tuyeres 
m ust be much h o tte r  th a n  th a t  fa r th e r  down. 
In  continuous flow, th e  coke will in  general be 
well covered w ith slag w ith  only a shallow b a th  of 
ram , b u t in  th e  periodical filling of th e  h ea rth  
d u ring  tap p in g  th e  iron  lifts  th e  slag w ith i t  as 
i t  rises and th u s  has a chance to  come in  con tac t 
w ith clean coke.

Needless to  say, all o ther open-hearth  and 
puddling fu rnace  reactions a re  possible, b u t are  
seldom encountered. A slag w ith  h igh iron  oxide 
will decarburise or oxidise th e  silicon an d  m an
ganese, depending on the  tem p era tu re , and  a 
basic slag will doubtless desulphurise, b u t when 
these unusual slag conditions occur, th e  m elting  
zone reactions are  usually so affected th a t  i t  is
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difficult to  say th a t  the  relatively  sh o rt tim e of 
contac t of slag and iron in the  well was respon
sible, especially considering th e  re la tiv e  qu ie t
ness and th e  presence of a  volume percen tage of 
about 65 per cent, of coke, which q u ite  probably 
in terfe res w ith the  usual oxidation  reaction  of 
the  open hearth . Several cases of low ering sul
phur by adding lim estone, soda ash, and some
tim es by increasing the  volum e w ith  sand  or 
gravel, have been reported  (a t least one case in

F i g .  3 . — R e l a t i o n  b e t w e e n  B u r n i n g  T im e  o f  
C o k e  a n d  A v e r a g e  C a r b o n  a n d  T e m p e r a t u r e  
o f  t h e  8 t h ,  9 t h  a n d  I O t h  M e l t s .  T h e
1 2 J  AND 1 0  PER  CENT. T E S T S  R E FE R  TO THE
A m o u n t s  o f  C o k e  u s e d  i n  t h e  M e l t s .

large-scale production  repo rted  to  th e  au th o r per
sonally by a com petent m eta llu rg ist), b u t i t  seems 
th a t  th e  exp lanation  is more likely to  be found 
in su lphur absorption  in  the  stack  by th e  in 
creased basic oxides, or in im provem ent of th e  
m elting conditions by an increase in slag volume 
or fluidity , th a n  in ac tua l reaction  in th e  h ea rth .

The m elting zone is the  laboratory  w here most 
of the  necessary work is done and  m ost of the 
reactions occur. Cupolas are operated  w ith  very 
li tt le  stack and alm ost no hearth . H ere  the
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oxygen of th e  blast combines w ith  th e  carbon o 
th e  coke to  form  carbon dioxide, which acts on 
more carbon to  form  oar bon monoxide—th e  first 
genera ting  h e a t and  th e  second absorbing it . I t  
is a  m istaken idea to  th in k  of these two reactions

F i g . 4 .— E f f e c t  o f  R e p e a t e d  M e l t i n g . 
(See Table V.)

as occurring in  steps. F o r th a t  reason words 
instead of symbols have been used, fo r when the  
following reactions a re  w rit te n : —

R x..........................0 2 + C = Q n t
R 2 ..........................CO, +  C =  2cO



2(39

i t  always gives a personal im pression th a t  a fte r 
reaction  R , was all finished w ith, th e  m eeting 
ad journed  and convened nex t day, say in London,

Melt No. 0 1 2 3  4  5  6 7 8  9
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F i g . o .— E f f e c t  o f  R e p e a t e d  M e l t i n g .
(See Table V I.)

where reaction  R , was carried  out, w hereas i t  is 
known th a t  CO is being formed while th e re  is 
still considerable free oxygen present and tha'c 
some oxygen may form  CO directly.



M inor reactions w ith th e  coke a re  th e  burn ing  
of su lphu r to  th e  dioxide or triox ide , th e  decom
position of th e  w ater of th e  a ir  in to 1 hydrogen 
and eventually  carbon dioxide and , in  th e  cooler 
pa rts  of th e  stack , a  possible reversion of the 
carbon monoxide to  carbon dioxide and  carbon. 
The m etals and m etalloids of th e  charge reac t

M elt No. 0 I  2  3  4  S  6 7  8  9  10 H  IS  13 M  15
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F i g .  6 .— E f f e c t  o f  R e p e a t e d  M e l t i n g .
(See Table V II.)

w ith th e  ru s t and o ther oxides in  th e  charge, in 
cluding coke ash, w ith  the  refrac to ry  lin ing , and 
w ith  th e  oxygen from  th e  blast.

The physical reaction  due to  h ea t alone is 
prim arily  th a t  of m elting , but in  add ition  there  
is decomposition of th e  carbonate  fluxes w ith  
liberation  of carbon dioxide in  th e  stack , volatili-
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sation  of m etallic  m anganese, and  decomposition 
of the  pyrites which are  p resen t in m any lime
stones. Reactions and T e m p e ra tu re

The rap id ity  of the reaction  of th e  carbon of 
the coke w ith th e  oxygen of th e  b la s t is the

F ig . 7 .— C a r b o n  o r  A l l  M e l t s ,  c o r r e c t e d  f o r  
P , S i a n d  Mn.

governing fac to r in  most cases. I f  th e  coke 
reacts sluggishly w ith  C 0 2 in  the  stack, a  large 
am ount reaches th e  m elting  zone to  react, though  
perhaps sluggishly, w ith th e  oxygen, w hereas a 
coke reac ting  rap id ly  in  th e  stack  gives less c a r
bon in  the  m elting  zone. Conversely, a coke
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which burns rap id ly  a t  th e  tuyeres, th u s  g iv ing  a 
localised h igh tem pera tu re , reac ts rap id ly  w ith 
the C 0 2 form ed to  lower th a t  tem p e ra tu re  by 
form ing CO. This is probably th e  reason why 
such unsatisfac to ry  resu lts have been obtained 
when co rre la ting  reac tiv ities and  m elting  tem 
peratu res. F ig . 3 is a  good illu s tra tio n 2 of th is— 
a fa c t which has been no ted  by o th e r investi
gators, m ost recently  by Pearce.*  I t  also explains 
why increasing coke affects th e  tem p e ra tu re  so 
little , for as the  am ount of coke increases the 
CO percentage increases w ith  considerably g rea te r 
rap id ity . In  A m erican prac tice  th e  tem p era tu res  
range  from  abou t 1,350 to  1,600 deg. C., w ith

F i g . 8 . — M n  x  S a s  a f f e c t e d  b y  T e m -
P EB A T U B E  OF M E L T . CHARCOAL P l G -  
IB O N  W IT H  10 P E E  CENT. H .C . C O K E  
(0.7 P E E  CENT. S).

coke ra tio s  vary ing  from  abou t 6  to  17 per cent. 
•—a  16 p er cen t, increase in  tem p e ra tu re  fo r a 2 0 0  
per cen t, increase in  coke, a lthough  th e  su perhea t 
(tem pera tu re  above freezing) of th e  m elt is about 
doubled:-—

1600 -  1130 470
1350 — 1130 =  220 _  214 per cent-’ or an in

crease of 114 per cent.

The h ighest tem pera tu res  a re  obtained only by a 
com bination of h igh  b last velocities (volumes) 
w ith h igh coke ra tio s, which makes a deep zone 
of h igh tem p era tu re  fo r the  m olten iron  to  fall 
through.

* P roc . la s t .  B rit. F ., V ol. X X X , p . 196.
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The factors th a t  have been stud ied  by the 

au thor, which have been suggested as m ost im
p o rtan t, are  : —

The properties and  size of th e  coke.
The pressure (volume) of the  blast.
The composition and size of th e  m etallic 

charge.
The studies have been m ade largely  on th e  basis 
of the changes in  carbon, silicon, su lphu r and 
m anganese, and  the  tem p era tu re , chilling p roper
ties of a  1^-in. by 3-in. by 6 -in. block, and 
s tren g th  and  stiffness of 2 -in. by 1 -in. tes t-bars 
tested  flatwise 'on 24-in. supports. Some effects 
which m ight be of im portance in  feed ing  and

« 9
r«

e
t.

f.i -13 it —

3.0
% A sh

* s

il l

F i g .  9 .— R e l a t i o n  o p  A s h  C o n t e n t  t o  
B u r n i n g  T im e  o p  C o k e  a n d  A v e r a g e  
C a r b o n  o p  8 t h ,  9 t h  a n d  1 0 t h  M e l t s .

shrinkage problems, or th e  chilling  of lig h t sec
tions, e tc ., would pass unnoticed in  these tests.

The 1927 P a p e r 1 gave th e  resu lts from  a  very 
wide range of cokes, th e  d a ta  on carbon and  
su lphur being shown in  Table I I I .  These were 
all-steel charges, except for silicon and m an
ganese alloys, which averaged abou t 0.40 per 
cent, carbon and  0.040 per cent, silicon. This 
shows a varia tion  in  carbon absorbed of 2 .5 4  per 
cent, (from 1.73 to  4.27 per cen t.) and  in  sul
phur of 0.093 per cent, (from  0.102 to  0.195 per 
cent.). A pparently , th e  ash is an  im p o rtan t 
fac to r in  th e  absorption  of carbon, b u t o ther 
p roperties can outw eigh i t  to  a la rg e  ex ten t.
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F or example, F ire  Creek gave low carbon with 
low ash, b u t i t  had an extrem ely h igh sh a tte r  
te s t and high porosity. The B rad fo rd  was so 
weak (sh a tte r 50) th a t  much of i t  blew ou t of 
the stack  in  small pieces du rin g  th e  m elt. There 
m ay be o ther reasons for these two out-of-line 
results, b u t these are  a t  least suggested by the 
Table.

The 1930 P a p e r2 gave a la rge  num ber of re 
sults on the six cokes shown in  Table IV . These 
tests were s ta rte d  on some 1 ,0 0 0  to  2 ,0 0 0  lb. 
heats and repeated  u n ti l th ere  was only about
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F i g .  1 0 .— R e l a t i o n  b e t w e e n  S u l p h t j k  o f  
C o k e  a n d  M n  x  S' o n  8 t h ,  9 t h  a n d  
1 0 t h  M e e t s .

500 lbs. le ft (the loss being m elting  loss, inc lud 
ing spillage, and  te s t specimens which had  to  be 
k ep t for fu tu re  reference). Typical records are  
shown in Table V, F ig . 4, an  all-steel cha rg e ; 
Table V I, F ig . 5, s ta r tin g  from  a  m ost unusual 
high-sulphur p ig -iro n ; and  Table V II , F ig . 6 , a 
norm al coke and  norm al pig-iron. This la s t is 
also of in te res t, in  th a t  oxygen and  n itrogen  
were determ ined on the  first and la s t heats. 
These tes ts  showed clearly th a t , for any given 
coke, the  carbon tended  to reach a ce rta in  value, 
b u t th a t  th is  value was s trik ing ly  d ifferen t for 
th e  d ifferent cokes, as was shown in  F ig . 3 ,
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which gives the  average carbon of the  8 th , 9th 
and 1 0 th  m elts p lo tted  against the  results of the 
Boegehold te s t.

Influence of Coke
Fig . 7 shows the com parative results on ABC 

(a good coke used regularly  in the  au th o r’s
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L e g e n d -o M a n g a n e s e  *■S ilic o n  » Phosphorus 
■ M ote-L arge Sym bols Indicate  / I  * Coke

C o k e  C i z e  i n  I n c h e s
F i g . 1 1 .— A v e r a g e  C h a n g e s  i n  A n a l y s e s

W IT H  EACH SUCCEEDING CHANG E IN
C o k e  S i z e .

foundry) and pitch coke s ta r tin g  w ith different 
raw m aterials. Sulphur also tends tow ards an 
equilibrium  if the manganese be kep t constant. 
I f  th e  m anganese be allowed to  decrease, the 
su lphur rises to  keep the product M n x S 
constant. F ig . 8 2 shows how th is constant varies 
w ith  tem pera tu re . Carbon also has an effect on
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the  Mn X  S constan t and vice versa . In  th e  m elt 
of the  h igh-sulphur pig w ith p itch  coke shown 
in  F ig . 52 th e  carbon rose from  2.55 to  3.91 per 
cent, w ith a su lphur decrease of 0.905 (0.970 
to  0.065) per cen t., whereas th e  same pig w ith 
R .H . coke decreased only 0.825 (0.970 to  0.145) 
per cent., w ith  a  carbon increase from  2.55 to  2.95 
per cent. The re la tion  between carbon equili
brium  and ash is shown in  F ig .92, and th a t  be
tween the M n X  S constan t and  th e  to ta l su lphur 
is shown in  F ig . 102. This P a p e r  is m uch too 
long and involved to be presented in any fu r th e r

F i g . 1 2 .— V a r i a t i o n s  i n  T e m p e r a t u r e  i n  
H e a t s  o e  L o n g  D u r a t i o n  w i t h  
V a r i o u s  S i z e d  C o k e s .

detail here, b u t i t  may be w orth while to  quote 
the conclusions: —

103. D ifferent cokes have a  considerable 
influence on the  carbon of th e  m olten iron. 
In  general, th e  ash con ten t is a  large f a c to r ; 
bu t differences of 3 o r 4 per cent, ash can be 
quite  overshadowed by differences in  the  b u rn 
ing ra te  o r o ther characteristics of th e  coke.

“ 104. F o r o rd inary  cokes, th e  h igher the  
tem pera tu re , the  lower the  carbon-equilibrium  
point. This probably is n o t tru e  a t e ith e r 
extrem e of tem pera tu re , fo r p itch  coke gives 
both high tem p era tu re  an d  h igh carbon, while 
i t  is well known th a t  a  tem p era tu re  low enough 
to cause oxidation gives low carbon. W hether
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th is  is due to  oxidation during  m elting, or to 
reactions w ith th e  slag, is no t known to  the 
w riter.

“  105. Some cokes did no t give the same 
-arbon, irrespective of the  o rig inal carbon 
con ten t for th e  num ber of melts tried . In  
o ther words, the  te n th  m elt of a pig-iron still
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F i g . 1 3 .— E f f e c t  o f  B l a s t  P b e s s u r e  o n  
M e l t i n g  o f  P i p e  S c r a p .

had  h igher carbon th a n  the  te n th  m elt of a  
steel charge. Some cokes, however, gave the 
same carbon on th e  fifth m elt of both pig-iron 
and steel.

“  106. The tim e  for 130 deg. C. rise  in  
th e  burn ing  te s t was h igh  on the  coke giving 
the  highest carbon (except for the pitch coke). 
I t  showed a m inim um  oarbon a t  2.6 m in. There



were not enough points on th e  curve to  be 
sure of th is.

“ 107. S u lphur increases w ith  the su lphur 
of the coke, a ll o ther tilings being equal.

11 108. M anganese has a strong  influence on 
th e  su lphur, especially around  a  c ritica l po in t 
which depends on the  o ther constituen ts of th e  
m etal and on the su lphur and  burn ing  charac
teristics of the  coke.

“ 109. The m anganese-sulphur p roduct
tends to  rem ain  constan t w ith a given coke. 
I t  is raised by ferro-m anganese add itions and  
increases w ith the  tem pera tu re .

“  110. Carbon and su lphur a re  m utually
repellent. A high-sulphur iron is difficult to  
oarburise and, on the o ther hand , a low-carbon 
iron absorbs su lphur readily.

“ 111. A coke which gives low carbon gives 
a h igher su lphur absorption th a n  one of the  
same sulphur con ten t which gives h igh  carbon .” 
The work for the  P ap e r on coke size4 was also 

carried  ou t in a small cupola (18 in. d ia .) using 
a fan  blower. F ig . 11 shows th e  com parative
results for some shorter heats, which, however,
give undue prom inence to  th e  resu lts of th e  first 
few taps. The com parative resu lts  for the  
largest and sm allest cokes are  shown in  F ig . 1, 
which gives the  resu lts on m elts of p ipe scrap  
for each elem ent on each tap .

Effect of Coke Size
E vidently  the  effects of size ten d  to  fade  out 

as m elting  proceeds, except in  th e  case of c a r
bon, and here i t  is no t p a rticu la rly  im p o rta n t 
on carbons approx im ating  to  th e  equilib rium  
point. In  the  In s titu te  of B ritish  F ound rym en’s 
P a p e r , 1 2-in. coke gave 2.50 per cent, carbon on 
an all-steel m elt, as ag a in s t 2.17 p er cent, for a 
4-in. coke. The tem pera tu res  are  shown in 
F ig . 1 2 , 4 which indicates again  th a t  oxidation  
and tem pera tu re  are  ten d in g  to  co u n te rac t each 
o ther in  th e  case of th e  carbon. No effects of 
blast were observed o ther th a n  those account
able for by the  changes in  analysis.

282
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Effect of Coke Ratio

A few tes ts  have been m ade on changes in 
coke ra tio  w ithou t o ther changes. These show 
th a t  carbon and su lphur pick-up increase and 
m anganese and silicon losses decrease as th e  coke 
is increased. A change from  25 to  35 per cent, 
of p itch  coke on all-steel charges ra ised  th e  ca r
bon from  3.38 to  3.98 per cen t., and  th e  su lphur 
from  0.086 to  0.105 per cent. M anganese and 
silicon were added as rich  ferro-alloys, 80 and  
50 per cen t., so the  resu lts a re  n o t reliable, b u t 
apparen tly  th e  effect is ra th e r  small on these two 
elem ents. F ig . I s shows a very d is tin c t g a in  in  
silicon when s ta r tin g  w ith  a h igh  bed using  small 
coke, and silicon losses a re  commonly qu ite  low 
when using h igh coke ra tio s of 1 2  to  16 per 
cent., b u t m anganese, on account of its  reac tion  
w ith the  increased su lphur, and due to  ac tua l 
vo latilisation  a t  h igh tem pera tu res , tends to  lose 
a t  a more nearly  constan t ra te . I f  th e  b la s t he 
increased to  give th e  same m elting  ra te , an  in 
crease of coke scarcely affects th e  analysis a t  all.

The b last pressure (volume) has also been in 
vestigated. I t  has been observed fo r some years 
a t  th e  a u th o r’s foundry  th a t  re la tive ly  enorm ous 
changes in  d riv ing  ra te  can be m ade w ith o u t 
any significant changes in  th e  charge and  the  
composition of th e  m elted i r o n ; for in stance, 
b last pressures of from  10 to  30 ozs., w ith  a  con
sequent change in  m elting  ra te  from  15 to  25 
tons w ithout changing the  charge, th e  coke ra tio  
(except ad justm en t of th e  bed heigh t) and  w ith  
no re su ltan t change in  th e  analysis of th e  iron. 
In  order to check th is more accurately , th e  te s ts  
shown in  F igs. 13 and 14 were ru n . The first 
m ateria l was a cast-iron scrap charge, and  th e  
second was a high-silicon steel cast in to  pigs for 
these tests. These were on a 21-in. cupola (w ith 
a positive-pressure blower), hence th e  re la tive ly  
low blasts. By fa r  the  m ost im p o rta n t effect 
was on the tem pera tu re , although the m anganese 
and silicon losses increased slightly  and  th e  sul
phur pick-up decreased slightly  w ith  increased 
b last. The carbon lost slightly  on th e  3.40 per
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cent, carbon scrap and gained slightly on the 
low-carbon (0.65 per cen t.) steel. Probably in-

B L A S T  PRE SS U R E-O Z.  '

F i g . 1 4 .— E f f e c t  o f  B l a s t  P e e s s u b e  o n  
M e l t in g  S i l i c o n - S t e e l  P i g s .

crease in oxidation tends to reduce the carbon, 
b u t the increase in tem pera tu re  prevents it.
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Influence of Sire of Steel Scrap

A g rea t deal has been shown inciden ta lly  in 
the previous discussion, and  especially in  the 
details of the  several P ap ers  as to  th e  effect of 
the  composition of the  charge. One te s t on size 
of steel1 as charged may be of in te re s t. Three 
sizes of steel scrap were m elted, w ith  resu lts  as 
shown in  Table V III . These te s ts  were made 
w ith 4-in. coke which was som ewhat too large 
for the  18-in. cupola b u t the  resu lts a re  in 
te resting . N eith er th e  large no r th e  sm all 
steel gave the  best resu lts fo r carbon pick-up, 
b u t the  difference in  su lphur is q u ite  consis
ten t. The silicon and  m anganese were again  
added as rich alloys and  a re  only approxim ately

T a b l e  V III.—Influence of Type of Steel Used as a Raw 
Material on Composition and Transverse Test.

Load. C. Si. Mn. S.
Test-bar.

Load. Defl.

in. round 
steel 2.18 1.38 0.40 0.097

Lbs.
4,100

Ins.
0f31

1 in. round
steel 2.34 1.63 0.53 0.124 4,100 0.29

}  in. to J  in.
strip 2.07 2 . 2 0 0.30 0.145 3,600 0.26

indicative of w hat was going on. A personal 
view is th a t  the  large pieces of steel m elted  too 
slowly and reached so fa r  in to  th e  bed th a t  i t  
was slightly oxidised, while th e  th in n e r  m ateria l 
melted h igh b u t in  such a num ber of small drops 
th a t  i t  was oxidised on its  dow nward p a th . The 
medium  steel m elted a t  the  top of the  norm al m elt
ing zone and came down in  la rge  drops, th u s  es
caping oxidation. The silicon o u tran  th e  large 
pieces of steel, while th e  oxidation  and h igh  
sulphur of the  finer grades of steel used up 
th e  m anganese of th e  m elt. C ertain ly , the  
w rite r can tes tify  th a t  th e  m elt from  th e  fine 
steel was wild. The resu lts of th e  test-bars 
confirm th is, for bars from  th e  th in  steel were 
weak compared w ith th e  o thers, largely due to
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unsoundness. W ith  fine scrap i t  is often 
economical to  increase the  bed heigh t and coke 
ra tio , which protects i t  from  oxidation and 
pays by increasing the  am ount of molten iron 
recovered, saving of the  lining, and generally 
increasing the  smoothness of operation of the 
cupola besides giving a qu iet m elt and sounder 
castings.

I t  seems th a t  there  m ight be a difference in 
the carbon of th e  m elt w hether the  charge of a 
given carbon con ten t were made up  of a uniform  
m ateria l like at special low-carbon pig or a m ix
tu re  of high-carbon pig and steel scrap. To 
confirm th is  a cast was made of some 3 per 
cent, carbon pig (pig-iron +  blown m etal) and 
tests were made. The average resu lt of two 
heats of 3 per cent, s tra ig h t pig and 3 per cent, 
mix (25 per cent, steel and 10 per cent, cast- 
iron scrap) gave 3.27 per cent. C for pig-iron 
and 3.32 per cent. C for the  m ix ture . The 
su lphur showed th e  same on both—0.035 per
cent, p ick -u p ; the  m anganese loss was 1 1  per
cent, (of 0.75 per cent.) for the pig and 17
per cent, for the  m ix ; and silicon lost 0.09
per cent, o u t of 1.60 per cent, for the pig and 
0.23 per cent, on th e  mix. These results are 
the average of five heats on each mix on the 
72-in. by 102-in. cupolas, each representing  
about 250 tons.

, This P ap e r is subm itted  to the  In s titu te  of 
B ritish  Foundrym en w ith the  best wishes of the 
Am erican Foundrym en’s Association and the 
hope th a t  i t  will help to clarify  some of the 
ideas as to w hat happens in  the cupola. The 
sta tem en t of complicated in ter-reactions given 
in  the first p a r t is no t m eant to  frigh ten  the 
beginner b u t ra th e r  make him pause before 
argu ing  from some one law of physics or 
chem istry to the  exclusion of so m any others— 
a fa u lt too common w ith  young technical 
g raduates. There are, as has been shown, many 
com pensating reactions, otherwise cupolas could 
not be run  so successfully on an entirely  em
pirical basis as they have been for m any years.
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I t  is im p o rtan t to  rem em ber th a t ,  to  th e  hum an 
m ind, even th ree  or fou r sim ultaneous variables 
are bew ildering, and the only rea l answ er in 
cupola practice is th e  resu lt ob tained  w ith  the 
m ateria ls and equipm ent available.
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COPPER IN CAST IRON
By A. J. NICOL SMITH, B.Sc. (Associate Member)

In t ro d u c t io n
This P ap e r records the  resu lts of experim ental 

work which was carried  out by the  B ritish  Oast 
Iro n  R esearch Association on the  influence of 
copper in  cast iron. The au tho r wishes to  ex
press his th an k s to  th e  Council of the Associa
tion  for perm ission to  present the  P aper and to 
his colleagues on the  staff for th e ir assistance in 
the work recorded.

W hen th is investigation  was in itia ted , the 
lite ra tu re  on the  sub ject was in a very confused 
and con trad ictory  condition. Thus, for example, 
L ip in 1 claimed th a t  copper up to  7 per cent, 
increased th e  flu id ity  of cast iron, while H am a- 
sum i2 concluded th a t  copper was w ithout effect. 
The add ition  of copper was said by L ipin and 
Boegehold5 to  increase chill; Spencer and W ald- 
in g , 1 Sohnchen and Piw ow arsky,' S tead ' and 
H am asum i found no influence of copper on th is 
p ro p erty ; Sm alley , 7 D onaldson , 8 R olfe , 9 P fannen- 
schm idt, 10 H u rs t , 1 1 H o ta n , 12 Long and M aclaren 12 
decided th a t  copper acted as a g raph itising  agent, 
while T aniguchi1 1  decided th a t  the  dep th  of chill 
in  iron rolls decreased up to  4 per cent, copper, 
b u t increased w ith copper beyond th a t  percent
age. S im ilar contradictions are  evident in  the 
work on the solubility of copper and in other 
properties, such as w ear resistance. I t  was 
generally agreed, however, th a t  additions of 
copper increased th e  hardness and streng th  and 
the corrosion-resistance of cast iron. Gfregg and 
D aniloff15 had  recently  sum marised and corre
lated  most of the available inform ation on the 
subject, and while in some connections the  posi
tion  was clarified, yet in  others the conflicting 
n a tu re  of the published inform ation  was empha
sised.

L

P a p e r  N o . 638
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I t  was th o u g h t th a t  m ost of th e  confusion in 

the lite ra tu re  arose because m ost investigators 
had experim ented w ith  only a lim ited  copper 
addition  and often  only on one base iron . I t  
was decided th a t  th is  investiga tion  should first 
deal w ith the  add ition  of re la tive ly  widely-spaced 
additions of copper to  a series of base irons cover
ing a wide range of composition, previous ex
perience having shown th e  difficulties of d raw ing 
accurate  m etallurgical conclusions from  experi
m ents on a lim ited range of com positions. The 
first p a r t  of th is  rep o rt there fo re  deals w ith  the  
prelim inary  investigation . This is followed by a 
second p a r t which deals in  g rea te r de ta il w ith  
the  influence of sm aller quan titie s  of copper on 
a more lim ited range of base m ateria ls , covering 
approxim ately  the  engineering  irons of th e  
present day.

M anufacture of Irons
The irons used in the  p re lim inary  investigation  

were made from  Swedish w hite iron or h em atite  
w ith additions of steel, ferro-alloys, nickel “  F  ” 
shot, etc. In  each case a 50-lb. charge was m elted 
in a n a tu ra l-d ra f t coke-fired crucible fu rnace . 
A fter a set of bars had  been cast, copper was 
added to the  m elt and s tirred  in . The crucible 
was then  reheated  for a  short period and a second 
set of bars cast. M ore copper was added and  the  
procedure was repeated . Bv th is m ethod five sets 
of vary ing  copper con ten t were ob tained  from  
each charge. The set of bars consisted of one b a r 
each of 1.2 in ., 0.875 in ., 0.6 in . and  0.4 in . 
d iam eter, each 16 in . long. The bars  were 
moulded in  green sand, two to  each box, and 
were cast a t  an angle betw een 2 0  deg. and  30 deg. 
to  the vertical. E lectro ly tic copper in  lum ps of 
approxim ately two ounces w eight was used for 
the copper additions.

The Alloying of  C o p p e r
Copper is a m eta l less read ily  oxidised than  

iron and m elting a t  1,083 deg. C. I t  is of g rea te r 
density th an  iron. There is a negligible loss by



oxidation  on adding copper to cast iron, and 
reasonably large ladle additions, e .g ., up to  3 per 
cent, of copper, a re  possible. P rovided th a t  the 
m elt is properly s tirred  to  preven t segregation 
of liquid  copper as a bottom  layer, there  is no 
difficulty in  the  alloying of copper.

Analysis of Bars
The analyses of irons made in  th is  prelim inary 

investigation  a re  shown in Table I . The heavy 
drop in  to ta l carbon and in silicon shown in 
series A235 to  A239 was due to  im proper m elt
ing. The steel of the charge was not dissolved 
in  the  m elt when the  ea rlie r bars were cast. The 
resu lts given for the  irons of series A240-244, 
A245-249, A300-304 and A305-309, are estim ated 
analyses, while all o ther results a re  actual 
analyses.

Influence of C opper  on Chill
The frac tu res  of the test-bars, which from the ir 

varia tion  in size constitu te  a sensitive chill tes t, 
show th a t  the  early  additions of copper tend  to 
g raphitise  th e  iron  and to break down cem entite. 
This action continues up to a  copper con ten t of 
about 3.5 per cent. W ith  additions of copper in 
excess of th is value, the re  is a  reversal of the 
behaviour of copper and the chill increases as the 
copper co n ten t rises. This is well shown in 
F ig. 1, which shows the frac tu re  of the series of 
bars A225-A229.

This effect of reversal of chill may be due 
directly  to  th e  copper o r i t  may be an  indirect 
effect due to  reheating  or some o ther cause, o r i t  
may be due to a' d ilu ting  effect of copper present 
in excess of the solubility lim it. To throw ligh t 
on th is  question, some small m elts were made 
and cast into dry-sand wedges. The charges used 
and th e  depths of chill obtained were :.—

(1) H em atite  +  15% steel +  0% Cu — in. 
chill.

(2) H em atite  +  12% steel -I- 3% Cu — ^  in 
chill.

(3) H em atite  +  7% steel +  8 % Cu — in. 
chill.

l 2

291
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This inverse varia tio n  of steel con ten t w ith 

copper con ten t was designed to  keep th e  d ilu tion  
of the hem atite  constan t and u nder these condi-

T a b l e  I .— C om position  o f  E x p e r im e n ta l B a rs .

Bar no.
Analysis. P e rc e n t. 1.2- n. bars.

T.C. G.C. C.C. Si. Mn. Cu.

A210 3.69 0.04 3.65 0.37 0.42 — Nil
A211 3.43 1.30 2.04 — — — 1.76
A212 3.33 2.18 1.15 — — — 3.31
A213 3.25 2.11 1.14 — — — 4.61
A214 3.20 2.04 1.16 0 .29 0 .30 — 4.77

A215 3.20 0.04 3.16 0.27 0.41 — Nil
A216 3.07 0.09 2.98 — — — 1.86
A217 2.84 1.58 1.26 — — — 3 .50
A218 2.88 1.56 1.32 — — — 5.41
A219 2.85 0.16 2.69 0.23 0.32 — 7.42

A220 3.31 2.28 1.03 1.61 0.72 _ Nil
A221 3.33 2.34 0.99 — — — 1.62
A222 3.19 2.21 0.98 — — — 3 .43
A223 3.16 2.14 1.02 — — — 4 .72
A224 3.21 2.37 0.84 1.41 0.62 — 5 .47

A225 3.07 1.57 1.50 1.32 0 .70 __ Nil
A226 3.93 1.90 1.03 — — — 1.79
A227 2.88 1.81 1.07 — — — 3.55
A228 2.82 1.70 1.12 — — — 5.63
A229 2.77 1.82 0.95 1.13 0.56 — 8.85

A230 3.21 2.39 0.82 2.38 0.61 __ NU
A231 3.12 2.28 0.84 — — — 1.25
A232 3.10 2.24 0.86 — — — 3.07
A233 3.02 2.28 0.74 — — — 5.41
A234 2.93 2.29 0.64 2.08 0.63 — 5.79

A235 3.21 2.37 0.84 2.79 0.78 __ Nil
A236 2.57 1.79 0.78 2.14 — — 1.70
A237 2.47 1.65 0.82 — — __ 3.74
A238 2.24 1.59 0.65 — — — 8 .19
A239 2.15 1.63 0.52 1.75 0.57 — 12.13

A240 3.7 __ __ 0 .4 0 .4 1 .5  Ni Nil
A241 1.75
A242 3 .50
A243 5 .25
A244 3 .4 — — 0 .3 0 .3 1 .5  Ni 7.00

A245 3.25 __ __ 0.30 0 .4 1 .5  Ni Nil
A246 — 2 .0
A247 4 .0
A248 6 .0A249 3 .0 — — 0.26 0 .3 1 .5  Ni 8 .0
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tions the  chill has rem ained unaltered  from 3  to 
8  per cent, of copper. Evidence will la te r b e  
b rough t forw ard th a t  under norm al casting  con-

T a b l e  X.— continued.

B ar no.
Analysis. P er cent. 1.2-in. bars.

T.C. G.C. C.C. Si. Mn. Cu.

A250
A251
A252
A253
A254

3 .54
3.47
3.42
3.11
3.36

0.89
2.23
2.24 
2.23 
2.37

2.65
1.24
1.18
0.88
0.99

1.18

1.07

1.32

1.25

Nil
1.79
3.39
4.99
6.85

A255
A256
A257
A258
A259

3.13
3.10
2.95
3.04
2.76

0.25  
1.72 
1.80 
1.85 
1.75

2 .88
1.38
1.15
1.19
1.01

1.32

1.12

1.63

1.37

Nil
1.50
2.72
4.13
8.48

A260
A261
A262
A263
A264

3.34
3.26
3.16
3.16 
3.01

2.33
2.28
2.17
2.05
2.06

1.01
0.98
0.99
1.11
0.95

2.25 2.22

1.91

Nil
1.15
3.90
4.58
8.19

A265 
A266 
A267 
A268 
A 269

2.83
2.80
2.79
2.67
2.57

1.86 
1.78 
1.68 
1.55 
1.46

0.97
1.02
1.11
1.12
1.11

2.17

1.94 1.82

Nil
1.92
4.06
5.46
7.02

A270
A271
A272
A273
A274

3.30
3.21
3.13
3.07
2.97

2.48
2.49 
2.31 
2 .35 
2.37

0.82
0.72
0.82
0.72
0 .60

2.25

2.00

0.71

0.63

0 45 Cr

0 .43 Cr

Nil
1.92
3.61
5.28
7.68

A275
A276
A277
A278
A279

2.79
2.75
2.66
2.56
2.60

1.91 
2.08
1.92
1.77
1.78

0 .88
0.67
0 .74
0 .79
0.82

2 .50

2.23

0 .79

0 .58

0.54  Cr

0 .44 Cr

Nil
1.95
3.68
5.89
7.14

A300
A301
A302
A303
A304

3 .4 1.2 0 .7 0 .7  Mo

3.25 1 . 1 0 .6 0.65  Mo

Nil
1.763.50
5.25
7 .0

A305
A306
A307
A308
A309

3.1 1.3 0.7 0 .7  Mo

2 .8 1.1 0 .5  0 .65 Mo

Nil
20
4 .0
6.0  
8.0
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ditions, copper dissolves up to  a lim it of 3.5 per 
cent. I t  seems reasonable to  assume, therefore, 
th a t  up to  th is percentage copper acts as a 
g raph itising  agent, while the  reversal of chill 
beyond th is percentage is an ind irec t effect due 
probably to  d ilu tion .

Effect of C op p e r  on G ra p h i te  Size and F o rm a t io n
The g rap h ite  size, as seen from  th e  micro

s tru c tu re  and from  the frac tu res  of th e  test-bars, 
is refined by additions of copper. In  m any cases 
where copper is p resen t above th e  liqu id  solu
bility  lim it, i.e ., where th ere  a re  globules of 
prim ary copper p resent in th e  m icro struc tu re , 
the  g rap h ite  is found to  be refined com pletely 
and is p resen t as supercooled g rap h ite . The 
probable explanation  of th is is th a t  th e  globules 
of copper p resen t collect and  coat th e  slag p a r
ticles in  the  m elt, th u s  prom oting supercooling.

Solubili ty  of C o p p e r
I t  was decided no t to  a tte m p t to  de term ine  

the equilibrium  solid solubility of copper in  cast 
iron, since th e  system is known to  be very slug
gish, which would m ake th e  determ ination  
difficult and since a knowledge of th is  figure 
would no t be expected g rea tly  to  affect p rac tica l 
application . I t  was soon noticed, however, th a t  
th e re  is w hat m igh t be term ed a “  p rac tica l 
so lubility ,”  th a t  is, a lim iting  am oun t of copper 
which can be added to  cast iron w ithou t pro
ducing th e  characteristics of a  duplex  alloy.

Evidence, which will be detailed  la te r , obtained  
from  the  B rinell hardness, th e  chill, m icro
scopic exam ination, therm al analysis and  heat- 
tre a tm en t results, combined to  show th a t  th is  
lim it of solubility of copper is a t  ab o u t 3 . 5  per 
cent. The value is li tt le  affected by ra te  of 
cooling, i .e .,  by th e  section of th e  casting , nor 
is i t  changed noticeably by varia tio n s in  th e  com
position of the base iron, w ith  th e  exception  th a t  
in the  presence of nickel, copper is som ewhat 
more soluble. The influence of nickel is m arked. 
The Mond Nickel Com pany’s work ind icates th a t  
the  addition  of every 1  per cent, of nickel in-



Fr
ac

tu
re

s 
of 

Te
st

 B
ar

s
S

er
ie

s 
A

2
2

5
-2

2
9

0-4
 

BA
RS

.



creases the  solubility of copper by 0.5 per cent. 
The figure of 3.5 per cent, copper given above 
refers to an  iron  free from  nickel.

H ea t-tre a tm en t tes ts  w ith  specimens of copper 
cast iron show th a t  i t  is extrem ely difficult to 
p rec ip ita te  copper from  solution and  equally 
difficult to  persuade free copper p resen t in  the  
cast condition to  en te r in to  solution. The solu
tion  of copper is unlikely to  be a lte red  by any 
o rd inary  h ea t-trea tm en t.

I t  m ust be em phasised th a t  th e  figure of 
3 . 5  per cent, given fo r the  solubility  of copper 
in  cast iron  refers to  the  am oun t w hich rem ains 
dissolved under o rd inary  casting  conditions and 
no t to  the  solid solubility u n d er equilib rium  con
ditions. The la t te r  is probably m uch lower.

Influence of Copper on the Structure of Cast Iron

The in troduction  of copper in to  cast iron  pro
duces no m arked  changes in  th e  m icro struc tu re . 
There is a  refining action  on th e  pea rlite , a 
slight refining action on th e  g rap h ite  and  in  the  
lower carbon irons, a tendency to  the  fo rm ation  
of well-marked dendrites. By its  g rap h itis in g  
effect, copper add itions remove from  th e  m icro
s tru c tu re  any free carbides th a t  m ay be p resen t, 
though copper does no t tend  to  decompose 
pearlite .

N o new constituen t is in troduced  in to  the  
m icrostructure  u n til th e  solubility lim it is 
exceeded, when free copper appears. The free 
copper, which con tains silicon, iron  and  possibly 
o ther elem ents in solution, occurs in  two forms. 
W hat has been term ed p rim ary  copper occurs in  
globules which a re  readily  visible w ith  th e  naked 
eye on th e  fra c tu re  or on a polished or m achined 
section. These partic les of copper are  spheroidal 
in  form  and are  en trap p ed  as liquid copper when 
the  m elt solidifies. They are  found on micro- 
exam ination  nearly  always to  con tain  a  dove- 
grey inclusion which is probably m anganese 
sulphide. P rim ary  copper begins to  ap p ea r in 
the  s tru c tu re  of grey cast iron a t  a copper 
con ten t of from 5 to  5.5 per cen t., which may
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therefo re  be tak en  as th e  liquid  solubility under 
norm al conditions of casting.

There is also ano ther form  of free copper 
which may be term ed secondary copper. This 
form  occurs in  particles which vary  in size, bu t 
m ay be classed as microscopic. These particles 
begin to appear in the m icrostructure  a t  a copper 
con ten t of about 3.5 per cent. The exact figure 
is difficult to  determ ine, since a t  reasonable 
m agnifications th e  secondary copper is visible 
only as sm all black dots. I t s  first appearance is 
therefo re  n o t readily  detected. In  irons w ith a 
fe rritic  m a trix , th is  copper is easily rendered 
visible by ord inary  etching reagents. I t  was 
found, however, to  be much more difficult to see 
in  pearlitic  irons, since most reagents brought 
o u t the  pearlitic  s tru c tu re  readily and thus 
disguised th e  copper particles. I t  was found, 
however, th a t  a weak solution of iodine in  
alcohol ( 1  per cent, solution) was capable of 
revealing  the copper w ithout etching the pearlite. 
W ith  th is reagen t the  copper assumes the form of 
small dark  dots visible a t  m agnifications of 500 
X to  1,000 X .  A t h igh m agnifications in the 
region of 1,500 X to  2,000 x  i t  is possible to  see 
the  colour of copper in  the  particles.

The secondary copper begins to  appear a t  a 
con ten t of 3.5 per cent, and increases in am ount 
un til p rim ary  copper appears, a fte r  which the 
am ount of secondary copper rem ains constant. 
I t  was th o u g h t th a t  by quenching irons contain
ing secondary copper from various tem peratures, 
i t  would be possible to determ ine a t  w hat stage 
during  the cooling the  particles separated. I t  
was found necessary to  use a tem pera tu re  of 
1,100 deg. C. to  effect th e  solution of the  copper, 
and  th is indicates th a t  on cooling th e  separation 
m ust be complete ju s t below the solidus po in t of 
cast iron.

Effect of Copper on Mechanical Properties
Transverse S tre n g th .—The test-bars were

broken in  transverse on 14-in. centres a fte r most 
of the adhering sand had been removed and any
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T a b l e  I I .— Moduli of Rupture and Deflections in Transverse.

1.2-in. bars. 0.875-in. bars.
No. Strength. Tons per 

sq. in.
Deflection. 
Inches on 

14 in.
Strength. Tons per sq. in.

Deflection. 
Inches on 

14 in.
A210 . . 23* 0.07 27* 0.09
A211 . . 25* 0.08 21*F 0.07
A212 .. 26 0.12 30* 0 . 1 1

A213 .. 25 0.12 24* 0.09
A214 .. 21 0.10 25* 0.10
A215 30* 0.07 31*F 0.08
A216 .. 28* 0.08 29*F 0.10
A217 .. 23*F 0.09 23*F 0.09
A218 .. 25*F 0 . 1 1 31* 0.13
A219 .. 27 *F 0.10 26*F 0.10
A220 .. 23 0.15 25 0.20
A221 .. 28 0.12 27 0.15
A222 .. 26 0.15 30 0.18
A223 .. 21 0.09 24 0.13
A224 .. 25 0.08 27 0.12
A225 .. 33* 0.09 24* 0.07
A226 .. 27 0.10 31* 0.12
A227 .. 21F 0.09 24F 0.12
A228 .. 23 0.09 25 0.09
A229 .. 18F/ 0.06 32*/ 0.12
A230 .. 25 0.13 27 0.15
A231 .. 26 0.13 26 0.13
A232 .. 26 0.13 28 0.17
A233 .. 24 0 . 1 1 29 0 . 1 1
A234 .. 26/ 0.08 23/ 0 . 1 1

A235 .. 27 0.17 27 0.19
A236 .. 25 0.06 27 0 . 1 1
A237 .. 26 0.10 — —
A238 .. 26/ 0.09 29* 0.12
A239 .. 25/ 0.08 — *f —
A240 .. 24* 0.06 21*F 0.07
A241 .. 24 0.08 30* 0.14
A242 .. 25 0 . 1 1 26 0.13
A243 .. 29 0.14 28 0.12
A244 .. 29F 0.14 28 0.16
A245 .. 31* 0.06 35*F 0 . 1 1
A246 .. 25* 0.06 35* 0.09
A247 .. 26 0.08 33*F 0.12
A248 .. 24 0.09 24* 0.10
A249 .. - / — 20*F 0 . 1 1

* Indicates that 
white or mottled.

the fracture of the bar is either



T a b l e  I I . — continued.

1 .2-in. bars. 0 .875-in. bars.

Strength. Deflection. Strength. Deflection.
Xo. Tons per Inches on Tons per Inches on

s q .  in. 14 in. sq . m . 14 in.
A250 .. 26* 0.07 24* 0.08
A251 .. 28 0.13 30* 0.14
A252 .. 27 0.14 30 0.16
A253 .. 25 0 . 1 1 30 0 . 1 1
A254 .. 31/ 0 . 1 2 33*/ 0 . 1 2
A255 .. 27* 0.04 26*F 0.05
A256 .. 30* 0 . 1 1 32* 0 . 1 1
A257 . . 29 0 . 1 2 30 0 . 1 1
A258 .. 26F 0 . 1 2 25F 0 . 1 0
A259 .. 30f 0 . 1 0 39* 0.15
A260 .. 29 0.14 33 0.17
A261 .. 29 0.14 29 0.16
A262 .. 26 0 . 1 2 29 0.15
A263 .. 28 0 . 1 0 30F 0.18
A264 .. 30/ 0 . 1 1 39*F 0.16
A265 .. 30 0 . 1 0 32 0.14
A266 . . 28 0 . 1 1 34 0.15
A267 .. 29 0 . 1 1 33 0 . 1 1
A268 .. 26 0 . 1 0 31 0.13
A269 .. 30 0 . 1 1 36* 0 . 1 0
A270 .. 25 0 . 1 2 32 0.17
A271 .. 27 0.13 32 0.17
A272 .. 27 0.13 31 0 . 1 2
A273 .. 23 0 . 1 0 31 0.15
A274 .. 26/ 0 . 1 0 38/ 0.15
A275 .. 29 O .li 35* 0.14
A276 .. 30 0 . 1 1 32 0 . 1 1
A277 .. 29 0 . 1 0 31 0.09
A278 .. 27 0 . 1 0 29 0.08
A279 .. 24 0.08 33* 0 . 1 2

A300 .. 26* 0.07 31* 0.08
A301 .. 33 0.15 34 0.23
A302 .. 33 0.18 34 0.23
A303 .. 32 0.16 33 0.17
A304 .. 28/ 0.13 2 2 */ 0 . 1 0
A305 .. 32 0.16 36* 0.17
A306 .. 35* 0 . 1 0 39* 0.09
A307 .. 35* 0 . 1 1 36* 0.08
A308 .. 26* 0.06 36* 0 . 1 1
A309 .. 37*F 0 . 1 2 46*F 0.16

F Indicates that there is a flaw in the fracture.
/  Indicates that there is free copper visible in the 

f r a o tu re .
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flashing ground off. The transverse  resu lts a re  
given in Table I I ,  where the  s tren g th s  have been 
converted to  moduli of ru p tu re  in  tons per 
sq. in ., and the deflections a re  given in inches on 
the 14-in. span.

The resu lts show th a t  copper has n o t a  g rea t 
influence on th e  transverse s tren g th  of grey cast 
iron. I t s  general tendency, however, is to  give

T a b l e  I I I .-—Tensile Test Results.
(Specimens machined from the broken halves of the

1 .2 -in. bars.) ___

Speci
men
no.

Breaking
load.
Tons.

Dia
meter.

In.

Breaking 
load. 
Tons 
per 

sq. in.

Transverse 
strength. 

Tons 
per 

sq. in.

A212 8.50 0.812 16.40 26
A221 7.55 0.798 15.10 28
A228 9.30 0.798 18.60 23
A229 7.40 0.798 14.80/ 18Ff
A232 6.90 0.798 13.80 26 '
A237 3.80 0.798 7.60F 26F
A243 9.95 0.798 19.90 29
A252 7.61 0.792 15.40 27
A257 9.07 0.798 18.14 29
A259 7.50 0.798 15.00/ 30/
A261 8.96 0.798 17.92 29
A267 8.43 0.794 17.50 29
A272 7.60 0.798 15.20 27
A276 9.23 0.798 18.46 30
F Indicates that there was a flaw in the fracture.
/  Indicates that there was free copper visible in the 

fracture.
The last column gives the transverse rupture stress on 

the bar from which the tensile specimen was machined.

rise to an increase in  th is value w ith  th e  first 
add ition  of copper, th a t  is, in  q u an tities  of 2  per 
cent, or less. The s tren g th  tends to  decrease 
w ith the  appearance of free  copper though  the  
decrease is no t so m arked  as en tire ly  to  pro
h ib it the use of these m ateria ls. The influence 
of copper on th e  deflection in  tran sverse  seems 
somewhat random , a lthough  a  decrease in deflec
tion  values occurs when free copper appears.
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Only a  few tensile tes ts  were carried  ou t on 

these irons, in each case from a specimen 
m achined from  the  1 . 2  in. bars a fte r breaking in 
transverse. The results are given in Table I I I ,  
and they  a re  insufficient to  enable any conclu
sions to be draw n concerning the effect of copper 
on the  tensile streng th .

Influence of C opper  on th e  Hardness of Cast Iron
Copper is a g raph itising  elem ent and tends to 

break down any free cem entite present in cast 
iron. I t  does no t have any m arked graph itising  
action on the  carbide of pearlite  and in  th is

F i g . 2 . — I n f l u e n c e  o f  C o p p e r  o n  t h e  
B r i n e l l  H a r d n e s s  o f  C a s t  I r o n .

respect i t  resembles nickel. The addition  of 
copper to  irons contain ing  free cem entite results 
in the  softening of the  iron owing to  the decom
position of th is constituen t. T h a t is to  say, 
w hite o r m ottled  irons are tu rn ed  grey and there
fore become softer. The addition  of copper to 
o rd inary  cem entite-free grey cast iron, on the 
o ther hand, resu lts in an increase in  hardness. 
This is due to  the solution of copper in  the 
m atrix . I t  is well known th a t  increased hardness 
of th is type does no t give rise to  appreciably 
g rea te r difficulty in m achining as does increased 
hardness of the  type  due to  the  presence of car
bide or o ther hard  constituen t.
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The hardness te s t resu lts were tak en  w ith  a 
lO-mm. ball and 3 ,0 0 0 -kg. load, on flats ground 
on th e  sides of th e  1 .2 -in. d iam e te r bars along
side the  transverse  fra c tu re  and  also on the

T a b l e  IV.— Brinell Hardness Test Results (30/10/3,000).
The 1.2-in. bars were tested on flats ground on the 

sides and on the centre of a cross section where the 
bars could be sawn.

Specimen. A210 A211 A212 A213 A214
H ardness-

Side 435* 356* 250 263 223
Centre — — 256 263 255

Specimen. A215 A216 A217 A218 A219
Hardness—

Side 388* 415* 380* 337* 406*
Centre

Specimen. A220 A221 A222 A223 A224
Hardness—

Side 200 239 234 255 248
Centre 167 190 215 2 1 1 215

Specimen. A225 A226 A227 A228 A229
Hardness—

Side 295* 246 275 283 268
Centre — 226 272 268 252

Specimen. A230 A231 A232 A233 A234
Hardness—

Side 188 224 237 255 256
Centre 173 2 0 2 2 1 2 229 229

Specimen. A235 A236 A237 A238 A239
Hardness—

Side 197 225 293 283 272
Centre 167 235 280 282 256

Specimen. A240 A241 A242 A243 A244
Hardness—

Side 448* 208 240 256 257
Centre — 186 223 239 241

Specimen. A245 A246 A247 A248 A249
Hardness—

Side 4 4 4 * 467* 325 321 315
Centre ,, — — 295 311 319
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T a b le  IV .—continued.

Specimen. A250 A251 A252 A253 A254
Hardness—

Side 429* 231 271 280 275
Centre — 230 240 256 255

Specimen. A255 A256 A257 A258 A259
Hardness—■

Side 368* 235* 297 286 319
Centre — — 285 263 283

Specimen. A260 A261 A262 A263 A264
Hardness—

Side 246 253 283 283 293
Centre 217 229 257 249 269

Specimen. A265 A266 A267 A268 A269
Hardness—

Side 259 285 315 309 315
Centre 245 250 298 300 302

Specimen. A270 A271 A272 A273 A274
Hardness—

Side 214 240 255 260 266
Centre 193 224 229 237 241

Specimen. A275 A276 A277 A278 A279
Hardness—

Side 249 268 295 280 274
Centre 228 268 277 269 269

Specimen. A300 A301 A302 A303 A304
Hardness—■

Side 309* 266 302 385 313
Centre — 253 — — —

Specimen. A305 A306 A307 A308 A309
Hardness—

Side 240 406* 441* 412* 319*
Centre 219 — — — —

* Mottled or white fracture.

centre of a  section of these bars where machin- 
ab ility  perm itted . The results are  shown in 
Table IV .

The hardness increases w ith the copper con
te n t up to a value of about 3.5 per cent, copper.
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The addition  of copper beyond th is  percentage 
has very li tt le  effect. I t  actually  causes a  slight 
softening due to th e  appearance of a  so fter con
s titu e n t, free copper. I t  will be seen th a t  in

T a b l e  V.—Repeated Impact Tests.
(Specimens machined from the halves of the 0.875-in.

bars.) ______
Specimen . . 
Blows

A220
562
415

A221
758
678

A222
416
540

A228
191 —

Speoimen .. A230 A231 A232 A233 A234
Blows 327 518 725 267 230

Specimen . . A235 A236 A237 — —
Blows 384

452
365
259 63 — —-

Specimen . . — — A252 — —
Blows — — 300 — —

Specimen .. — — A257 — —
Blows — — 520 — —

Specimen .. A260 A261 A262 — —
Blows 950

548
651

1722
340
153 — —

Specimen .. A265 A266 A267 _ _
Blows 338 313 274 — —

Specimen . . A270 A271 A272 _ _
Blows 695 758 946 — —

Specimen . . — A276 — _ _
Blows — 1043 — — —

Specimen . . — A301 _ _ _
Blows — 5780* — — —

* Indicates that the specimen was taken from the 
1 ,2 -in. bar.

general the influence of copper on hardness of 
cem entite-free grey cast iron could be rep re
sented by a g raph  of the  type  shown in  F ig . 2. 
This break in  th e  hardness curve a t  3.5 per cent, 
copper is p a rt of th e  evidence th a t  i t  is a t  th is
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figure th a t  th e  solubility lim it is exceeded and 
free copper first appears.

The difference in hardness between the centre 
and th e  edge of th e  bars does not decrease 
m arkedly w ith rise of copper content. Thus, al-

T a b l e  VI.—Influence of Heat-Treatment on the 
Hardness.

(Hardness tests were taken with a 5-mm. ball and a 
750-kg. load. In  each case the figure given is the 
mean value for two or three tests.)

A .—-Prolonged Treatment at 450 deg. C. 
(Specimens air-cooled after each successive treatment.)

Treatment A235 A236 A237 A238 A239

As-cast
After 30 min. at

172 239 264 280 269

450 deg. C. 
After 1 hr. at 450

165 242 279 276 264

deg. C. ..
After 2 hrs. at

175 247 266 280 271

450 deg.C. 
After 4 hrs. a t

176 249 275 284 263

450 deg. C. 179 244 269 275 262
B.—Successive Treatments at Increasing Temperatures. 

(Specimens air-cooled after each successive treatment.)

Treatment A235 A236 A237 A238 A239

As oast
After 1 hr. at 400

174 233 261 277 268

deg. 0 .................
After 1 hr. at 500

162 236 262 276 263

deg. C.................
After 1 hr. at 600

186 267 263 269 270

deg. C. .. 168 256 255 263 251

though copper has the  effect of equalising the 
hardness of th ick  and th in  sections of a casting 
by g raph itising  th in  portions and hardening the 
m a trix  of th ick  ones, yet i t  has only a small 
influence in  equalising the hardness th roughout 
th ick  sections.
Influence of C o pp e r  on Resistance to  Im pac t 

Several of the  irons m ade in th is investigation 
have been subjected to  a  repeated  im pact test.
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The te s t is a  modified form  of th e  S tan to n  test. 
I t  was carried  o u t on the  halves of th e  0.8/5 
in. bars a fte r  they  had been broken in transverse. 
The results of th e  te s t, g iven in  Table V, show 
th a t  copper p resen t in m oderate q u an titie s  of 
the  order of 2  per cent, has a favourable in 
fluence on the  toughness of grey cast iron. The 
te s t does no t always give resu lts th a t  can  be 
duplicated , b u t th is  is to  be expected from  the  
n a tu re  of the  te s t, since i t  lies betw een a fa tig u e  
te s t and a tru e  im pac t tes t.

The two sets of bars, A235-237 and  A265-267, 
which show a decrease in  im pac t value w ith  th e  
add ition  of copper, are  both  low to ta l-carbon  
irons. E xam ination  of th e ir  m icro stru c tu re  has 
revealed th a t  th e  g rap h ite  exists in  m ixed areas 
of supercooled and  flake g rap h ite . I t  has been 
shown by N orbury  and  M organ 10 t h a t  a  m ix tu re  
of supercooled and  flake g rap h ite  in  low to ta l 
carbon irons gives rise to  low and  e rra tic  im 
pact values. I t  has n o t been determ ined  w hether 
the  form ation of patches of supercooled g rap h ite  
in  low to ta l carbon irons is a  ch a rac te ris tic  of 
copper a d d itio n s; w hether i t  is due to  reh ea t
ing of the  m elt, or w hether, as is probable, a t  
any ra te  in th e  case of th e  series A235-237, i t  
is due to  steel dissolving in  th e  m elt d u rin g  
m anufacture . E ven should th is  prove to  be 
due d irectly  to  th e  copper add ition , i t  is u n 
likely to  prove a serious handicap  to  th e  use of 
copper, as i t  ap paren tly  occurs only when the  
to ta l carbon con ten t has been lowered to  th e  
neighbourhood of 2.5 per cent.

I t  will be noticed th a t  th e  considerable in 
fluence of copper on th e  im pact value is en 
hanced by the  sim ultaneous presence of chro
mium or of h igh m anganese.

The m echanical resu lts show in  general th a t  
while copper add itions cause an  im provem ent 
in  th e  quality  of cast iron , p a rticu la rly  in  th e  
toughness, yet th e  best resu lts a re  ob tained  by 
the  substitu tion  of copper fo r silicon or by the 
sim ultaneous presence of copper and chrom ium



307
or of copper w ith a high m anganese content. 
I t  is possible to  estim ate  from  a study of the 
te s t-b a r frac tu res  th a t  th e  g raph itising  effect 
of copper is about equivalent to  th a t  of one- 
th ird  of the  q u an tity  of silicon. This means 
th a t  the  chilling effect caused by reducing the 
silicon con ten t by 0.5 per cent, could be counter
balanced by adding  1.5 per cent, of copper. 
I t  may therefore  be estim ated th a t  sim ultaneous 
add ition  of 1 . 0  per cent, copper, together w ith 
1.4 per cent, m anganese or w ith 0.3 per cent, 
chrom ium should not affect the chill properties 
of an iron.

P rec ip i ta t ion  Hardening  of Grey C ast  Iron Conta in ing  C opper
H ea t-tre a tm en t tests have been carried  o u t on 

the  irons of th e  series A235-239 w.ith the object 
of inducing p rec ip ita tion  harden ing . The in 
fluence on the  hardness of prolonged h ea t- tre a t
m ent a t  450 deg. C. and  of successive trea tm en ts 
of one hour each a t  rising  tem pera tu res is shown 
in Table V I.

The results indicate th a t  in iron A236 w ith 
1.70 per cent, copper, an increase of about 30 
points in hardness is obtained. This is fa r  less 
th an  is possible w ith the  copper-containing mild 
steels and would not norm ally w arran t the ex
pense of the  trea tm en t.

To check the possible effect of a solution tr e a t
m ent p rio r to  the p recip ita tion  trea tm en t and of 
a longer tim e a t  h igher p recip ita tion  tem perc- 
tu re , i t  was decided to carry  ou t fu r th e r tests 
on A236 : —

Treatment. Brinell hardness 
number.

Aver
age.

As cast 263, 262, 262, 260, 252, 260
262, 256

Tempered 4 hrs. at
530 deg. C. .. 268, 260, 257, 255,252 258

Normalised 1  hr. at
850 deg. C. .. 236, 246, 241 241

Normalised and tem
pered as above 257, 260, 263 260
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These tes ts  were tak en  w ith  a 10 mm. ball and

3,000 kg. load. The difference in  hardness be
tween th e  as-cast specimen and  the  figures for 
the  sim ilar s ta te  in  Table V I are  due to  th e  fac t 
th a t  the specimens, th rough  shortage of m ateria l, 
were tak en  from  close to  the  ends of th e  bars. 
I t  will be seen th a t  th e re  is no increase in  h a rd 
ness following the  tem pering  of th e  as-cast 
m ateria l, while th e  p rec ip ita tio n  h a rden ing  of 
about 2 0  points B rinell following th e  solution 
trea tm en t is ju s t sufficient to  com pensate fo r the  
inevitable drop in combined carbon which occurs 
during  th e  solution tre a tm en t.

I t  is concluded th a t  th e  p rec ip ita tio n  h a rd en 
ing possible in  copper-contain ing  p ea rlitic  grey 
cast iron is insufficient to  be of p rac tica l use.

Malleablising of C o p p e r  C as t  Iron
Although no a tte m p t has been m ade to  inves

tig a te  the effect of copper on m alleable iron , ye t 
i t  was th o u g h t w orth while to  a tte m p t to  d e te r
mine the  influence of copper on th e  breakdow n 
of p rim ary  carbide d u ring  annealing . Accord
ingly the 0.4 in. bars of series A210-214 and 
A215-219 were heated  in an  elec tric  tu b e  fu rnace  
for a period of seven hours a t  a tem p e ra tu re  of 
900 deg. C. A fter cooling in th e  fu rn ace  the  
frac tu res  of the  bars were as fo llow : —

A210 White A215 White.
A211 White A216 Mottled (20 per cent, white).
A212 Black A217 Black.
A213 White A218 Mottled (10 per cent, white).
A214 White A219 White.

This ind ica tes th a t  copiper in  small q u an titie s  
accelerates the annealing  of b lackheart m alle
able and  thait the  m axim um  effect is obtained in 
the  region of 3.5 per cent, copper.

D ila to m e te r  T es ts  on C opper-C onta in ing  Cast  Irons
D ilatom eter tes ts  were taken  w ith a Chevenard 

therm al analyser on specimens m achined from  
the broken halves of th e  repea ted  im pact
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specimens of the irons A230-A234. In  all cases 
there is a large expansion a t the  Ar point, owiing 
to g raph itisa tion . This resu lts in  a perm anent 
expansion of th e  specimen. Table V II  gives the 
critical points and the values of these perm anent 
expansions.

T a b l e  V II.—Critical Points and Values of Permanent 
Expansion of Copper Cast Irons.

Speci
men
no.

Cu 
Per cent.

Ac 
point 

heating. 
Deg. C.

Ap
point 

cooling. 
Deg. C.

Permanent 
expansion. 
Per cent.

A230 Nil 785 685 0.280
A231 1.25 785 665 0.355
A232 3.07 775-785 670-660 0.395
A233 5.41 795-830 715-705 0.330
A234 5.79 830-890 735-700 0.230

A230 shows definite periods of s ta tionary  tem 
p era tu re  a t the critical points, and th is is the 
case w ith  A231. The o ther irons, however, show 
the critica l points occurring over a  range of 
tem pera tu res. In  the  first specimen th ere  is a 
contraction  a t  the  Ac point. W ith  A231 there  is 
merely a h a lt in th e  expansion. A232 continues 
to expand through, the  critical range, though the 
ra te  of expansion is less a t  th is point. Specimen 
A233 gives a h a lt of th e  same type as in  A231, 
while A234 resembles A230 in  showing the usual 
contraction . The g raph itising  influence of copper 
as seen from  the  perm anent expansion figures is 
in good agreem ent w ith th a t  shown by the 
malleahlisiing tests.

Electrical Resistance of Grey C ast  Iron C ontain ing C opper
The electrical resistance of several sets of bars 

was determ ined on the  repeated im pact pieces 
before the  notches were cut. The results were 
not sufficient to  enable any break a t  the solubility 
lim it to be detected, b u t the  general conclusion 
was reached th a t  the  addition  of copper lowers 
the resistiv ity  of oast iron.
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SECOND PORTION OF THE INVESTIGATION

I t  was felt a t  th is  stage th a t  m ost of the  
useful in form ation  had been obtained from  the  
m aterials so fa r  made, and th a t  the  inform ation  
then  available was sufficient to  give a clear idea 
of the  general effects of adding  copper to  cast 
iron  F u r th e r  work was therefore d irec ted  to  
determ in ing  the influence of sm aller quan titie s  
of copper on a sm aller ran g e  of irons more 
com parable w ith those in general eng ineering  
use.

A ddition  of C o p p e r  to  Cupola-M elted  Irons
By the courtesy of one of the  mem bers of the

B .O .I.R .A . the  au th o r was able to  m ake addi-

T a b l e  V III .— Composition of Cupola-Melted Copper 
Cast Irons.

No.
T.C.
Per

cent.

Si
Per

cent.

Mn.
Per

cent.

S.
Per

cent.

P.
Per

cent.

Cr.
Per

cent.

Cu.
Per

cent.

1 3-29 1-94 1-27 0 1 2 1 0-41 0 15 0 - 0 2
2 0-24
3 0-55
4 3-25 1-99 1-28 0 128 0-41 0 1 6 0-58
5 0-87
6 0-96
7 3-29 191 1-26 0126 0-41 0-14 1 -25
8 1 - 41

tions of copper to  cupola-m elted m etal. The 
m etal was tap p ed  from  th e  oupola in to  5-cwt. 
ladles, from  each of which a  q u a n tity  of 1  cwt. 
was tapped  into a handshank  con ta in ing  the  
alloying addition . F rom  each shank so tre a te d  
was oast a set of bars com prising one b a r  each 
of 0.6, 0.875, 1.2 and 2.2 in. d ia ., all 21 in. 
long. The moulds were of green-sand. The 
analyses of the  bars are given in  Table V III , 
while th e  m echanical resu lts are in Table IX .

Addition  of C o pp e r  to  Crucib le-M elted  Metal
A series of m elts was a rran g ed  to  cover the 

range of compositions from  2.7 to  3.5 per cent.
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to ta l carbon and  from  1.00 to 3.00 per cent, 
silicon w ith phosphorus con ten ts of 0.3 and  of 
0.6 per cent. The m etal was m elted in  an  oil- 
fired crucible fu rnace, sufficient m etal was taken  
in to  a shank to  pour a set of bars  of 0 . 6  to 
1 . 2  in. d iam eter and also a flu id ity  te s t, a  small 
wedge chill tes t, and a Jolley K -shrinkage te s t 
from  the  base m etal. All th e  moulds were in 
dry-sand. One per cent, of copper was th en  
added to  th e  m etal in  th e  fu rnace  and  w ithou t 
reheating  a fu r th e r  set of castings was m ade. 
A fu r th e r 1 per cent, of copper was added to 
the furnace m etal, m aking  2  per cent, in  all. 
and ano ther se t of castings was poured. F inally , 
and still w ithout rehea ting , a final 1  per cent, 
of copper to  m ake 3 per cent, was added to  the  
furnace and th e  final castings were poured. I t  
was thus possible from  each m elt to  ob ta in  fou r 
sets of castings con ta in ing  respectively 0 , 1 , 2  
and  3 per cent, of copper. The tem p e ra tu re  was 
taken  a t  each pouring  by m eans of a d isappear
ing filam ent optical pyrom eter which was fre 
quently  checked aga in s t a p la tin u m —platinum - 
rhodium  im mersion pyrom eter. I t  was possible 
to  cast a flu id ity  te s t only on the  first and  th ird  
pourings, th a t  is, w ith  0  and  2  per cent, of
copper.

Throughout th is  series of te s ts  th e  bars  cast 
were 21 in. long. They were broken in  tr a n s 
verse, however, on th e  cen tres la id  down in  the  
new stan d ard  B .S .I. specification; th a t  is, th e
1 .2 -in. b ar on 18-in. centres, th e  0.875-in. b ar 
on 1 2 -in. centres and  th e  0 .6-in . b a r on 9 -in.
centres. I t  was thus possible to  ob ta in  two
results on each 0.875-in. b ar and th ree  te s ts  on 
each 0.6-in. bar. The resu lts on these bars  are  
given as the  average of the  two or of th e  th ree  
results respectively, sub ject to  the  fa c t th a t  frac 
tu res  showing flaws w ere om itted  from  the  
averages.

The resu lts of th e  m echanical tests, together 
with the analyses, are  given in  Tables X  to
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Table X.—Composition of Crucible-Melted Copper Cast

Irons (Set A)._____________

No. T.C. C.C. G.C. Si. Mn. P. Cu.

9 2.72 1.04 1 . 6 8 3.03 0.70 0.30 Nil
1 0 2.71 0.55 2.16 — — — 0.99
1 1 2.70 1.15 1.55 — — — 1.77
1 2 2.70 0.72 1.98 2.93 0 . 6 6 0.29 2.44

T a b l e  X I.—M e c h a n ica l P ro p e r tie s  o f  C ru cib le -M elted  C o p p e r  
C a st I r o n s  (S e t  A ) ._________  __________

No.
Cast
ing

temp.
Deg.
C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brine! 1 
ha rd 
ness, 

10/3000.

R e
peated
im pact
blows.1 .2

in.
0.875

in.
0 .6
in.

9 1,410 2 3 .5F 28.0 28.5 16.80 240 1,619
10 1,420 27.8 32.9 33.8 18.14 255 2,212
11 1,430 26.3 30.3 31.0 19.08 255 2,816
12 1,340 2 5 .6F 29.0 30.4 17.98 263 1,640

F  =  Flaw.

T a b l e  X I I . —Composition of Crucible-Melted Copper 
Cast Irons (Set B).

No. T.C. C.C. G.C. Si. Mn. P. Cu.

13 3.02 1 . 0 0 2 . 0 2 2.73 0.81 0.70 Nil
14 2.99 0.70 2.29 — — 1.08
15 2.85 0 . 6 8 2.17 — — 1.84
16 2 . 8 8 0.78 2 . 1 0 2.58 0.78 0.61 3.03

F  =  Flaw.

T a b l e  X III .— M ec h a n ica l P ro p e r tie s  o f  C ru cib le -M elted  C opper  
C a st I r o n s  (S e t B ) .

No.

Cast
ing

temp.
Deg.
C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brine 11 
hard 
ness, 

10/3000.

R e
peated
im pact
blows.1.2

in.
0.875

in.
0 .6
in.

13 1,320 23.8 30.3 30.4 12.96 231 669
14 1,300 26.2 29.3 30.9 14.86 246 978
15 1,260 24.2 27.6 27.1 11.80 247 632
16 1,250 1 8 .IF 27.7 28.4 11.82 260 280

F  =  F law .
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T a b l e  XIV.— Composition of Set C.

No. T.C. C.C. G.C. Si. Mn. P. Cu.

17 3.28 0.74 2.54 1.97 0.61 0.31 Nil
18 3.41 1 . 0 0 2.41 — — —. 0.90
19 3.17 0.91 2.26 — — — 1.69
20 3.17 0 . 8 8 2.29 1.94 0.60 0.30 2.32

T a b l e  X V .— M ech a n ica l P ro p e r tie s  o f  S e t C.

No.

Cast
ing

tem p.
Deg.
C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brinell
hard 
ness,

10/3000.

Re
peated
impact
blows.1.2

in.
0.875

in.
0 .6
in.

17 1,340 26.2 30.7 31.9 16.00 208 2,346
18 1,310 25.6 31.4 31.0 15.34 214 3,760
19 1,310 25.6 2 9 .9F 33.3 16.78 225 2,650
20 1,310 29.1 33.8 33.9 17.68 241 1,980

F  =  F law .
T a b l e  XVI.—Composition of Set D.

No. T.C. C.C. G.C. Si. Mn. P. Cu.

2 1 3.25 0.85 2.40 1.98 0.45 0.59 0.08
22 3.24 0.85 2.39 — — — 0.70
23 3.29 0.84 2.45 — — — 1.35
24 3.23 0.87 2.36 1.98 0.49 0.58 1.70

T a b l e  X V II .— M ec h a n ica l P ro p er tie s  o f  S e t D .

No.
Casting 
temp. 
Deg. C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

streng th . 
Tons per 

sq .in .

Brinell 
hardness, 
10/3000 

on 
1 .2  in.

1.2
in.

0.875
in.

0.6
in.

21 1,250 23-3 2 4 1 31-5 11-84 219
22 1,230 23.2 18 .4F 29.7 5.90F 222
23 1,250 22.7 26.8 33.3 9.82 231
24 1,230 17 .4F 15 .6F 22.3 10.20 217

F  =  Flaw.

T a b l e  X V III.—Composition of Set E.

No. T.C. C.C. G.C. Si. Mn. P. Cu.

25 3.32 0.91 2.41 0.79 0.44 0.30 Nil
26 3.40 1.07 2.33 — — — 0 . 6
27 3.35 1 . 1 0 2.25 — — — 1.95
28 3.27 0.99 2.28 0.76 0.40 0.29 2.65
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T a b l e  X I X .—-M echanical Properties o f  S e t E •

No.

Cast
ing

temp.
Deg.
C.

Transverse rupture 
stress.

Tons per s q . in.
Tensile 

strength. 
Tons per 

sq. in.

Brinell
h a rd 
ness,

10/3000.

R e
peated
im pact
blows.1 .2

in.
0.875

in.
0 .6
in.

25 1,320 25.4 35.4 _ 14.42 190 831
26 1,310 26.1 30.3 33.9 14.06 209 1,734
27 1,320 27.1 28.2 33.8 14.66 229 1,810
28 1,330 29.1 2 6 .9F 28.7 16.46 234 2,893

F  =  Flaw.

T a b l e  X X .—Composition of Set F.

No. T.C. C.C. G.C. Si. Mn. P. Cu.

29 3.23 0.89 2.34 1.25 0.54 0.33 Nil
30 3.13 0.81 2.32 — — — 0.82
31 3.13 0.82 2.31 — — — 1.78
32 3.09 0.84 2.25 1.17 0.46 0.32 2.43

T a b l e  X X I .— M ech a n ica l P ro p e r tie s  o f  S e t  F .

No.

Cast
ing

temp.
Deg.

C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brinell
h a rd 
ness,

10/3000.

R e
peated
im pact
blows.1.2

in.
0.875

in.
0 .6
in.

29 1,420 28.5 28.3 25.4 13.84 216 982
30 1,420 2 2 .9F 23.9 33.6 12.42F 222 938
31 1,410 2 1 .OF 28.5 29.7 16.10 236 1,449
32 1,380 24.2 30.3 26.9 15.20 232 1,699

F  =  Flaw.

T a b l e  X X II .—Composition of Set C.

No. T.C. C.C. G.C. Si. Mn. P. Cu.

33 3.00 1.15 1.85 1.25 0.34 0.63 Nil
34 2.96 1.05 1.91 — — __ 0 . 8 8
35 2.93 1 . 0 0 1.93 — — __ 1.54
36 2.90 1 . 0 2 1 . 8 8 1.19 0.23 0.63 1.97
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T a b l e  X X I I I .— M echanical Properties o f Se t G.

No.

C ast
ing

tem p.
Deg.

C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brinell
hard
ness,

10/3000.

Re
peated
im pact
blows.1.2

in.
0.875

in.
0 .6
in.

33 1,360 31.1 32.0 32.8 14.10 224 1,316
34 1,370 2 6 .3F 2 6 .8F 30.4 14.66 227 1,612
35 1,370 25. OF 2 6 .2F 29.8 14.78 231 925
36 1,350 17 .9F 30.4 31.8 14.90 236 1,597

F  =  Flaw.

T a b l e  XXIV .—Composition of Set H.

No. T.C. C.C. G.C. Si. Mn. P. Cu.

37 3.33 0.97 2.36 1.24 0.45 0.29 Nil
38 3.27 1 . 0 0 2.27 — — — 0.99
39 3.22 0 . 8 6 2.36 — — — 1.80
40 3.21 0.92 2.29 1.16 0.45 0.30 2.27

T a b l e  X X V .— M echan ica l P ropertie s  o f  S e t H .

No.

Cast
ing

temp.
Deg.

C.

Transverse rupture 
stress.

Tons per sq. in .
Tensile 

s treng th . 
Tons per 

sq .in .

Brinell
hard 
ness,

10/3000.

R e
peated
impact
blows.1.2

in.
0.875

in.
0 .6
in.

37 1,400 26.9 28.8 34.4 16.24 210 1,907
38 1,370 28.6 33.8 32.9 17.40 226 2,559
39 1,340 25. IF 27.6 30.8 15.96 226 1,727
40 1,320 2 2 .4F 28.9. — 15.60F 231 1,701

F  =  Flaw.

In  all the  tes ts  recorded in th is report, the 
transverse results are  given as transverse ru p 
tu re  stress or modulus of ru p tu re , calculated

WL
by the  usual fo rm ula : T .R .S . = q 3 9 2 ^  ’ w“ ere
L is the  distance between centres, W  is the load 
in tons and d  is the  average d iam eter of the  bar 
a t  the  frac tu re . The hardness te s ts  were taken  
on a fla t ground on the  side of the  1 .2 -in. bar 
close to  the frac tu re . The tensile tests were 
taken  on half of the 1 .2 -in. bar a f te r  breaking
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in transverse, these test-pieces being m achined 
to  0.798 in. d iam eter. The repeated  im pac t is 
of th e  K ru p p -S tan to n  ty p e  and  the  specimen 
was taken  from  the  cen tre  portion  of the 
0.875-in. b a r a f te r  the  two tran sverse  tests.

Influence of C o pp e r  on Mechanical P ro p e r t ie s
The resu lts of the m echanical tes ts  recorded 

in  the  Tables above confirm th e  resu lts  of th e  
first p a r t  of the  rep o rt, in  th a t  th e  influence of 
copper on th e  transverse  s tre n g th  of cast iron  is 
slight, b u t generally  favourable. The tensile  
streng th s a re  usually increased to  a  sm all ex ten t 
by the  add ition  of copper, while th e  repea ted  
im pact value shows a m arked  im provem ent w ith 
the first 1  to  2  per cent, of copper.

Influence of  C op p e r  on H ard ness
The hardness te s t resu lts show a definite in 

crease in hardness w ith th e  add ition  of copper. 
This am ounts on an average to  an  increase of 11 
points hardness for th e  first 1  per cent, of copper 
and an increase of 2 1  po in ts of hardness fo r th e  
first 2  per cent.

Influence of C op p e r  on Chill
The results from  the  chill wedges and  from  

exam ination  of th e  test-bars, which by th e ir  
varia tion  in section co nstitu te  a chill te s t, show 
th a t  w ith in  the range of copper co n ten t stud ied  
in th is portion  of th e  rep o rt, copper acts as a 
g raph itising  agen t. A study  of th e  chill te s t 
results shows th a t  copper as a g rap h itise r is 
approxim ately  one-th ird  as pow erful as silicon. 
This is supported  to  some ex ten t by th e  exper-' 
m ents on combined additions of copper w ith  
chrom ium  and of copper w ith  m anganese, which 
will be reported  la te r .

Influence of C o p p e r  on Fluidity
The fluidity  te s t used was th e  sp ira l w ith  a 

horn gate. In  some cases the  resu lts of the  
fluidity  tes ts were spoiled by differences in  tem 
p era tu re  of the  m etal when poured. This was 
the case w ith  sets B, C and H . W ith  th e  o ther
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sets, however, i t  was possible to  ob tain  casting  
tem pera tu res no t differing by more th a n  1 0  deg.
C. The resu lts w ere: —

Set E .— Both fluidities of th e  sam e length . 
Sets D and G.—F lu id ity  g rea te r a f te r  copper 

addition .
Set F .—F lu id ity  g rea te r before copper ad d i

tion .
In  the  case of Set A, the  flu id ity  was g rea te r 

before th e  copper add ition  in  spite  of a tem -

T a b l e  X X V I .— C o m p o sitio n  o f  C o p p e r -C h ro m iu m  C a st I r o n s  
( S e t C u , C r) . ______  .____________

No. T.C. C.C. G.C. Si. Mn. S. P. Cr. Cu.

41 3.05 0.96 2.09 1.68 0.47 0.035 0.037 Nil Nil
42 3.15 1.07 2.08 — . — — — 0 .24 1.04
43 3.16 0.96 2.20 — — — — 0 .43 1.77
44 3.07 0.95 2 .12 1.62 0.42 — 0.034 0.61 2.65

T a b l e  X X V II.—Mechanical Properties of Copper- 
Chromium Cast Irons (Set Cu, Cr).

No.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brinell
hard
ness,

10/3000.
1 . 2  in. 0.875 in. 0 . 6  in.

41 27.2 28.3 27.8 15.6 198
42 34.0 33.9 33.6 17.1 223
43 31.7 34.2 32.6 18.8 241
44 32.4 34.6 34.6 18.4 265

p era tu re  difference of 20 deg. C. in  favour of 
the  addition . These resu lts have no exac t re la 
tion  to  composition or to  absolute casting  tem 
pera tu re , except th a t  the  two cases D and  G, 
where the  flu id ity  is g rea te r w ith  copper, are  
irons of 0 . 6  per cent, phosphorus, while th e  o thers 
have 0.3 per cent. Also, th e  two sets A and F , 
which show less flu id ity  w ith copper, were cast a t 
a com paratively h igh  tem p era tu re .

Influence of C o p p e r  on Shrinkage
The Jolley  K -tes t showed li tt le  v a ria tio n  w ith 

copper additions. A study of th e  whole series,

11



however, leads to  the  conclusion th a t  the  first 
add ition  of copper decreases porosity, w ith the 
second add ition  the  shrinkage is no t m arkedly 
different from  th a t  shown by the  base iron itself, 
though th e re  is a  tendency for th e  shrinkage to 
appear as a sink  on the  surface ra th e r  th an  as 
porosity. W ith  the  final add ition  of copper there 
is a recurrence of porosity, accompanied by sink
ing.

C om bined Addit ions  of C op p e r  with o th e r  Alloys
I t  was shown in  the  first p a r t  of th is P aper 

th a t  combined additions of copper w ith man-
T a b l e  X X V III .— C om position  o f  the C opper-M angane.se  C ast 

I r o n s  (S e t  Cm, M n ).
No. T.C. C.C. G.C. Si. Mn. S. P. Cu.

45 3.07 0.84 2.23 1.92 0.56 0.029 0.034 0.03
46 3.07 1.01 2.06 — . 2.02 — — 1.12
47 3.07 1.12 1.95 — 3.60 — — . 2.37
48 3.07 1.14 1.93 1.75 4.88 0.025 0.043 3.36

T a b l e  X X IX .— M echan ica l P roperties  o f  the C opper-M a nganese  
C ast I r o n s  (S e t C u t M n ) .

No.
Casting 
temp. 

Deg. C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brinell
hardness,
10/3000.1.2

in.
0.875

in.
0 .6
in.

45 1.375 23.8 26.4 25.7 14.2 205
46 1.355 26.4 26.2 31.7 16.8 237
47 1,320 27.0 33.0 30.5 17.2 293
48 1,305 25.2 24.1 17.6 15.5 347

gañese and of copper w ith chromium have a pro
nounced influence on the quality  of cast iron. I t  
was decided, therefore , to  make some experi
m ental m elts in which a copper addition  would 
be combined w ith an add ition  of each of the 
chilling elem ents chrom ium , m anganese and 
molybdenum, in such a m anner as to balance 
the effect on the  chill. These irons were made 
in  th e  same m anner as the copper irons just 
reported.

I t  was, un fo rtuna te ly , not possible to take  tem 
pera tu res a t  the  tim e when the  bars from th is



m elt were poured. The flu id ity  te s t  shows th a t  
the  m etal was m ore fluid before th e  add ition  of 
alloys, b u t th is  was alm ost ce rta in ly  due to  a 
tem p era tu re  difference. The four chill wedges 
show th a t  th e  first alloy add ition  gave a sligh t 
increase in chill depth . On th e  second add ition  
the chill was the  sam e as fo r th e  base m etal, 
while for th e  th ird  add ition  th e  chill was slightly  
reduced.

The pouring  tem p era tu res  of th is  series of bars 
were taken  w ith  a p la tinum — platinum -rhodium  
immersion therm ocouple. The flu id ity  te s ts , as 
would be expected from  th e  tem p era tu res , showed 
th a t  the  m etal was less fluid a f te r  alloy add ition . 
The chill wedges showed a co n stan t degree of 
chill, ind ica ting  th a t  th is  p roperty  rem ained  sub
stan tia lly  constan t. I t  will be no ted , however, 
th a t  the  figures for th e  combined carbon con ten t 
of th e  1 .2 -in. b ar showed a  con tinued  rise w ith  
increase in alloy con ten t. The m echanical pro
perties show a  m arked im provem ent w ith  th e  first 
two alloy additions, b u t th e re  is a fa lling  off in 
properties o ther th a n  hardness w ith  th e  final 
alloy addition , which has led to  the  fo rm ation  of 
a partia lly  m arten sitic  s tru c tu re .

Copper-M olybdenum  A d dit ions
The casting  tem pera tu res  of th is  series were 

also taken  w ith  the  im m ersion pyrom eter. The 
fluidity  tes ts  show the  m eta l is much m ore fluid 
before th e  alloy add ition . The chill wedges show" 
an increase in  chill w ith  increasing alloy con ten t, 
ind icating  th a t  th e  m olybdenum  to  copper ra tio  
was too  h igh to  keep th is  p roperty  constan t. The 
first alloy add ition  does n o t give th e  increase in 
s tren g th  th a t  would be expected from  th e  0.96 
per cent, m olybdenum  present. The iron  No. 51 
has a  tensile  s tren g th  of 23 tons p er sq. in . 
when the  molybdenum  con ten t has risen  to  1.89 
per cent. The final m etal No. 52 was m a r te n 
sitic  in  s tru c tu re  and unm achinable.

A fu r th e r  se t of irons has been m ade by add i
tions of copper and molybdenum to  th e  same 
cupola m etal used for th e  first series, Nos. 1 to  8 . 
The bars were cast in green-sand moulds.
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These resu lts show, of course, th e  effect of 
increasing molybdenum con ten t on a m ateria l 
of approxim ately  constan t copper con ten t. They 
show th a t  good s tren g th  resu lts  can be obtained 
by the  add ition  and ind ica te  th a t  th e  sim ul
taneous use of copper would enable m olybdenum  
additions to  be used w ith o u t influencing the  
chilling properties of an ex is ting  foundry  
m ix ture .

The combined add ition  of copper w ith  one of 
the  chilling elem ents gives an  easy m ethod by

T a b l e  X X X . — C om p o sitio n  o f  the C o p p e r-M o ly b d e n u m  C a st 
I r o n s  (S e t C u , M o ).

No. T.C. C.C. G.C. Si. Mn. S. P. Mo. Cu.

49 3.23 1.05 2.18 1.69 0.55 0.042 0.038 Nil 0.02
50 3.10 1.10 2.00 — — — — 0 .96 0.77
51 3.01 1.54 1.47 — — — — 1.89 1.85
52 2.78 1.60 1.18 1.54 0.49  ¡0.036 0.031 2.85 3.18

T a b l e  X X X I.— M e c h a n ica l P ro p e r tie s  o f  C o p p e r -M o ly b d e n u m  
C a s t I r o n s  (S e t  C u , M o ).

No.
Casting 
tem p. 

Deg. C.

Transverse rup ture  
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

B rine ll
hardness
10/3000.1.2

in.
0.875

in.
0 .6
in.

49 1,280 26.6 26 .8 24.5 14.4 198
50 1,240 22.3 31.1 35.8 16.4 240
51 1,260 39.5 29.0 40.3 23 .0 298
52 1,240 38.3 35.5 31.9 * 409

* Test-piece n o t machinable.

which a foundry  can m ake alloy add itions to  
an o rd inary  good class iron  w ithou t appreciably 
a lte ring  its  casting  characteristics and  w ith o u t 
being p u t to  th e  necessity of ad ju s tin g  the  
cupola charge  to  m a in ta in  ia constan t chill. 
Combined add itions of copper and m anganese 
give a  ra th e r  large bulk of add ition  which, how
ever, dissolves w ith  su rp ris ing  ease in  fa ir ly  ho t 
m etal. The resu lting  alloy shows an  increase in 
s tren g th  and hardness com pared w ith  th e  o rig i
nal m e ta l; especially is th is  the  case in  respect 
of the  hardness if sufficient alloy is added to



bring the  m ate ria l tow ards th e  m artensitic  struc
tu re  which is so hard  as generally to  he con
sidered unm achinable.

The combine’d add ition  of copper and chro
m ium  is less in  bulk th a n  th e  copper +  m an
ganese add ition , since chromium is a more power
fu l chilling agen t th a n  m anganese. The addi
tion  is qu ite  readily  m ade, providing th a t  the 
ferro-chrom ium  is finely crushed. F or a given 
copper con ten t or for a given tensile increase,

T a b l e  X X X II.— C om p o sitio n  o f  C upo la -M elted  C opper-M clyb -  
d e n u m  C a st I r o n s  {S e t C upo la  C u , M o ).

No. T.C. Si. Mn. S. P. Cr. Mo. Cu.

7 3.29 1.91 1.26 0.126 0.41 0.14 Nil 1.25
53 3.02 1.76 1.12 — 0.40 0.14 0.22 1.32
54 3.03 1.76 1.06 — 0.40 0.15 0.40 1.05
55 3.05 1.76 1.04 — 0.39 0.14 0.68 1.31

T a b l e  X X X III .— M e ch a n ica l P ro p er tie s  o f  the I r o n s  S h o w n  in  
T a b le  X X X I I  (S e t C u p o la  C u , M o ).

No.
Casting 
temp. 

Deg. C.

Transverse rupture 
stress.

Tons per sq. in.
Tensile 

strength. 
Tons per 

sq. in.

Brinell
hard
ness,

10/3000.2 .2
in.

1 .2
in.

0.875
in.

0 .6
in.

7 1,330 21.5 27.9 27.3 29.0 14.98 236
53 1,330 2 1 .2F 3 1 .2F 3 1 .IF 19 .5F 15.70 237
54 1,330 28.5 33.7 2 6 .4F 31.5 17.28 255
55 1,330 2 6 .6F 33.9 36.2 39.2 18.40 264

F  =  Flaw  in fractu re .

th is add ition  is cheaper th an  the  copper +  m an
ganese addition . I t  gives rise to  increase in 
streng th  and hardness, th e  stren g th  increase 
being of the  same order as in the copper +  m an
ganese addition  (comparison being made on the 
basis of the copper contents) while for the  same 
stren g th  increase th e  hardness rise is less pro
nounced, although still considerable. The 
m echanical properties of these irons are very 
good and there  is no doubt th a t  a combined 
add ition  of copper and chrom ium constitutes 
an effective and com paratively cheap method of
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im proving the s tren g th  and hardness of cast 
iron.

M icros tru c tu re  of th e  1.2-in. Bars
The m icrostruetures of th e  irons m entioned in  

th is section of th e  P ap e r show th a t ,  so fa r  as 
copper alone is concerned, th e re  is no effect on 
the m icrostructure beyond a refining action on 
the  pearlite  of the iron and to  some sligh t ex te n t 
on the  g raph ite  size. I t  was m entioned earlie r 
in the  P ap er th a t  no new co n stitu en t is in tro 
duced in to  th e  s tru c tu re  by copper, u n ti l  th e  
secondary copper begins to  separa te  a t  3.5 per 
cent, copper. The irons in  th is po rtion  of the  
P ap er do n o t exceed th a t  figure.

The copper-ohromium series show a definite 
refining of pearlite  and  g rap h ite  w ith  increasing  
alloy content, and in  th e  final b ar of th e  series, 
No. 44, there ' is a little  eu tec tic  carbide presen t 
in the very broken fan  shapes rem in iscen t of 
the appearance of chrom ium  carbide in  au sten itic  
irons. The copper^m anganese series show a re 
finement of pearlite  following th e  first alloy 
addition . The second alloy add ition  gives an 
alm ost emulsified p earlite  w ith  areas, abou t 2 0  
per cent, of the  to ta l, consisting of m arten site . 
There a re  also present some massive carbides in 
occasional lumps. The final alloy add ition  of th is  
series (B ar No. 48) contains a li tt le  m ore m assive 
carbide in a  mixed m a trix  consisting of about 
equal p a rts  of very fine pearlite  and  m arten site . 
The m artensite  in th is  b a r is more ac icu lar in  
type and finer th a n  in  th e  previous b ar (No. 47), 
where th e  needles showed a tendency to  have 
rounded edges.

The copper-molybdenum series (Irons 49-52) 
show th a t  the first add ition  refines th e  p earlite  
and also produces some areas of fe r r ite  con ta in 
ing rounded partic les of carbide. As has been 
noted before in  molybdenum irons, an increase 
in alloy conten t causes these areas to  increase a t  
the expense of th e  pearlite , while a t  th e  same 
tim e the  carbide inclusions become m ore acicular. 
The th ird  bar, No. 481, of th is  series consists
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alm ost en tire ly  of th is  s tru c tu re  and also con
ta in s  a litt le  eu tec tic  carbide of the fine fan 
shaped type. The final b a r of th is  series would 
be classed as definitely m artensitic  and the 

as carbide particles are more num erous.

CONCLUSION Son
tent (1) U nder norm al casting conditions, the  liquid
rliet solubility of copper in  grey cast iron is about
lire- 5.5 p er cent. Beyond th is  percentage, visible
tk globules of p rim ary  copper are present. The
per equilibrium  solid solubility has no t been deter-

: tie m ined, b u t u nder norm al casting conditions grey
iron is capable of dissolving 3.5 per cent, of 

aite copper w ithou t the appearance of free copper in
the m icrostructure. Above th is percentage the 

ns free copper is present as dispersed microscopic
,sn! particles term ed secondary copper. These solu-
t 0; bility lim its are  litt le  affected by ra te  of cooling
L;;c or by composition, except th a t  the presence of

nickel increases th e  solubility. In  quan tities 
less th a n  3.5 per cent, copper in grey cast iron 
behaves as if in  solution, and th is solution is 
com paratively stable to  h eat-trea tm en t.

(2) In  q u an tities  up to  3.5 per cent, copper 
acts as a  g raph itising  agent, being about one- 
th ird  as pow erful as silicon. F u rth e r  copper 
beyond th is  figure reverses the  effect and causes 
increase in  chill, th e  effect being apparen tly  due 
to  d ilu tion . No tendency to  decompose the  car
bide of p earlite  has been noticed.

(3) The hardness of grey cast iron is increased 
®)j by copper dissolving in  th e  m atrix , although

since copper acts as a g raph itising  agen t i t  may 
sim ultaneously reduce the  hardness by causing 

-52) th e  decomposition of free cem entite. In  the
life absence of g raph itising  effect th e  hardness in-
til- crease is about 10 to  11 points B rinell for each
sen 1  per cent, of copper.
ise (4) The influence of copper on the  transverse
at stren g th  is only slight, b u t is favourable. The
ie influence on th e  tensile stren g th  is more

m arkedly favourable th an  is the  case w ith the  
a transverse  s treng th . The resistance of grey cast

at
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iron to  im pact shows im provem ent w ith  th e  first 
1 to  2 per cent, of copper. I n  general, the  
m echanical p roperties reach th e ir  optim um  values 
between 1  and  2  per cen t, of copper.

(5) P rec ip ita tio n  harden ing  of p ea rlitic  grey 
cast iron gives no results of p rac tica l im portance

(6) Copper has litt le  influence on th e  m icro
stru c tu re  of cast iron. I t  causes refinem ent of 
the p earlite  and  of the  g rap h ite . F ree  cem entite  
is decomposed, b u t no new c o n stitu en t is in tro 
duced in to  th e  s tru c tu re  u n ti l  free copper 
appears a t  3.5 per cent. Copper in excess of the 
liquid solubility lim it is capable of g iv ing  rise 
to supercooled g raph ite .

(7) Copper in q u an tities  up  to  1 per cen t, im 
proves grey cast iron from  th e  po in t of view of 
shrinkage. W ith  2 per cent, copper th e  sh rin k 
age is about the same as in  the  base m eta l, while 
w ith  3 per cent, th e  m ate ria l becomes definitely 
worse from  th is po in t of view.

(8 ) The combined add ition  of copper toge ther 
w ith one of the  chilling elem ents m anganese, 
chrom ium or molybdenum, resu lts in  im proved 
hardness and s tren g th . Copper w ith  m anganese 
gives a m arked hardness increase, copper w ith  
chrom ium gives an all-round im provem ent, while 
an addition  of copper +  molybdenum  allows 
molybdenum to  be added to  an ex isting  foundry  
m ix tu re  w ithou t influencing the  chilling p roper
ties. A dditions of copper +  m anganese or copper 
+  m olybdenum are  capable of g iv ing a m arten - 
sitio stru c tu re .

C om parison  w ith  o th e r  Recent W o r k
Since th is investigation  began th ere  have been 

several con tribu tions to  th e  li te ra tu re  of copper 
in cas t iron. Of these, perhaps th e  m ost im por
ta n t  is th e  P ap e r by Eastw ood, Bousu and  E ddy1' 
on “  Copper and C opper-M anganese Grey C ast 
I ro n .” I t  seems w orth  while m aking  a  com
parison of th is  rep o rt w ith the finding of the  
p resen t investigation .

(1 ) S o lu b ility  and H a rd n ess .—The A m erican 
repo rt gives no d irec t consideration  to  solubility 
beyond a note th a t  copper is effective

Mi
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in increasing hardness up  to  5.5 per cent., 

i though the ra te  of hardness increase is less afte r
3.0 to  3.5 per cent, copper is exceeded, 

j (2) C hill.— I t  is found by Eastwood, Bousu and
E ddy th a t  copper has no influence on the chill of 
irons contain ing  more th a n  2 . 0  per cent, silicon, 

li though  there  is a very sligh t tendency to  increase
^ the chill of these irons when the  copper exceeds
i). 3.0 per cent. W ith  a silicon conten t of about

1.75 per cent., copper up to  3.0 per cent, reduces 
he chill slightly, a fte r  which more copper increases
se the chill. W ith  a silicon conten t of 1.25 to 1.50

per cen t., copper up to  4.0 per cent, reduces 
j. chill m arkedly, though when the copper exceeds
of 4.0 per cent., th ere  is a slight increase in  chill,
h A study  of the irons reported  in th is P aper,
ile w ith these findings in m ind, has not shown any

confirm ation of th is  effect of silicon. The re 
versal of chill noted by both P apers had 

ier apparen tly  n o t previously been published except
se, for a reference by Taniguchi.
e(j (3) M echanical P ro p e r tie s .—The American
!Sf P ap er differs from  th is present P aper in finding
th a sligh t adverse effect of copper on transverse
j]e s treng th , though both are agreed on the influence
ws on the  tensile streng th .
jy (4) C om bined A d d itio n s .—Both reports empha-
;j. sise the  good results to  be obtained from corn
er bined copper and m anganese additions, while

th is repo rt also deals w ith copper-chromium irons.
This short comparison has noted only th e  m ain 

differences or im p o rtan t sim ilarities between the 
two reports. In  m any points of detail they  are 
in agreem ent. I t  is probable th a t  m any of the 

*r points of difference can be a ttr ib u ted  to  the
>r- differences in  the tests used and in  th e ir  in te r

p re ta tion . This, for example, is likely to  be the 
case w ith the  chill tests.

DISCUSSION
M r. J .  A. R e y n o l d s  commented th a t  in 

i austen itic  cast iron, copper was very useful as a
p a r t substitu te  for nickel, and i t  behaved in the 
same way in  m any respects, b u t in  using high
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percentages, say, o or 5 |  per cen t, of copper, 
«yen w ith a  c e rta in  am ount of nickel, t h e r e  was a 
real danger, especially in  m achining o r g rin d in g  
th in  sections, of w ork-hardening, and  th a t  
m ust be guarded  aga in s t.

H e  had  found th a t  th e  re d u n d a n t scrap  from  a 
crucible nickel-alloy iron  which con ta ined  coppei 
was very useful as an  alloy ad d itio n —he would 
n o t call i t  a n  inocu lan t—to  cupola irons of th e  
N i-Tensyl type. The copper con ten t was fa ir ly  
constan t, and i t  was a  very  desirable co n stitu en t 
in  th e  iron. I t  d id  no t increase m achin ing  diffi
culties, v e t i t  gave a  h igher B rinell hardness and  
certa in ly  a  b e tte r  and  m ore even s tru c tu re . In  
th e  higher-silicon ranges—although  th e  effect 
was no t very observable in  th e  lower-silieon 
ranges—th ere  was equalisation  of s tru c tu re  and  
a  s lig h t softening.

W o rk -H ard en in g  of A u sten i t ic  Irons
Mb. A. J .  X i c o l  S m i t h , B .Sc., rep lied  th a t  

the  sub stitu tio n  of copper fo r nickel was coming 
to  th e  f ro n t; i t  was difficult to  say how fa r  one 
could go in  t h a t  d irection , b u t he fe lt  t h a t  i t  could 
definitely be done to  a la rg e  ex ten t. As M r. 
Reynolds had said, i t  could be done very sa tisfac
to rily  in an austen itic  iron. The w ork-hardening 
p roperties of M r. R eynolds’ au s ten itic  irons 
m igh t n o t be dependen t on th e  presence of 
copper ; irons ju s t  above th e  au s ten ite  ran g e  often  
hardened considerably under work.

The resu lts m entioned by M r. R eynolds con
cerning th e  use of th e  scrap as an  alloy ad d i
tion  were such as would be expected, and  i t  was 
in te resting  to have confirm ation from  works 
practice.

Mb. R e y n o l d s  added th a t  he had experienced 
the  trouble  of w ork-hardening when using  
th e  usual nickel-ma nganese au s ten itic  non-m ag- 
netic  iron. Copper seemed to  be on th e  border 
line, b u t he would h esita te  to  express a  definite 
opinion w ithou t m aking  fu r th e r  experim ents.

M b. X i c o l  S m i t h  said  i t  was q u ite  possible 
th a t  copper was n o t q u ite  so effective as nickel



m form ing austen ite , so th a t  when the one was 
substitu ted  for th e  o ther th e  effect m ight no t 
ho absolutely the  same. I t  m ight be equivalent 
to  lowering th e  alloy con ten t and th u s  increas
ing the  liab ility  to  w ork-hardening.

C opper  Additions and Economic O p era t ion
M e. A. J .  S h o r e  asked why copper was used 

a t all. W hy, he asked, should one sometimes use 
a copper-nickel-chrom e alloy ra th e r th an  anickel- 
chrome alloy? W as i t  m ainly a m atte r of 
economics, was th e  m ate ria l improved sometimes 
by the  use of copper, o r could th e  same results 
be achieved by juggling  w ith  the  nickel and 
chrome ?

R eferring  to th e  copper m anganese alloys 
m entioned by the  au tho r, he said he supposed 
the m anganese was added in the cupola, so th a t  
th e  base m etal was of a high m anganese content.

M r . N i c o l  S m i t h  said one could juggle with 
nickel, copper and chrome and obtain a varie ty  
of results, depending on w hat was required. 
H e agreed the  u ltim ate  te s t was one of 
economics.

The irons were crucible irons, and both the 
e x tra  m anganese and th e  copper were added to 
the  ladle.

M r. S h o r e  asked w hether the  same im prove
m ent in  m echanical properties would be 
achieved if one used high-m anganese base 
m etal from  the cupola.

M r . N ic o l  S m i t h  s a i d  h e  d i d  n o t  s e e  w h y  
n o t ;  h e  s a w  n o  r e a s o n  t o  a n t i c i p a t e  a n y  b o t h e r .

M r . S h o r e  said th a t  on occasion he had used 
an iron  contain ing , roughly, carbon 3.4 per 
cent., silicon 2.25 per cent., phosphorus 1 per 
cent, m anganese 0.5 per cent, and copper 3 
per cent., and he asked w hat w as the  ou ts tand 
ing property  of th a t  iron, or w hat was the 
advantage of the  copper there. H e had an 
idea th a t  i t  improved the  resistance to corrosion 
or in itia l corrosion. The iron was used in con
nection w ith  petrol pumps.
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C orro s io n  Resistance

M r . N i c o l  S m i t h  c o u l d  n o t  s a y  m u c h  a b o u t  
t h e  e f f e c t  o f  c o p p e r  o n  t h e  c o r r o s i o n  p r o p e r t i e s  
o f  t h e  i r o n  i n  w h i c h  i t  w a s  u s e d ;  t h e  r e s u l t s  o f  
t h e  c o r r o s i o n  t e s t s  h e  h a d  m a d e  w e r e  s o  i n d e f i n i t e  
a s  t o  b e  o f  v e r y  l i t t l e  u s e .  A p a r t  f r o m  t h e  q u e s 
t i o n  o f  c o r r o s i o n ,  h e  s u g g e s t e d  t h a t  t h e  o u t s t a n d 
i n g  p r o p e r t y  o f  t h e  i r o n  w a s  t h a t  i t  w a s  c a p a b l e  
o f  b e i n g  c a s t  i n t o  a  v a r i e d  r a n g e  o f  s e c t i o n s  
w i t h o u t  d e v e l o p i n g  c h i l l  e d g e s  o n  t h e  t h i n  s e c 
t i o n s  o r  s o f t  p l a c e s  i n  t h e  t h i c k  s e c t i o n s ; 3 p e r  
c e n t ,  o f  c o p p e r  i n  a n  i r o n  c o n t a i n i n g  2 }  p e r  c e n t ,  
s i l i c o n  a n d  3.4 p e r  c e n t ,  c a r b o n  w o u l d  e v e n  u p  
t h e  p r o p e r t i e s  t h r o u g h o u t  t h e  s e c t i o n s  v e r y  c o n 

s i d e r a b l y .
The question as to  why one som etimes used 

copper in  iron , a t  o ther tim es copper-chrom ium  
and a t  o ther tim es nickel-copper-chrom ium  was 
to  some ex ten t one of economics. M any people 
m ain ta ined  th a t  alloying was of no rea l benefit, 
because one could nearly  always ob ta in  w ith  a 
s tra ig h t iron  properties sim ilar to  those of an 
alloy. B u t one did n o t always w an t to  do th a t ;  
i t  was very often  fa r  b e tte r  to  add  a li t t le  alloy 
th an  to  go to  th e  troub le  of ru n n in g  a special 
m ix ture. H owever, th e  question  was really  one 
for foundrym en to  answer.

M r . S h o r e  said he was querying th e  su b s titu 
tion  of copper for nickel ra th e r  th an  th e  reasons 
for using all th e  various alloying m ateria ls .

M r . N ic o l  S m i t h  said he believed th a t  copper 
was substitu ted  fo r nickel fo r economic reasons 
mainly. The effects of each of them  were some
w hat different. F o r exam ple, copper alone d id  
no t tend  to  produce au sten itic  or m arten sitic  
struc tu res, b u t i t  seemed able to  help nickel in 
producing those s tructu res.

Cupola V aria t ions  Eliminated
M r . W .  B. S a l l i t t , having  cong ra tu la ted  the  

au thor on an extrem ely in form ative P ap e r, said 
th a t  since copper was a g raph itise r, i t  was 
n a tu ra l, when adding  copper, to  reduce th e  sili
con con ten t of the  iron to  some ex ten t. I f  th is



were done, one obtained an appreciable im prove
m ent in m echanical p ro p e rtie s ; whereas by means 
of simple additions of copper to  cast iron, one 
d id n o t effect much im provem ent in  mechanical 
p roperties.

R eferring  to  Table I  in  the P aper, showing 
the  composition of the  experim ental bars, he said 
th a t  in  m any of the  m elts th ere  had been an 
appreciable drop in the  carbon conten t between 
the first and la s t test-bar. H e suggested th a t  
under such conditions chill was a p t to  be erra tic , 
and  he th o u g h t due w eight should be given to 
th is in  any conclusions draw n regard ing  the 
effect of copper on chill.

An advan tage  of using copper was th a t  i t  
seemed to  damp o u t the  varia tion  of chill from 
the cupola du rin g  a day’s run , a m a tte r  of 
special im portance for castings in  which the 
chill had to  be controlled very closely. In  th a t  
connection he m entioned an experience concern
ing a cam shaft, where the  chill was controlled 
so accurately  th a t  th e  cam tips were w hite (w ith
out artificial chills) and the  shaft was grey. The 
effect of reducing the  silicon con ten t to  about 
0.5 per cent, and  increasing th e  copper content 
to 3 per cent, had been to  render the  chill of 
the iron much less subject to  fluctuation.

Effect of C opper  Dilution
M r. N ic o l  S m i t h  said he was inclined to agree 

th a t norm ally, when adding copper to an iron, 
one would tend  to  reduce the silicon con ten t to 
below th e  orig inal value, since the copper was a 
g raph itiser. B ut it was very difficult to  do th a t  
in a  research test, and th e  only way to get a t  
the results was to compare one set w ith a n o th e r ; 
i t  would probably be found then  th a t the com
bined effect of the  reduction  of silicon and in
crease of copper was qu ite  beneficial.

W ith  regard  to  th e  losses in  to ta l carbon in  
each of the  series of bars of which th e  composi
tions were given in  Table I , he pointed ou t th a t 
much of th a t  was necessarily due to  d ilu tion , 
since large  quan tities of copper were added. 
U ndoubtedly, however, some oxidation  had taken
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place. H e had  never been able to  ru n  a cupola 
all day in order to  determ ine  how fa r  th e  chill 
varied , b u t he was glad  to have th e  in fo rm ation  
given by M r. S a ll it t  concerning th e  dam ping  ou t 
of th e  chill variations.

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

M r . S a l l i t t  r e p l i e d  t h a t  t h e y  w e r e .

Shrinkage P ro p e r t ie s
M r. A. T i r P E R ,  B.Sc. (M et.), in th a n k in g  th e  

au th o r fo r his P ap e r, and  th e  B ritish  C ast Iro n  
R esearch A ssociation fo r hav ing  prosecuted  th e  
work, said  th a t  all th e  mem bers of th e  In s ti tu te  
were definitely helped by such a  P ap e r. A lthough 
the  P a p e r and  the  work described covered a wide 
range of properties, th a t  work could w ith  advan 
tag e  be extended.

The effect of copper on s tru c tu re  (dea lt w ith 
under th e  heading of m icro -struc tu re) had  been 
described and correlated  w ith  th e  physical p ro 
perties, and  was now fa irly  well established. 
However, an o th er m ost im p o rtan t p o in t was the  
effect on the  shrinkage properties of th e  iron , 
and in th a t  connection he had  in  m ind p a rtic u 
larly , castings of widely vary ing  section,. H e 
asked w hether th e  shrinkage te s ts  ca rried  o u t by 
Mr. Nicol Sm ith  had  given any defin ite  ind ica
tion  th a t  copper was really  helpful, fo r i t  was 
known th a t  nickel was helpful in  th is  respect. 
Copper effected a  s lig h t refinem ent of th e  
g raph ite  and  of th e  p earlitic  s tru c tu re , and  
seemed to  be following th e  sam e lines as nickel. 
Was i t  r ig h t to  assum e th a t ,  if a casting  was 
g iving troub le  w ith  shrinkage, owing to  vary ing  
section and difficulty of feeding, the  add ition  of 
copper would help in  th e  production of sound 
castings?

Com m enting on th e  references m ade by a 
previous speaker to  th e  effect of copper add itions 
when m aking certa in  castings which w ere sub
jected to  pressure, he said th is seemed to  sug
gest th a t  the  effect of th e  use of copper was



to  produce a denser iron, though no t necessarily 
s tronger th a n  the  porous m etal.

Heavy C o p p e r  Additions  D e tr im en ta l
M r . N ic o l  S m i t h  said he could no t add to 

the  sta tem en ts he had made in the  P ap e r con
cerning shrinkage properties of irons contain ing 
copper. The te s t he had used was th e  Jolley 
K -test. A difficulty, of course, was th a t  any te s t 
used for ascerta in ing  shrinkage properties did 
no t necessarily rep resen t th e  conditions in  any 
one foundry  or any one type of c a s tin g ; th e  best 
th a t  one could do in research was to  use a stan 
dard  te s t and hope th a t  people would be able 
to  draw  conclusions from  the  results. Using the 
Jolley K -test, he had found th a t  th ere  was a 
definite im provem ent from  th e  po in t of view of 
shrinkage troubles when copper was added to 
th e  i r o n ; when 1  per cent, of copper had  been 
added to an iron  i t  had become more sound, 
less porous and had  shown less tendency to  sink 
th a n  was th e  case w ithout th e  copper addition . 
The effect of using a h igher percentage copper, 
however, seemed to  be somewhat re trograde. If  
one added about 2  per cent, of copper, the 
shrinkage te s t resu lts were very little  different 
from those obtained w ith the  base iron, and the 
results obtained when 3 per cent, of copper was 
added w ere' definitely worse th a n  those obtained 
w ith the  orig inal base iron, there being more 
porosity in  th e  centre of th e  “ K  ” piece and 
more sinking a t  the  top. A t the  same tim e, he 
felt, in th a t  connection, th a t  the re  was definitely 
a link ing  up of the effects of copper and silicon, 
th a t  norm ally th e  add ition  of 3 per cent, of 
copper would enable the foundrym an to  reduce 
the  silicon con ten t by practically  1  per cent., 
and th e  reduction of the silicon con ten t should 
have a very definite effect on the shrinkage. In  
o ther words, if the  addition  of copper were 
balanced by the  reduction  of silicon content, as 
i t  would be norm ally in  foundry  practice, he did 
not th in k  the  shrinkage effect would show up 
nearly so much. U nder those conditions, he
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would suggest, up to 2  per cent, of copper would 
im prove the  shrinkage conditions.

An A ncien t  I ro n -C o pper  A rro w -H ead
M r. S. S i m p s o n  m entioned, as a m a tte r  of 

in te rest, an  arrow -head, co n ta in in g  copper, which 
he had had the  o p po rtun ity  of exam in ing  some 
years ago. I t  d a ted  back to  ju s t abou t th e  
beginning of th e  C hris tian  era , and  had  been 
found  by an ecclesiastic who was a n  archaeolo
g ist and  n o t a m eta llu rg is t, and would no t allow 
i t  to  be chopped up. H owever, i t  had  been pos
sible to  analyse a q u an tity  of about one-ten th  of 
a gram m e, and  i t  was found to  con ta in  about 
5  per cent, of co p p e r; th e re  was also some tin  
present. A lthough he (M r. Simpson) had  since 
dug on th e  site on which the  arrow -head was 
found, he had  been unable to  find any more. 
H e suggested th a t  th e  early  foundrym en who had 
produced th e  arrow -head had  m ixed some bronze 
w ith some ir o n ; p lenty  of bronze spears and 
arrow-heads had  been found, b u t only th e  one 
arrow-head m ade of iron  which contained copper.

M r . N i c o l  S m i t h  said th a t  th a t  ra ised  th e  
question as to  w hat would happen  if th e re  were 
pieces of bronze or brass in  th e  copper scrap 
used in  iron. H e did n o t th in k  th e re  could be 
any doubt th a t  th e  add ition  of zinc in  th e  form  
of brass would n o t be of any g re a t benefit to  the 
iron, and probably one would have to  control the 
chilling properties carefully  if th ere  w ere very 
much t in  presen t. A p a rt from  th a t ,  however, 
he did no t th in k  th ere  should be very much 
trouble.

Im pac t  and Fatigue Tests
M r. G. L. H a r b a c h , com m enting on th e  

a u th o r’s reference to  the  im provem ent of im pact 
value as the  resu lt of the  add ition  of copper, 
and th e  po in t th a t  the  S tan to n  te s t lay between 
a fa tig u e  te s t and  a tru e  im pact te s t, asked 
w hether tes ts had  been m ade on the  new m achine 
which gave a single blow, for his opinion was 
th a t  the  results ob tained  w ith the  single blow
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were fa r  less e rra tic  th a n  the results of the 
S tan to n  te s t, and th a t  th e  single blow te s t was 
likely to  become popular in  testing  the  properties 
of cast iron.

A nother question he asked was w hether, in 
ascerta in ing  the deflections, the  plastic were 
separated  from  the  elastic deflections in cases 
where high im pact values were obtained, and 
w hether th e  high im pact values were associated 
w ith a high proportion  of plastic deflection.

M r . N i c o l  S m i t h  said th a t  th e  Research Asso
ciation  hoped to  say more in  th e  near fu tu re  
concerning the single blow im pact te s t i t  had 
recently developed. H e had applied the te s t to 
some of th e  copper iro n s ; he had  n o t the results 
a t  hand, bu t, speaking from  memory, the  results 
were on the  same lines as those of the  repeated 
im pact te s t. Im provem ent in  im pact value was 
obtained w ith 1  per cent, of copper, and some
tim es w ith 2  per cent., b u t beyond 2  per cent, 
of copper the  im pact values decreased a little , 
though, so fa r  as he could rem ember, they  did 
not drop below the  value given by the  original 
iron. H e had no t reported  the results of the 
single blow te s t in the  P ap er, because, in  the 
first place, the  te s t was n o t recognised by any
body b u t the  R esearch Association a t  the 
m om ent, and, secondly, the tes t had been applied 
to  only th ree  groups of irons and no t to  a com
plete range.

H e had n o t taken  note of the  plastic deflection 
as d is tinc t from  th e  elastic deflection. The 
figures given in the  P aper represented simply the 
to ta l deflections a t  frac tu re .

Mb. A. G. H a r b i s o n , com m enting th a t  the 
au tho r had  indicated  the  effects of copper 
additions to crucible-m elted and cupola-melted 
irons, asked w hether he had any  d a ta  on the 
effect of adding copper in  th e  fu rnace  charge 
by m eans of copper scrap o r in  some o ther 
wav, because w ith  some of the  o ther alloys 
there  were m arked differences in  effect accord
ing to  w hether they were incorporated  as ladle 
additions or m elted w ith  th e  charge.



M r . N i c o l  S m i t h  r e p l i e d  t h a t  h e  h a d  n o  d a t a  
a t  a l l  o f  a d d i n g  c o p p e r  i n  a n y  m a n n e r  o t h e r  
t h a n  h e  h a d  d e s c r i b e d  i n  t h e  P a p e r .  B u t  h e  
h a d  a d d e d  c o p p e r  a s  a  c r u c i b l e  c h a r g e  ( m e l t i n g  
i t  w i t h  t h e  i r o n ) ,  a n d  a l t e r n a t i v e l y  h e  h a d  
m e l t e d  t h e  i r o n  f i r s t  a n d  h a d  a d d e d  c o p p e r  j u s t  
b e f o r e  p o u r i n g ,  b u t  h e  c o u l d  f i n d  n o  d i f f e r e n c e  
b e t w e e n  t h e  r e s u l t s  o b t a i n e d  a s  b e t w e e n  t h e  t w o  
m e t h o d s ;  a n d  h e  s a w  n o  r e a s o n  t o  s u p p o s e  t h a t  
t h e r e  w o u l d  b e  a n y  g r e a t  d i f f e r e n c e .
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THE MODERN MANUFACTURE OF 
MACHINE-TOOL CASTINGS

By J. BLAKISTON, A.I.Mech.E.
The object of th is  P ap e r is to  present, in a 

m anner necessarily brief, a survey of present-day 
practice and developm ents which are  tak in g  place 
in  the  production of m achinable grey-iron cast
ings for m achine tools. Num erous valuable and 
in te re stin g  P apers covering such subjects as 
camber, densening technique and use of special 
irons have been w ritten  concerning machine-tool 
castings, ind ica ting  the  num erous problems 
encountered  and the  endeavours made by the 
foundry to  m eet the  rap id  progress in the  design 
and construction  of modern m achine tools.

M achine-tool castings vary in  w eight from a 
few ounces to  50 tons and over, th e  section 
varying in thickness from  in. to  9 in. and 
over, w ith section v a ria tion  of th is order some
tim es occurring in the  same casting. Most 
m achine-tool castings requ ire  to be machined 
in te rna lly  in addition  to  externally , the 
machined faces of which rem ain  exposed to  view 
in the  completed m achine and m ust be free from 
all forms of defects and blemish. The machined 
faces n o t exposed are generally slide-ways, and 
in addition  to  being free from any form of defect 
m ust be close-grained, possessing good Brinell 
hardness value to  resist w ear.

C ast iron possesses m any certa in , definite 
advantages which, while m aking an  ideal 
m ateria l to use for the  construction of machine 
tools, preclude the  likelihood of its being super
seded by any o ther m ateria l, provided full advan
tage  is taken  of developm ents th a t  are constantly 
tak in g  place in its  m anipu lation . The following 
are th e  ou tstand ing  properties of cast iron which 
commend it  to the  machine-tool m anufactu rers.

P a p e r  N o . 639



340
Ease of C asting  to  any D esired  Shape

The various p a rts  of a m achine tool may be 
of extrem ely com plicated shape and th e  p resen t 
tren d  tow ards cellu lar construction  w ith  diagonal 
bracing (sometimes called th e  Allen system) 
makes th e  casting  process th e  only economical 
way of producing these shapes. T aking  th e  cost 
of th e  p a tte rn  and  m oulding tack le  in to  con
sideration , each fu r th e r  u n it  m ade from  the  
orig inal p a tte rn  is necessarily cheaper. This 
advantage can he coupled w ith  th a t  of low pro
duction cost.

Low Produ c tion  C os t
The cost of th e  castings, even when in  alloy 

iron, is ra re ly  m ore th a n  2 0  per cent, of th e  cost 
of th e  finished m achine. This aspect should be 
given serious th o ugh t, for when so m uch tim e  
and  labour is spen t on th e  subsequent operations 
on th e  castings, a  sm all increase in  th e  first cost 
to  produce a superior foundation  m a te ria l is 
justified.

Rigidity
This p roperty  is essential in  a  m achine tool, 

as th e  accuracy of the  work which i t  has sub
sequently to  produce depends on its  ab ility  to  
re ta in  its  shape when subjected to  vary ing  
stresses. C ast iron  generally  can be sub jected  to  
a stress equivalent to  80 per cen t, of its  b reak ing  
load w ithou t tak in g  perm anen t set. This pro
perty  is an  advantage in  th e  case of a  m achine 
receiving an abnorm al vio lent shock stress, when 
a breakage may resu lt in  place of an  undetec ted  
deform ation or d isto rtion , which would occur in  
a  more ductile m ateria l. A tten tion  has also been 
focused on the  advan tage  of cas t iron  by th e  
notable fa ilu re  which has a tten d ed  any a tte m p t 
to  replace iron castings by steel welded s tru c tu re s  
for machine-tool fram es

Capac ity  for  Absorb ing  V ib ra t ion
This is a  very im p o rtan t p roperty  of cas t iron, 

and  has only recently  come to  the  notice of 
machine-tool designers, m ainly  th rough  th e  in t ro 



duction  of h igher speeds occasioned by the use 
of modern c u ttin g  tools. The h igher cu ttin g  
speeds of th e  modern alloy carbide tool over th a t 
of carbon steel tools has resulted  in an increase of 
stress repetitions by as much as tw enty  times.

The v ib ra tion  absorption properties of m etals 
can be m easured by m eans of th e  F oeppl-Pertz 
m achine, and  the  record traced  by th is m achine 
gives a very graphic indication  of the v ibration  
dam ping properties of the m ateria ls so tested. 
F ig . 1 shows a record tak en  from  th is  machine, 
and F ig . 2 shows the properties of alum inium  
(which has about the  best v ib ra tion  absorption

STEEL

F  [ c;. 1 .— F o e p p l - P e r t z  D i a g r a m .

properties), common cast iron, h igh-duty  cast 
iron and mild steel. I t  will be seen from  th is 
c h a rt th a t  th e  stronger the  iron, th e  less is the 
ap p a ren t dam ping effect. This would indicate 
th a t  certa in  castings for m achine tools, e.g ., 
trays, legs, supports in  compression, should be 
made from  softer cast iron on account of the ir 
extensive dam ping effect. This p roperty  has been 
dealt w ith in considerable deta il in a P aper*  
read by Smalley.

* “ Gear C astings w ith  Special R eference to  Cast Iro n ,”  
‘ F ound ry  T rade J o u r n a l,’’ J u ly  22 , 1937.
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Low Coefficient of Friction

C ast iron is one of the  few irfaterials which 
forms a good bearing  w ith itse lf in  its  n a tu ra l 
or u n tre a te d  form . This can  be a ttr ib u te d
m ainly to  the  presence of g rap h ite  flakes. F o r 
bearing surfaces subject to  h igh  pressures, the  
in troduction  of nickel and chrom ium  is found to 
assist m ateria lly .

The above a re  only a few of th e  advan tages of 
cast iron. I t  is n o t proposed to  de ta il such p ro 
perties as m achinability  w ith  h igh  B rinell value, 
ab ility  to tak e  a fine finish, resistance  to  corro
sion, etc., all of which a re  valuable p ropertie s  of 
cast iron in  the  construction  of m achine tools.

T h re e  G rades
C ast iron as used in  m achine-tool construction  

can be divided conveniently  in to  th re e  grades : —

T a b l e  I .—Typical Percentage Compositions of Cast Iron 
Used in Machine-Tool Castings.

1 . 2 . 3.

Total carbon 3.3 to 3.5 3.0 to 3.2 2.9
Silicon* 1.1 „ 2.5 0.9 „ 2.25 2 . 0
Manganese . . 0 . 6  „ 0 . 8 0 . 6  „ 1 . 0 0 . 8
Sulphur 0 . 1 0 0 . 1 0 0.09
Phosphorus. . 1 . 0 0.70 0.15
Nickel — — 1 .2 f

* Depending on section. f  “ Ni-Tensyl.”

(1) General eng ineering  cast iron  (s tra ig h t pig 
and scrap m ix tu re , g iving 1 . 0  per cent, phos
phorus) ; (2 ) h igh-du ty  steel or refined iron  m ix
tu re  (m edium  phosphorus); and (3) low to ta l-  
carbon alloy cast iron. Typical com positions of 
these th ree  types a re  shown in  Table I.

P ro p e r t ie s  of Machine-Tool Castings
The following is a b rief descrip tion  of the  

various properties to  be expected from  these 
irons.

(1) G eneral E n g in eerin g  Irons (P h osph oric )._
This class of m etal covers th e  type of iron  used 
for m achine-tool castings over a long period of



years, and, although term ed phosphoric, is not 
to he confused w ith  the  h igher phosphorus m etal 
of the ligh t casting  industries.

F ig . 3 shows a  typ ical photom icrograph of th is 
class of iron. I t  will be noted th a t  the  g raph ite  
is medium-coarse in flake form ation, w ith the 
m a trix  m ainly pearlitic  and the phosphide

0 10 ,000 lbs/ a "  20,000lbs/a"
MAXIMUM TORSIONAL FIBRE STR ESS

F i g . 2 .— V ib r a t i o n  A b s o r p t i o n  C a p a c i t i e s .

presen t as large areas in  a coarse netw ork. This 
class of iron still has m any adheren ts, m ainly on 
account of its flu id ity  and generally good cast
ing properties. A characteristic  of th is  iron is, 
however, th a t  i t  tends to  show ra th e r  open grain  
in  heavy sections, w ith a low B rinell hardness 
value of the  order of 140. Tensile stren g th  value
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on separately  cast bars, 1 . 2 0  in. d ia ., is of the  
order of 10 to  14 tons per sq. in.

To obtain  a closer g ra in  in  heavy sections and 
so m eet th e  p resent-day stan d ard s set for 
m achine tools, densening is resorted  to  with 
reasonable success. The technique of th e  use of 
denseners as an aid to  the  production  of machine- 
tool castings has been dealt w ith  in  a P a p e r by 
E. Longden. F o r th e  sm aller m edium -light sec-

F i g . 3 . — O r d i n a r y  P h o s p h o r i c  C a s t  I r o n . 
E t c h e d  P i c r i c  A c i d , x  1 0 0 .

tion  type of m achine-tool castings, th is  class of 
m etal still offers considerable scope, and  good 
w earing properties are  amply dem onstrated  by 
the fac t th a t  there  a re  m any m achine tools still 
in operation  a f te r  30 to  40 years’ useful life.

(2) H ig h -d u ty  Iro n .—A typ ical m icro structu re  
of th is  class of iron is  shown in  F ig . 4 a t  a 
m agnification of 500. I t  will be noted th a t  the 
g rap h ite  is p resen t as sho rt stubby flakes in 
rosette  form ation . The m a trix  is  dense p earlite
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w ith w ell-distributed small phosphide areas. This 
s tru c tu re  is taken  from  the cen tre  of a  heavy- 
section slide of an 8 -ton casting , not densened in 
any way. A B rinell hardness value of 200 was 
obtained on th e  th ickest section a f te r  m achining.

The composition of th is  iron is T.C, 2.80; Si, 
1.75; M n, 0.70; S, 0.07, and  P , 0.70 per cent. 
The carbon con ten t is somewhat lower th an  is 
desirable for large ca s tin g s ; w ith a carbon con
te n t of below 3.0 per cent, th ere  is a tendency

F i g . 4 .— H i g h - D u t y  C a s t  I r o n . E t c h e d  
N i t r i c  A c i d , x  5 0 0 .

to  irreg u la r cam ber and contraction , w ith a  cor
responding possibility of cracking. The tensile 
s tren g th  of th is  casting  (oast-on test-piece) was 
18 tons per sq. in. W ith  h igh-duty  iron densen- 
ing is seldom resorted  to, except to  compensate 
violent changes of section or h o t spots which 
occur th rough  design. W ith  these irons of 
medium-low carbon conten t, the  presence of phos
phorus up to 0.70 per cent., on account of its
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influence on th e  ru nn ing  properties, is perm is
sible, and the closer appearance which i t  gives to 
the  m etal when m achined outw eighs its  disad
vantages.

(3) A lloy Iro n s .—The principal alloys used are  
nickel and  chrom ium , th e  la t te r  o ften  being 
added to  general eng ineering  iron to  assist in 
ob tain ing  a  satisfacto ry  B rinell hardness value. 
Nickel is employed to  give a com bination of

F i g . 5.— A l l o y  C a s t  I r o n , x  500.

uniform  stru c tu re  in  varying sections, to g e th er 
w ith fine g ra in  and  good w earing qua lity  in  th e  
castings, w hilst m ain ta in in g  good m achinability .

Considerable developm ent has ta k e n  place in  
America in  th e  use of alloy castings for m achine 
tools. The silvery characteristic  of th e  cas t iron 
in American tools has often  been com m ented on. 
The advantages of alloy cast iron fo r m achine- 
tool castings is rap id ly  being recognised in  th is  
country.
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The photom icrograph reproduced in  F ig . 5 was 

taken  from  a typ ical modern nickel alloy cast 
iron as made by the  “  N i-Tensyl ”  process. This 
iron lends itself particu larly  to  machine-tool 
production, g iv ing  a tensile s tren g th  of 2 2  tons 
per sq. in. and upw ards, w ith  a  B rinell hardness 
of 240 to  280, accom panied by good m achining

F i g . 6 . — B r a c k e l s b e r g  F u r n a c e s .

properties. As shown in th e  photom icrograph, 
the  iron has a dense, fine stru c tu re , w ith fine 
g rap h ite  flakes embedded in  an  all-pearlitic 
m atrix .

“  N i-Tensyl ” is produced under B ritish  
P a te n ts  290,267 and 352,510, and  is essentially a 
syn thetic  iron made up from steel scrap  and alloy



348
additions w ith su itab le  inoculation . This m etal 
is su itable for a' wide range  of sections.

Melting P rac t ice
The cupola is still, and is likely to  rem ain , the  

principal m elting u n it for m achine-tool castings, 
on account of its  low m elting  cost, flexibility and 
ease of m an ipu la tion . W ith  th e  in troduc tion  of 
h igh-duty  and  alloy irons more exacting  furnace 
control is essential to  achieve th e  required  
results, or difficulties will be experienced.

H igh-percentage steel m ix tu res  a re  used, which 
tend  to  be more severe on cupola lin ings 
and, therefore , only first-quality  fu rnace  
bricks and patch ing  m a te ria l should be 
used. The au tho r p refers a lin ing  b u ilt 
from bull-head bricks w ith  th e ir  noses 
poin ting  in to  th e  cen tre  of th e  cupola, and 
has found an increase in  life  of 2 0  per cent, over 
a lin ing made from  sim ilar bricks in  block form  
C orrect a ir  volume and  pressure control is essen
tia l to ensure clean, ho t m etal w ith  m axim um  
life.

F o r th e  m elting  of h igh-du ty  and  alloy irons, 
coke consum ption from  an  economic p o in t should 
be a secondary consideration  to  th a t  of being able 
to ta p  th e  m etal a t  a sa tisfac to ry  degree of 
superheat (1,450 to  1,500 deg. C.), and  to  achieve 
th is the coke ra tio  is generally  h igher th a n  th e  
accepted figure of 10: 1 excluding th e  bed. I t  
has been found th a t  h igh-percentage steel m ix
tu res  resu lt in a  h igh  su lphur pick-up, and  care 
should be taken  to  use only best-quality  coke.

The R o tary  Melting Furnace
This has made considerable progress d u rin g  

recent years, and a com bination of the  ro ta ry  and 
cupola furnace as a m elting  u n it fo r m achine- 
tool castings approaches an  ideal com bination, 
although where a wide range  of casting  sizes is 
being produced, the  ro ta ry  fu rnace  m elting  u n it 
alone presents some disadvantages.

In  the  following rem arks the  type of ro ta ry  
furnace concerned is the  B rackelsberg
(F ig . 6 ), bu rn ing  pulverised b itum inous
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fuel, which can be described as the long- 
flame type. This furnace, a p a r t from  
ro ta tin g , ti l ts  to  an  angle of 45 deg., 
so th a t  i t  can be charged from  a  p latform  w ith
ou t the  use of a charg ing  m achine. The ro ta ry  
fu rnace is no t a m ethod for producing a  cheap 
iron, b u t a m eans of producing a stronger m etal, 
and fac ilita tes ob tain ing  iron w ith a low carbon
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F i g . 7 . — T r a p  R u n n e r .

content and / or desired alloy content. (The add i
tion  of alloys to  the  ladle is, in  the  opinion of 
the au thor, a p ractice  to  be deprecated, except 
for inoculation effects.) W hen producing 
machine-tool fram e castings, i t  is inadvisable to 
a ttem p t to  use 1 0 0  per cent, scrap w ith alloy 
corrections, for, although the  composition may 
be to  the  desired lim its, an iron  liable to  crack, 
and w ith a tendency to  h ered ita ry  oxidation, is
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obtained. W hen m aking large castings, a m in i
mum of 30 per cent, pig-iron should be used in 
the charges, also 30 per cent, of m etal melted 
in a cupola should be added in  th e  ladle to  th a t 
tapped from  the  ro ta ry  furnace. This general 
rule should be followed w hether duplexing or 
not.

R otary  Furnace Linings
The m onolithic lin ing  for ro ta ry  fu rnaces has 

presented difficulties to  users of th is  class of 
m elting u n it. The general p rac tice  has been to 
reline the furnace en tire ly  w ith  a new lin ing  
every 100 to  150 heats w ith  furnaces of 10-ton 
capacity. The following m ethod has been found 
very satisfactory  for lin ing  th is ty p e  of fu rnace  
when operating  in te rm itten tly .

The casing is first lined w ith  4^ in . of common 
firebrick to form  a backing. The fu rnace  is th en  
lined w ith first-class “  g an is te r ”  by ram m ing 
round a form er. This “  g an is te r ” is used w ith  
a free-m oisture con ten t of approxim ately  5 per 
cent., and is of the  following com position: —

Per cent.
Silica Si0 2 8 6 . 0
Alumina A120 3 8 . 0
Iron oxide Fe20 3 1.4
Lime CaO 0 . 1 0
Magnesia MgO 0.30
Potash k 20 0 . 1 2
Soda Na20 0.38
Loss on ignition. . — 3.36

I t  will be seen th a t  the  silica con ten t is not as 
high as is usual for ro ta ry  fu rnace  linings.

The g rea test w ear on th e  furnace lin ing  takes 
place du ring  charging, and while the  fu rnace  
and charge are  being heated  to the norm al oper
ating  (m elting) tem p era tu re , and  the  h igher th e  
silica conten t of the  lin ing  m ateria l, th e  g rea te r 
the contraction  and expansion range, ren d erin g  
the lin ing more friab le  under m echanical shock.

“ G anister ”  w ith th e  s ta ted  silica con ten t 
may no t be so re frac to ry  for extrem ely high tem 
peratu res, b u t i t  will patch  more easily, and



351
can be m ain ta ined  on sim ilar lines to a cupola. 
A 10-ton furnace lined in th is m anner has given, 
up to  the  tim e of w riting , over 300 heats w ithout 
a m ajor re-line. This type  of lin ing is 
“  ac tiv e ,”  m eaning th a t  the m etal has no t the 
tendency to stick to  i t  and become oxidised.

F ig . 8 .— M o u l d  f o r  P l a n i n g - M a c h i n e  C a s t i n g .

This p roperty  compares wdth th a t  of an air- 
fu rnace bottom  which has to  be made up with 
silver sand every twelve or so heats to  keep i t  
“  ac tive .” To m ain ta in  th is  s ta te  in the ro tary  
furnace, a fte r  every hea t when the slag has been 
drained out, about 2  cwts. of sea sand is throw n
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in, while the  fu rnace is k ep t revolving to  d is tr i
bute i t  evenly. This f r its  to  the  lin ing .

Melting Losses and Gains
M elting losses and gains of th e  various 

elem ents vary  for each ind iv idual fu rnace and 
w ith the  quality  of coal used for firing. The 
g rea test loss of silicon and carbon takes place 
when th e  m etal charge is in  a  pasty  sta te . A t 
th is period of the  m elt, i t  is possible to  m ake any 
carbon additions necessary in  the  form  of pe tro 
leum coke. The carbon is charged in to  th e  fu r 
nace, and the  fu rnace is revolved so th a t  the  
m etal rolls on top of th e  carbon like a m at. The 
furnace is no t continuously revolved u n til th e  
m etal is qu ite  fluid. Silicon is added 20 m in. 
before tap p in g , so th a t  i t  also acts as an  inocu- 
lan t. The average m etal losses may be allowed 
for as'below, b u t these may vary w ith conditions, 
as previously s ta te d :—C, —20 per c e n t.; Si, —28 
to 30 per c e n t.; M n, —14 per c e n t.; S, +0.004 
per c e n t . ; and P , no change or sligh t increase.

The following is the  com parison of two large 
planing-m achine tables cast from  the  same p a t

Composition. 
Per cent. Cupola metal.

Brackelsberg 
rotary furnace 

metal.

T. C 3.40 3.10
S i .......................... 1 . 2 0 1.5
Mn 0.54 0.80
S .......................... 0.117 0.07
P .......................... 0.78 0.40
te rn , one from  cupola m elted m etal and th e  o ther 
from ro ta ry  fu rnace m etal. The physical tests 
were sim ilar, both g iving 17.0 tons per sq. in ., 
w ith a B rinell hardness figure of 200 on the  
heavy section a f te r  m achining. The m etal was 
perfectly close a t  th e  bottom  of deep T-slots. 
W ith  low to tal-carbon ro tary -fu rnace  m etal, th e  
silicon range can be h igher and to  much w ider 
lim its, and still m a in ta in  close g ra in  in  heavy 
sections. W hen duplexing is carried  o u t, the  
iron w ith the lower silicon con ten t and any
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alloy add ition  is m elted in the  ro ta ry  furnace, 
and the  iron  w ith the  h igher silicon conten t is 
m elted in  the cupola.

Moulding Methods
N early all m achine-tool work is of a jobbing 

na tu re , and the  num bers and size of some of the

F i g . 9 . — S h o c k l e s s  J a r r i n g  M a c h i n e  a n d  S a n d s l i n g e r .

castings do n o t perm it the  general use of 
mechanical methods of m oulding. Two main 
principles are  observed :—C astings m ust be made 
w ith the  “  ways ”  to  the  bottom  of the mould, 
and the  casting  m ust be ru n  in to  the lowest por-

N
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tion , th is being generally  d irec t in to  the  
“  w ays.” M etal perfo ra ted  s tra in e rs  a re  used 
on th e  sm aller moulds, and  tr a p  run n ers  are 
used on la rger castings sim ilar in  construction  
to th a t  shown in  Fig- 7. In  th e  m oulding o 
large castings, th e  flats of th e  “  ways are  
strickled, th e  correct cam ber, which in  some 
cases may he as much as l j  in ., being allowed for

F i g . 1 0 .— D r i l l i n g - M a c h i n e  S l e e v e s .

during  th is process. The p a tte rn  is then  la id  
down on th is  bed, and  m oulding proceeds.

Camber on machine-tool castings has been very 
extensively d ea lt w ith by E . Longden in  one of 
his Papers en titled  “  Cam ber in  C astings.”  The 
cam ber of any large casting  should be recorded 
for fu tu re  guidance, and  even th en  i t  m ay vary  
w ith analysis v aria tion . F ig . 8 shows a m ould
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40 ft . long ready to  be cored up. In  the  back
ground can be seen a travelling  Sandslinger used 
for ram m ing th e  mould tops, and also a portable 
dryer. In  a casting  of th is  size, th ree  or four 
of these dryers would be used sim ultaneously for 
its drying. The m echanical ram m ing aids for 
m aking these moulds are  practically  lim ited to 
the  Sandslinger and the  pneum atic ram m er.

On m edium  rou tine  work, jo lting  machines can 
be used to  fa c ilita te  ram m ing. F ig . 9 shows an 
8 -ton shockless ja r r in g  machine which is used for

F i g . 1 1 .— C o r e  B a r r e l  M a c h i n e .

p reparing  drags. The half or block portion  is 
placed on a tab le  and covered w ith facing sand. 
The drag  is th en  placed in  position and filled 
w ith backing sand by m eans of a grab operated 
by an overhead crane. A fter th is  mould has been 
jo lted , i t  is tu rn ed  over and placed under an 
ad jacen t Sandslinger, which ram s th e  tops. The 
completely ram m ed mould is then  passed to the 
m oulders for p a tte rn  w ithdraw al and finishing, 
the  mould being dried  in  s i tu  by m eans of im
portable dryer. V ery good production tim es are 
achieved by th is m ethod, b u t i t  is only app lic
able for ce rta in  classes of work.

n 2



R efrac tory  M ateria ls
I t  is no t proposed to  discuss sands in  th is  

Paper, as these depend on th e  geographical s i tu a 
tion  of th e  foundry , bu t i t  has been s ta ted  th a t

F i g . 1 2 .— M o u l d  f o r  D r i l l  S l e e v e .

h igh-duty  and  alloy irons requ ire  to  be poured 
a t  a fa irly  h igh tem p era tu re  on account of th e ir  
short freezing range. This calls fo r m oulding 
sands th a t  a re  refrac to ry , o r “  bu rn in g -o n ,” 
which creates considerable fe ttlin g  difficulties,
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will tak e  place in the  heavier sections of the  
castings.

The following “  compo ”  has been found very 
re s is tan t to  th e  action of h o t m etal, and can  be 
applied on th e  th icker sections of a casting  and 
in th e  v icin ity  of th e  ru n n ers  : — One barrow fu l 
old fireb ricks; five shovelfuls of firec lay ; five 
shovelfuls of sea san d ; fou r shovelfuls of sm all 
coke; one bucketfu l of common blacking. These 
a re  m illed, and w ater is added u n ti l  th e  requ ired  
fineness and degree of m oisture for ram m ing  is 
obtained. I t  can be le t down s till fu r th e r  w ith  
w ater and used in  th e  place of loam fo r strick le  
work.

Drilling-Machine Sleeves
The following describes in  m ore d e ta il th e  

m ethods of m oulding a  typ ical m achine-tool cas t
ing, actually  drilling-m achine sleeves th e  w eight 
of which m ay range  from  5 cwts. to  12 to n s ; th e  
largest casting  would m easure 15 f t .  in  leng th  
and 30 in. in  diam eter, and  such a  casting  is 
shown in  F ig . 10.

The core is m ade by m eans of a strick le  sweep
ing up  th e  loam on a steel barre l. These barrels 
a re  tu rn ed  by m eans of a m achine sim ilar to  a 
la the headstock. A b a r in  fro n t of th e  o pera to r 
enables ro ta tio n  of the  barre l to  bo stopped and 
s ta rte d  a t  will. This m ethod enables th e  w inding 
of th e  straw  rope, and  th e  subsequent app lica tion  
of th e  loam, to  be done w ith  considerable 
rap id ity . The barre l is  driven by m eans of a 
square sh a ft in  which a  co tte r hole is provided, 
which is also used for keeping th e  core b arre l 
from  lif tin g  when i t  is in  th e  casting  position in  
the mould. The square end of th is  sh a f t fits the  
stan d ard  collet of a d riv ing  head on th e  core 
tu rn in g  m achine. This is shown in  F ig . 11. The 
mould is m ade by ja r r in g  th e  bottom  ha lf on a 
jo lting  m achine, th e  to p  half being ram m ed up 
by a Sandslinger.

Owing to  th e  design of th is  ty p e  of casting , 
i t  it, sometimes im possible to  o b ta in  a s tra ig h t 
drop for th e  m etal, and no m a tte r  where th e  
runners are  placed the  m eta l will s trik e  on e ith e r 
a shoulder of th e  mould o r th e  core. W here th is



359
strik e  is likely to  ta k e  place th e  mould is studded 
w ith m etal studs fo r protection. These moulds 
are  always ru n  from  th e  to p  by m eans of pencil 
runners s itu a ted  round th e  core.

No feeding takes place, sufficient head being 
allowed on th e  casting  fo r th is purpose. Bottom 
ru nn ing  fo r th is class of work is considered dan
gerous, as a cleavage line may be caused by the 

presence of blacking or dust when the m etal is 
rising  in  th e  mould. This can be a source of 
undetected  weakness in  the  casting.. W hen top

F i o .  1 4 .— M o u l d  A s s e m b l y  f o r  G r i n d i n g - 
M a c h i n e  B e d .

pouring is used, the surface of the  m etal is being 
constantly  ag ita ted , and so the possibility of 
cleavage lines is elim inated . F ig . 1 2  shows the 
completed mould in  section.

Grinding-Machine Bodies
These castings are  more or less of a  s tandard  

type, irrespective of th e  m ake of m achine, and 
th ree s tan d a rd  methods can be used for mould
ing these ca s tin g s : —One is by using a  plain  p a t
te rn  in the  foundry  floor surrounded by draw 
backs. This, although an expensive method of 
moulding, does no t requ ire  much tackle. The 
second is by m eans of a th ree -p a rt box w ith  two 
jo in t lines on the pa tte rn s. The in itia l outlay for
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tackle is considerable, b u t th e  whole mould is 
accessible and  can be thoroughly  dried  in  the 
foundry  stove.

The th ird  m ethod which th e  au th o r proposes to  
describe is achieved by using p a tte rn s  w ith  two 
jo in t lines sim ilar to  th a t  fo r a  th re e -p a r t box, 
b u t in  th is  case th e  ways to  jo in t  (X , X  in  
F ig . 13) are  bedded on th e  foundry  floor. The 
m ain body of the  mould is ca rried  in  a box by 
m eans of a shaped cast-iron p la te  2  in . th ick , 
which fits round  th e  p a tte rn  w ith in  2  in . all 
round. This p late , ca rry ing  w hat m ay be term ed  
the m iddle portion , is guided by m eans of floor 
stakes. A top p a r t  is used, which is located on 
the  m iddle p a r t by m eans of p ins. The mould 
is dried in  s i tu ,  and can be assembled as th e  
cores are  b u ilt up. The in tr ic a te  core operations 
round the  ways which are  b u ilt up from  th e  floor 
are readily  accessible, w hich is of considerable 
advantage. In  th is case th ere  a re  approxim ately  
57 cores. The m etal sections a re  generally  on 
the  th in  side,. A dequate ru n n ers  m ust be p ro
vided or some of th e  sections will be chilled and 
extrem ely hard  to  m achine. F ig . 14 shows one of 
these moulds stripped  p rio r to  coring up.

Fettl ing  Machine-Tool Castings
F e ttlin g  of h igh-du ty  and  alloy castings p re 

sents additional problems over those m anufac
tu red  from  th e  softer irons. The iron , hav ing  a 
h igher tensile s tren g th , n a tu ra lly  requ ires g rea te r 
m anual effort to  chip. P erhaps th e  m ost useful 
m echanical a id  to  fe ttlin g  is the  sw ing-fram e 
g rin d e r fitted  w ith  a high-speed g rin d in g  wheel. 
This is aided by the  pneum atic ham m er. Very 
often  large heads and feeders have to  be removed 
and these canno t always be stru ck  off fo r fe a r  of 
b reaking in. I t  is usual to  d rill these risers 
transversely  across th e  junction  of th e  casting  
a fte r  which they  can readily  be rem oved. An 
im proved finish and  a  subsequent a id  to  fine 
fe ttling  on th e  castings can be ob tained  by m eans 
of a shot-blast p lan t.

F ig . 15 shows a casting  for a 30-ton press 
body a fte r being sand-blasted. This casting , on
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account of its  th in  sections coupled w ith high 
tensile s treng th , weighs only 34 cwt.

Design C ons idera t io ns  
I t  would not be fitting  to  conclude th is P aper 

w ithout reference to  the  design of castings to  be

F i g . 1 5 .— P r e s s  B o d y  b e i n g  S a n d - b l a s t e b .

m anufactured  from  high-tensile cast iron. I t  
is im perative th a t  an even section be m ain
ta ined  th roughout and th a t  no hot-spots are 
created  th rough  the  junction  of too many ribs 
a t  one point. A transverse rib  should be broken 
where i t  en ters a right-angled corner by means



of a small round core. A casting  is n o t always 
streng thened  by th icken ing  ce rta in  sections, as 
a reduction  of tensile s tre n g th  m ay tak e  place 
th rough  “  mass effect.”

W hen a draugh tsm an  designs a casting  he 
should also visualise th e  m oulder’s p a rt in g  line 
and incorporate  the  necessary ta p e r  fo r s tr ip 
ping in  his design. This no t only will reduce 
the  m oulding cost, b u t does m uch to  e lim inate  
m isshapen castings caused th ro u g h  excessive 
rapp ing  or uncontrolled p a tte rn  ta p e r  applied 
by the p a tte rn m ak er.

The au th o r wishes to  apologise fo r th e  b rie f
ness of the  P ap er, which a ttem p ts  to  ou tline  a 
most comprehensive and  difficult type  of work, 
any sub-heading of which offers scope fo r a 
detailed  trea tise . M achine-tool m oulding requires 
constan t personal supervision to  de ta il an d  prob
ably has done m uch to  enable th e  sm all jobbing 
foundry to  survive these days of in tensive com
petition  on account of its  w orking ow ner always 
being on th e  spot w ith  a  p rac tica l knowledge 
of th e  class of m achine-tool casting  on which he 
has specialised.

In  conclusion, th e  au th o r wishes to  th a n k  the  
d irectors of W illiam  A squith , L im ited , and 
M odern Foundries, L im ited , fo r th e ir  perm ission 
and facilities for th e  w riting  of th is  P ap e r, and 
to  D r. A. B. E verest, of th e  M ond N ickel Com
pany, and M r. H . F . Poole, of K eighley L abora
tories, for th e ir  suggestions and  help.

DISCUSSION 
Pho sph orus  C o n te n t  for Machine-Tool C asting
The discussion was opened by M e. A .  J .  S h o k e , 

who referred  to  th e  tab le  (in th e  section of the  
P ap e r headed “  M elting  Losses and  G ains ” ) 
com paring th e  com positions of cupola m eta l and  
B rackelsberg ro ta ry -fu rn ace  m eta l, an d  poin ted  
o u t th a t  th e  phosphorus con ten t of th e  cupola 
m etal was 0.78 per cen t., and  th e  phosphorus 
con ten t of th e  ro ta ry -fu rnace  m eta l was 0.40 per 
cent. H e  im agined th a t ,  unless borings o r some 
m ate ria l of th a t  sort, were used in  the

362
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B rackelsberg furnace, the  base iron  was more 
expensive in  th a t  case th a n  in  th e  case of the  
cupola-m elted iron. Y et th e  physical properties 
were said  to  be roughly th e  same, and  he asked 
w hether th e  exam ple was given in  th e  P ap er to 
dam n th e  ro ta ry  furnace, because i t  did  no t show 
up  very well on th e  figures given.

Inoculation by Steel S hee t  Additions
D iscussing th e  inoculation of iron, he asked 

w hether th e  au tho r had  had  experience of add
ing steel to  th e  ladle in  th e  form  of very th in  
sheet (no t m olten steel). I t  was his experience 
th a t  as th e  resu lt of adding 2  per cent, of steel 
a t  the  bottom  of th e  ladle (using 5 cwts. of iron), 
th ere  was a  definite im provem ent of th e  density 
or soundness of th e  th ick  sections, although there  
did n o t seem to be any p a rticu la r reason fo r th a t  
im provem ent. The m ate ria l used consisted of 
clean pressings, th e  w aste from  th e  press shop. 
I t  had  a  certa in  am ount of fa t  on it , and  i t  
had been suggested th a t  perhaps th e  im provem ent 
of p roperties of th e  castings was due to th e  fa t 
“  shaking u p  ”  the  m etal in  the  ladle.

The im portance of design seemed so obvious, he 
continued, th a t  i t  should n o t need com m ent; yet 
the  im provem ent of design from  th e  po in t of view 
of m oulding seemed to  be th e  la s t m a tte r  which 
designers considered. A t his works they had 
really  got down to  th e  problem, and by im proving 
th e  design of castings from  th e  moulding po in t of 
view they  had been able to  achieve a t  least 25 per 
cent, increase of production, and  to  tu rn  o u t a 
b e tte r job. T h a t m ean t th a t  previously they 
had been doing th ings which were no t necessary; 
they had effected im provem ent by dispensing w ith 
th ings th a t  were unnecessary, by providing a 
li tt le  more ta p e r  here  and there , and  so on.

Reason for Low Phosphorus C onten ts
M r. J .  B l a k i s t o n ,  dealing  w ith  th e  comment 

upon th e  tab le  showing th e  com positions of the  
cupola m etal and th e  B rackelsberg ro tary -fu rnace  
m etal, and th e  suggestion th a t  th e  la tte r  m etal 
was more expensive th a n  th e  form er, said th a t
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in the  instance given i t  was decided as a  safety  
fac to r to  reduce the  phosphorus co n ten t of the  
ro tary -fu rnace  m etal in o rder to  m a in ta in  den
sity  a t  th e  bottom  of deeply-m achined Tee slots. 
I t  was a  question of th e  founder su itin g  his 
m ethods to  the  design, and  i t  was a  well-known 
method to  reduce th e  phosphorus co n ten t to  below
0.5 per cent. H e  believed th ere  was no increase 
of cost of th e  charge ; th e  re su lt desired was 
achieved by adding  steel to  the  B rackelsberg fu r 
nace and carburising  i t  w ith  petro leum  coke. 
A ctually one could m ake a  syn the tic  iron  in  a 
ro ta ry  furnace- by using 1 0 0  per cen t, steel and 
carburising  i t  w ith  petro leum  coke.

H e had  never a ttem p ted  th e  add ition  of sheet 
steel to  th e  ladle, b u t the  reference recalled  to 
his m ind a  m ethod once adopted  by an old 
foundry forem an who was requ ired  to  m ake cast 
iron which would bend. H e had  filled a  sm all 
ladle w ith  foundry  sprigs and  had  poured in 
hem atite  iron  from  th e  cupola.

Effect of C om p o si t io n
Mil. F . C. P e a r c e ,  com m enting on th e  a u th o r’s 

s ta tem en t th a t  th e  ro ta ry  fu rn ace  delivered  a 
b e tte r iron th a n  th e  cupola, asked in  w hat 
respect i t  was b e tte r. F o r exam ple, re fe rrin g  to  
the  tab le  showing th e  compositions of th e  cupola 
and th e  ro ta ry -fu rnace  m etals, he asked w hether, 
if th e  cupola would give a  m eta l hav ing  a  com
position equal to  th a t  specified fo r th e  B rackels
berg ro ta ry  fu rnace ,, th e  B rackelsberg fu rnace  
m etal would be any b e tte r  th a n  th e  cupola m etal. 
Or was th e  B rackelsberg fu rnace  m eta l b e tte r  
merely because i t  had  a  lower to ta l carbon con
te n t th a n  th e  cupola m etal?

M r . B l a k i s t o n  said the  question was answ ered 
by th e  fa c t th a t  a: casting  from  a  ro ta ry -fu rn ace  
iron showed much more even g ra in  in  vary ing  
sections th an  d id  a  casting  from  th e  cupola ir-on, 
as had been proved by b reak ing  up  ce rta in  
castings. There was certa in ly  a  g rea te r tendency 
to  produce open iron from  the  cupola th a n  from  
the  B rackelsberg furnace.
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Ladle Additions and Ribbon Turnings

M e . F .  J .  C o o k  (P as t-P residen t), discussing 
th e  add ition  of th in  steel sheet in  the  ladle, said 
he had had  to  produce very large quan tities of 
machine-tool castings, and fo r small slides i t  was 
the practice in  some foundries to  use the  ribbon 
tu rn in g s  from  au tom atic  lathes, which tu rn ings 
were extrem ely th in  and  were kep t clean—they 
were usuiilly supplied by the  people who took 
the  castings—and th ere  was no doubt th a t  a  very 
definite im provem ent was effected in  the tex tu re  
and closeness of the  m etal, and a  reduction of 
sink ing  in deep parts.

W ith  regard  to  foundry difficulties arising  from 
th e  design of th e  castings, he claimed th a t  a 
g re a t deal of th e  troub le  experienced was due 
to  th e  foundrym en themselves, and he asked how 
many foundrym en could criticise a draw ing when 
it  was on the  draw ing board. I t  was very easy 
to  be wise a f te r  an  even t; b u t if the  foundry- 
m an was to be able to effect im provem ent in 
regard  to design he m ust be able to  criticise a 
draw ing a t  its inception,. I t  had been his good 
fo rtune  for very many years to  be able to  ensure 
th a t  no draw ing was traced  unless he had 
approved it . In  th e  case of one design of engine, 
a saving of a t  least £ 1 0 0  was effected in  the 
production of each ind iv idual engine as the 
resu lt of a lte ra tion  of th e  design, w ithout 
de trim en t to  th e  efficiency of th e  job.

M e .  B l a k i s t o n ,  endorsing M r. Cook’s rem arks, 
said he believed th e  In s titu te  was doing its best 
to -make practical foundrym en realise how 
essential i t  was to  secure technical tra in in g , so 
th a t  they could und ers tan d  th e  points of view of 
o thers -and could explain  th e ir  own point of 
view more graphically  th an  they  had been able 
to do previously.

Value of Phosphorus C o n ten t
M e . P . A .  R u s s e l l ,  B.Sc., commented th a t 

the analyses the  au thor had given in  Table I of 
irons used in machine-tool castings were rep re
sen ta tive  of p ractice th roughou t th e  co u n try ;
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but he asked for some fu r th e r  in fo rm ation  w ith  
regard  to  phosphorus. I n  th e  Type 2 iron  in 
Table I , th e  phosphorus con ten t was 0.70 per 
cen t., an d  th a t  agreed w ith  his own p rac tice ; he 
liked low-phosphorus iron  fo r p ressure work, b u t 
fo r m achine-tool work a  p roportion  of phosphorus 
was an  advantage. In  th e  tab le  g iven in  th e  
P ap e r to  ind icate  th e  com positions of cupola 
m etal and B rackelsberg ro ta ry  fu rn ace  m etal, 
th e  la t te r  m eta l had  th e  lower phosphorus 
content, whereas one would im agine th a t  i t  could 
have a  h igher phosphorus co n ten t th a n  th e  
cupola m etal. In  th e  case of th e  cupola, hav ing  
the  h igher carbon conten t, and where th e re  was 
g rea te r risk  of the  carbon approach ing  th e  
eutec tic  point, th ere  was m ore of a case fo r low 
phosphorus c o n te n t; in  th e  B rackelsberg fu rnace  
m etal, in  which th e  carbon and  silicon could be 
controlled very well, he would have th o u g h t th a t  
one could afford to  m a in ta in  an even h igher 
phosphorus con ten t th an  in  th e  Type 2 iron. In  
m achine-tool irons, phosphorus was a valuable 
c o n s titu e n t; its  effect on w ear was qu ite  d is tinc t, 
and when looking a t  a  m achine-tool castin g  which 
had been in  use for some tim e  one could tell 
w hether or n o t th e  phosphorus con ten t was high 
by the  way in  which th e  phosphide eutec tic  
stood out.

Fluidity of Inoculated  Irons
W hilst endorsing th e  a u th o r’s rem ark  th a t  i t  

was difficult to  carry  ou t inoculation  in  sm all 
quan tities, he would n o t like to  leave th e  im
pression th a t  one could no t m ake sm all q u a n ti
ties of inoculated  iro n s ; he had  done i t  in  cwts. 
a t a tim e. I t  was a  question of ta p p in g  tem 
p e ra tu re  to  s ta r t  w ith. I f  th e  iron  were h o t 
enough i t  would stan d  inoculation  in  small 
q uan tities . Inc iden ta lly , he said i t  was his ex 
perience th a t  inoculation  rendered an iron more 
flu id ; for a given tem p era tu re  and class of iron, 
th in n e r castings could be ru n  in inoculated  iron  
th a n  in  s tra ig h t iron.
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Discussing the  t r a p  ru n n e r illu stra ted  in F ig. 7 

of th e  P ap e r, he said he would have though t 
th a t  i t  was ra th e r  dangerous to  use. I f  the 
runners were well organised, and the  d iam eter of 
the  dow nright from  th e  pouring basin were 
g rea te r th an  th e  dow nright in to  the  casting— 
there  were also d ifferen t levels, and so on, to be 
considered—i t  m ight be all righ t. B u t in  the 
tr a p  ru n n e r  illu s tra ted  there  seemed to  be very 
grave risk  of the  m etal ru n n in g  ou t of the  tra p  
basin a t a g rea te r speed th a n  th a t  a t which it  
could en te r from  the pouring basin, so th a t  the 
slag would be carried  into the casting. He 
would have th o u g h t th a t  a  scheme w ith  a 
tan g en tia l a rrangem ent would have been more 
effective. The tra p  ru n n er illu stra ted  occupied 
much room.

Limit of Phosphorus C o n ten t
Mu. B l a k i s t o n ,  re fe rrin g  to  th e  table show

ing the  compositions of cupola m etal and the 
Brackelsberg ro ta ry  furnace m etal, said th a t in 
fac t the  cupola-melted sample was taken  from a 
casting  supplied from  an  outside source, and the 
B rackelsberg-furnace-m elted sample was taken  
from a sim ilar casting  he had  m adę. There was 
no definite a ttem p t to m atch the analyses, b u t 
he endorsed M r. R ussell’s s ta tem en t th a t  there  
was a h igher phosphorus m arg in  in the Brackels
berg furnace m etal th a n  in th e  cupola metal. 
I t  paid  always to m ain ta in  the  phosphorus con
te n t as high as one dared w ithout runn ing  in to  
the bugbear of all machine-tool casting moulders,
i .e . ,  open Tee slots. N ot only did i t  give the 
casting  a superior finish, b u t i t  also enabled the 
machine shops to  use high c u ttin g  speeds w ithout 
plucking.

W ith  regard  to  inoculation, he said th a t  
foundry m anagers very often  had to  m ake the 
best of the p lan t they  had available, and when 
he had m entioned 1 0  cwts. as the  minimum 
weight for inoculation, he had m ean t th a t  i t  was 
more or less a safe w eight to  run  commercially 
w ith the p lan t th a t  was probably available. W ith
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the  necessary p la n t and  w ith  superheated  iron, 
no doubt one could achieve good resu lts w ith 
much sm aller q u an tities  of m etal.

T ra p  Runners
As to  th e  tr a p  ru n n e r illu s tra ted  in  F ig . 7, 

he said the first en try  from  th e  pouring  basin 
to the tr a p  basin was achieved by m eans of a 
double ru n n er , so th a t i t  provided double the  
area of th a t  of the  ru n n er in to  th e  casting . 
T hat afforded a sufficient m arg in  of safety , and 
there  was no possibility of th e  m etal from  the  
tra p  basin carry ing  the  slag in to  the  casting . 
The proof of the  pudding  was in  th e  ea tin g , and 
the volume of d ir t  p rec ip ita ted  in  the  tr a p  basin 
was surprising . H e was observing th e  d ifferen t 
results obtained w ith  d ifferen t cupola cokes; and 
when using cokes of very sim ilar analyses, th ere  
were definite varia tions in  the  d ir t  p rec ip ita tio n  
when m aking sim ilar castings th rough  th e  tra p  
runner. H e hoped to  collect fu r th e r  d a ta  on 
th a t  subject.

Dangers  of Ladle A ddit ions  
M b . R e y n o l d s  said th a t , in  sp ite  of th e  re fe r

ences m ade to th e  successful resu lts accruing 
from  using steel tu rn in g s  or pieces of th in  steel 
sheet in th e  ladle and pouring  m eta l on to  them , 
he was opposed to  th a t  p ractice  as ag a in s t th e  
more norm al and co nstitu tiona l m ethods. H e 
would like to  know w hat advantageous effect th e  
steel tu rn in g s  or sheet could have, as aga in s t 
steel which was added e ith e r in th e  cupola d irec t 
or (where th e  q u an tities  were small) steel which 
was m elted in  th e  crucible, w ith  or w ith o u t fe rro 
alloys, and added to  the  ladle in  o rder to  
s treng then  the  iron . The add ition  of steel tu r n 
ings and th e  pouring of ho t m etal over them  
seemed to  be ra th e r  a hit-and-m iss business, for 
there  seemed to be dan g er of th e  tu rn in g s  float
ing up, becoming en trapped  in  th e  ru n n e r and, 
therefore, in to  th e  casting . H e could foresee 
m any disadvantages arising  from  th a t  p ractice  
as against the more norm al practices of alloying 
in the cupola o r by m eans of ladle additions.
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M r . B l a k i s t o n  replied th a t  he, too, was very 

much ag a in s t ladle additions unless they were 
necessary fo r inoculation. The correct method of 
m aking additions was to  m ake them  on th e  charg
ing p latfo rm , in  weighed am ounts. There was 
always a tendency to  produce a  “  plum -pudding ” 
effect w ith ladle additions, and th e re  was also 
the chilling effect on the  m etal.

Ladle Additions  Upheld
M r .  D. S h a r p e  was thoroughly in  agree

m ent w ith the  practice of using th in  steel sheets 
a t the  bottom  of th e  ladle ; i t  was common prac
tice in  a1 num ber of foundries where they required 
to stiffen u p  iron fo r a few castings. The th in  
sheets were placed a t  th e  bottom  of the ladle, 
or fed in to  th e  m etal in ladle, and th e  m ix ture  
was then  poured. T h a t method was giving sa tis
factory resu lts every day. I t  was w orthy of note 
th a t  th e  practice was so common, despite the 
common agreem ent th a t  additions should be made 
th rough  th e  m elting medium,

M r . Y. C. F a u l k n e r  (P ast-P residen t) asked 
w hat percentage of steel sheet could b© added to 
the  ladle. A figure of 2 per cent, had been men
tioned, and he asked w hether th a t  represented 
th e  economic lim it.

M r . S h a r p e  said he would not like to  give a 
definite figure. A t his own works the m atte r 
was le ft en tire ly  to  the  judgm ent of the foreman 
and in some cases to- the  m an responsible for 
m aking the  job. The practice was rule-of-thum b, 
as were m any others. B u t in the  ligh t castings 
trad e  i t  was a common practice to  use an  un 
qualified qu an tity , being le ft to  the  judgm ent 
of the m an responsible for the job.

Selected Additions  Essential
M r .  F . J .  C o o k  agreed th a t, if one had to 

deal w ith a  sufficient q u an tity  of a m ix ture , it 
was b e tte r to  m ake additions in  the usual way—■ 
e ith e r by m aking alloys and adding them  to  the 
ladle or, be tte r still, by p u ttin g  th e  additions 
th rough  th e  m elt. B u t perhaps there was some
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m isapprehension w ith  regard  to  th e  add ition  of 
tu rn in g s  to the  ladle. H e  did n o t m ean th a t  the  
o rd inary  shaving tu rn in g s  were used, h u t th e  
tu rn in g s  which caime from  th e  la thes in  th e  form  
of ribibons, about 1 -in. or l | - in .  wide an d  only 
a few thousandths of an inch th ick . They were 
added in  definite quantities-—1 ^ per cent, was 
added in 2-cwt. ladles. The p rac tice  was 
adopted in  cases where a few castings of a 
ce rta in  composition were requ ired  in  th e  course 
of a  day ’s ru n . The tu rn in g s  w ere red  hot, as 
the  resu lt of th e  hea t a t  th e  bottom  of th e  ladle, 
before the  m eta l cam e on to  th e  top  of them , 
and there  was no question th a t  very good resu lts 
were obtained regularly .

Limiting Fac tors
M r . A .  J .  S h o r e  added th a t  th e  ad d itio n  m ade 

to th e  ladle was carefu lly  weighed and  was 
perfectly  free from  ru s t, though  i t  had  some 
fa t  on. it . The s tr ip s  were 1-in. o r l j - in .  wide, 
and they were th in . They were used for special 
jobs, w here one required  to be qu ite  c e rta in  th a t  
the  ladle contained th e  correct m eta l. I f  a  
small am oun t were added in  th e  cupola, it  m igh t 
be missed, whereas one could be ce rta in  th a t  i t  
was in  the  ladle if i t  w ere added there . The 
am ount used was, roughly, 2  per cen t., and  he 
reckoned th a t  2  per cent, added in  th a t  way 
was as good as 5 or 7 per cent, added in  the  
cupola. H e did n o t know why, b u t i t  worked 
ou t in th a t  way.

An H is to r ic  P ract ice
M r. A. H a r l e y  (P as t-P residen t) recalled th a t , 

when w atching th e  casting  in  th e  m oulding shops 
a t  Coalbrookdale abou t 40 years ago, he had 
noticed a n  old m an abou t 70 years of age 
dropping th in  sheet steel very carefu lly  in to  a  
big ladle of m etal. In  rep ly  to  questions, the  
old m an had said th a t  b e tte r  castings w ere m ade 
as a  re s u lt;  and  th a t  was in  fac t th e  case, fo r 
the castings were excellent. F u r th e r , th e  old 
m an sta ted  th a t  his fa th e r  and  h is g ra n d fa th e r



had followed th e  same practice. Therefore, the 
p ractice  of adding sheet steel to  cast iron in  the 
ladle had been followed fo r generations a t  Coal- 
brookdale. The m ethod m igh t no t be th e  most 
scientific, b u t M r. H arley  believed i t  was fa r  
be tte r th a n  the  m ethod of p u ttin g  small q u an ti
ties th rough  the  cupola. A q u an tity  of 2 or 3 
per cent, could be added qu ite  easily. The old 
m oulders of th e  past had  realised, by observa
tion , th a t  fo r certa in  classes of work cupola m etal 
was ra th e r  too grey and  m igh t be inclined to 
draw , and th e ir  method of add ing  sheet steel 
gave th e  m etal a closer g ra in .

Running Long Plane Beds
M r. A. M a r s h a l !,, re fe rrin g  to  the  plane bed 

illu s tra ted  in  th e  P ap er, asked for Mr. Blakis- 
to n ’s opinion abou t ru n n in g  from  one end, and 
w hether th e re  was a m axim um  length  th a t  could 
be ru n  from  one end. I f  the  casting  were run  
from  both ends, one ladle was standing, and the 
tem p era tu re  was dropping.

T rap basins in  his experience were successful, 
and collected a  considerable am ount of slag which 
otherwise would en te r the  castings.

D ealing fu r th e r  w ith  the  pouring of machine 
beds, he suggested th a t  where they were poured 
from  both ends, the re  was a t  some points a te n 
dency to  sligh t oxidation  and for particles to 
be picked up, producing porosity in  the  castings 
a t those points. W ith  regard  to  design, he said 
th a t  where two ribs m et, th e re  was natu ra lly  a 
ce rta in  am ount of porosity. H e had tr ie d  chill 
nails, b u t the  ho t m etal seemed to  nip them  off.

A Fourteen Feet Lim it
M r . B l a k i s t o n  replied  th a t  the plane bed o f  

which a photograph was shown in  the P ap e r was 
40 ft. long. I t  was necessary to ru n  the  m etal 
along th e  bottom  on chills, to  coun teract any 
tendency to  draw  created  by the  cross ribbing of 
the casting. A distance of 20 ft . was a long 
(vay to  ru n  m etal on chills, b u t i t  was achieved 
successfully.
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H e was aga in s t pouring  long castings from 

both e n d s ; where th e  two stream s of m eta l m et 
there was always a tendency, no t for a  cold lap, 
but for a deposit of oxidised m a tte r . W hen th a t  
m a tte r existed in the  m etal, th e re  was increased 
tendency to  pick up b lacking or skim  the  sides 
of the  mould, and patches of “  gas-ho ling .”

The lim it of leng th  for ru n n in g  from  one end 
successfully was about 14 ft.

In  the  B rackelsberg fu rnace  p rac tica lly  any 
tem pera tu re  could be achieved up to  th e  tem 
p era tu re  a t  which th e  lin ing  was in ju red . The 
m etal m ust be fa irly  ho t when producing  high- 
duty  cast ii'ons. B u t th e  lower th e  tem p era tu re  
a t  which one could cast successfully, th e  longer 
the life of th e  re f ra c to r ie s ; th e  h o tte r  th e  m etal, 
the shorter the  life of the  lin ing.

D ealing w ith  th e  question of porous patches 
in ribbed castings, he said th a t  i t  pa id  to  slip in 
a li tt le  core betw een ribs and  corners a t  such 
places, even if only of 1,-in. d ia m e te r ; if  one 
could not do th a t , a small steel b a r could be 
used.

M e. V. C. F a u l k n e r  suggested th a t  those in 
terested in  th e  add ition  of th in  sheet steel to  
the ladle m igh t study  th e  A m erican E xchange 
P aper p resented  two years ago by M r. Judson . 
T hat P ap e r was very valuab le ; th e  au th o r was 
m ixing in  th e  liquid  form  two categories of 
m etal in  which some au to-inoculation  had  tak en  
place.
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SAND-BLASTING AS APPLIED TO THE VITREOUS ENAMELLING PROCESS
By H. W HITAKER, M.Sc.

Sand-blasting  is a process whereby grains of 
abrasive are  throw n forcibly against the  articles 
to be cleaned or tre a ted . “  B lasting  ” would 
be a b e tte r  general te rm  to  describe the  process, 
as nowadays sand is very little  used, in  th is 
country, a t  any ra te . The abrasive, generally 
crushed iron g rit, is impelled against the  articles 
being tre a ted  e ither by a stream  of compressed 
a ir  or from  th e  blades of a wheel, ro ta tin g  a t 
high speed. History

The orig inal p a ten ts  are  said to have been 
taken  out by T ilghm an in  1870, when th e  pro
cess was used for obscuring glass. I t  was first 
applied to  the  m etal trades in  th is country  in 
Sheffield and D erby, about 1896, when i t  was 
used for cleaning castings, sand being the  ab ra
sive used. I t  was carried  ou t in the  open a ir, 
no precau tions being tak en  regard ing  dust. 
About th e  year 1900, a ttem p ts  were made to 
confine the process to an enclosed chamber, and 
crushed iron g r it  was in troduced as the  abrasive.

O bject  of Blasting
The object of b lasting prio r to vitreous 

enam elling is th re e fo ld :— (1) To remove the 
hard  “  sk in ,” which is of a d ifferent n a tu re  from 
the res t of the m etal and does no t enamel w ell;
(2 ) to  remove all surface im purities, such as 
sand, blacking and the  oxide formed during  
annea ling ; and (3) to roughen the  surface and 
thereby cause a “ bond ” which enables the 
enamel to  grip  the  m etal. F o r cast iron no o ther 
m ethod of cleaning has been found so effective, 
and i t  m ay also be applied to  the  heavier gauges 
of sheet steel.

I t  is v itally  im p o rtan t th a t  the  b lasting be 
done thoroughly and  efficiently, because very

P a p e r  N o . 640



m any enam elling troubles can be traced  to  fau lty  
b la s tin g ; for exam ple, lack of care on th e  p a r t 
of the  opera to r, or th e  presence of oil or w ater 
in the  compressed a ir .

Choice of Plant
W hen the  prospective purchaser of b lasting  

p lan t knows the  type of goods he is to  handle, 
and th e  q u an tity  per hour, th e  suppliers have 
little  difficulty in  advising as to  the  best ty p e  to  
instal. W hen, however, the  user him self—an 
enam eller w orking fo r th e  trad e , say—has no t 
this exact knowledge (as th e  work m ay vary  
from  a  knob w eighing an  ounce to  a heavy pan  
w eighing up to  a ton ), th en  th e  choice of p la n t 
requires carefu l consideration.

Assum ing the  class of work to  be know n, th e  
type of p lan t is largely  se ttled  by th e  o u tp u t 
re q u ire d ; for exam ple, on lig h t castings (stove 
g rates, etc .) the  d ifferen t types would tu r n  ou t 
app ro x im a te ly :—C abinet, 1  c w t.; room, 2  c w ts .; 
and ro ta ry  tab le , 6  to  8  cwts. per h ou r p er m an 
(operator only). I t  is best to  select b las ting  
equipm ent on th e  cost per u n it  cleaned, because 
low ru nn ing  costs can easily outw eigh an 
apparen tly  high cap ita l expend itu re . A ssum ing 
a daily o u tp u t of 25 tons, a saving of £100 in  
purchase price can be w iped ou t in  two m onths 
if the  operating  costs a re  2 s. per to n  h igher th a n  
they m ight be. M oreover, a f te r  th a t  th e re  would 
be a loss of £ 1 0 0  every two m onths.

O U T P U T  OF P LA N T
This depends on (a) a ir  pressure em ployed;

(b) a ir  capacity ; (c) bore and  type  of nozzle; (d) 
n a tu re  of ab ra s iv e ; and (e) type  of p lan t.

(a) A ir Pressure
Difference of opinion still exists as to  th e  best 

pressure for v itreous enam elling. A pressure of 
50 to  55 lbs.' per sq. in . a t  the  nozzle appears to  
be generally used in  th is  country , a lthough  th is  
may rise to 70 to  80 lbs. or fa ll as low as 30 to  
35 lbs. P robably  the  las t range  is th e  absolute 
minim um  for giving a sa tisfac to ry  bond for th e
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enam el, and  the  h igher pressures are  used w ith 
the object of ob ta in ing  a g rea te r ou tpu t. I t  
should be borne in  m ind, however, th a t  the power 
required  to  compress a ir  increases rapidly  w ith 
the p ressure; for exam ple, to  produce 1 0 0  cub. 
f t . free a ir  per m inute  a t  30 lbs. pressure, 12 h.p. 
are  required , w hilst for the same am ount a t 
00 lbs. pressure 18 h.p. are  required. Few users 
of compressed a ir  have an accurate  idea of w hat 
i t  costs. I t  has been estim ated th a t  a p lan t 
w ith th ree  J  in. nozzles costs about 2 s. 6 d. per 
hr. for compressed a ir, or over £300 per year.

(b) A ir  Capacity
The a ir consum ption depends solely on the 

pressure and the  bore of nozzle, and as the 
la tte r  increases th rough  wear, the  compressor 
should be well on top  of its work, say 2 0  per 
cent, above th e  dem and of a new nozzle. To 
obviate stoppages due to breakdowns, repairs, 
etc., i t  is b e tte r  to  have two or more m edium - 
sized compressors th an  one large one.

(c) Bore and Type of N ozzle
The wear of nozzles should be carefully con

trolled. A 7%-in. bore nozzle will absorb 205 cub. 
ft. free a ir per m inute  to  operate i t  a t  60 lbs. 
pressure, b u t when the  je t  is worn to |- in . bore 
270 cub. f t . are  used a t  the  same pressure, i .e .,  
an increase of over 30 per cent. Nozzles of bore 
varying from  -¡% to  i% in. are generally used for 
vitreous enam elling, the  most usual being f  in. 
They are usually made of chilled cast iron and 
last 6  to  8  hours. The use of “  long-life ” 
nozzles m ade of special alloys such as boron- 
carbide or tungsten-carbide is steadily increas
ing. They have a  life of from  1,000 to  2,000 hrs. 
ivith careful use. The saving in th e ir use is 
due n o t only to the  bore rem aining practically 
constant, b u t also to  the tim e saved th rough  not 
having to change them  so frequently . I t  is 
necessary to  keep a control on the  nozzle-holder 
washers, as if these be allowed to  w ear too much, 
the ou ter cover of the  nozzle becomes damaged 
beyond repair.
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(d) N a tu re  of A brasive

In  th is country  th e  use of crushed chilled 
w hite iron g r i t  is now p ractically  un iversal, be
cause of the  following reasons:-—

(1) The risk  of silicosis is g rea tly  reduced.
(2) A lthough more expensive in  first cost, it  

has from  1 0  to  2 0  tim es th e  life of silica.
(3) I t  is estim ated  th a t  1 to n  of iron  g r it  

will do the  work of 16 tons of silica.
(4) Very much less dust is form ed, which 

reduces the  problem of its  disposal.
(5) Nozzles la s t longer w ith  iron g r i t  th an  

w ith quartz .
Claims have been m ade th a t  silica is b e tte r  

for ce rta in  purposes, e.g. ,  for acid-resisting  
enamels, b u t these seem difficult to  su b s tan tia te . 
In  the case of hollow artic les w here th e re  is a 
possibility of some abrasive being le f t inside, 
there  m ight be some advan tage  in  using  silica. 
The chemical composition of crushed iron  g r i t  of 
B ritish  m anu factu re  is approxim ately  as fol
low s:— C.C, 3.1; Gr, n il ;  Si, 1 .8; Mn, 0 .4 ; S, 0 .1 ; 
P , 1.1 ; Cr, 0.15 per cent. The F irth -D iam ond  
hardness of such g r i t  varies betw een 750 and 
880. H ardness, however, is no t th e  only d esir
able quality , and  th e  m an u fac tu re rs , by keeping 
the  production under close technical control, can  
strike  a balance betw een hardness and  “  to ugh 
ness.”

(e) Type of Plant
There are five types of p lan t in  common u s e :

(1) room ; (2) c a b in e t; (3) ro ta ry  ta b le ; (4)
b a r r e l; (5) airless type, and  th e ir  respective
(A) advantages and  (B) d isadvantages are  as 
follow: —

(1) R oom  :—■
(A) The “ universal ”  u n it, as i t  will tak e  

any size of casting . I t  has g rea te r flexibility 
of operation  th a n  th e  cabinet.

(B) H igh  in itia l c o s t; excavation  neces- 
s a r y ; occupies large floor sp ace ; requires 
large dust equ ipm ent, and o pera to r m ust be

inside room.



(2) C a b i n e t : —
(A) O perator can work ou ts ide; small 

in i t ia l  cost and  floor space, also exhaust 
equipm ent.

(B) Sm aller ou tp u t, due to  restric ted  
m an ipu la tion  of nozzle and  vision of work. 
I t  canno t handle large castings.

(3) l io ta r y  T a b le -.—
(A) H igh  o u tp u t; will handle wide variety  

of fla t castings, both large and small. The 
operator can work o u ts id e ; no excavation is 
requ ired , an d  i t  takes less floor space than  
room.

(B) P ractica lly  constan t m aintenance re
quired. One type  is only suitable for flat 
work, therefore  ano ther k ind of p lan t is 
necessary {e .g.,  cabinet) to  look a f te r  edges. 
In  ano ther type , however, edges up to 1 in. 
are  being sa tisfactorily  cleaned. Requires 
large compressor as several nozzles are 
opera ting  sim ultaneously.

(4) Tum bling B a r r e l :—
(A) Very economical, simple and robust. 

O perator can work outside.
(B) Only suitable fo r fa irly  small work, 

which can be tum bled w ithou t risk  of break
age. As very few enam elling plants have 
sufficient work of th is kind to keep the  barrel 
ru n n in g  to  capacity , th is  type is no t often 
installed.

(5) Airless T ype  : —
(A) No compressed a ir is required, there 

fore cost of m otor, compressor, receiver, 
p iping, e tc ., is sav ed ; also no trouble  due 
to  oil and w ater in  a ir. No excava tion ; 
small floor sp ace ; lower power costs, com
pared  w ith  room or ro ta ry  ta b le ; no ru s tin g  
of abrasive; th e  operator can work outside, 
and th e  work is more thoroughly cleaned than  
in any o ther type.

(B) In itia l cost relatively high, also cost 
of m aintenance.



In  addition  to  its  app lication  to  th e  barrel 
type, airless b lasting  is now being applied  to 
the  ro ta ry  tab le , w ith  sa tisfac to ry  resu lts . By 
ad ju s tin g  the  angle of b last, v ertica l surfaces or 
edges can be cleaned. The airless type  will clean 
four tim es th e  area  cleaned by th e  pressure type 
in th e  same tim e, w ith  an exp en d itu re  of one- 
te n th  th e  horsepowex-. The chief reason fo r its  
high o u tp u t is the  large am oun t of g r i t  which is 
flung on th e  work, being e ig h t or n ine  tim es as 
much as in the  pressure type , in  the  sam e tim e. 
I t  may be difficult to  com pare th e  ac tu a l velocity 
of the  g r i t  as i t  s trikes  the  work, in  th e  two 
types, b u t th e  c u ttin g  action  in  th e  airless type  is 
a t  leas t equal to  th a t  obtained a t  60 lbs. p ressure 
in th e  pressure type. An average load of 3 to 
4  cwts. of lig h t castings is sa tisfac to rily  cleaned 
for v itreous enam elling in abou t 15 m in ., in  the  
“ Tum blast ” m achine. I t  should be m ade clear 
th a t  the  airless-type is n o t su itab le  for every class 
of work, b u t fo r work for which i t  is su itab le  i t  
shows advantages bo th  as regards q u a lity  and 
cost over any o ther type of which th e  a u th o r has 
had experience.

O p era t ing  T ro ubles
The chief troubles in  the  pressure type  are  due 

to w ater and oil in  the  compressed a ir  supply.
W a te r .—I t  has been estim ated  th a t  w ith  a 

§-in. nozzle opera ting  a t  80 lbs. pressure, the  
am ount of m oisture carried  in  w ith  the a ir  per 
hr. is about f  gall. The a ir is heated  while being 
compressed, which enables i t  to  c a rry  more w a te r 
in  the  form  of vapour. I f  m oisture trav e ls  as 
fa r  as th e  pressure cham ber before condensing, 
i t  causes th e  abrasive to  congeal and  resu lts  in 
th e  ap p ara tu s becoming “  clogged,”  also i t  is 
driven in to  th e  castings and causes ru s tin g  if 
they are allowed to  stand . To p rev en t th is 
trouble inter-coolers and after-coolers are  em
ployed, to  cool th e  a ir  and cause condensation 
near the  compressor. M ain pipe-lines should 
have a slight fall, w ith d ra in  tap s  a t  the  ends
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of the  lines. All branch connections should he 
tak en  from  the top of the  m ain line, and i t  is 
advisable to  fit a cen trifuga l type of separator 
im m ediately before the  pressure u n it. In  some 
cases i t  is found advantageous to  hea t the a ir  
ju s t  before i t  enters the  appara tu s, generally by 
a gas je t , in  order to vaporise any rem aining 
traces of m oisture. To keep down th e  tem pera
tu re  i t  is advisable to use a tw o-stage compressor, 
a t any ra te  for the  h igher pressures.

Oil.—As th is does n o t vaporise so readily  as 
w ater i t  is no t generally  present to  such a g rea t 
ex ten t, b u t if i t  gets th rough  to the  castings 
i t  causes fa r  more trouble th an  w ater, because 
the  enam el “  craw ls ” and will no t adhere. The 
compressor m akers have introduced several modi
fications to  overcome th is trouble. The com
pressor should be double-acting, so arranged  th a t  
a point on the  piston rod does no t en te r both 
cylinder gland and crank chamber gland, thereby 
p reventing  th e  oil being carried  forw ard. There 
should be an a ir gap between cylinder and crank 
case. S ligh tly  tapered  pistons and forced-feed 
lubrication  (in place of the old splash method) 
have also assisted in th is  direction. The 
aux iliary  oil feed to  the  top of the piston should 
be k ep t to an  absolute minim um , 3 drops per 
min. fo r 1 ,0 0 0  cub. f t . a ir  being ample. 
Oil can be removed from  the m ain pipe-line by 
the  use of cocoa-mat filters.

Silicosis
This disease is contracted  th rough  penetration  

to the  lungs of dusts contain ing  silica. To 
dam age the  lungs, the  particles m ust be less 
th an  jJjj) mm. in d iam eter, in o ther words they 
a re  invisible to th e  naked eye, and they  m ust 
be inhaled  over a considerable period. Although 
the alm ost universal use of iron g r i t  has very 
g rea tly  reduced the  silicosis risk , i t  is still present, 
and i t  is difficult to  convince sand-iblast operators 
th a t  i t  is th e  invisible particles which cause 
the  trouble.
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I t  has been calculated th a t  th e re  m ay be up  

to  3 ,0 0 0  m illion such partic les p er cut), f t . of 
a ir in  a sand-blast room, and th e  risk  of silicosis 
exists w ith  any th ing  above, say, 10 m illion. To 
guard  against th is, th e  most s tr in g e n t care  should 
be tak en  th a t  helm ets and  protective clo th ing be 
kep t in  good condition and  no t le f t lying about 
when no t in  use. Also exhaust systems should 
be k ep t in  perfect order, and  leakages stopped. 
W orkers in  th e  v icin ity , a p a r t  from  th e  
operators, should realise th a t  they  a re  n o t 
im m une from  danger, and should ta k e  p recau 
tions accordingly.

F u r th e r  D evelop m en ts
As a user of b lasting  p lan t, th e  w rite r  respect

fully  suggests a few d irections in  which the  
m anu factu rers m igh t im prove th e ir  service to  
the  enam elling in d u s try  : —

(1) Pressure P la n ts .—P ressu re  ap p a ra tu s  
should be made more accessible, so th a t  stop
pages due to  dam p shot, e tc ., can  be more 
quickly rectified. I t  should also be s tronger 
and more robust, to  w ith s tand  th e  rough  usage 
to  which i t  is subjected.

(2) Airless P la n ts .—There a re  ce rta in  p a rts  
which v ita lly  affect th e  perform ance of th e  
a p p ara tu s  and  research  should be ca rried  ou t 
with a  view to  g iv ing  longer life  to  these com
ponents, e.g. ,  by m aking  them  of special alloys.

(3) Iron  G r i t .—R esearch m igh t be ca rried  ou t 
using vary ing  a ir  pressures and grades of g r i t ,  
w ith  a view to  u tilisa tio n  of some of th e  grades 
not a t  p resen t in  common use fo r enam elling. 
A te s t should be evolved (e .g . ,  m icroscopic, or 
connected w ith  “  pick-up ”  of enam el) to  ascer
ta in  the  degree of “ p it tin g  ” best su ited  to  tak e  
enamel.

In  conclusion, th e  w rite r wishes to  express his 
indebtedness to  the  various suppliers of b lasting  
equipm ent, who have given willing assistance in 
th e  Compilation of th is  short P aper.
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DISCUSSION
Air Pressures

The discussion was opened by M e. W . T o d d  
(V ice-President, In s titu te  of V itreous Enamel- 
lers), who, com m enting on the  reference in the 
P aper to the a ir  pressures used for sand-blasting 
for v itreous enam elling, i t  being sta ted  th a t a 
pressure of 50 to  55 lbs. per sq. in. a t  the  nozzle 
appeared to  be generally used in th is country, 
although i t  m igh t fall as low as 30 to  35 lbs. per 
sq. in ., said he was not aw are of any vitreous 
enam eller using pressures as low as the  la tte r  
range for shot-blasting castings now adays; such 
pressures were used for o rdinary  cleaning, b u t 
not where v itreous enam elling was concerned. 
In  th e  old days a pressure of 30 lbs. per sq. in. 
was used for cleaning castings such as baths 
and sim ilar san ita ry  w are to  which the  dusting 
process was a p p lied ; b u t even there  i t  was found 
advantageous to  increase the  pressure to  40 to 
45 lbs. per sq. in.

H e suggested th a t  a good deal of space was 
wasted on the  type of ro ta ry  tables incorporating 
a series of c ircu lar spaces, as compared 
with the  type of tab le on which the en tire  table 
area was u tilised. H e supported  the au th o r’s 
observations concerning the  use of nozzles made 
of tungsten-carbide and sim ilar alloys.

Plan t  Selection
Discussing the selection of the  most suitable 

type of p lan t to  use, according to  th e  types of 
ware produced, he said the percentage of break
ages would increase seriously if certa in  types of 
castings, particu larly  those w ith projecting  lugs 
or sharp corners, were dealt w ith  in the  tum bling 
barrel, and he suggested th a t  in mechanised 
plan ts such castings should be d ea lt w ith  on the 
slat conveyor or ro ta ry  tab le  equipm ent.

A ngular  Chilled G r i t  P re fe rred
The in troduction  of the angu la r chilled iron 

g r i t  was advantageous no t only from  the point 
of view of o u tpu t, b u t also from  th a t  of the



health  of th e  opera to rs; slowly b u t surely  the 
danger of th e  operators co n trac ting  silicosis had 
been removed. Some people claim ed, however, 
th a t  the  adm ix tu re  of silica sand to  th e  shot 
helped to  keep the  shot clean. H e agreed th a t  
there  was a g re a t deal of room for investiga tion  
concerning th e  cleaning of shot. I t  was n o t suffi
c ien t m erely to  pass i t  th rough  a sieve, e ith e r  a 
revolving or a flat sieve; “  black specking ” was 
a bugbear to  the  enam eller, and  i t  was im por
ta n t  to  solve th a t  problem , which was possibly 
re la ted  to  b lasting .

W ith  a view to  reducing w ear on th e  m achine 
due to  the  b last, a good deal had  been done in 
the  d irection  of using alloy s te e ls ; he had  
obtained good resu lts w ith  a m alleable iron  blade 
as aga in s t a cast-iron  blade or im peller.

Suitab le  Blast P ressu res
M r .  W h i t a k e r  replied  th a t  for several years 

he had used successfully an a ir  p ressure n o t ex
ceeding 35 lbs. per sq. in . for b las tin g  castings 
for v itreous en am elling ; a lthough  th a t  p ressure 
seemed to  produce good results , th e  pressure used 
a t  his works nowadays was n ea re r 60 lbs. per 
sq. in . H e believed th a t  a p ressure of 35 lbs. 
was sufficient to  give th e  necessary bond for 
vitreous enam elling, b u t th a t  pressure did no t 
give any th ing  like th e  p roduction  a tta in e d  w ith  
h igher pressures; he agreed th a t  50 to  60 lbs. 
was th e  best pressure fo r v itreous enam elling. 
C astings for v itreous enam elling should be able 
to  w ithstand  a, pressure of 60 lbs., otherw ise th e re  
was som ething w rong w ith  them . I t  was a  very 
d ifferent m a tte r  simply to  clean castings of, say, 
m alleable iron  or o ther m ateria l, on th e  one 
band, and on th e  o ther hand  to  p repare  castings 
for enam elling, fo r in  th e  la t te r  case th e re  m ust 
be a definite p it tin g  of th e  surface, and  a m uch 
more thorough  cleaning was necessary.

H e agreed th a t  a good deal of space appeared  
to  be w asted where the  sm all tab les were used 
in the  ro ta ry  p lan t. Obviously, if th e re  were 
any spaces which were no t covered by work, w ear

382
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would resu lt and m aintenance costs would be in 
creased.

H e did no t consider th a t  the  m ixing of iron 
g r i t  and sand was w orth while, owing to  the 

i large am ount of dust a rising  from  th e  use of the
sand. No sand had been used a t  his works dur- 

j ing the  la s t te n  years ; they had  not found the
slightest use for sand since g r i t  was introduced.

Table W e a r
r M r. R e y n o l d s  s a i d  i t  w a s  t h e  e x p e r i e n c e  in a  

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

In  the  p rep ara tio n  of castings for stove enamel
ling and galvanising, he was using round shot a t 
a pressure of 25 to  30 lbs. per sq. in. W hilst 
no doubt an g u la r shot was necessary in  order to 
produce a key on the surface of a casting for 
v itreous enam elling, he had found th a t  round 
shot was much b e tte r  th an  angu lar shot for pre
paring  castings for stove enam elling or galvanis
ing, no t from  th e  po in t of view of speed of 
operation , b u t from  the po in t of view of wear 
on the  p lan t, th e  w ear being very small and the 
results qu ite  sa tisfactory  so fa r  as the finish on 
the castings was concerned.

M r . W h i t a k e r  said he could no t give th e  ex
perience w ith  regard  to  w ear on the W heelabra- 
to r type of m achine table, for he did not th ink  
th a t  a tab le  p lan t had  been in  use for more 
th a n  a  couple of years or so in th is country. 
B ut, from  his experience of the  barre l type of 
p lan t, he  suggested th a t  th e  w ear on the table 
p lan t would he fa irly  heavy.

The Keying Theory
Mr . J .  W. Gardom (Convenor of th e  I .B .F . 

Technical Comm ittee, and V ice-President of the 
In s titu te  of V itreous Enam ellers), comm enting 
upon the au th o r’s s ta tem en t th a t  one of the 
objects of b lasting  prior to  vitreous enam elling
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was to  roughen th e  surface and thereby  cause 
a “  bond,”  said th e re  seemed to  he a suggestion 
th a t , as the  resu lt of using g r it ,  sm all cavities 
were created  in to  which th e  enam el would run  
and become keyed to  the  m etal. H e  personally 
could n o t see it.

A gain, he d id  n o t th in k  i t  was tru e  to  say 
th a t  the  use of steel g r i t  was un iversal for b la s t
ing and  th a t  sand and  flin t were en tire ly  o u t of 
business, and he suggested th a t , p a rticu la rly  for 
deep section work, flin t was probably b e tte r
th an  steel g r i t  from  th e  p o in t of view of the
cleanliness of th e  casting , because th e re  was 
not quite  so m uch loss of velocity when using 
flin t as when using steel g r i t ; w'here th e re  was 
appreciable loss of velocity, the  carbon deposit 
on the  casting  would n o t be rem oved.

In  asking M r. W h itak e r to  am plify  h is re 
m arks concerning th e  s tr ik in g  of a balance be
tween the  hardness and toughness of th e  g r i t  
used, he said he did n o t th in k  th a t  th e  to u g h 
ness en tered  in to  th e  problem , b u t th a t  i t  was
hardness th a t  m atte red . H e fe lt th a t  th e  more 
the g r i t  could be m ade to  break  up , the  b e tte r  
was th e  keying, and i t  was economical to  throw  
the m ate ria l away as soon as i t  was used.

As to the suggestion th a t  pressure a p p a ra tu s  
m ight be made more robust and  more accessible, 
he said th a t  always the  p la n t m an u fac tu re rs  were 
told th a t  th e ir  p lan ts were not good e n o u g h ; i t  
would be well if buyers would rem em ber th a t  it 
cost money to make a p lan t good enough.

Types and Sizes of G r i t
D ealing w ith a suggestion th a t  users were tied  

to the use of only two types of g r i t ,  he said 
there were p lenty  of o ther types, and  perhaps the  
reference was to  two sizes.

M e . W h i t a k e r  s a i d  h e  h a d  r e f e r r e d  t o  t w o  
g r a d e s .  T h e  s i z e s  h e  u s e d  w e r e  l i ’s  a n d  1 6 ’s .

M r . GtARd o m  repeated  th a t  the re  w ere p len ty  
of others available, and, if M r. W h itak e r had 
tr ied  them , he would like to  know the  results. 
H e also asked for a rough figure rep resen ting  the



385
cost of sand-blasting castings for vitreous enamel
ling, or the proportion  represented  by sand-blast
ing in  th e  to ta l cost of v itreous enamelling.

As to M r. W h itak e r’s sta tem en t th a t  he had 
used successfully a ir  pressures down to  35 lbs. 
per sq. in ., he asked w hether the  size of g r i t  used 
was varied  w ith  th e  a ir  pressure or w hether the 
14’s and 16’s were used indiscrim inately, or 
w hether allowance was m ade for the fac t th a t  
much of th e  g r it  was broken up so th a t  he was 
not actually  using 14’s and 16’s when th e  a ir 
pressure was 35 lbs.

In  a reference to the  “  bogey ”  of w aste space 
on the  ro ta ry  table, he said he could not 
appreciate the  argum ent. The whole idea of any 
conveyor was to  get certa in  work past a  certain  
spot in  a certa in  tim e, w ith in  which tim e the 
work was to  be d o n e ; if the  work were not 
coming ou t completely finished, th e  table was 
slowed down, whereas if i t  were coming out too 
well—which was impossible from th e  point of 
view of the  founder—th e  table was speeded up. 
So th a t  it  was merely a question of tim e.

C o ntinen ta l  P reference for Round Shot
On the  C ontinen t recently  he had visited a 

vitreous enam elling p lan t where round  shot was 
used for sand-blasting, w ith  extrem ely good 
results. There seemed to  be a definite change
over to round shot there '; therefore, he asked 
whether M r. W hitaker had had experience of its 
use, and particu larly , w hat results were achieved 
with the  different sizes of round shot on castings 
for v itreous enam elling.

Even though M r. W hitaker had said th a t  
there  were only two sizes of shot, i t  would be 
in te resting  to  know which of the two he had 
found to  give th e  b e tte r  results.

A Key Bond Essential
M r. W h i t a k e r , dealing w ith  th e  criticism  of 

the  s ta tem en t th a t  one of the purposes of blast-
o
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ing was to  roughen th e  surface and the ieby  
create a “  bond ” between th e  enam el and  m etal, 
said he was u nder th e  im pression th a t  a bona 
was necessary, th a t  th e re  m ust be small den
drites or “  fingers ”  of enam el which provided 
m echanical adhesion between th e  enam el and  the  
iron. I t  could easily be confirmed by try in g  to  
enam el castings which had  n o t been sand-blasted  ; 
if one used even perfectly  clean castings which 
had  n o t a bond, one would quickly experience 
trouble. N ot only was a bond necessary fo r cast 
iron, h u t also for steel sheets, and  he believed 
th a t  was one of th e  reasons for p ickling.

Use of Flint
W ith  regard  to  g r i t  versus  flin t, he had  m en

tioned in  the  P a p e r th a t  th e  use of flin t was 
still advocated fo r c e rta in  purposes. F o r 
example, he had heard  th a t  i t  was used by 
people who were enam elling large tan k s  because, 
if any of the  abrasive were le f t inside, i t  was 
be tte r th a t  th a t  abrasive should be flin t ra th e r  
th an  steel g rit. H is works, however, were pro
ducing a large q u an tity  of hollow artic les, and 
they  did n o t in tend  to  go hack to  th e  use of 
flint.

H e had expected criticism  of his reference to  
“  s trik ing  a balance ” betw een th e  hardness and 
toughness of th e  abrasive, b u t he did n o t th in k  
th a t  th e  user of g r i t  w anted  i t  to  b reak  up im m e
diately  i t  was p u t to  use. T h a t b reak in g  up  
m ight be good for the  g r i t  suppliers, b u t n o t for 
the  users, who w anted i t  to  give a c e rta in  life ; 
if i t  were to  break  up to  d u st im m ediately  i t  
was applied, th e  users would experience con
siderable trouble. H e was n o t qu ite  sure if 
“  toughness ” was th e  correct word to  use, and  
how it  was re la ted  to  th e  tensile or th e  crush ing  
s treng th , b u t he w anted g r it  which would stand  
up to  th e  blow w ithou t im m ediately d is in te g ra t
ing in to  dust.

I t  was tru e  th a t  the  robustness and  s tre n g th  
which could be achieved in  a p la n t m ust depend



387
on cost, and i t  would no t be fa ir  to  bea t down 
suppliers in  price and still expect them  to  pro
duce very strong  p lan t.

Restric t ion  of Sizes Problem
The grades of g r i t  in  common use in  tbe v itre 

ous enam elling industry  were 14’s and 16’s, wbich 
two sizes represen ted , be estim ated, about 90 
per cent, of the  to ta l am ount used in  the in 
dustry . How fa r  the  14’s and 16’s were used in 
order to  follow the  fashion and how fa r they  
were used because they  were considered the best 
sizes, he could n o t say, and  th a t  was why he 
had suggested th a t  e ither the B ritish  C ast Iron  
R esearch Association or the  N ational Physical 
L aboratory  or some o ther body should carry  out 
fundam ental research on sand-blasting, using the 
various grades of g rit. H e suggested th a t  the 
investigators m ight s ta r t  w ith 1  sq. ft. of iron 
or steel of uniform  composition, using a long
life nozzle, and constan t a ir pressure, blast for 
a certa in  length  of tim e, and ascertain  how much 
was removed. H e believed the  Germans had 
carried  ou t research on those lines, b u t he was 
no t aw are th a t  such work had been done in th is 
country.

H e believed a large firm of stove m akers had 
tr ied  d ifferent sizes of g r it  and had concluded 
th a t  the 14’s and 16’s were the best.

H e would p re fe r to  avoid the question of costs 
for obvious reasons, b u t sand-blasting represented 
one of th e  m ajo r item s of cost in vitreous enamel
ling, and he could give M r. Gardom some in for
m ation on th a t  po in t privately . W hen working 
a t  a  pressure of 35 lbs. per sq. in. he had used 
the same grade of g r i t  as he was using a t  present 
a t  the  h igher pressure.

H e had  h ad  no experience of th e  ro ta ry  table 
as applied to  th e  airless type of p la n t; b u t i t  was 
tru e  of all types of b lasting  p la n t th a t  blasting 
p arts  of th e  p lan t ra th e r  th an  the goods was an 
expensive m a tte r . W ith  regard  to round shot,



he had always been u nder th e  im pression th a t  i t  
had m erely a peening action and d id  n o t give 
the “  b ite ”  in to  th e  surface of th e  m etal which, 
he contended, was requ ired  for v itreous 
enam elling.

Pickling Proposed
M b . J .  J .  M c C l e l l a n d  com m ented on th e  

s ta tem en t in the  P ap e r th a t  no o th e r m ethod of 
cleaning had  been found so effective as b lasting  
for cast iron which was in tended  fo r v itreous 
enam elling, and asked w hether th e re  was any 
objection, o ther th a n  th a t  of cost, to  th e  use of 
th e  pickling process, which was app lied  to  cas t
ings fo r galvanising, tin n in g , e tc ., in  o rd e r to  
ensure th a t  th e  surfaces were sufficiently clean to  
enable th e  coatings to  adhere.

M b . W h i t a k e r  said he was often  asked for 
advice as to  the  p rep ara tio n  of castings p rio r to  
blasting , and i t  was generally  sufficient to  give 
them  a  good fe ttlin g  and to  g rin d  off any  “  knobs 
and excrescences,”  b u t i t  was n o t necessary to  
grind  all over. W hen enam ellers asked for cas t
ings w ith  a  smooth skin they  d id  n o t m ean  dead 
smooth, as obviously b lasting  would roughen such 
a surface, b u t a  clean surface, as free  as possible 
from  sand, etc. H e did n o t th in k  th e  p ickling  of 
castings p rio r to  enam elling was a p rac tica l p ro
position,. H e was aw are th a t  i t  was applied  to  
sheet steel ; b u t he believed i t  was n o t app lied  to 
cast iron because the  la t te r  m ig h t be porous, so 
th a t  acid m igh t soak in  and sa lts would form  and 
give trouble la te r  in  th e  enam elling process.

C o n tro l  in G r i t  M anufacture
M r . J .  H . C o o p e r  suggested th a t  th e  reason 

why shot was sometimes broken in to  sm aller 
pieces im m ediately i t  was used was th a t  the  
m akers produced i t  from  a quality  of m eta l which 
was entirely  unsu itab le , in  o rder to  reduce th e ir  
costs. I f  they used m etal con ta in ing  m ore th an , 
say, 2 ^ per cent, of silicon—which was p resen t 
in m any m achinery castings— and m ade sho t in



the  usual way, by allowing the  m etal to  trickle 
down a lander, blow i t  w ith  a steam  je t  to fall 
into a tan k  of w ater and then  take  the large 
partic les th rough  a sieve and a crusher, i t  
would no t be suitable, as i t  would be composed 
practically , no t of chilled w hite iron, b u t of iron 
which was grey and sometimes even contained 
g raph ite . Thus th e  user, instead  of roughening 
the surface of his casting, would be defeating  
his object by covering the  surface w ith graphite , 
which he had seen in  some of the  larger pieces 
of shot which he had broken and examined. He 
asked w hether some of the black spots which 
appeared regularly  on enamel could be the result 
of applying a deposit to  the  surface of the  cast
ing  instead  of cleaning it.

M r. W h i t a k e r  said he did not th ink  th a t  was 
a very v ita l m a t te r ; he had watched th e  produc
tion  of shot very carefully, and d id  no t th ink  
th a t  very much grey iron got through.

M r . C o o p e r  pointed ou t th a t  the  dep th  of 
chill or hardness in  any m etal was determ ined 
by the  composition of the m e ta l; th a t  applied 
to  small or large particles, w ithout exception. 
I f  one used a m etal having less th an  or more 
th an  a certa in  range of silicon, a 1 -in. or f-in. 
test-bar or shot would show no chill, b u t simply 
a blackening. V arious irons were used in  the 
cupola, and sometimes a small proportion of steel 
scrap was used. W ithou t wishing to  suggest th a t  
the G erm an practice was b e tte r th an  B ritish— 
indeed, he believed the reverse was the  tru th — 
he said the tendency in  Germany was to  use 
more round shot, because they exercised more 
care in  the  selection of th e ir raw m aterials, and 
they tested  the shot by ham m ering i t  on an 
anv il; i t  would not fly to  pieces on im pact unless 
it was alm ost grey.

M r . V. C . F a u l k n e r  (P ast-P residen t), who 
presided, suggested th a t  the adhesion of enamel 
to  iron  m ight be regarded as due to  a chemical 
reaction between the  enamel and th e  iron. Sand
blasting increased the  surface area  of the cast



390
ing, and so provided a  b e tte r  oppo rtu n ity  for
the chemical reactions to  ta k e  place.

On the  m otion of M b . F .  J .  C o o k  (P ast- 
P residen t), seconded by M b .  D. S h a k p e ,  a  hea rty  
vote of thanks was accorded th e  au tho rs  of the 
various P apers presented  to  th e  conference, and 
tr ib u te  was paid  particu la rly  to  the  au tho rs  of 
Exchange P ap ers  from  overseas.
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EQUIPPING OF A FETTLING SHOP*
By JO H N  CAMERON, Junior  

(Associate Member)
Before se tting  ou t to  discuss the  various means 

of converting the  product of the  moulding shop 
into a saleable artic le , i t  would be of in terest 
perhaps to  follow th e  various steps which led 
to the  complete re-equipm ent of a fe ttling  shop 
dealing w ith alm ost all varieties of ligh t cast
ings. These castings include ra inw ater pipes and 
g u tte rs  ; soil, d ra in  and  underground w ater 
pipes and th e ir  a tte n d a n t connections; various 
small castings for the general engineering trade , 
and finally castings for marine-valve gear up to 
four tons in  w eight. The las t two classes of 
casting  a re  supplied both in  w hat is called 
“  o rd inary  ”  cast iron and M eehanite high-duty 
cast iron.

Before the  lean years of 1930 to  1934, the 
fe ttlin g  shop of Cameron and R oberton dealt 
w ith a daily o u tp u t of approxim ately 32 tons 
of castings. This to ta l consisted, to  a very large 
ex ten t, of heavy d ra in  and w ater p ipes; these 
pipes are  easily and quickly cleaned of sand, 
while any fe ttlin g  takes the  form  of smoothing 
down th e  face of th e  ru n n e r and little  else, a 
very simple job requiring  no p lan t w hatever; 
second, came the  pipe connections, and lastly 
the  jobbing castings. Only the  last two cate
gories require any proper fe ttling .

D uring  the  depression, na tu ra lly , the re  was 
no difficulty in  dealing w ith th e  volume of work 
on hand, b u t a ll th is  tim e th e  company had

• The author was awarded a Diploma for this Paper.
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been developing a very extensive tra d e  in  d ra in 
pipe connections and  special castings, and in 
1933 were added th e  special M eehanite castings. 
As the  trad e  in pipes had  declined, th e  tonnage 
o u tp u t appeared low, b u t actually  th e  shop was 
fully engaged, due to  th e  more complex work 
being handled.

W hen business began to  pick up again  in 
1934, the  m anagem ent suddenly realised th a t  
th e re  was a very acu te  bottle-neck in  th e  
fe ttlin g  shop, and a lthough  the  m oulding shops 
were delivering about 140 tons of castings per 
week to be fe ttled , i t  was only by w orking con
siderable overtim e th a t  th e  resu ltin g  fe ttled  
castings could be handed over to  th e  despatch 
departm en t in th e  same period, and  th is  in 
sp ite  of the fa c t th a t  th e re  was a cast on only 
five days per week.

This s ta te  of affairs was alm ost en tire ly  due 
to the  increased q u an titie s  of connections of the 
type shown in F ig . 1, so, as th e re  were no signs 
of a reversion to  the  ea rlie r preponderance of 
heavy pipes, actually  the  con tra ry  being th e  case, 
the m anagem ent proceeded to  re-equip th e  shop 
to  tackle economically th e  new types of castings 
being produced.

Any fe ttlin g  shop can be sp lit in to  tw o well- 
divided sec tio n s:— (1) T h a t dealing  w ith  clean
ing th e  casting  and  (2 ) th a t  dealing  w ith  the  
removal of fins, flashes, gates, runners , e tc ., and 
i t  is proposed to  deal w ith  them  in  th a t  order.

Rumblers
Among foundries producing castings fo r the  

build ing  trad e , th e  commonest m ethod of clean
ing castings is by rum bling, or revolving the 
castings in a drum -shaped receptacle, in  close 
contac t w ith  h a rd  iron s ta rs  of a su itab le  size. 
Rum blers vary  considerably in  design, th e  two 
most popular being th a t  w ith  a hollow tru n n io n  
for dust-exhaust purposes, and th a t  w here the  
tiu n n io n s are  solid, and dust exhaust takes place 
from  an enclosing hood.

The advantages of rum bling a re  th a t  i t  pro
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duces an adequate finish on most classes of 
casting, the  p lan t is relatively cheap, and power 
and m aintenance costs are low, w ith the result 
th a t  cleaning costs per ton  are  low. The dis
advantages of rum bling are  th a t , broadly speak
ing, i t  cannot produce a finish sufficiently good 
for enam elling in  a sufficiently short space of 
tim e. Secondly, i t  is an extrem ely noisy pro
cess, so much so th a t  i t  is always advisable to 
have the  rum blers in  a separate  shop from the 
fettlers. T hirdly, th ere  is always present the 
possibility of broken castings.

E labora ting  on these last two points, where 
the rum blers can be installed in a shop by them 
selves, the  hollow tru n n io n  type is generally used, 
bu t where they  m ust be in  the  fe ttling  shop 
proper, the solid tru n n io n  type enclosed in  a 
wooden or sheet m etal hood is advisable, due 
to the  fac t th a t  th is enclosing hood silences 
the noise to  a very considerable ex ten t. As 
regards broken castings, th is  is almost entirely  
due to  the skill of the rum bler loader; a good 
man will rare ly  lose a single casting, b u t cases 
are known where an inexperienced man has 
broken 50 per cent, of the  rum bler’s load.

The tim e necessary to  clean the castings 
depends en tire ly  on the finish required. From 
tw enty m inutes to  half an hour should remove 
all loose sand, and from  45 m inutes to an hour 
and a half should produce a good smooth skin, 
though castings which have to  be pain ted  w ith
out fu r th e r cleaning are  often rum bled for two 
hours.

Shot-Blasting
W here a satisfactory  finish cannot be obtained 

by rum bling, sand-blasting or shot-blasting is 
the most common m ethod of securing a clean 
finish. There are  th ree  d is tinc t types of sand 
blast installa tions : (1 ) the  ro tary-tab le  type foi 
flat castings such as are  used in the  fitted goods 
t r a d e ; (2 ) the  com bination tum bling barrel and 
blast je t  type, sometimes called the “  T um blast,” 
generally used on small engineering castings, and
(3) the  la rger cabinet sets employing e ither ex
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te rna lly  or in ternally  operated  nozzles, and  
able for cleaning castings too large to  be handled  
by e ith e r of th e  two form er methods.

As an  abrasive, sand has been alm ost en tire ly  
superseded in  recen t years by chilled iron  shot, 
due to  the  much more efficient cleaning w ith 
shot, and also to  th e  risk  of th e  opera to r con
trac tin g  silicosis when using sand.

F i g . 1 .— T y p e  o p  C a s t - I r o n  P i p e  C o n n e c t i o n , i n c r e a s i n g  d e m a n d

FOR W H IC H  LED TO A F e T T L IN G -S h OP R E O R G A N ISA TIO N .

Shot-blasting or sand-blasting  is, however, a 
fa irly  expensive process, b u t i t  is th e  m ost widely 
used m ethod of securing a finish sufficiently 
clean for enam elling. I t  is also necessary for 
cleaning castings such as m otor cylinder blocks, 
which will subsequently be in  close con tac t w ith 
lub rica ting  fluids. The principal d isadvan tage  of 
shot-blasting is th e  large am ount of horse-power 
required to  m ain ta in  the  required  pressure of
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a ir  a t  the  nozzle or nozzles, and the heavy 
m aintenance charges. The figures for power are 
so well known th a t  there  is no point in  rep ea t
ing them  here, b u t the cost of compressed a ir 
may be taken  to  be between Ifd . and 3d. per 
thousand cub. f t . ,  depending both on the  size 
of the  in sta lla tion  and th e  pressure employed. 
A rep resen tative figure for to ta l cleaning cost,

F i g . 2 .—Two o f  t h e  S o l i d - t r u n n i o n  R u m b l e h s  w i t h  B u i l t - i n  
D u s t  H o o d s .

th a t  is inclusive of power, m aintenance, 
abrasives, labour and depreciation, may be taken 
as between 8 s. and 9s. per ton.

Shot-Slinging Machines
The most recen t developm ent in  the  cleaning 

field is th a t  type of machine using cen trifugal 
force to  im p art to  the abrasive the  energy 
necessary for rem oving the  sand or scale. In
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th is class both the  W heelab rato r and  th e  Sand 
W izard are widely advertised , th e  difference 
between th e  two m akes being in  th e  design of 
the im peller h e a d ; in  one case i t  is ra th e r  like 
the im peller of a cen trifuga l pum p, and  in  the 
o ther case has two blades and  resembles the 
Sandslinger.

O riginally, the  W heelabrator type  of m achine 
was only available in  th e  T um blast style, b u t 
now both th is  and  th e  ro ta ry  tab le  styles are 
on the  m arket. So fa r , th e  system  does n o t seem 
to  have been applied to  cab ine t sets, and  i t  is 
doubtfu l if i t  will be possible to  a d a p t i t  for 
th is  purpose, b u t the  au th o r would be th e  last 
person to say th a t  i t  was impossible. I t  is clear, 
therefore , th a t  up to  th e  presen t, cen trifuga l 
cleaning can only be applied to  sm all castings, 
b u t th ere  appears to  be no doubt th a t  th e  finish 
produced is excellent and qu ite  as good as th a t  
obtained by shot-blasting.

The o u ts tand ing  advantages of th is ty p e  of 
m achine are  the relatively  low power and m ain 
tenance costs when com pared to  com pressed-air 
in s talla tions, and most foundrym en will have 
seen a  recen t advertisem ent which claim s a clean
ing cost of 2S.374d. per ton. W hen deprecia
tion  has been added to  th is figure, th e  fu ll cost 
would appear to  be around 3s. 6 d. per ton 
based on an 8 -hour day, or 2s. lOd. per ton  
tak in g  advan tage  of w orking a 23-hour day. 
W hen th is figure is com pared w ith the  cleaning 
cost by th e  com pressed-air m ethod, th ere  is li tt le  
wonder th a t  these m achines have developed so 
rapidly.

Hydraulic C leaning
A fu r th e r  cleaning method which has received 

a little  publicity  recently  is th e  “  H yd rob las t ” 
system. H ere, a je t  of h igh-pressure w ate r is 
d irected  on to  th e  casting  to  be cleaned, and, 
due to  th e  sand  m ixing w ith th e  w ater, an  action 
com parable to  sand-blasting  is set up, th e  d if 
ference being th a t  th e  w ater carries th e  abrasive
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and th e re  is a complete absence of dust. This 
system appears only to  have been applied in  the 
U n ited  S ta tes, and originally  was restric ted  to 
heavy castings, b u t members will recollect th a t  
D r. A. B. E verest s ta ted  in his recen t P aper 
on Am erican developm ents th a t  th is  type of 
cleaning had  also been applied to  small engi
neering castings. I t  would appear on the  face

F i g . 3 .— T h e  B r u s h i n g  T a b l e s  o n  w h i c h  H e a v y  a n d  B u l k y  
C a s t i n g s  a r e  H a n d - C l e a n e d .

of th ings th a t  where there  is ample room avail
able and  an abundance of w ater, th is  method 
m erits very considerable a tten tio n  for medium- 
sized and large engineering castings.

Of the various m ethods, briefly d ea lt with 
above, available to-day fo r cleaning castings, 
rum bling was chosen for the  new shop because 
(1 ) i t  is the cheapest; (2 ) a  sand-blast finish is 
not requ ired  on the  m ajo rity  of th e  castings
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produced, and (3 ) th e  w ater system  was n o t con
sidered.

F o u r ram blers, two of which a re  shown in 
F ig . 2, were installed , of th e  solid tru n n io n  
type w ith bu ilt-in  dust hoods, as they  had  to 
ru n  in  the  sam e shop as the  dressers. Two are 
7 f t . long and 31 in . across th e  flats, and 
ten -sided ; one is 4 f t . long and 25 in . across 
the  flats and hexagonal, and  th e  fo u rth —a small 
one— is 3 f t . long and  24 in. across th e  flats, 
and  octagonal.

The two la rger ram blers a re  d riven  by a 9-h.p. 
m otor, and  the  two sm all ones by a 5-h.p. 
m otor. In  th e  large rum blers, soil-pipe and 
d rain-p ipe connections a re  cleaned, th e  two 
classes being k ep t separa te  as fa r  as possible 
due to  the  risk  of th e  lig h te r soil connections 
being dam aged by th e  heavier d ra in  pipes. I t  
takes, on an average, ha lf an  hour to  clean a 
batch of castings sa tisfac to rily , and  nine batches 
per ram bler are  handled  daily. The two sm aller 
rum blers tackle various o ther types of castings, 
a complete load of th e  same ty p e  being p u t 
th rough  a t  a tim e.

P ipes of all descriptions are  no t rum bled, b u t 
cleaned by hand . The heavy underg round  and  
d ra in  pipes in 9 f t . and 6  f t . lengths are  b u ilt 
up in a  bank, sockets all th e  one way, and  as 
the ru n n e r m ark  on the  socket is chipped sm ooth, 
the  pipes ru n  along a p a ir of ra ils to  th e  
brushers, who clean them  inside and o u t w ith 
w ire brushes. A large  brushing, tab le  deals w ith 
the  dust question d u ring  th is  operation .

H eavy and bulky d ra in  connections, too large 
to rum ble, are  also cleaned by hand , b u t on th ree  
brushing tables 8  f t .  square, shown in  F ig . 3. 
This cleaning down by hand  is always th e  d ir tie s t 
and m ost objectionable p a r t  of th e  work in  a 
fe ttlin g  shop, and th e  provision of these tables 
has made a  m ost rem arkable im provem ent in  the  
atm osphere of the  whole shop ; i t  is alw ays clear 
and  healthy, and  th e  walls and  windows m ain 
ta in  th e ir  cleanliness for much longer periods.



Dust E x trac t io n  P lant
A dust ex trac tion  p lan t was installed  a t  the  

same tim e. D u st is ex trac ted  in  all from  five 
brushing tables, four rum blers, and four double- 
ended floor grinders. The fan  is of ample capa
city, driven by a 2 1 -h .p . m otor, and capable of 
m a in ta in ing  a negative pressure of 2  in. w ater 
gauge w ith  th e  whole num ber of suction points

F i g . 4 .— D o u b l e - e n d e d  F l o o r  G r i n d i n g  M a c h i n e s  f o r  d e a l i n g  
w i t h  S m a l l e r  C o n n e c t i o n s .

in use and the  dust collector sleeves clean. The 
colleotor itself is of th e  dry  type, and consists 
of 48 canvas sleeves 12 in. d ia . by 9 f t .  6  in. 
long. A small gauge is fitted  to  the  fan  staging, 
and when th e  negative pressure rises to  1  in. 
w ater gauge, th e  sleeves of the  collector are 
shaken and cleaned.

The rum blers are completely enclosed by hoods 
m ade from  ordinary  tongued and grooved board-



mg. Care is taken  to  see th a t  all jo in ts a re  
really t ig h t  so as to  m a in ta in  a good suction. 
The journals are  outside the  hoods, ou t of th e  
w orst sand and dust, and are  easily accessible 
for lub rica tion  and o ther a tten tio n . As p re 
viously m entioned, these hoods ac t as excellent 
silencers fo r the  ram blers when these a re  in  
m otion. The brushing tab les a re  very strongly  
built, th e  tops being ha lf solid, ha lf heavy 
g ra t in g ; th e  sides and  cleaning doors fit very 
closely, and  the  area open to  suction is app rox i
m ately 7 sq. f t . The floor g rinders  a re  fitted  
w ith special combined wheel guards and  exhaust 
hoods; heavy m a tte r  falls directly  to  th e  bottom  
of th e  con tainer, which has a large cleaning 
door, and d u st exhaust takes place from  abou t 
halfw ay up the  hood. On one occasion when a 
very fine sand was requ ired  for m oulding p u r
poses, silt from  th e  d u st collector was proposed 
as a possibility. On analysis, however, th is  silt 
proved to  be alm ost 75 per cent, m etallic.

Fett l ing  of Castings
M uch work is still done by th e  h and  ham m er, 

chisel and  file, and  for in tr ic a te  w ork i t  is 
difficult to  see th a t  they  will ever be displaced. 
On m edium-sized castings an d  heavy work, th e  
pneum atic chisel has by now p en e tra ted  even 
in to  th e  most conservative shops, and  probably 
th ere  now exists no m an who will m a in ta in  th a t  
he can bea t a pneum atic  chisel by hand . The 
pneum atic tool is also extrem ely  usefu l when 
used w ith  long chisel bars for d igg ing  cores o u t 
of la rger castings.

Q uite sep ara te  from  th is  type of fe ttl in g  ap p li
ance a re  the  g rin d in g  m achines. There m ust be 
very few shops where some types of casting  
cannot be quickly and  neatly  finished by th is 
means. These m achines a re  divided in to  two 
classes:— (1) N orm al speed, opera ting  a t  a ro u n d  
5,000 s.f.p .m ., and  (2) h igh speed, ope ra tin g  a t  
around 9,000 s.f.p .m . The first class of m achine 
uses vitrified bonded wheels, and  th e  second class 
Bakelite bonded wheels. A lm ost any com bina-

400
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tion  of g r i t  and hardness is obtainable in either 
type  of wheel, generally a softer wheel being used 
on hard  m ateria ls, and a  harder wheel on soft 
and o rd inary  irons. The high-speed machines 
m ust be exceptionally strongly bu ilt, and are 
claimed to  remove m etal a t  tw ice the  speed of 
norm al-speed machines.

In  th is class of machines also en te r the  swing- 
fram e grinders. These are  generally suspended 
from  th e ir  cen tre  of g rav ity  by a block and 
tackle, and  are  popu lar on medium-sized cast
ings, as the  wheel is b rought to  th e  job, not 
vice-versa.  They are  made both in normal-speed 
and high-speed types.

Y et ano ther class of g rinder is the small po rt
able type operated  e ith e r from compressed a ir or 
electrically. The compressed-air models are avail
able w orking e ither on th e  tu rb in e  or the re 
ciprocating  p rin c ip le ; the  tu rb in e  type would 
appear to  have the advantage due to  simplicity 
of w orking parts  and the high spindle-speeds 
obtainable. Compressed-air g rinders also have 
the advantage th a t , if accidentally stalled by 
an inexperienced operator, there  is no arm ature 
to  bu rn  out. The electric g rinders were for a 
long tim e handicapped by the  difficulty of secur
ing a sufficiently h igh spindle-speed. This has 
now been overcome to a considerable ex ten t by 
th e  in troduction  of the  high-cycle type of 
machine in  which alm ost any speed may be 
a t ta in e d ; th is  machine is also less susceptible 
to  a rm atu re  trouble, and represents a g rea t ad
vance on the older type of machine. A wheel 
6 in. by 1  in. seems to be one of the handiest 
sizes. These machines are useful in most shops 
for finishing operations, particu larly  on the 
inner surfaces of cylindrical castings. In  the 
fe ttlin g  shop already described almost all of 
these aids to m anual labour are found in one 
form  or other.

The sm aller connections, a fte r being rumbled, 
are  passed to a set of th ree double-ended normal- 
speed floor g rinders (F ig. 4). Two machines
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have 16 in . by 2  in. wheels and  one has 18 in. 
by 2 in. wheels. The sm aller castings are  dealt 
w ith on the  sm aller wheels, leaving th e  la rger 
m achine to  tackle the  d ra in  connections. These 
grinders a re  driven by 4-h.p. and  5-h.p. m otors 
respectively, which are  installed  w ith in  th e ir  
bases and completely closed in. The d rive  from  
the m otor to  the  g rind ing  spindle is by vee belt 
and is particu la rly  good. This a rran g em en t has 
th e  advan tage  of doing aw ay en tire ly  w ith  over
head sh aftin g  and  belting , g iv ing th e  fe ttle r  
complete freedom  around  his m achine, and  in  
the case of rem oval th e  complete u n it  m ay be 
lifted  from  the ground  and  set down aga in  ready 
for operation  w ith  a  m inim um  of d is tu rbance .

Grinding Speeds and W o rk  Tables
The spindle speed of th e  sm aller u n its  is 1,200 

r .p .m ., giving a g rind ing  speed of 5,000 s.f.p .m . 
a t 16 in. dia. The la rg er m achine has a two- 
speed pulley, so th a t  th e  spindle m ay be run  
e ither a t  1,050 or 1,200 r.p .m . ; th e  slower speed 
is used for a new wheel and i t  is stepped  up 
to  the  h igher speed when th e  wheel w ears down 
below 16 in. d ia . A fo u rth  m achine w ith  16 in. 
by 2 in. wheels handles small fla t castings. The 
wheels, incidentally , are  about 31 in . a p a rt , 
g iving com fortable room for tw o operators. The 
g rind ing  wheels used are  on the  h a rd  side—th e  
resu lt of much experim en ta l work as regards 
g r i t  and grade. Owing to  th e  fa c t th a t  m ost of 
the castings handled  are  m ade very accurately  
to  p a tte rn , th ere  is no necessity fo r rem oving 
a large am ount of m e ta l; consequently, life  is 
of more im portance th a n  free -cu ttin g  properties. 
The h ard er stone also m a in ta in s its  shape b e tte r  
and requires dressing less frequently . F o r good 
fe ttlin g  on such a g rinder, too m uch stress can
not be la id  on  the  necessity of hav ing  s tu rdy  
w ork-rests of ample size and  capable of accura te  
ad justm ent. I t  has been personal experience 
th a t  most w ork-rests are  fa r  too lig h t and  qu ite  
incapable of w ithstand ing  th e  very severe condi
tions found in  most foundries. The m ethod of
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a ttach in g  these rests to  th e  body casting of the 
g rinder is o ften  also open to  criticism .

Small Tools fo r  Finishing
From  these floor grinders, th e  castings are 

passed on to  benches, where any finishing neces
sary is done by hand. The pneum atic chisel has 
been tr ied  repeatedly  for th is work, b u t there  
is insufficient mass in the  casting to offer reason
able resistance to  the  hamm er. A considerable 
num ber of the  heavier castings, which are  cleaned 
on the  square brushing tables, such as inspection 
pipes, are  fe ttled  by hand ham m er and chisel 
and finished by a portable electric g rinder using 
a 6  in. by 1 in. stone. This g rinder is hung on 
a com pensating spring, leaving the operator free 
to  d irec t the  stone w ithout having to waste 
energy holding th e  w eight of the  machine. Two 
pneum atic g rinders of the  tu rb in e  type are also 
used continuously, both on th is work and some 
of the  jobbing castings.

The bulk of the  jobbing castings are dealt w ith 
by a special squad using pneum atic chisels, hand 
tools, small pneum atic g rinders and also a swing- 
fram e high-speed g rinder, depending on the  size 
and shape of the  casting in question. As in 
most o ther jobbing foundries, they are  liable 
to get alm ost any th ing  to  fe ttle , from  a coal 
cu tte r casing in M eehanite w ith a stren g th  of 
25 tons per sq. in ., th rough  feed-w ater heaters 
and m arine slide valves, to  small diesel-engine 
cylinder blocks, so n a tu ra lly  they require  a p re tty  
complete k it of tools.

Fettl ing M eehanite  Castings
The high-duty  M eehanite castings raised some 

very in teresting  poin ts as regards fe ttling . The 
m oulding practice w ith these castings is more 
ak in  to  steelfoundry practice th a n  iron, and, 
as a resu lt, th ere  are  sometimes heavy risers 
to remove. A lthough these are  considerably
sm aller and fewer in  num ber th an  on a steel 
casting, they often are qu ite  a problem. On 
small castings, these risers may sometimes be
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ham m er; th is  p ractice, however, is dangerous 
and may lead to  a casting  being spoiled due 
to  th e  riser b reak ing  in  unless considerable care 
be exercised. W here i t  is inadvisable to  use 
th is m ethod, th e  rise r is cu t round  a t  th e  neck 
w ith e ither a pneum atic chisel or a m etal saw 
to  such a dep th  as to  m ake b reak ing  safe, while 
on the  heavier castings, two or more holes are  
drilled in th e  neck instead  of cu ttin g .

W hatever m ethod of rem oving th e  rise r proper 
be used the  casting  is always le f t w ith th e  stub , 
which m ust be fe ttled  f l a t ; th is  frequen tly  en ta ils  
the rem oval of a considerable w eight of m etal 
and is an expensive business, so te s ts  were carried  
ou t w ith  hand  chisel, pneum atic  chisel, portab le  
g rinder and th e  sw ing-fram e high-speed g rin d e r 
to  find o u t th e  most economical. The swing- 
fram e g rinder won in a can te r from  the  pneu
m atic chisel (the o ther two being a long way 
behind), and has proved itself a most versatile  
in strum en t, being very well balanced and  capable 
of working in  any position. The wheel is 16 in. 
by 2 in ., ru nn ing  a t  a speed of 9,000 s.f.p .m . 
The bond is B akelite, and the  g r i t  an d  grade  
are chosen to  give the  freest cu ttin g  possible 
combined w ith  reasonable life. I n  th is  instance, 
rap id  rem oval of m etal is of prim e im portance, 
and on a series of heavy castings, stubs 4 in. 
square and f  in . th ick  were consistently  ground 
flat in seven m in u te s ; th is  rep resen ts a ra te  of 
removal of m etal of over lb. per m inute.

In  conclusion the au th o r would like to  th an k  
those members of the  staff of C am eron & 
R oberton, L im ited , who have assisted in  th e  
p repara tion  of th is  P aper.
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London Branch
TRENDS OF C ONTINENTAL STEELFOUNDRY 

PRACTICE*
By P. C. FASSOTTE (Brussels) (M em ber)
This P ap e r is no t a thesis, b u t ra th e r  an 

a ttem p t to  give a broad idea of opinions and 
general tendencies prevailing am ongst the steel- 
founders on the  C ontinent, and of the directions 
in which they are  striv ing  to  solve the  ever
present problems of g rea ter efficiency and better 
products. I ts  only am bition is th a t  i t  aims a t 
being objective, although i t  is not easy, w ith 
such a  subject,, to  avoid altogether subjective 
in te rp re ta tions. A F rench  critic  said of a novel 
th a t  i t  is “ a piece of life seen through  a tem 
peram en t.” An endeavour, however, will be 
made briefly to  describe the  tren d  of th ings on 
the C ontinen t w ithout allowing personal opinions 
to in trude .

Two Main Groups
If orderly minds, possessing the hab it of classi

fication, analyse the w orking conditions of Con
tin en ta l steel foundries, they will be strongly 
tem pted to divide them  into two m ain groups. 
They will find in Belgium and large parts  of 
F rance  an im p o rtan t body of steelfoundries, 
quite  a num ber of which produce tonnages up
wards of 1 ,0 0 0  tons a m onth, and some exceeding 
‘2 ,0 0 0  tons, which rely solely on n a tu ra l moulding 
sands as a m oulding medium. On the very 
doorstep of these foundries, or w ithin a cheap 
rail freightage, exist deposits of sand peculiarly 
suited to  the steelfoundry and, qu ite  logically, 
the  foundries in these d is tric ts have concentrated 
on the  use of th is m ateria l. They have done so 
to  the exclusion of any other. In  the whole of
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Belgium and N orthern  F rance , compo is 
unknown in  th e  steelfoundries, and  i t  is n o t even 
used fo r castings upw ards of 50 tons.

Influence of Local C ondit ions
H aving  once s ta rte d  w ith  th e  local raw  

m ateria l, they soon perceived th a t  its  quality  
enabled them  to  develop a p rac tice  of casting  
steel in  green-sand moulds, and to  th e ir  c red it 
i t  m ay be said th a t  they  have exploited  th is 
possibility in a fu ll m easure. In  th is  group, 
there are  to-day steelfoundries using th e  green- 
sand process exclusively, o thers where dry-sand 
moulding is p ractised  can be considered as 
exceptional.

Fu lly  to  develop th e  possibilities of th e ir  
green-sand practice, these foundries were n a tu r 
ally a ttra c te d  by the  use of th e  small acid con
verter, w ith its  concom itant of quickly repeated  
heats, small ladles, lip pouring  and  shanking. 
They were fa irly  well s itu a ted  fo r ob ta in ing  raw  
m ateria ls for th e ir  converter p lan ts, th e  fre ig h ts  
on hem atite  from  th e  N o rth -E as t Coast being 
reasonable and th e  Customs duties, a t  any ra te  
in  Belgium, qu ite  nom inal. The F ranco-B elg ian  
group of steelfounders m ay there fo re  be broadly- 
characterised  by its  use of sand as a m oulding 
m ateria l, th e  developm ent of an extensive green- 
sand practice and  the  in tensive use of th e  acid 
converter.

G erm an  Practice
The opposite school was developed in  G erm any. 

The m oulding sands available were n o t of the 
same high s tan d ard , and  th e  q u a rrie s  were 
mostly s itua ted  a long d istance from  th e  m eta l
lurgical centres. R eliance, therefore , had  to  be 
placed on synthetic m ateria ls, and  in  th e  p re 
p ara tion  and use of m oulding compositions, th e  
Germ an foundries have achieved a rem arkable 
m easure of success. W ith  charac te ris tic  
thoroughness they  set them selves th e  ta sk  of 
producing from  cham otte—by calcining i t  a t
high tem p era tu re , crushing and g rad in g  i t  an
exceedingly fine base fo r a m oulding com position.
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The m ate ria l has a high refractoriness and the 
care lavished on its  m anufactu re  ensures th a t  
high s tan d a rd  of reg u la r i ty  which is perhaps the 
forem ost quality  of any moulding medium.

The bonding clays used im p art generally to 
th is cham otte composition a g rea te r streng th  
th a n  is found in  sim ilar m ateria ls used in G reat 
B rita in , th e  speed of m oulding being thereby 
accelerated and th e  need of mould repairs re 
duced. S im ilar care has been devoted to  the  pro
duction of mould washes, w ith  the  resu lt th a t  
some G erm an foundries are producing castings of 
s ta rtlin g  cleanliness w ith th e  use of composition. 
G reen-sand m oulding in th is m ateria l is, however, 
not practical. A nother fac to r gives th e  German 
foundries a different aspect from the  Franco- 
Belgian. In  Germany converters are somewhat 
handicapped, particu la rly  so since the  war. 
Probably the  m ain  reason is th e  difficulty of 
procuring hem atite  of the rig h t type. W hereas 
the  E nglish steel foundries can in norm al tim es 
obtain  hem atite  w ith a maxim um  phosphorus as 
low as 0.02 and, on an average, 0.03 per cent., 
th e  Germ an steelfounder cannot obtain  a t  a 
reasonable figure a hem atite  w ith less phosphorus 
th a n  0.08 per cent. E very th ing  favoured, th ere 
fore, the  basic open-hearth furnace, and la te r 
the  in troduction  and developm ent of electric 
furnaces.

The G erm an foundries can be considered as 
typified by the  use of basic steel, synthetic mould
ing m ateria ls and  dry-sand practice. O ther 
countries in  Europe followed e ither one or the 
o ther of the  two m ain tendencies, according to 
th e ir local conditions and the  respective facili
ties fo r obtain ing  one or the o ther set of raw  
m ateria ls a t an economic figure.

Diffusion of Practice
However, th is  broad division of C ontinental 

steelfoundries in to  two groups m ust not be con
sidered as absolute. The two schools have re 
acted on each other, or ra th e r there  has been a 
phenomenon of osmose, of in te rpene tra tion  be
tween the  two practices. W hilst in Belgium and
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N orthern  F ran ce  sand is still being used to  th e  
exclusion of “  com po,” even fo r th e  heaviest 
castings, in  C en tra l F rance, Sw itzerland, H olland 
and o ther countries, syn thetic  p rep a ra tio n s a re  
used to  a fa ir  ex ten t. In  G erm any th e  move
m ent has been in  the  o ther d irection , nam ely 
m oulding sand has found its  way in to  m ost 
foundries, a t  any ra te  for th e  production  of th e  
ligh ter work. One foundry  produces all castings 
w ith  wall thicknesses of § in . in  sand ; ano ther 
lim its th e  use of sand to  castings below th ree  
tons in  w eight, b u t all G erm an in fo rm an ts  agree 
th a t  th e  progressive use of n a tu ra l sands is a 
fea tu re  of recen t steelfoundry  p rac tice  in  
G ermany.

Phosphorus C on tro l  by Mixed Process Installa tion
Inside the  F ranco-B elgian  group ano ther te n 

dency, no t less notew orthy, has m ade itse lf fe lt. 
The typ ical F ranco-B elgian  foundries of a few 
years ago were equipped w ith  converters. Some 
of the  large foundries had also one or m ore basic 
open-hearth furnaces of rela tively  sm all capacity , 
usually between 8  and  15 tons. This com bina
tion  of converters and small basic open-hearth  
furnaces was always considered as a fo r tu n a te  
one, as by judicious tra n s fe r  of scrap  produced 
by the two processes, the  tendency for the  
average phosphorus to  rise was held in  check, 
and th e  supply of su itab le  scrap fo r th e  con
v e rte r thereby fac ilita ted . The converter re 
mained the  backbone of the  steel supply, how
ever, and the whole tren d  of th o u g h t was d irected  
tow ards exploiting  to  the  full th e  e lastic ity  of 
the  converter process, its  ab ility  to  cope w ith  
varying q u an tita tiv e  needs, and  th e  pecu liar 
su itab ility  of its steel to th e  requ irem ents of a 
green-sand floor. W ith  those considerations 
upperm ost in th e ir  m inds, and  looking on the  
converter essentially  as a tool for in tensive  pro
duction, the  F ranco-B elgian  steelfoundries on the 
whole have som ewhat neglected th e  o ther possi 
bilities of the  acid converter.
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Slow Developm ent of Soda-Ash Process
For instance, as a  body, they have definitely 

been slower th an  th e ir  B ritish  colleagues in 
standard is ing  the soda-ash process, which has 
done so much to  rehab ilita te  the  acid converter. 
M any of them  have no t credited the converter 
w ith being able to  cope, a t any ra te  to  some 
ex ten t, w ith the  new requirem ents of the cus
tom er in alloy steels. F o r instance, there is no 
parallel on the  C ontinent for th a t  im portan t 
B ritish  steelfoundry which is producing, w ith 
converters only, the  largest proportion  of its 
castings in alloy steels (of the  manganese-carbon, 
chrom ium -carbon, and niekel-chromium varie
ties) .

I t  is somewhat curious to reflect th a t , whereas 
i t  could be said th a t  the  acid converter has its 
n a tu ra l home in Belgium and N orthern  F rance, 
to-day the  possibilities of the converter seem 
more highly esteemed in  G reat B rita in  than  
anyw here else. I t  is in  B rita in  th a t  are found 
to-day some of the most confirmed protagonists 
of the  converter, and also some of the  most able 
exponents of its  practice.

Electric Furnaces and Alloy Production
W hen, du ring  the last ten  years, a growing 

demand arose for alloy steel castings, the elec
tr ic  furnace received a sudden im petus in 
Belgium and France. In  Germany m ost foun
dries were already' relying on the  basic arc fu r
nace, a.nd th e  same still applies to  Ita ly  and 
Sw itzerland. In  th e  Franco-Belgian group there 
have been num erous instances, particu larly  
du ring  the las t five years, of the installation  of 
basic arc furnaces. The induction furnace also 
made its appearance, and quite a num ber of 
foundries in every country have now installed 
them . I t  is considered by some as the  furnace of 
the fu tu re  for the steelfoundry. Some of these 
installations a re  quite  large ; one which was 
visited recently has fou r furnaces, another has 
th ree—a 5-cwt., a 10-cwt. and a 15-cwt. u n it ;  
and a th ird  has two 10-cwt. and one 3-ton units.



New Induction Furnace  P rac t ice
W hile on the  sub ject of induction  furnaces, 

i t  is in te re s tin g  to  note th a t  efforts to  develop 
a refining process have m et w ith  a very fa ir  
m easure of success. Crucibles a re  lined  to-day 
w ith  a basic refrac to ry , tw enty-five to  th i r ty  
heats per lin ing  being common practice . T hin 
basic slags are  produced, partic les of which are 
actually  draw n in to  th e  m eta l itself by the  
vortex caused by th e  eddy cu rren ts . The 
calorific in p u t is increased to  th e  m axim um  
during  the refining. These slags a re  easily re 
moved, and, if necessary, renew ed. T heir 
m om entary p a rtia l im mersion in  the  steel is said 
to  be w ithout effect on th e  cleanliness of the 
m etal. I t  is fu r th e r  said th a t  phosphorus has 
been removed w ith  th ree  consecutive slags to  the  
ex ten t of leaving only a rem n an t of 0.005 per 
cent., b u t no figures for e x tra  c u rren t consum p
tion  were available.

Unusual Duplexing P ract ice
A nother somewhat exceptional p rac tice  in 

relation  to  arc furnaces may also be of passing 
in terest. A C ontinen tal foundry  is using a basie 
electric fu rnace for producing its  steel, b u t 
tran sfe rs  a p a r t  of th e  m eta l to  a sm all acid 
electric, and works i t  again  w ith  an acid finish
ing slag. They reso rt to  th is  costly operation  
w ith the sole view of im p artin g  to  th e  m eta l the  
b e tte r  life associated w ith  acid steel. The object 
m  th is  case is to  produce more easily sm all steel 
castings in green sand. I t  was, a t  th e  tim e, the  
only instance of th is  pecu liar duplex  process 
which had ever been brough t to  th e  a u th o r’s 
notice. On fu r th e r  inquiries i t  was found th a t  
not only basic electric, b u t also cheaper basic 
open-hearth  steel is tran sfe rred  in  G erm any to  
e ither an acid arc furnace o r an acid induction  
furnace fo r th e  same purpose, and  th a t  th is  
duplexing is a' fa irly  reg u la r practice.

O u t le ts  for Alloy Steel Castings
To-day the basic arc furnace and th e  induc

tion  fu rnace  a re  producing th e  la rge  m ajo rity  of
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alloy steel castings on the  C ontinent. One 
should m ention, however, th a t  for th e  12 per 
cent, m anganese steel castings, many foundries 
rely on the converter, though others have a dis
tinc t preference for th e  arc furnace. The in 
crease in  use of alloy steel castings has been 
exceedingly rap id . F o r instance, a foundry of 
world rep u ta tio n , ca te ring  exclusively for out
side customers, is tu rn in g  out now an average of 
30 per cent, of its production in alloy steel. 
D raw ing offices in engineering works seem to 
have become conscious of the h igher demands 
which can be m ade upon alloy castings. Specifi
cations contain ing nickel, chrom ium and molyb
denum , which ten  years ago were an exception, 
a re  now regularly  received, and steam -turbine 
castings, for instance, are frequently  ordered in 
2 or 3 per cent, nickel steel.

The chemical, cellulose, artificial-silk, brewing 
and o ther industries have developed a  very 
strong dem and for non-corrosive steels. The 
foundries which have been preparing  themselves 
to m eet th is  new demand a re  quite numerous. 
Alloy castings w ith 25 per cent, of nickel and 
even more are  being produced as a m a tte r of 
rou tine. Alloy steel castings are being ordered 
on rep e titio n  lines. An order recently received 
by one foundry was for 400 sets of small castings 
in 18 : 8 steel, weighing a to ta l of 8 tons. The 
average w eight was no more th a n  9 lbs. The 
castings are  in tended for dairy  plants and some 
of them  are likely to  ta x  the  ability  of the  sup
plier to  th e  utm ost. H igh-chrom ium  steel cast
ings are  ordered for w earing purposes, pa rticu 
larly for working in  high tem peratures. The 
low-chromium steels or manganese-chromium 
steels a re  dem anded for a varie ty  of purposes, 
am ongst others for connecting rods and crank
shafts for large internal-com bustion engines and 
compressors. W here high physical tes ts are  re
quired, and particu larly  shock-resisting tests, 
th e  steelfounder offers a large choice of m aterials 
in the  nickel-chromium range. Molybdenum 
steels for high-pressure steam  ducts, austen itic  
steels for th e  chemical and o ther industries, and



chrom ium -tungsten steels which re ta in  s tren g th  
a t  high tem pera tu res to g e th er w ith  w earing 
qualities—all these th e  steelfounder supplies now 
in ever increasing quan tities.

C ertain  sources of work for th e  steelfoundries 
have dried  up. In  Belgium , for instance, welded 
constructions have ousted high perm eability  steel 
castings alm ost en tire ly , although th is  is no t the 
case in G erm any. New fields, however, have 
been ta p p e d ; as a n  instance, u n tierfram es for 
tenders and carriages cast com plete w ith  axle- 
box guides and accessories, which a num ber of 
railways have standard ised . Previously, these 
p arts  were constructed  or welded. The problem 
of m aking these underfram es has en ta iled  a good 
deal of research and large outlays on equ ip 
m ent, ye t a fa ir  num ber of foundries are  to-day 
in a position to  supply them , and deliver them  in  
the finished m achined sta te .

L ab o ra to ry  Facilities
All these specialised requirem ents have con

siderably a ltered  th e  conditions of technical 
m anagem ent. In  the  days when s tra ig h t carbon 
steels only were produced the  laboratory  played 
a very m inor rule and  som etim es was non
existen t. To-day th e  h igh ly -tra ined  m e ta llu rg is t 
has come to  the  fore. In  fac t, he has become 
inevitable. H is staff has been increased, and  his 
equipm ent brought into line w ith  th e  accrued 
im portance of his work. Some steelfoundry  
laboratories which have been visited in  recen t 
months can be said to  be equal in  every respect 
to the  best encountered  in  th e  heavy steel in 
dustry . R esearch work has become a fe a tu re  of 
these laboratories. C ustom ers call in  the  steel
foundry m eta llu rg ist to  help to  solve th e ir  own 
special problems. W hereas, in  th e  past, th e  
laboratories were used m erely as a  check 
on products and  raw  m ateria ls , to-day the  
problems of non-m etallic inclusions, g ra in  size, 
h eat-trea tm en t, w ear, corrosion, and s tre n g th  a t  
high tem pera tu res have become as fam ilia r to  
some steelfoundry staffs as to  th e  m akers of alloy 
steels in  rolled and forged conditions.
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W hat is tru e  for the laboratory  is equally so 
for the  h ea t-trea tm en t shop. The old grate- 
fired annealing  stove has given way to  modern 
furnaces w ith equilib rated  tem péra tu res capable 
of reaching and m ain ta in ing  any tem pera tu re  up 
to 1,150 deg. C. Quenching tanks w ith coolers 
and dipping tack le  have been installed, equal to 
those found in forges and stam ping shops. The 
growing im portance of the  scientific side of 
m anagem ent, both as regards personnel and 
plants, is one of the ou ts tand ing  developments 
which have taken  place in  the  steelfoundries.

Acceptance Tests
A subject connected w ith the  laboratory work 

is th a t  of physical tests. I t  is not surprising, 
since the same tendency prevails everywhere, 
th a t physical tests have become more s tringen t, 
and th a t  p riv a te  customers more and more 
insist on test-pieces being a ttached  to  the  cast
ings. Physical tes ts have been required for many 
years by th e  national buying au thorities, such as 
the A dm iralty , W ar Office, m ercantile m arine, 
railways, etc. To-day a large num ber of p rivate  
engineering works are in  tu rn  requiring  tests 
for th e  castings they buy. The more noteworthy 
developm ent has been th a t  of the shock tests of 
the Izod, C harpy and M esnager types. New types 
of test-pieces have been introduced recently, bu t 
discussion is still rag ing  in every country as to 
the best type of test-piece for shock purposes.

W hat is s trik ing  is the increased num ber of 
specifications calling for a shock test. I t  has 
led the foundries to  overhaul not only the ir 
steelm aking, b u t to  give more a tten tio n  to  the 
question of h ea t-trea tm en t. Some daring  prac
tices have been evolved, such as th a t  of a  p ar
ticu lar foundry which does no t hesita te  to  w ater- 
quench all castings subject to  shock tests 
provided th e  carbon rem ains in the neighbour
hood of 0.2 per cent.

The yield-point is stressed by customers fa r 
more th an  th e  u ltim ate  streng th , particu larly  
in Germany. I t  is now well known th a t  a  high 
yield-point a t  elevated tem pera tu res is fac ilita ted
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by a  molybdenum addition , and  m olybdenum 
steel is specified fo r all castings for h igh-pressure 
steam , ce rta in  castings fo r th e  chem ical in 
dustry , etc. These castings a re  regu larly  tested  
for th e ir  resistance to  creep, th e  usual te s t  p re
scribed being from  25 to  35 hours and  th e  lim it 
of creep accepted 5/10,000 of th e  test^piece per 
hour. X-Ray Testing

The o ther move which is definitely in te re s tin g  
is th e  a tte n tio n  being paid  to  X -ray  te s tin g . 
I t  is fe lt by m any foundries on th e  C on tinen t 
th a t , w hether they  like i t  or no t, th e  tim e  is 
near when they  will have to  agree to  X -ray  te s t
ing. A move has been m ade in  th a t  d irection  
by some of th e  defence m in istries. L ight-alloy 
castings for a irc ra f t have been subjected  to  
X -ray te s tin g  as a  ro u tin e  te s t  fo r some con
siderable tim e, b u t in  ce rta in  countries th is  
has been ex tended to all steel castings en te r in g  
into th e  m anu factu re  of a irc ra f t o r a ir c ra f t  en 
gines. The X -ray  te s t has also been imposed 
definitely for a  num ber of castings supplied to  
adm iralties.

The view has been repeated ly  expressed by 
foundrym en th a t  th e  X -ray  te s t  is bound to 
become m ore and more in  request, and  i t  m ust 
be adm itted  th a t  th e  very n a tu re  of a steel 
casting  gives a peculiar im portance to  th is  te s t.

Curiously enough, m ost foundries look upon 
th is developm ent w ith  a1 good deal of equan i
m ity. They a re  of th e  opinion th a t ,  however 
troublesom e i t  may be to  have to  undergo  an 
e x tra  tes t, and one capable of revealing  h idden 
defects, th is  te s t will b ring  to  th e ir  notice defici
encies in  th e ir  practice and will therefo re  prove 
helpful in  th e  long ru n . The more progressive 
consider th a t  they  should forestall th e  im posi
tion  of th e  te s t and them selves use th e  X -ray 
ap p ara tu s  as an in s tru m en t fo r ro u tin e  control. 
They hold th e  view th a t  i t  is up to  them , as 
steelfounders, to  deliver as perfec t a p roduct as 
possible, and th a t  any te s t  capable of showing 
up h itherto  unknow n defects is likely finally to  
help the industry .
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They p o in t o u t th a t  in  th e  m anufacture of 
welded artic les i t  has already become a practice 
to supply, when required , a  complete photograph 
of every weld in  a  job, and  th a t  nothing done 
by th e  welding industry  has done more to  create 
confidence among th e  buyers th a n  th e  develop
m en t of th is  practice. The objection of the 
steelfounder, therefore , is no t one of principle. 
W hat is feared  is the  fa c t th a t , th e  tim e taken  
for te s tin g  w ith  th e  p resen t X -ray  appara tu s 
being lengthy, if th e  te s t is applied to  a large 
num ber of castings, both space and tim e  will be 
taken  up, which will constitu te  an  im pedim ent 
to production. The maximum capacity  of X -ray 
a p p a ra tu s  th a t  seems practical in a foundry is 
e ith e r of 200 or 300 kilovolt capacity . Beyond 
th is figure m anufactu rers hesita te  to  go, as the 
p lan t m igh t become dangerous in  inexperienced 
hands. If , w ith  p lan ts of th is  capacity, i t  were 
possible to  obtain  pictures by d irec t illum ina
tion , say th rough  a  section of a  few inches of 
steel, th e  p lan t would undoubtedly receive a very 
much w ider application  for rou tine tests th an  is 
th e  case. Sections up  to  4 in. can be examined 
by th e  X -ray  appara tu s , b u t only by m eans of a 
photographic p late, and the  process lasts for 
hours.

In  spite  of th is lim itation , i t  is fe lt th a t  the 
X -ray p lan t, owing to its ab ility  to reveal defects 
or weaknesses which could not be discovered by 
any o ther m eans th a n  destruction , is bound to 
play an  increasingly im portan t p a r t in the 
acceptance of steel castings. Several foundries 
on th e  C ontinent are already equipped w ith X -ray 
appara tu s  a t  th e  present moment. Over a 
dozen of X -ray ap p ara tu s  are functioning, on 
the o ther hand, in light-alloy and  other 
foundries.

Sand P rep a ra t io n  and Handling
In  the m oulding shops there  have been no de

velopments of very strik in g  im portance, except, 
perhaps, the general tendency of im proving the 
sa n d-p rep a r a t i o n p lants, and to  solve a t  the  
same tim e the problems of tra n sp o rt connected
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w ith  sand. In  m any foundries, due to  th e  lay
o u t of the  shop, th e  cost of hand ling  th e  sand 
from the knocking-out place back to  the ' mould
ing floor, a f te r  having passed th rough  th e  sand 
p repara tion  p lan t, is a more costly operation  
than  the  actua l p repara tion  of th e  sand. Com
prehensive sand p repara tion  and tra n sp o rt p lan ts  
have been bu ilt or are contem plated  everyw here.

The Sandslinger has m ade fa r  less progress in 
the steelfoundries th an  in th e  ironfoundries. F o r 
some unexplained reasons, th is  m achine is no t 
made such extensive use of in th e  C ontinen tal 
foundries as in those of G rea t B rita in .

Moulding Machines
W ith regard  to moulding m achines, th e  F ranco- 

Belgian founder has definitely very li tt le  use for 
the  tu rn o v er m achine; he p refers a s tra ig h t- ja r  
and l i f t  or pressure m achine, which w ith  his 
strongly-bonded sands a req u ite sa tis fac to ry . W ith  
“ com po” o r the leaner sands used by th e  G erm an 
founder, th is  is no t th e  case and  a p reference for 
the tu rnover m achine is alm ost general th rough 
out the G erm an foundries. Oil sands are  used 
on the whole very sparing ly , and only fo r cast
ings of th in  sections and com plicated design. 
O ften, however, outside cores in  oil sand are 
fitted in to  “  compo ” moulds to  fa c ilita te  con
trac tio n  and to  avoid hot tears. Composite 
moulds made p a rtly  of “  compo ” and  p a rtly  of 
moulding sand are  also resorted  to  in m any 
instances. •

Fettling-Shop Developm ents
In  the  fettling-shop, the  B akelite-type g rind ing  

wheel driven a t constan t periphera l speed has 
become fa irly  general. The shot-slinging ty p e  of 
cleaning p lan t has made its  appearance in  m any 
foundries and is w atched w ith in te re s t by th e  
whole of the foundry  com m unity. The fa c t th a t  
a certain  am ount of com petition has appeared  
between m akers is considered as likely to  prove 
helpful to popularise th is  method of cleaning. 
On the  o ther hand, cleaning steel castings by 
means of a high-pressure w ate r je t  seems to
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have caused d isappoin tm ent. With, the  pressure 
of 50 atm ospheres used in  th is  machine, the  
power consum ption is appreciable. Special 
problems arise  connected w ith  w ate r supply 
and disposal of sludge, b u t most of th e  criticism  
is d irected  to  the  fa c t th a t  th e  efficiency of the  
m achine drops considerably when core irons or 
core supports a re  m et by th e  stream  of w ater. 
I t  is generally  fe lt th a t  th is  m achine may prove 
of g rea te r boon to  th e  ironfounder th an  to the 
steelfounder.

Riser Removal
An increasing use is being made of machines 

for rem oving, w ith an oxygen burner, risers the 
bases of which are in th e  shape of segments. 
Special m achinery has been p u t on th e  m arket 
for th is  purpose, whereby the b u rner is au to 
m atically  guided along a  given rad ius. M ori 
notew orthy is the  increasing use of power-driven 
m achines carry ing  inserted  tee th . M achines are 
nowadays used by th e  steelfoundries th e  general 
design of which rem inds one of a  horizontal 
borer, b u t w ith  a massive head-stock of square 
section, a t  the1 end of which is provided a saw 
w ith universal movem ents. In  one foundry e igh t 
of these m achines a re  s tand ing  in  a  row and  are 
used fo r cu ttin g  off any type  of rise r having a 
fla t base,. One of th e  m achines in  th is  row has 
a c u ttin g  capacity  of 13 in ., and  when inspected 
was actually  rem oving a  c ircu lar head w ith a 
section of approxim ately  20 in . The operation 
was na tu ra lly  made in  fou r cuts. This m achine 
is particu larly  valuable when castings have to 
be supplied w ith  a rough-m achined base. I t  
would appear th a t ,  from  th e  po in t of view of 
cost, i t  has its  advantages, since the  particu lar 
foundry has alm ost done away w ith  the  oxygen 
bu rner for rem oving heads. They claim th a t  
th is  ty p e  of saw is a cheaper proposition pro
vided a num ber of saws can  be looked a f te r  by 
a single operator.

The au tho r hopes th a t  th is  brief survey has 
le ft the  impression which was in tended to  be 
conveyed, namely, th a t  th e  C ontinen tal foun-
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dries are  also alive to  the  need of m oving w ith  
th e  requirem ents of th e  tim e. An in d u s try  is 
a live body, no t a  s ta tic  in s titu tio n . The steel- 
foundry industry  is moving fa s t and  tr ie s  hard  
to  do its  share in  th e  genera l progress of 
eng ineering.

E m ployer-F edera t ion  Activ it ies
W ith  association and  price-fixing problem s 

still looming in  the  m inds of steel-castings m anu 
fac tu re rs , i t  m ay be in te res tin g  to  know in  w hat 
way C on tinen ta l countries have been m eeting  
th e  em ergency which aTose d u rin g  th e  la s t 
depression, when selling prices w en t below pro
duction costs. In  S pain , p rio r to  th e  tra g ic  
events of th e  la s t tw o years, an  association 
of steelfoundries functioned  fo r a few years. 
The basis of th e  und ers tan d in g  was n o t one of 
tonnage quota, b u t m erely an  u n d e rtak in g  to 
quote m inim um  prices fo r a ll classes of work. 
A num ber of mem bers of th is  association ex
pressed them selves fully satisfied w ith  its  m ethod 
of operation  and no d isco rdan t voice was heard .

In  F rance th e  S ynd icat G énéral des F ondeurs , 
which groups th e  foundries of all m etals, was 
form ed as fa r  back as 1920. I t  is m ore con
cerned w ith  estab lish ing  stan d ard ised  selling 
conditions regard ing  estim a tin g  costs, pack ing , 
tra n sp o rt guaran tees, p a tte rn s , replacem ents 
and paym ent conditions th a n  w ith  fixing new 
prices. In  Belgium  a tim id  a tte m p t has been 
m ade tow ards th e  estab lishm en t of a  price 
policy, b u t only as fa r  as th e  home railw ays a re  
concerned. Such an  association ex isted  a lready  
before the  W ar, was revived a f te r  th e  W ar, and , 
la te r  on, dropped. A bout a year ago, th is  asso
ciation  w ith  lim ited  scope was b ro u g h t to  life  
once more. T h irteen  m ain  foundries belong to  
it. The m ethod of division of th e  work is some
w hat involved; i t  takes in to  account both  selling 
price and tonnage, as some castings a re  w orth  
considerably m ore per ton  th a n  o thers. There 
seems little  likelihood of th e  u n d ers tan d in g  
being extended to  general work.
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In  German} there  was created , five years ago, 

an o rganisation , in  m any respects sim ilar to  the 
B ritish  association, called the  V erein D eutscher 
Stahlform giessereien, w ith its head office in 
D üsseldorf. The various classes of castings are 
carefully  tab u la ted , and th e  German counter
p a rt of w hat some B ritish  steelfounders call the ir 
“ Bible ”  contains 101 pages s ta rtin g  with 
“ A bdechplatten ”  and finishing w ith  “  Zylinder 
V erbindungen fü r  Lokom otieven.” A carefully 
compiled index refers to minim um prices which 
m ust no t be underquoted. Categories of prices 
are m entioned 'according to weight. Penalties 
are foreseen if the  m inim um  prices are  no t re 
spected, b u t foundries a re  a t  liberty  to  quote 
h igher figures. No arrangem ent exists regard 
ing a division of tonnage on a quota basis, b u t it 
is in teresting  to note th a t  the price arrangem ent 
applies equally to  s tra ig h t carbon steel and alloy 
steels. P ercen tage  increases are n a tu ra lly  fore
seen for the  la tte r . F o r certa in  specialities, 
however, mostly to  be delivered in  sets like P ilger 
rolls or locomotive parts , there  are  separate 
understandings.

The various firms having received the  inquiry , 
send th e ir  estim ated  figures to  the association 
office in Düsseldorf, and a f te r  an exam ination 
of th e  estim ates, i t  is the association which 
decides which price has to  be quoted. Only then 
is a  final price subm itted  to  th e  customer.

A nother association is functioning in Germany, 
nam ely the S tah lräder V erband. I t  is composed 
of e igh t or ten  of th e  principal steelfoundries 
of th e  Reich, and  is dealing w ith the sale of 
wheel centres, m ine-tub wheels, and complete 
wheels and axles. The members of th is associa
tion  each have a r ig h t to a  given percentage of 
the  tonnage available. The invoices are actually  
sen t to  the association itself, which in  tu rn  in
voices up  to  th e  customers, receives the product 
of th e  sale and pays the  supplier. Both these 
associations seem to  work to the en tire  satisfac
tion  of the  members. They have introduced 
orderliness in th e  m arket, and the  customers
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them selves appear to  have accepted th e  position 
ungrudgingly .

A cknow ledgm ents
The au th o r wishes to  express his sincere  th an k s  

to all th e  C on tinen ta l steelfounders who, du rin g  
the  p a s t few m onths, by th e  fran k  discussion 
of th e ir  problems and  th e ir  readiness to  give 
in fo rm ation , have m ade i t  possible to  give th is, 
a t  any ra te , tru e  p ic tu re . In  th is  connection 
m ention m ust he m ade of M r. B uerger, of 
Schaffhausen ; M r. Schweizer, of S a a rb ru c h e n ; 
M r. Jacques H en rico t; M r. M ichaux, of 
Peugeot, and especially of D r. Re'sow, of K ru p p s. 
The others are  too num erous to  m en tion , h u t to  
all of them  is due th e  a u th o r’s personal app rec ia 
tion  of th e ir  help.

DISCUSSION
Origin  of  “ G r e e n ” Sand

Mn. V. C. F a u l k n e r  (PastM 5res iden t of the  
In s titu te )  asked w hether in  B elgium  steel c a s t
ings were being used fo r jobs fo r which, in 
E ngland , m alleable would he used. H e  believed 
th a t  fo r railw ay  switch work, for instance, th e re  
was a  difference of p rac tice  as betw een th e  tw o 
countries. B earing  in  m ind references m ade to  
N o rth -E as t Coast h em atite , he asked w hether i t  
was still th e  custom  of th e  F ranco-B elg ian  group 
of founders to  im p o rt iron  from  E n g lan d  or 
w hether they  had  a  local su b s titu te .

D iscussing sands, he said he had  been to ld  by 
D r. W erner, who had  lec tu red  to  th e  B ranch  
on a  previous occasion, th a t  n e a r  h is works a t  
Düsseldorf th e re  was some green-coloured sand 
and th a t  th a t  was definitely th e  o rig in  of th e  
expression “  g reen  san d .”  H e  believed also th a t  
D r. W erner was using th a t  local green  sand  in  
his steelfoundry. T here was also a green- 
coloured sand available in  E ngland .

Probably th e  finest m eta llu rg ica l labora to ry  
in E urope was th e  old steelfoundry  a t  Le C reu- 
sot, where th ere  was a ran g e  of open -hearth  fu r 
naces having capacities vary ing  from  5 tons up
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to  abou t 25 tons. T h a t in s ta lla tion  was supple
m ented by a converter p lan t, a crucible p lan t 
and the  electric fu rnaces which he had had the 
privilege of in sta lling  there . H e asked w hether 
the  crucible process was still being used on the 
C on tinen t; he believed i t  was used very ex ten
sively in  one of th e  very large works u n til quite 
recently.

A y ear or tw o ago, he continued, th ere  had 
been very considerable discussions in  A ustralia  
as to  w hether the p roduct of the  converter was 
good enough for th e ir  best type  of acceptance 
specifications. Therefore, he wondered whether 
the  converter steel was universally accepted 
th roughou t the  C ontinen t as being of the  highest 
class.

Metallic Losses
W ith  reg ard  to  m etallic losses, he asked 

w hether they  were of the  same order in F rance 
as in  E n g la n d ; he was under the impression, 
he said, th a t  they  were d istinctly  h igher on 
the  C ontinen t th a n  here.

As to  the  m anu factu re  of m anganese steel, he 
believed th e  governing conditions on th e  Con
tin e n t should be much th e  same as in England, 
i .e .,  they  would use the  electric furnace if there 
were an abundance of m anganese steel scrap 
available. A nother question was w hether any 
progress had  been m ade on the C ontinen t w ith 
the use of electric furnaces for th e  hea t-trea t- 
m ent of steel castings, fo r the  new est steel 
foundry in  G rea t B rita in  had adopted th a t  pro
cess.

F inally , he asked w hether a m achine known 
as the Speed m uller had made its  appearance 
on th e  C on tinen t; i t  had  already found its  way 
from America in to  A ustralia . Using the  prin 
ciple of cen trifugal force, the  Speed m uller had 
2-ft. d iam eter rubber-covered balls runn ing  round 
a t  about 90 r.p .m ., th e  cen trifugal force forcing 
the balls against the  m uller pan, which was 
ra th e r like a m ilk basin. The ap p a ra tu s was 
sta ted  to  p repare sand very rapidly  w ithout
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crushing th e  grains, a t  som ething of th e  o rder 
of 10 cub. ft. per m inute.

Steel o r  M alleable A pplica t ions
M e . F a s s o t t e  replied  th a t  he knew no th ing  

of th e  Speed m uller, an d  therefo re , could no t 
give a considered opinion w ith  reg a rd  to  it. 
D ealing w ith the  question of steel castings versus  
malleable iron  in  Belgium , he said th a t  m al
leable had no t m ade the  sam e strides in  Belgium 
and  F rance  as in  G erm any or in  th is  country . 
The reason probably was th a t  the  B elg ian  steel- 
foundries, hav ing  specialised largely on re p e ti
tion  work in  green-sand moulds, h ad  always been 
able to  produce a casting  w hich would compete 
economically w ith  m alleable. A utom obile works 
in  F rance, fo r instance, relied  on steel castings 
to  a fa r  g rea te r e x te n t th a n  in  th is  country , 
in  sp ite  of th e  fa c t th a t  th e  m alleable foundries 
had developed the  m an u fac tu re  of b lack h eart 
m alleable; they  were p roducing in  steel a  large 
num ber of m otor-car castings w hich in  G reat 
B rita in  and certa in ly  in the  U n ited  S ta te s  would 
be m ade in  malleable.

The Belgian steelfounder had  a  p reference for 
English hem atite . H e had  a lte rn a tiv e  sources of 
supply, however ; i t  was available from  several 
sources, including a D utch  b las t fu rn ace  o rg an i
sation, and  occasionally a  F ren ch  h em atite  was 
used in  B elgian foundries. The bulk of the 
supplies, however, still came from  th is  coun try .

M r. F asso tte  said th a t  he knew th e  green- 
coloured sand re fe rred  to  by M r. F au lk n e r  as 
being produced a t  D üsseldorf ; in  B elgium  also 
there  were some green-coloured m oulding sands, 
and one pipe foundry  was using such a  sand 
exclusively. A nother type  of sand, also green 
in colour, was used largely  fo r th e  m ak ing  of 
m anganese steel castings, fo r i t  was p ractically  
devoid of oxide of iron.

There m igh t be some crucible fu rnaces in  use 
still in  Belgium, b u t he knew of none e ith e r  in 
Belgium  or N o rth ern  F rance .
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M r. F asso tte  said he fe lt i t  was beyond the 

scope of his P a p e r to  give a personal opinion on 
the  question as to  w hether th e  product of the 
converter was good enough to  be used in  castings 
to the highest specifications. I t  would he some
w hat invidious, he added, to  make a  comparison 
between converter p ractice on the  C ontinen t and 
in  G rea t B rita in . M etallic losses in  th e  con
verte r varied  from  works to  works on the  Con
tin e n t, ju s t  as in  th is  country.

M r . F a u l k n e r  s u g g e s t e d  t h a t  t h e y  v a r i e d  
f r o m  12 t o  18 per c e n t . ,  r o u g h l y .

M r . F a s s o t t e  replied th a t , i n  practice, the 
losses varied  from  13 per cent, to  alm ost any
th ing . However, he was of th e  opinion th a t  
some of the  best practices were found in th is 
country. H e was aw are of only a  single in
stance of th e  use of an electric resistance fu r 
nace for th e  h ea t- tre a tm en t of castings. The 
annealing furnaces usually used were fired by 
stoker g rates, by pulverised fuel, or by oil.

H e agreed th a t  th e  availability  of manganese 
steel scrap governed th e  choice of process, and 
added th a t  th e  induction  furnace was being used 
considerably nowadays for th e  production of man 
ganese steel as well as th e  basic arc  furnace.

Critical Sections for Green-Sand Practice
M r . J .  D e s o h a m p s  asked w hat was th e  critical 

thickness up to  which castings were made in 
green sand on th e  C ontinent, for he believed 
th a t  in th is country the  a ttem p ts  a t green-sand 
moulding had been lim ited  to  relatively th in  
castings up  to  now. Comm enting on Mr. 
F asso tte’s ra th e r  casual reference to  lip pour
ing, M r. Deschamps asked why th a t  method of 
pouring was more prevalen t on the  C ontinent 
th an  here. As to  th e  extensive use of cham otte 
in Germany, he said he could never understand  
w hat took place du rin g  th e  calcination of 
cham o tte ; he understood th a t  i t  was a  k ind of 
siliceous clay, th a t  i t  was n o t a carbonate and 
was not supposed to  lose any w eight on being 
calc ined ; he wondered why i t  was calcined.



Discussing the  a u th o r’s references to  th e  re 
fining of steel in high-frequency induction  fu r 
naces. and th e  very im p o rta n t m a tte r  of th e  
effect of th e  slags during  th e  refin ing, M r. 
Deschamps had in  m ind the  P e rr in  process, 
which was used extensively in  th e  U gine p lan t 
in F ran ce  and  was very prom ising. By th e  use 
of m olten syn thetic  slags one was able to  remove 
practically  th e  whole of th e  phosphorus con ten t 
of any given steel, and  he m entioned  its  app li
cation  to  converter steel in  p rac tice , w here th e  
chief difficulty was due to  th e  presence of phos
phorus. I t  seemed to  him  th a t  one could apply  
th a t  process of in tim a te  m ix tu re  of th e  steel 
Tilth m olten syn thetic  slags of a highly hasic 
and oxidising n a tu re  in  a  la d le ; i t  appeared  
to  be m ore or less in s tan taneous, and  should 
jnable one to  produce in  a ladle th e  so r t of 
reaction  which M r. F asso tte  had  m entioned as 
tak in g  place in  the  crucible of th e  h igh-frequency 
furnace, where slags were used for refining.

Bogie U n der-F ram es
Coming to  th e  work of some of th e  F rench  

steelfoundries, p a rticu la rly  th e  p roduction  of 
bogie under-fram es for sleeping cars, ten d ers  and 
bogie carriages generally , rep resen ting  th e  m ost 
in tr ic a te  type  of steel casting , M r. Deschamps 
said he had seen a num ber of those fram es m ade 
on the  C ontinen t and  had  been astounded  by th e  
quality  and th e  efficiency. H e had  seen those big 
fram es, about 8 f t .  long, 5 f t .  wide and  2 ft . 
deep, full of cores, and w ith  thicknesses of J  in. 
or even less, in  a single casting , coming o u t of 
the  moulds w ithou t any  cracks; th ey  w ere no t 
made in  green sand, b u t in a special type  of sand 
mixed w ith m anganese dioxide. The process was 
quite new and was fu ll of possibilities, and  he 
believed i t  would come to  th is  country  in due 
course. D iscussing the  theory  of it , he said th a t  
it  an o rd inary  oil-sand core were used, th e  lin 
seed oil in  i t  became oxidised and  gave a  sub
s tan tia l bond to th e  sand, b u t enab ling  i t  to  col
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lapse u nder con traction  stresses when the  oil 
burned  away. In  the  case of a fa irly  th ick  core, 
there  was oxidation  only a t  th e  skin ; one could 
not expect the  oxygen of the  atm osphere to  have 
more th a n  a  superficial action. On the  other 
hand, if th e re  were m ixed in tim ate ly  w ith the  
sand and  linseed oil a ce rta in  am ount of m an
ganese dioxide, which la tte r , when the  sand was 
hot, yielded very easily one atom  of oxygen, the 
linseed oil in  th e  very h e a rt of th e  core became 
oxidised. Thus, th ere  was the  possibility of using 
less linseed oil and of increasing th e  collapsibility 
of th e  sand under con traction  stresses.

Riser Removal
The developm ents in  connection w ith the  re

moval of th e  risers by m eans of disc saws were 
very in teresting , b u t he wondered w hether the 
grea test draw back was the  very high cost of 
m aintenance of th e  saws. In  his experience the 
cost of upkeep of the  saws seemed to  be terrific, 
and he asked w hether they  had inverted  tee th  
or w hether they) were solid saws.

As to  the  h ea t- tre a tm en t of steel castings in 
the electric furnace, he asked w hat tonnage of 
steel castings could be dealt w ith economically in 
th a t  furnace ; if th e  c u rren t could be supplied a t 
sufficiently low cost, one should be able to  avoid 
some of the  problems of the  oxidation and scal
ing of castings and  of d isto rtion  th rough  lack of 
uniform  heating  in the annealing  oven.

I t  was n o t a t  all difficult to  satisfy the  Aus
tra lian  au tho rities th a t  properly-m ade convertor 
steel would m eet th e ir  specifications. oorne 
foundries in  th is  country , o pera ting  only the con
verter process, were m aking steel castings which 
met very easily the  requirem ents of all existing 
specifications for plain  carbon steel castings.

Speed in Casting Green-Sand Moulds
M r. F a s s o t t e  s a i d  t h a t  w h e n  h e  h a d  r e f e r r e d  

t o  t h e  u s e  o f  n a t u r a l  m o u l d i n g  s a n d  i n  Ger
m a n y  he h a d  m e n t i o n e d  t h a t  o p i n i o n s  varied
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considerably w ith  reg a rd  to th e  lim ita tions of 
th a t  sand. The sam e w as t ru e  also w ith  reg a rd  
to th e  lim ita tions of green-sand m ou ld ing ; every 
foundry  had a  d ifferen t view from  o thers con
cerning th e  e x te n t to  w hich green-sand m ould
ing could be ca rried  on an d  th e  e x te n t to  which 
it  was w orth  while ca rry ing  on w ith  i t .  The 
ru le  generally  followed by Belgian foundries 
was n o t to  w orry so m uch abou t th e  w eight 
or wall thicknesses of castings, b u t to  cast a 
green-sand mould on the sam e day as th a t  on 
which th e  mould was m ade; very  ra re ly  w as a 
green-sand mould le f t over n ig h t. T h a t fa c t 
would ind ica te  probably m ore definitely  th a n  
any th ing  else th e  genera l opinion abou t th e  
lim itations of green sand. H e had in  m ind a 
foundry  which was producing large g ear seg
m ents, w eighing 5 cw t. each, in  green-sand 
moulds, although th e  wall thicknesses m ust 
have been two o r th re e  inches'; th e re  was no 
hesita tion  about p roducing those castings in  
green sand, provided th a t  they  w ere cas t on 
the day th e  moulds w ere m ade. G reen sand 
was used essentially  for rep e titio n  w ork— 
machine-moulded and sm all hand-m oulded work.

Reasons fo r  Lip Pouring
The reason why lip pouring  w as used to  such 

a large ex te n t in C on tinen ta l stee lfoundries was 
because of th e ir  adoption  of th e i r  greeu-sand 
practice. Obviously th e  green-sand mould was 
no t so s trong  as a d ry  mould, and m ust be d ea lt 
w ith carefully. L ip pouring  was m ore gentle 
in  its action and was, therefo re , p re fe rred  in  
m any foundries fo r casting  green-sand moulds. 
E xactly  th e  sam e consideration  app lied  to  shank  
pouring. The use of shanks en ta iled  inevitably  
considerable loss of m etal, an d  carefu l records 
tended to  show th a t  th e  losses could be as h igh 
as 5 per cent, of th e  to ta l w eigh t of m e ta l; 
yet fo r a  num ber of castings i t  w as w orth  while 
to p u t up  w ith  th a t  loss solely to  enable ad 
vantage to  be ta k e n  of th e  gen tle  ac tion  of 
shank pouring.



427
H e could not give a fu ll exp lana tion  as to 

why cham otte was calcined a t  a very h igh  tem 
pera tu re , unless i t  be th a t  th e  m ain reason was 
the sam e as th a t  of th e  m aker of firebricks, 
who calcined his m ateria l first in  order to 
e lim inate  as fa r  as possible th e  in itia l contrac
tion.

Slag Reactivity
W ith regard  to  th e  reactiv ity  of slags used 

in  th e  basic induction  furnace, M r. Fassotte 
said he had m entioned particu larly  th a t  the 
slags were kep t very th in , obviously w ith a view 
to speeding up the  reactions. H e had been 
present q u ite  recen tly  a t  th e  end of an  opera
tion carried  on in a large induction  furnace 
where a  de-phosphorising slag was used i.n the 
last in s ta n c e ; th e  period between th e  mom ent 
of g enera ting  th e  slag and th e  m om ent a t  which 
the slag was skimmed off was only 3 m inutes, 
a fac t which ind icated  a very rap id  reaction. 
There was some m easure of sim ilarity  between 
th is refining in an  induction  furnace and the 
P errin  process to  which M r. Deschamps had 
alluded.

Manganese Dioxide in Cores
The use of m anganese dioxide for m aking 

collapsible cores and moulds was not extensive, 
so fa r  as he was a w a re ; he would no t be dog
m atic as to  the ex ten t to  which i t  was used, but 
he had heard of only one foundry which was 
using it. M any of th e  under-fram es for bogies, 
mentioned by Mr. Deschamps, indeed the 
m ajority  of them , were made in plain green- 
sand moulds. He had tr ied  to  ensure th a t  his 
P ap e r would be as non-controversial as possible, 
and i t  was no t for him  to express an opinion on 
the m atte r , b u t i t  was a’ fac t th a t  m ost foundries 
preferred  to  make those under-fram es in electric 
steel. H e had no personal experience of the 
m anganese-dioxide sand m ix ture , b u t he under
stood th a t  i t  was necessary to  tak e  certa in  pre
cautions w ith regard  to the m aking of the core- 
boxes, and special precautions had also to  be
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taken  concerning the tem p era tu res  a t  which the  
m ateria l was ram m ed.

Disc Sawing Machines
All th e  disc saw m achines w hich he had  seen 

in opera tion  recen tly  were very rig id ly  b u ilt, in 
o rder to  p r e v e n t  v i b r a t i o n  of th e  sa w ; th e  square 
section of the  headstock m easured abou t 12 in. 
per side. Even so, th e re  was a  c e r ta in  am ount 
of v ib ra tion  in  a  p a rticu la rly  heavy job which 
he had  seen. B u t th e  experience of th e  users of 
th a t  m achine was en tire ly  favourable. H e  sup
posed th a t  th e  m ain  cause of b reakage of th e  
saws o r of th e  te e th  of th e  saws was lack  of 
rig id ity  of th e  m achine, and  th e  construction  of 
the  m odern tools was such th a t  th is  m ain  objec
tion  was actually  overcome.

R eplying to  M r. D escham ps’ question  concern
ing annealing  in  elec tric  furnaces, h e  said  th a t  
th e  m ain problem  was th a t  of price of fuel. 
I t  seemed to  h im  doub tfu l th a t  th e  e lec tric  fu r 
nace could m eet th e  com petition  of o ther 
m ethods of firing unless a  continuous fu rnace  
were used. H igh  cost of fue l was a te rrific  h an 
dicap in  th e  economic opera tion  of any fu rnace  
used in te rm itten tly , w hereas for continuous 
the h igher priced fuels m ig h t be considered. 
I t  was a  very open question w hether i t  would 
ever be practicable to  use a continuous fu rnace  
fired by a  fuel so expensive as e lec tric ity  in  a 
steelfoundry, which had to  anneal castings of 
widely d ifferent sections.

X-Ray Examination
• M r .  W. B. L a k e ,  J .P .  (V ice-P residen t of the  

In s titu te ) , asked to  w hat ex te n t th e  X -ray  p ro 
cess of exam ination  was used by those firms which 
had installed it. D id they  use i t  m erely on tr ia l  
castings, or d id  some firms ac tua lly  X -ray  all th e  
im p o rtan t castings they  produced?

The reference in  th e  P a p e r to  th e  quenching 
of steel castings in  order to  ob ta in  reduced g ra in  
size recalled to  his m ind a  conversation  he had  
had w ith H ero u lt m any years ago, when inves
tig a tin g  the  electric fu rnace . H e ro u lt had  been
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th e  first m an to  te ll M r. Lake th a t  if a steel 
casting  were to  be m ade as good as a  forging, i t  
m ust be quenched and th a t  the  carbon m ust be 
0.3 per cent.

In  asking for a litt le  more explanation  of the 
m achine used for sawing-off th e  heads, etc., from 
castings, M r. L ake said he had no t quite 
ga thered  th e  princip le on which they worked. 
L id  the  headstock itself carry  the  saw, or did the 
headstock carry  a  big chuck, and was th e  saw 
run  on separa te  bearings?

F inally , M r. Lake bore testim ony to  the  g rea t 
in te rest which M r. F asso tte ’s P ap e r had created. 
H e had m ade up  his mind th a t  he m ust be 
present when th e  P ap e r was presented, even if 
i t  m ean t d riv ing  home in  th e  fog a t  n igh t. He 
hoped he would no t be regarded  as im pertinen t 
in saying th a t  he had never m et any o ther visitor 
from  the  C on tinen t who had been able to  express 
himself so well as M r. Fasso tte  had done in  the 
English  language.

M r . F a s s o t t e  said th a t , to  his knowledge, 
only one type of steel casting  was produced 
where each ind iv idual casting had to  be sub
jected  to  X -ray  exam ination , namely, certa in  
castings produced for a irc ra f t in a  particu la r 
country. In  foundries generally where X -ray 
ap p ara tu s  was installed , i t  was no t applied to 
every ind iv idual casting , if for no o ther reason 
th a t  a t  present the  process was so slow. The 
penetra tion  of X -rays th rough  steel was such 
th a t  w ith  an ap p a ra tu s of 200 or 300 kilo-volts, 
one could get a  d irec t read ing  for only a  very 
small th ick n ess; th e  exposure of photographic 
plates, as said, was slow.

M r. L a k e  said th a t  by X -rays one could 
exam ine steel to  a dep th  of about 3 in.

M r . F a s s o t t e  agreed th a t th a t  could be done 
by means of photographs, b u t not by d irect read 
ing. I t  was the  practice to exam ine ligh t alloys, 
such as those of alum inium , by X -rays visually, 
b u t th a t  was no t the  case w ith steel castings, 
and the  fact th a t  the  process was so slow was



perhaps the  g rea test im pedim ent to  its  develop
m ent.

W ith  regard  to  the  m achine used fo r saw ing 
off th e  heads, etc., of castings, M r. F asso tte  re 
m arked jocularly  th a t  th e  fac t th a t  he had  not 
made his m eaning clear in  th e  P a p e r  d id  n o t 
qu ite  fit in  w ith  th e  com plim ent th a t  M r. L ake 
had paid  him  concerning his ab ility  to  use th e  
English language. The m achine, he said, had  a 
massive headstock, abou t 12 inches square, which 
slid up and down a colum n, and  a t  th e  end of 
the  headstock th e re  was a c ircu la r saw driven 
by a  m otor. The casting  to  be d ea lt w ith  was 
placed on a baseplate, and rem ained  fixed 
th roughou t the  operation , and  th e  saw came 
down to  the  job. The saw was fixed horizontally , 
vertically  or on the  slan t, fo r c u tt in g  off the  
head, according to  its  position on th e  casting .

M r . C. H . K ain (P a s t B ranch -P residen t) asked 
to  w hat ex ten t th e  Sesci fu rnace  was used in 
C ontinen tal steel foundries.

M r . F a s s o t t e  r e p l i e d  t h a t  o n e  d i d  n o t  l i k e  
t o  t a l k  a b o u t  o n e ’s  o w n  b a b i e s ,  h u t  t h e  f u r n a c e  
w a s  b e i n g  u s e d  r e g u l a r l y  f o r  t h e  p r o d u c t i o n  o f  
s t e e l  c a s t i n g s ,  t h o u g h  t o  a  l i m i t e d  e x t e n t .

Mould Bonds
A S p e a k e r  asked w hether M r. F asso tte  knew 

of any foundry  using a green sand  w ith  a m ix
tu re  o ther th an  w ater, which la t te r  evaporated .

M r. F a s s o t t e  s a i d  h e  h a d  n o t  s e e n  t h a t .
M r . L a k e  c o m m e n t e d  t h a t  t h e  p r a c t i c e  w a s  

v e r y  c o m m o n  i n  t h e  e a r l i e s t  d a y s  o f  g r e e n  s a n d .
M r . F a s s o t t e  s a i d  t h a t  s i l i c a t e  o f  s o d a  w a s  

b e i n g  u s e d  i n  c o n n e c t i o n  w i t h  s o m e  c o r e s  a n d  
m o u l d s ,  h u t  t h a t  w a s  n o  l o n g e r  a  g r e e n  s a n d .

M r . L a k e  r e c a l l e d  t h a t  a  g r e e n  s a n d  w h i c h  
h a d  b e e n  m a r k e t e d  a s  a  p r o p r i e t a r y  a r t i c l e  h a d  
b e e n  b o n d e d  w i t h  c r e o s o t e .

M r . F a s s o t t e  s a i d  t h a t  o r g a n i c  b o n d s  o f  t h e  
s u l p h i t e  t y p e  w e r e  u s e d  e x t e n s i v e l y  i n  c o r e -  
m a k i n g ,  b u t  h a r d l y  e v e r  i n  m o u l d s .

T h e  “  Fischer Process  ”
D r . A . B. E v e r e s t  asked i f  M r. F asso tte  

could en lighten  him  by in fo rm ation  concerning

430
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th e  “  Fischer process,” for he had heard  much 
about its  use for m aking steel castings in  the 
U nited  S ta tes  du rin g  a  recen t v is it there. 
A pparently  the  A m erican naval au thorities were 
very keen on the  process, which he was told had 
orig inated  on the C ontinent, apparen tly  in 
Sw itzerland.

W ith  regard  to hydraulic  fe ttlin g  and the 
s ta tem en t by M r. F asso tte  th a t  a pressure of 
50 atm ospheres was required , the B ranch-Presi- 
den t said th a t  obviously trem endous pressure 
was necessary for rem oving th e  sand which was 
burned on to  steel c a s tin g s ; b u t the figure of 
50 atm ospheres was probably h igher th an  was 
used in  the  case of cast iron, and he asked for 
a com parable figure applying to  iron castings.

M e. F a s s o t t e  said he believed th a t  th e  use of 
the te rm  “  F ischer process ”  was n o t quite 
correct, even though i t  m ight be used in the 
S tates. The F ischer foundry  a t  Schaffhausen 
was a very fine foundry  indeed, w ith a very 
good rep u ta tio n , its  products being known all 
over th e  world. H e would not im agine th a t  
the  F ischer people used ju s t one pa rticu la r pro
cess ; they  certa in ly  possessed a  very wide ex
perience, and he presum ed th a t  the so-called 
“ Fischer process ”  was ra th e r  a general prac
tice operated  u nder th a t  firm ’s guidance by 
licence.

D a. A. B. E v e e e s t  said he had  gathered th a t  
it  was som ething of th a t  sort.

M r . F a s s o t t e  added th a t  th ere  was a  foundry 
in Ita ly , several in  th e  S tates, and th e re  m ight 
be others, w orking u n d er the  advice of the 
Fischer steel foundry. Presum ably th a t  fac t 
was th e  origin of th e  expression “  Fischer 
process.”

A pparently  he had  not m ade himself clear in 
his reference to  th e  use of a pressure of 50 
atm ospheres for the  hydraulic fe ttling  of steel 
castin g s; the same pressure was used on steel 
as on iron. The criticism  levelled against th is  
machine by th e  industry  was th a t  in  th e  clean
ing of steel castings, where core irons opposed 
themselves to  th e  je t  of w ater, th e  efficiency of
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the  machine was reduced trem endously  ; 
probably the  sam e objection did n o t app ly  to  
iron  castings.

Vote  of Thanks
M r. V. C. F a u l k n e r , proposing a h e a rty  vote 

of thanks to  M r. F asso tte  fo r his P a p e r , said 
th a t  i t  contained a w ealth  of in te re s tin g  and  
utilisib le in fo rm ation . In  add ition  to  th e  
fac ility  w ith  which M r. F asso tte  had  used the  
E nglish  language, a fac ility  which M r. Lake 
eulogised, th e  m eeting  m ust have also a p p re 
ciated his profound knowledge of E nglish  
practice. The mem bers of th e  B ranch  and of 
the  In s titu te  w ere deeply indebted  to  him  for 
having travelled  from  Belgium  in  o rder to  p re 
sent th e  P aper. The fa c t th a t  he had  so wide 
a  knowledge of B ritish  p rac tice  had  enabled  him  
to  give ju s t th e  in fo rm ation  m ost acceptable, 
and all members would look forw ard  to  th e  
oppo rtun ity  of studying  th e  P a p e r  again . H e 
fe lt su re  th a t  no vo te  of th an k s  was ever b e tte r  
m erited  th a n  th a t  which he proposed to  M r. 
Fassotte.

M r . H . W i n t e r t o n  (Im m ediate  P as t-P re s id en t 
of th e  In s titu te ) , seconding th e  vote of th an k s , 
said th a t  never before had  th e  m em bers of th e  
In s titu te  been favoured by a lec tu re  from  a 
C ontinen tal v is ito r delivered in  such excellent 
English and  conveying so m any E nglish  though ts .

Com m enting upon th e  p o in t ra ised  by M r. 
Deschamps, as to  why th e  G erm an founders 
heated  th e ir  cham otte, M r. W in te rto n  said  th a t  
presum ably they  did so fo r th e  sam e reason th a t  
the  m an u fac tu re r of compositions in  th is  coun try  
heated  his silica, i .e ., to  reduce th e  danger of 
shrinkage and to  increase th e  refrac to riness .

M r . C. W. B i g g  (P resid en t of th e  In s titu te )  
supported  th e  vote of th an k s , w hich was accorded 
w ith  enthusiasm .

M r. F a s s o t t e , in  a  b rie f response, said  th a t  
the  reception accorded him  was an o th e r exam ple 
of the  num erous kindnesses to  which his E nglish  
friends had accustomed him .
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Scottish Branch

HIGH DUTY IRON*
Som e E x p er im en ts  w ith  th e  Rocking Arc 

Furnace
By B. M acDOUGALL (Associa te  Member)
I t  should be clearly understood th a t  th e  con

clusions reached in  th is  P ap e r a re  tak en  from 
the  resu lts obtained up to  th e  present only. 
F u rth e r  experim ents have still to  be carried  out 
to fill in  obvious gaps and to finish certa in  series 
of experim ents, and i t  is hoped a t  a la te r date 
to  be able to  com plete th is  study.

The experim ents were commenced w ith a view 
to  ascerta in ing  th e  conditions governing the 
production of cast irons unalloyed and alloyed, 
from an elec tric  furnace, which would give 
e ith e r all o r several of th e  properties listed 
below in  th e  h ighest d eg ree : — (1) Soundness;
(2) m ach in ab ility ; (3) u ltim ate  s tre n g th ; (4) 
resistance to  im p ac t; (5) resistance to  wear, and 
(6) resistance to volume changes and distortion 
under h ea t influences.

The m ost im p o rtan t of these properties is 
undoubtedly soundness, since a  casting  becomes 
valueless unless i t  be free from  shrinkage de
fects, blowholes, slag inclusions, cracks, etc. 
Sim ilarly, w ith  m achinability , unless a casting 
be free  from  h a rd  spots and be sufficiently low 
in  hardness value to  allow of easy m achining, 
its usefulness for general engineering work is 
negligible.

The first of these properties depends to  a 
g rea te r or less e x te n t on practical foundry tech
nique which, by g iving proper a tten tio n  to 
gates, sprays, risers, condition of sand, method 
of casting, casting  tem p era tu re , e tc ., should

* T he A uthor w as aw arded a D ip lom a for th is  Paper.

P a p e r  N o . 643
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w ith o rd inary  care resu lt in  a  sound product. 
The second, on the  o ther hand , depends on the  
chemical analysis of th e  m etal and  th e  therm al 
condition, i .e ., casting  tem p era tu re , m eta l 
thickness and m ethod of production , w hether 
green-sand, dry-sand or chill casting . The co rrec t 
balance of these conditions w ith  m eta l analyses 
should produce an easily m achinable casting . 
Since th e  therm al condition is of such g re a t 
im portance, i t  should here he poin ted  o u t th a t  
th ro u g h o u t th is P ap e r all th e  re su lts  a re  tak en  
from  B ritish  S tan d a rd  Specification 1.2 in* d ia 
m eter bars, 21 in. long, which were m achined for 
tensile  te s t  w ithou t any h e a t- tre a tm e n t to 
0.65 in . d iam eter, i .e . ,  % sq. in . a rea . These 
cars were produced in  oil-sand cores 3 in . square 
which were inserted  in to  a  6 in. d iam eter tube  
and ram m ed w ith  a  backing sand, th re e  te s ts  
being taken  per experim ental h e a t of 300 ibs.

A ssum ing th e  properties of soundness and  
m achinability , high-grade cast iron  has com
monly been defined on the  basis of s tre n g th  pro
perty , since th e re  is a  broad re la tionsh ip  e x is t
ing between th is  p roperty , grow th an d  w ear. 
This s ta tem en t is m ade in  its  b roadest sense, 
since any fe a tu re  of com position, co n stitu tio n  
or tre a tm e n t which influences one or o ther of 
these re la ted  p roperties is likely to  have  a  
sim ilar effect on th e  rem ain ing  p roperties. F o r  
exam ple, much has been w ritten  on grow th  and  
irons w ith  low silicon con ten t. A ssum ing the  
m achining property , tensile  s tre n g th  and  w ear 
are also com patible w ith  low silicon. S im ilarly , 
w ith low to ta l carbon, i t  is know n th a t  th e  te n 
sile s tren g th  is im proved, while w ear an d  grow th  
are  n o t im paired , b u t in  some cases a re  even 
im proved. In  these experim ents, there fo re , 
h igh-duty  iron will be considered solely from  
th e  p o in t of view of im proving th e  tensile  
s treng th , i t  being assumed th a t  th e  o th e r pro
perties, i .e ., w ear and grow th, are re la ted .

The Furnace
The furnace (F ig . 1) installed  fo r these and  

subsequent experim ents is of th e  single-phase
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rocking arc type of ra te d  capacity  350 lbs. cold 
charge and 500 lbs. liquid  charge an d  a power 
in p u t of 125 kw. I t  has a ho rizontal cylindrical 
body, on th e  axis of which e n te r  tw o g rap h ite  
electrodes. This cylindrical body is lined w ith  
ram m ed sillim anite, a lthough i t  is agreed th a t  
fo r grey-iron m elting  th is  is n o t th e  best. This 
body is a rranged  to  rock th ro u g h  a vary ing  
angle about its horizontal axis, an  ingenious 
au tom atic rocking control device being supplied  
to fa c ilita te  operation . By m eans of th is  device, 
rocking can be m ain ta ined  a t  a definite angle 
between 20 and 260 deg. o r a rran g ed  to  increase 
through  vary ing  angles a t fixed periods.

The advantages of rocking are longer lin ing  
life and quicker m elting , due to  th e  fa c t th a t  
the m etal is in d irec t con tac t w ith  practically  
the whole of th e  lin ing  d u ring  the  m olten s ta te , 
thus absorbing h ea t from, the  lin ing , and  m ain 
ta in in g  a un iform  hea t balance betw een th e  
m etal and lin ing . The factors co n trib u tin g  to  
the .selection of an electric fu rnace  fo r th e  pro
duction of h igh-duty  iron may be sum med up  as 
follows :•—-

(1.) U niform ity  and control of chemical 
analysis. No su lphu r o r carbon pick-up.

(2) A bility to  give high degree of superheat.
(3) E ase w ith  which alloy additions can  be 

made.
(4) Only small q u an tities  abou t 1,000 lbs. of 

m etal required  a t  one tim e on any day.
I t  is no t proposed to  en te r in to  th e  cost of 

operating  th is ty p e  of fu rnace for two reasons. 
F irs tly  i t  is beyond the  scope of th is  P ap e r, and 
secondly, since th e  fu rnace  has been ope ra tin g  
in te rm itten tly , and u nder vary ing  conditions, i t  
has no t yet been found possible to  estim ate  
accurately w hat th e  cost will be on a p roduction  
basis.

Effect of Sup erhea tin g  O rd in a ry  Cupola  Irons in th e  Electric Furnace
I t  has been claimed of sup erh ea tin g  th a t  i t  

refines the g rap h ite , and a t  least th ree  theories
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have been p u t forw ard explain ing  th is.
Piw ow arsky1 sta tes th a t  the  degree of super
h eating  tem pera tu res  a tta in ed  by th e  molten 
m etal determ ines th e  percentage and fineness 
of th e  g rap h ite  in it. O sann,2 on the other hand, 
seeans ra th e r  inclined to  th in k  th a t  refining is 
due to  the  following mechanism. As the iron 
rem ains a long tim e liquid in  th e  electric 
furnace, “ kish ”  or hyper-eutectic g raphite  has 
the  o p po rtun ity  to  g e t ou t of the  alloy,
g raph itisa tion  then  tak in g  place a t the tru e  
stable eu tectic tem pera tu re , when cooling down 
in  th e  mould, resu lting  in  fine graphite .
H annem ann3 evolved the  nuclei theory by say
ing th a t  if one rem elts pig-iron th is does not 
resu lt in a ll th e  g rap h ite  germ s or nuclei being 
dissolved. Nuclei rem ain  behind in  the  liquid 
iron and form  the  s ta rtin g  po in t for crystallisa
tion  of th e  g raph ite  in  the  solidified sta te , which 
crystallisation  is based on th e  dissociation of
the  oem entite. W hen th e  iron  is superheated,
th e  nuclei are  dissolved and crystallisation  of 
the  g rap h ite  results in a fine-grained form. In  
view of these theories and claims for super
heated  iron, several heats were tr ied  tran sfe rrin g  
cupola-melted m etal to  the  electric fu rnace and 
superheating  to  1,600 deg. C. or over, w ithout 
fu r th e r a d d it io n ; test-bars were taken  before 
and a f te r  th is tre a tm en t, and Table I  shows the 
resu lts obtained.

On studying  these results, one is forced to  con
clude th a t  th ere  is definitely an  im provem ent, 
especially in  th e  tensile s treng th , which is in
creased from  7 to  38 per cen t., the  g reatest 
im provem ent being shown on the h ighest carbon 
content iron. However, one is forced to  con
clude th a t  th is im provem ent is due possibly more 
to the  effect on the  analyses th an  any effect 
on g raph ite . As will be observed in all three 
cases, th e  to ta l carbon has been decreased by

1 P iw ow arsk y: “ Progress in  P rod uction  o f  H ig h -T est Iro n ,” 
T rans. A m erican F o u n d ry m en ’s A ssocia tion , Vol. 3 4 ,1 9 2 6 .

2 O sann: “ T he M anufacture o f  H ig h -Q u a lity  Cast Iro n ,”
“ F ound ry T rade J o u rn a l,” D ecem ber 20, 1928.

3 Hannemann : “  S ta h l u n d  E isen ,” 1927 , V ol. 47, p. 693.
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3 to  4 per cent, of the  orig inal content, which 
m ight ju s tify  O sann’s theory, b u t the silicon 
in two of the  heats has also dropped about 10 
per cen t., suggesting oxidation.

% TOTAL CARBON.
F i g . 8 . — S y n t h e t i c  U n a l l o y e d

I r o n — E f f e c t  o f  T o t a l  C a r b o n  
o n  T e n s i l e  S t r e n g t h .

The g rap h ite  s truc tu res  were exam ined and 
F ig . 2, which shows th e  cupola-melted iron from 
hea t No. 47 a t  a m agnification of 100, reveals 
a large q u an tity  of evenly-distributed, medium-

T a b l e  I I .—Synthetic Ordinary Irons.

Heat No. 33 34

T.C per cent. 3.67 3.44
Si „ „ 1.72 1.34
P ,. ,. 0.1 max. 0.1 max.
s  „ „
Tensile, tons

0.1 „ 0.1 „

per sq. in. 10 17.3

sized g raph ite  flakes. F ig . 3 shows th is same 
heat a fte r  superheating  in the electric furnace.

The g raph ite  s tru c tu re  shows no im provem ent; 
if any th ing  th e  flakes appear slightly larger 
than  in  F ig. 2. [F or photom icrographs see 
page 455 e t seq .J
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Fig . 4 shows the  h igher silicon con ten t iron  
as received from  th e  cupola (H e a t No. 48) and  
here the g rap h ite  s tru c tu re  is very li tt le  d if
fe ren t from  F ig . 2, th e  flakes being, if any
th ing , la rger. F ig . 5 shows th e  same iron  as 
F ig . 4 a f te r  superheating  in  th e  elec tric  fu rnace , 
and like F ig . 3 th is  shows no im provem ent; if 
any th ing  th e  flakes a re  coarser, b u t m ore evenly 
dispersed.

From  the  exam ination  of these s tru c tu re s  one 
is forced to  conclude th a t ,  u n d e r th e  circum -

T a b i .e  I I I .—Comparison of Cupola-MeUed Iron with 
Synthetic Iron.

Heat No.

Syn
thetic.

33

Cupola
melted.

6

Syn
thetic.

34

Cupola
melted.

47

T.C per cent. . . 3.67 3.65 3.44 3.46
Si ,, „ 1.72 1.89 1.34 1.23
P 0.1 0.25 0.1 0.25

max. max. max. max.
S „ „ . . 0.1 0.1 0.1 0.1

max. max. max. max.
Tensile, tons per 

sq. in. 10.0 9.0 17.3 15.1

stances described, superheating  has fa iled  to  
refine th e  g raph ite . C oncerning H an n em an n ’s 
nuclei theory  i t  was decided to ru n  two heats 
by m elting steel, carburising  th is, and  th en  add 
ing th e  necessary silicon and m anganese, so th a t  
the  analyses would be alm ost sim ilar to  heats 
Nos. 47 and 48. By so doing, i t  was argued  
th a t th e re  would be no ex isting  nuclei to  form  
th e  s ta r tin g  for crystallisation  of th e  g rap h ite , 
and a fine g rap h ite  s tru c tu re  should therefo re  
result. Table I I  shows th e  resu lts  obtained.

A comparison betw een these irons and the  
superheated  oupola-m elted irons is shown in 
Table I I I .

I t  will be agreed th a t  th e re  is a  very sligh t 
im provem ent w ith  the  syn thetic  irons over the  
d irec t cupola-m elted irons, and  F ig . 6 shows the  
g rap h ite  s tru c tu re  of h e a t No. 33 which, if
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any th ing , is even coarser th a n  the  superheated 
cupola-m elted iron of same analysis, i.e ., hea t 
No. 48 (F ig . 5). F ig. 7 shows the  graphite  
s tru c tu re  of h ea t No. 34, which, compared w ith 
th e  superheated  cupola-m elted iron of same 
analysis, i.e ., h e a t No. 47 (F ig . 3), appears 
even coarser s truc tu re .

Low T o ta l-C arbon  Irons
Although th e  foregoing experim ents have 

shown slig h t im provem ent in physical tests over

%  SIL IC O N .
F i g . 9 .— S y n t h e t ic  U n alloy ed  

I k o n— E f f e c t  o f  S il ic o n  on 
T e n s il e  S t r e n g t h  in  t h e  • 
R a n g e  2 .2  to 2 .4  p e r  c e n t . T .G .

the  ord inary  cupola-m elted irons, the  results ob
ta in ed  are  not, by any means, w hat i t  was 
originally  se t o u t to  a tta in . The n ex t line of 
a tta ck  le f t open, therefore , in the production of 
h igh-duty cas t iron is, of course, th e  low to ta l- 
carbon series. By th is m ethod, a  sm aller quan
t i ty  of g rap h ite  should resu lt, both by v ir tu e  of 
th e  lower to ta l carbon and of the increased com
bined carbon and i t  is said th a t  w ith the  smaller 
q uan tity  of g raph ite  the individual flakes are 
sm aller. The m ethod employed to  produce th is 
low to tal-carbon iron was by using all steel 
charges, carburising  to  the desired am ount and
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th en  adding th e  necessary silicon and  m an
ganese. E xperim ents were first of all m ade to 
decide which of all th e1 carbonaceous m ateria ls

T a b l e  IV .—Absorption Test. The Effect of Melting an All-Steel Charge with Varying Carbonaceous Materials.

Heat
No.

Car
bonaceous
material.

Metal
charge.

Total
carbon.

Carbon
absorbed.

Per cent. Per cent.
Finely- 90 lb. 2.46 49

ground steel;
coke 5 lb. Fe-

35 Wood Mn; 2.91 58
charcoal 4.31b. 47

36 Ground per cent. 4.13 82
electrodes Fe-Si;

37 Plumbago 5.0 lb. car 2.42 48
38 Blacking bonaceous 3.08 61

material.

commonly used in  th e  foundry  would give th e  
g rea te st absorption of carbon. The procedure 
adopted in all cases was to  charge  th e  oar-

"¡i S/i./COM
P i g .  1 2 .— S y n t h e t ic  U n a l l o y ed  

I r o n — E f f e c t  o f  S il ic o n  i n  
t h e  R a n g e  2*7 to  2 .9  p e r  c e n t .
T.C.

bonaceous m ateria l on the  bottom  of th e  fu rnace, 
then steel, and a f te r  m elting  and superheating , 
silicon and m anganese add itions w ere m ade.
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Table IV  shows the results obtained. H ea t 

No. 36 w ith g round electrodes gave the  g rea test 
absorption. I t  was therefo re  decided to use th is 
form  of m ate ria l for carburisa tion  of all steel 
charges th roughou t the  rem ainder of the  experi
m ents since th ere  was available a reasonable 
supply of used electrodes. Subsequent results, 
using th is  m ateria l, gave absorption figures as 
high as 98 per cen t. The average, however, was 
in th e  region of 90 per cent.

F i g . 1 3 .— S y n t h e t i c  U n a l l o y e d  
I r o n — E x p e c t  o f  S i l i c o n  i n  
t h e  R a n g e  3.0 t o  3.1 p e r  c e n t .
T.C.

Synthetic  Unalloyed Irons
Following th e  procedure as described for the 

absorption tests, several heats were m ade with 
varying silicon and to tal-carbon contents in  an 
endeavour to decide approxim ately  th e  effect of 
these variations on tensile s treng th . Since the 
charge consists m ainly of steel, w ith phosphorus 
and su lphu r co n ten t in  the region of 0.05 per 
cent., i t  has been taken  for g ran ted  th roughout 
the rem ainder of these tests th a t  th e  effect of 
these elem ents rem ains co n stan t; sim ilarly 
w ith m anganese, since additions were made to 
all charges to m ain ta in  th is  elem ent a t  approxi-
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m ately 1 per cen t. Table V shows th e  resu lts 
obtained.

I t  will be seen from  Table V th a t  th e  to ta l 
carbon varies from  1.7 to  3.1 p er cen t, and 
silicon from  1.2 to  3.9 per cen t. I n  th is  series 
of te s ts  th e  h ighest tensile  s tre n g th  ob ta ined  was 
28 tons per sq. in ., w hilst th e  low est was 18 tons 
per sq. in. A nalysing these figures, th e  first 
po in t of in te re s t is th e  effect of to ta l carbon on 
tensile s tren g th , an d  F ig . 8 illu s tra te s  th is 
clearly.

The m axim um  p o in t obtained, 28 tons, is in 
the  range of 2.2 to  2.4 per cent, to ta l carbon. 
The lower tensile s tren g th s  follow w ith  h igher 
to ta l carbon u n til, a t  3.1 per cent, to ta l carbon, 
an average of 21 tons tensile  is ap p a ren t. In 
creasing the  to ta l carbon beyond 3.1 per cent, 
causes th e  tensile s tren g th  to  fa ll in  d irec t p ro
portion  un til, a t  4.0 per cent, to ta l carbon, only 
9 tons per sq. in. is obtained. This shows th a t  
w ith synthetic  irons and elec tric-furnace m elting  
th ere  is no im provem ent over cupola m elting  
o ther th an  th a t  which can be obtained by a d ju s t  
m ent of th e  composition.

To study the  effect of silicon in  th is  range, 
i t  is necessary to  sub-divide th is  group  in to  
th ree  series of vary ing  to ta l carbon ranges, (I) 
2.2 to  2.4 per cent., ( I I)  2.7 to  2.9 per cent, 
and (I I I )  3.0 to  3.1 per cent, to ta l carbon. 
U nfortunately , the  experim ents have n o t ad 
vanced sufficiently to  include sufficient evidence 
of the  effect of silicon on the  to ta l-carbon  range
2.4 to  2.7 per cent. I t  is in tended  to  com plete 
th is range a t  a la te r  da te .

D ealing w ith  to tal-carbon  range  (I), 2.2 to
2.4 per cent., i .e .,  th e  ran g e  of h ighes t tensile 
streng th , F ig . 9 illu s tra tes  the  effect of silicon.

I t  would seem th a t  w ith  increase of silicon 
from 1.6 to  2.0 per cent, th e  tensile  s tre n g th  is 
increased from  21 to  28 tons. F u r th e r  increase 
in silicon appears to  have very li t t le  effect on 
tensile s treng th , as a t  3.9 per cen t, silicon th e  
tensile s tren g th  has dropped only tw o tons from  
the  maxim um , i .e .,  to  26 tons tensile.
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Fig . 10 illu s tra tes the  s tru c tu re  of H e a t 

No. 32, the  h ighest tensile, which shows a  sm all 
q u an tity  of evenly-distributed  and  finely-divided 
g raph ite . The m agnification is x 100. F ig . 11 
shows the  etched s tru c tu re  (1 per cen t. H N 0 3 
in alcohol) a t  a  m agnification of 200. The very 
fine pea rlite  g ra in  size is w orthy of note. This 
was not, however, clearly resolved u n ti l sub
m itted  to  a m agnification of 1,300.

In  th e  n ex t range (I I ) ,  to ta l carbon 2.7 to 
2.9 per cen t., F ig . 12 shows a silicon varia tio n

% TOTAL CARBON

F i g . 17.—S y n t h e t i c  N i c k e l  I r o n  
— E f f e c t  o f  T o t a l  C a r b o n .

of from  1.3 to  2.7 per cent, produces very litt le  
effect on tensile s tren g th . W ith  a  1.3- per cent, 
silicon, the  tensile s tren g th  obtained was 22 tons, 
w hilst a t  2.5 per cent, silicon, th e  tensile  s tren g th  
obtained was in th e  region of 21 to  22 tons 
per sq. in.

In  th e  final range  ( I I I ) ,  3.0 to  3.1 to ta l c a r
bon, F ig . 13 shows th a t  increasing th e  silicon 
from  1.2 to  2.5 per cent, causes a  decrease in  
the  tensile s tren g th  from  23 tons per sq. in . to  
13 tons per sq. in. F rom  these graphs i t  would 
appear, therefore , th a t  w ith  a  to ta l carbon of
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from 2.2 to  2.9 per cen t., increasing the  silicon 
beyond 2.0 per cent, has very litt le  effect on 
tensile s tren g th , while, in  the  range 3.0 to 3.1 
per cent, to ta l carhon, increasing silicon causes 
a reduction  in tensile streng th .

Syn thetic  Nickel Iron
Before proceeding to  discuss the  results 

obtained u nder th is  group, i t  should be under
stood th a t  the  term  “ h igh-duty iron ”  refers 
only to  h igh-streng th  iron. F or th is reason, 
th e  nickel conten t will be in the  range of w hat 
is known as th e  low nickel conten t group, i .e ., 
0.5 to  2.00 per cent. I t  is therefore  no t intended 
to deal w ith th e  heat- and corrosion-resisting 
austen itic  irons w ith a nickel content of from
12.0 to 20.0 per cent.

F rom  w hat has been published about the effect 
of nickel on cast iron, the  following summary 
for th is group may be made : —

(a) Tendency tow ard g raph itisa tion  of free- 
carbide (if th is  norm ally would be present in 
th e  absence of nickel).

(b) A perceptible hardening  of th e  m atrix , 
due to  p earlite  lam ination  being m ade finer 
and approaching a sorbitic s tru c tu re  as nickel 
is increased.
The s ta tem en t th a t  nickel is a t once a softener 

and a hardener is explained by D r. Everest* 
and D r. H anson1' as fo llow s:—Nickel is ap p a
rently  about half as effective as silicon in g rap h i
tisa tion  of free (eutectic and eutectoidl 
cem entite. The reaction  in  grey irons is peculiar, 
in th a t  nickel and silicon apparen tly  act cumu
latively in g raph itisa tion  of free cem entite ; b u t 
below the  eutectoid transfo rm ation , nickel under 
th e  cooling conditions prevailing  in  ordinary  
casting  sections apparen tly  does not readily 
graph itise  the  combined carbon (cem entite) of 
pearlite , and conceivably may re ta rd  somewhat

4 “ The Influence of Nickel Chromium on Cast Iro n ,” “ Foundry 
Trade Journal,” January  3, 1929.

5 “  The Influence of Nickel ou Iro.i-Carbon-Sllicon Alloys con 
taluin » Phoiphorus,”  “  Foundry Trade Journal,"  May 2, 1928.
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the g rap h itis in g  action of silicon. Silicon alono, 
w ith in  a ce rta in  range, decomposed th e  pearlite  
as well as the  massive carbide.

F inally , concerning the  effect of phosphorus, 
both D r. E verest and D r. H anson conclude th a t  
phosphorus tends to  reduce th e  influence of 
nickel on cast iron. F rom  these observations the  
effect of nickel in  personal experim ents is a t 
once app a ren t. F irs t, as previously explained , 
since the charge consists of all steel w ith  the  
phosphorus con ten t in  th e  region of 0.05 per 
cent., the m axim um  influence of the  nickel con
te n t  used, as fa r  as th is  e lem ent is concerned, 
is obtained, and  secondly, th e  conditions of cast
ing the  test-bars become m ore stab le  since cool
ing influences are  less effective w ith  nickel 
content.

Table V I shows the resu lts obtained.

T a b l e  VI.—Synthetic Irons with Nickel.

Heat No. .. 8 14 20 23 24 61 63 62 64 65 66;

T.C per cent. 2.7 2.9 2.7 2.4 2.6 2.8 3.1 2.8 2.9 2.8 2.9
Si 1.5 1.8 2.8 1.8 1.5 1.7 2.1 2.1 2.0 2.0 1.8
Ni „ 
Tensile, tons

1.3 1.4 1.0 1.6 1.5 1.5 1.6 1.5 1.5 1.5 1.6

per sq. in. 30 24 22 29 29 20 22 20 24 23 22

The range of to ta l carbon is from  2.4 to  3.1 
per c e n t . ; nickel 1.0 to  1.6 per cen t., an d  tensile 
stren g th  from  20 to  30 tons per sq. in . H e a t 
No. 8 gave the  highest tensile  s tre n g th  of 30 
tons. F ig. 14 illu s tra tes  the  g rap h ite  s tru c tu re  
of H e a t No. 8, which is evenly d is tr ib u ted  and  
reasonably finely divided. The m agnification  is 
100 diam eters. F ig . 15 shows th e  strftc tu re  
obtained by etch ing  in 1 per cen t. H N 0 3 in 
alcohol, th e  m agnification being 200 d iam eters. 
F ig . 16 shows very fine pearlite  w ith  some sorb ite  
which is m ore a p p a ren t a t  a m agnification of 
1,000. In  th is  series th e  effect of to ta l carbon 
on tensile s tren g th  is a t  once ap p a re n t in F ig . 17. 
This agrees w ith  th e  g raph , F ig . 8, for syn thetic  
unalloyed iron, in  th a t  th e  h ighest tensile 
strengths are  in  the  range of lowest to ta l carbon
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th a t  is from  2.4 to 2.7 per cent. F rom  w hat has 
been said regard ing  the influence of nickel, an  
in te resting  comparison has been obtained between 
heats of synthetic unalloyed irons of sim ilar 
analyses and heats of synthetic nickel iron. These 
heats are  set ou t in Table V II .

T a b l e  V II.—Comparison of Similar Heats with and 
without Nickel.

Heat No. 28 8 27 23 3 14 38 63 19 20

T.C per cent. . . 2.8 2.7 2.3 2.4 2.8 2.9 3.1 3.1 2.7 2.7
Si „ „ 1.3 1.5 1.7 1.8 1.8 1.8 2.1 2.1 2.7 2.8
Ni „ „ .. - 1.3 - 1.6 - 1.4 _ 1.6 _ 1.0
Tensile, tons per 

sq. in. 22 30 21 29 21 24 20 22 21 22

The effect of 1.0 to  1.6 per cent, nickel seems 
to be g rea te r on the  lower to ta l carbon and lower 
silicon ranges, where the  tensile streng th  has 
been im proved by as much as 8 tons per sq. in. 
or about 30 per cent. F ig . 18 shows th is effect 
clearly. The num bers on the  g raph  indicate the 
heat num bers.

F u rth e r  experim ents are  still pending in th is 
series, w ith  varying nickel up to  2.5 per cent, on 
low to ta l carbon 2.3 to 2.6 per cent, and low 
silicon from  1.3 to  1.8 per cent., when fu rth e r 
illum inating  results a re  an tic ipated .

Before leaving th is  series of tes ts  i t  seems 
germ ane to describe an in teresting  experim ent 
which was made in an endeavour to  produce a 
grey iron by g raph itising  w ith nickel only. 
According to  P earce ,6 4 per cent, nickel added 
to an iron w ith  no silicon would produce super
cooled g raph ite  w ith re su ltan t increased benefits. 
H ea t No. 18R was made to  check the  results 
w ith a 300-lb. m elt. Table X  shows the  analyses 
and te s t resu lts obtained from  th is heat.

Fig. 19 shows an area of the g raph ite  s tru c tu re  
obtained, which is supercooled. The mechanism 
of the production of th is s tru c tu re  is said to  be

6 “ The G raphite Structure o f  G rey Cast Iron  and its  M odifica
t io n ,” “ F ou n d ry  T rade J o u rn a l,” M arch 2 5 ,1 9 3 7 .

Q
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as fo llow s:— “ In  o rd inary  flak© graphit©  irons 
the  inclusions a re  solid and c ry s ta lline .” W hen 
the  m etal solidifies these inoculate th e  m elt. In  
cases where supercooled g rap h ite  is deposited, i t  
is suggested th a t  the  inclusions a re  still liquid 
ex ternally  when th e  m etal solidifies so th a t  these 
do n o t inoculate th e  m elt, which subsequently 
supercools. F ig . 20 shows th e  etched s tru c tu re , 

fi/CK£l / /to n s  /-3 Z  Hi

Si. OK S i*  40%  Hi.
F i g . 1 8 .— S y n t h e t i c  I r o n s — C o m 

p a r i s o n  o f  S i m i l a r  H e a t s  w i t h

AND W IT H O U T  N lC K E L  (N lC K E L
I r o n s  c o n t a i n i n g  1.3 p e r  c e n t .
N i ) .

which has areas of p earlite  free  cem entite  and 
massive cem entite. E ith e r  due to  th e  presence 
of th is la t te r  s tru c tu ra l con stitu en t o r to  th e  
presence of flake g rap h ite  as well as supercooled 
g raph ite  or to  th e  general com bination, th e  te s t  
resu lt on Table X  is very poor, being only 17.2 
tons per sq. in .

S ynthetic  Irons w ith  M olybdenum
This series of tes ts  o rig inated  in  an  endeavour 

to produce an iron  which would give increased
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resistance to  grow th a t tem pera tu res about 315 
cleg. C. and li tt le  or no reduction  in  tensile 
s tre n g th  a t  th is  tem pera tu re . F rom  work pub
lished by M ussa tti and O albiani' th ere  is some 
reason to believe th a t  the  carbide-stabilising te n 
dencies of molybdenum may h inder grow th a fte r 
long periods a t th is  tem pera tu re . The results t>f

T a b l e  VIII.—Synthetic Irons with Molybdenum.

Heat No. 40 52 50 53 54 55

T.C per cent. 3.3 2.9 2.9 2.9 2.8 2.4
Si „ „ 2.3 2.2 2.4 2.4 2.6 2.0
Mo „ „ 0.46 0.48 0.5 0.47 0.48 0.47
Tensile, tons per 

sq. in. . . 17 22 20 22 24 28

personal experim ents in th is field are not yet 
completed, b u t there  are sufficient da ta  to com
pare the  effect of molybdenum on streng th  pro
perties a t atm ospheric tem pera tu res. Table V III  
shows the  results obtained in  th is series of ex
perim ents.

I t  will be noted th a t  the  molybdenum content 
is m ain tained  in the  region of 0.5 per cent.

T a b l e  IX .— Synthetic Irons with Nickel and Molybdenum.

Heat No. 56 57 58 59

T.C per cent. 3.1 2.9 2.8 2.6
Si „ ,, 1.7 2.0 2.1 1.0
Ni „ 2.0 2.0 2.0 1.8
Mo „ „ 0.47 0.48 0.45 0.32
Tensile, tons per 

sq. in. 25 24 31 33

W hen m aking these heats consideration was given 
to the  high m elting  po in t of the  70 per cent, 
ferro-m olybdenum used. This commences to  m elt 
a t  approxim ately  1,540 deg. C. an d  is n o t com
plete u n til a tem p era tu re  of 2,100 deg. C. The 
procedure adopted in producing these heats was 
to m elt th e  all-steel charge plus carbonaceous 
m aterials and superheat to  about 1,600 deg. C. ;

7 “ Le M eta llu rg ia  I ta l ia n i ,” Ju n e , 1930.
q2
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then  th e  ferro-m olybdenum , silicon and m an
ganese additions were made and th e  whole m ain 
ta ined  a t  th is  superhea t tem p e ra tu re  fo r a period 
of a t  least 10 m in. S tudy ing  th e  resu lts obtained

T a b l e  X . —Graphitisation with Nickel Only.

Heat No. 18 R

T.C per cent. 2.84- G.C 1.34 per cent. 
C.C 1.5 per cent.

Si „ „ 0.51
Ni „ 4.17
Tensile, tons per 

sq. in. 17.2
Brinell .. 302

in the series, i t  will be noted th a t  th e  tensile 
stren g th  varies from  17 to  28 tons per sq. in. 
w ith to ta l carbon vary ing  from  3.1 to  2.4 per 
cent. Table X I gives an in te re s tin g  com parison 
of synthetic unalloyed heats w ith heats of sim ilar 
analyses from  th e  syn thetic  molybdenum  series.

T a b l e  X I.—A Comparison of Synthetic Molybdenum Iron 
with Synthetic Unalloyed Iron.

Heat No. 53 35 54 74 55 32

T.C per cent. 2.9 2.9 2.8 2.7 2.4 2.3
Si „ „ 2.4 2.6 2.6 2.5 2.0 2.1
Mo „ 0.47 — 0.48 — 0.47 —.
Tensile, tons per 

sq. in. . . 22 23 24 21 28 28

This comparison shows th a t  th e re  is very li tt le  
effect or im provem ent on th e  tensile  s tren g th  
by the addition  of approxim ately  0.5 per cent, 
molybdenum.

Synthetic  Irons w ith  Nickel and M olybdenum
This series was also in troduced  w ith  a view to  

producing an iron which would give increased 
resistance to  grow th w ith litt le  or no reduction  
in s tren g th  a t  tem pera tu res  rang ing  from  200 
to 320 deg. C.
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However, the  physical results in the  as-cast 

conditions, as shown in Table IX , are very in te r
esting , inasm uch as tensile streng ths as high as 
31 and  33 tons per sq. in. have been obtained. 
F ig . 21 shows th e  g rap h ite  s tru c tu re  a t  100 
m agnifications of hea t No. 59, which gave the 
h ighest tensile, i .e .,  33 tons, and F ig . 22 the 
etched s tru c tu re , a t  200 diam eters. I t  should 
be noted th a t  very little  g raph ite  which is small 
is presen t. The etched s tru c tu re  shows practic
ally all sorbite, which is more ap p aren t a t a 
m agnification of 1,300.

There a re  n o t enough d a ta  to  m ake a com
parison w ith any of these heats, b u t from w hat 
has been observed personally of the  effect of 
nickel and of molybdenum on synthetic ordi
nary  irons, i t  would seem th a t  th e  h igher ten 
sile s treng th s rang ing  in  th is series of experi
m ents are  more a function  of the nickel content 
ra th e r  th an  th e  molybdenum content. However, 
fu r th e r work has still to  be carried  ou t to  con
firm th is.

Conclusions
Sum m arising th e  conclusions arrived  a t  in 

these experim ents i t  would appear th a t :  —
(1) Superheating  is n o t th e  only factor, 

aside from  composition, which m aterially  
affects the  n a tu re  of th e  graph itisa tion .

(2) In  syn thetic  low to tal-carbon unalloyed 
irons th e  tensile  streng th  depends more on the 
to ta l carbon. The h ighest range is in the 
region of 2.2 to 2.4 per cent, to ta l carbon. 
Silicon beyond 2.0 per cent, appears to  have 
little  influence on tensile  s treng th  in the to tal- 
carbon range of from  2.2 to  2.9 per cent.

(3) In  synthetic nickel iron I  to  1.6 per 
cent, nickel induces an  im provem ent in te n 
sile s treng th , due possibly to  th e  stabilisation 
of the cooling influences which prevail during 
casting  (i.e ., re ta rd a tio n  of g raph ite  precipi
ta tio n  below eutec tic  tem pera tu re ). The 
h ighest tensile  range  appears to be w ith to tal 
carbon from  2.4 to  2.7 per cent.
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(4) H a lf of 1 per cent, of m olybdenum  in 

th e  lower to tal-carbon  ranges, from  experi
m ents m ade, appears to have li t t le  effect on 
th e  tensile s tren g th .

(5) Tn th e  nickel-m olybdenum  series a de
cided im provem ent was obtained, b u t w hether 
th is is a  function  of th e  2 per cen t, nickel 
added or th e  com bination  of nickel plus 
m olybdenum, still rem ains to  be proved.

(6) F inally , i t  would appear th a t  th e  correct 
line of developm ent fo r th e  production  of 
strong irons is by low ering th e  to ta l carbon, 
which resu lts in  a  sm aller q u a n tity  of 
g raph ite , whose ind iv idual flakes a re  sm aller 
in a  ground mass of very fine pea rlite  or, if 
possible, w ith  sorbite, ra th e r  th a n  endeavour
ing to  produce refined g rap h ite  s tru c tu re s , as 
all th e  known m ethods of doing so a re  very 
uncerta in  in  th e ir  resu lts .

As has been s ta ted  a t  th e  beg inn ing  of th is  
P aper, th e re  a re  s till several gaps to  be filled in 
th is series of experim ents, th e  o u ts tan d in g  being 
the  nickel-chrome, series and nickel-chrome- 
molybdenum series. The au th o r hopes a t  an 
early  date , however, to  be able to  com plete all 
of these.

In  conclusion, th e  au th o r wishes to  express 
his appreciation  of th e  very helpful co-operation 
of M r. N . M cM anus and  M r. J . Arnott- in  con
nection w ith th e  p rep a ra tio n  of th is  P a p e r : 
also to  M r. F . Hovell and  M r. B iles fo r th e ir  
assistance in the  production  of th e  lan te rn  
slides; and finally to  the  d irectors of G. A J .  
W eir, L im ited , foi perm ission to  publish th is  
Paper.

DISCUSSION
M e. E . J .  R o s s  (B raneh-P residen t), opening 

th e  discussion, said he wondered w hether M r. 
M acDougall, in speaking of fu tu re  experim ents, 
was prom ising an o th er P a p e r  a t  a  fu tu re  date . 
The P ap e r was a record of m uch valuable 
experim ent. No doubt m any of the  mem bers
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F i g . 2. H e a t  47, C u p o l a  M e l t e d . 
x  100.

F i g . 3 .— H e a t  4 7  a f t e r  S u p e r h e a t i n g . 
x 100.



F i g . 5 . — H e a t  4 8  a f t e r  S u p e r h e a t i n g . 
X 1 0 0 .
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F ig . 6 . — H e a t  3 3 .  x 1 0 0 .

F ig . 7.—H e a t  34. x  100





F i g . 14.— H e a t  8. x 100.

F i g . 1 5 .— -H e a t  8 .  E t c h e d  1 p e r  c e n t . 
H N 0 3. x 200.
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F i g . 19.—H e a i  18 R . x 100.
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F i g . 20.— H e a t  18 R. E t c h e d , x  200.
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F i g . 21 .— H e a t  59. x  100.
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F i g . 22.— H e a t  59. E t c h e d , x 200.



present would wish to  have some of the  points 
e laborated , b u t i t  had  to  he rem embered th a t  
th e  fu rnace  in  which the  experim ents were made 
was of recen t design.

Fluidity and T e m p e ra tu re  M easurem ent
M r . D .  S h a r p e  complim ented th e  au th o r and 

G. & J .  W eir, L im ited, upon in s tiga ting  the 
extensive series of experim ents and in  placing 
the  resu lts before members of the  In s titu te . 
A po in t he would like to  raise  was th a t  of 
fluidity  of th e  m etal. H ad  fluidity  tests such 
as th e  sp iral te s t  been tak en ?  H e though t i t  
would be of in te rest to  have definite figures to 
indicate th e  degree of fluidity  a tta in ed , and 
the sp ira l te s t  was of g rea t assistance. Mr. 
Sharpe considered th a t  th e  fluidity  of the  m etal 
was alm ost as im p o rtan t as the high streng th . 
F u r th e r  questions re la ted  to the  d u ra tion  of 
soaking referred  to, and w hat tem pera tu res were 
a tta in ed  and  how they  were determ ined. Did 
the tem pera tu res of the  nickel-molybdenum series 
correspond w ith the  tem pera tu res of the  other 
series ?

M r . M a c D o u g a l i , said th a t  fluidity  spiral tests 
had n o t been m a d e ; he had  only judged  by prac
tica l tes ts. There had no t been any difficulty 
in  handling  the  m etal, and he though t th e  ru n 
ning of the  castings was sufficient indication  of 
ample fluidity . As to  soaking, he suggested 
holding th e  m etal for sufficient tim e to  elim inate 
the hyper-eutectic g raph ite . W hen runn ing  an 
all-steel charge 92 to  98 kilow atts were used and 
when superheating  they  purposely overloaded a t 
60 k ilow atts in  the  m olten charge. In  regard  to  
M r. S harpe’s rem arks on tem pera tu re  deter
m ination , he th ough t th a t  the  question of tem 
pera tu res always caused trouble. In  the  tr ia ls  
he had  used a very practical te s t a f te r  the 
m anner of steel sm elters. A w rought-iron bar 
was plunged in to  the  m etal for 5 seconds and 
then  exam ined. The kilow atts used were also 
noted, and in  th is  way they  obtained results 
as reliable as by th e  use of a pyrom eter.
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M r. J .  A r n o t t , F .I .C ., th o u g h t th a t  i t  should 
be m ade clear th a t  the  elec tric  fu rnace  was no t 
the  only m ethod of producing h ig h -stren g th  cast 
iron. Some of th e  members p resen t were o b ta in 
ing s tren g th s of 25 tons per sq. in. and  over 
from  iron m elted in  cupolas. The sm all elec
tr ic  fu rnace had  proved to  he a  very usefu l u n it 
for m aking small experim en ta l casts. H e took 
exception to  th e  a u th o r’s rem arks abou t m achin- 
ab ility  ; he had  in  m ind m ach inab ility  of 
m ateria ls fo r some m otor-cars which were a  very 
short tim e in  the  shops and  a short tim e on 
the  road. In  his g raphs M r. M acD ougall was 
inclined to  m ake a  s tra ig h t line betw een points 
which varied  qu ite  a lo t, and  ob tain  re la tio n 
ships which were n o t fu lly  proved. The P a p e r 
was a helpful con tribu tion  to  th e  technique of 
h igh-quality  irons.

A Practical T es t
M r. B r a i d w o o d  said he had  been in te re s ted  in 

the  a u th o r’s m ethod of e s tim ating  tem p era tu re , 
b u t he was inclined to  th in k  th a t  a pyrom eter 
should have been used. How exactly  could th e  
tem pera tu re  be estim ated  by th e  w rought-iron  
te s t ?

M r . M a c D o u g a l l  replied  th a t  he used a ^-in. 
sq. rod, which was m oistened and  th e n  p lunged 
in  the  b a th  fo r 5 seconds. The len g th  of rod 
melted off was then  m easured.

M r . R . S. M. J e f f r e y , a f te r  co n g ra tu la tin g  
the au th o r on th e  am ount of work which he had  
so carefully  perform ed, said th a t  th e  tensile 
s treng th s of 18 to  28 tons ob tained  were n o t ex
ceptional. The few tes ts  over 28 tons, notably  
th a t  of 33 tons w ith  a nickel-m olybdenum  add i
tion , were specially in te restin g . I t  was, how
ever, difficult to  discuss fully  th e  m a tte r , because 
the  work was not complete. H is own experience 
was th a t  th ere  was very li tt le  im provem ent 
effected by nickel ; he was regu larly  ob ta in ing  
the same results w ithou t nickel add itions from  
m etal m elted in  th e  cupola. H e th o u g h t th e  ca r
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bon plus silicon to ta l was a more im portan t 
c rite rion  th a n  th e  silicon con ten t alone, and he 
was no t a ltogether in favour of reducing the  sili
con and  replacing  w ith  nickel and molybdenum.

M r. M a cD o u g a ll said th a t there was some
th in g  to  be said for low ering th e  silicon and re
p lacing by nickel, bu t in  the tests  which he had 
m ade th e  b iggest im provem ent was effected by 
using low to ta l carbon and silicon.

F utu re  Research Hints
M r . A. Campion said he had noticed the 

ap p aren t lack of agreem ent in  the  total-carbon- 
plus-silicon figures. The same resu lt seemed to 
have been obtained w ith  to ta ls  of 6.1 and  4.2 in 
the tables shown. I t  had to  be rem embered th a t  
the figures which M r. Jeffrey  had given referred  
to cupola-m elted iron, and i t  was possible th a t  a 
different balance applied to  m etal m elted under 
the  conditions of the  p resen t experim ents. The 
au th o r appeared  to  be surprised  a t  the  small in 
crease of tensile s tren g th  which resulted  from 
the  add ition  of molybdenum, b u t i t  was ju s t 
about w’h a t th e  speaker would have expected. In  
his experience, m olybdenum  was not a large 
s tren g th  ra iser, its  m ain effect being to  increase 
shock and fa tig u e  resistance. I f  M r. M acDougall 
made such tests, he though t some very in te re s t
ing results m igh t be obtained.

H e was pleased to  note th a t  the  au th o r had in 
m ind experim ents on the  chrome-nickel series, 
bu t he though t more useful resu lts would be 
obtained from  a straight-chrom ium  or a chrome- 
molybdenum series; the  la t te r  was a particu larly  
useful com bination. M r. M acD ougall’s experi
ments had been carried  ou t in  a rocking furnace, 
and i t  was an in te restin g  conjecture as to  how 
far the  ag ita tio n  of th e  m olten m etal had  con
tr ib u ted  to  the  results.

The B r a n c h -P r e s id e n t  proposed a vote of 
thanks to  the  au thor, which was enthusiastically  
given.

M r. M a cD o u g a ll, responding, said i t  was his 
first a ttem p t a t  lecturing , and  he was g ra te fu l
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for the  a tten tio n  and encouragem ent which the  
members had  given. H e was pleased to  have M r. 
C am pion’s confirm ation of th e  effect of molyb
denum , as he had  been puzzled by th e  con trad ic 
to ry  n a tu re  of his own figures com pared w ith  
those which he had  found in  P ap e rs  by some 
o ther workers. H e would bear in  m ind th e  
chrom e-molybdenum series which had been sug
gested.

COM M U N IC A TIO N
Mb. V. A. Ceosby, of D e tro it, M ichigan, in  

a w ritten  con tribu tion  to  th e  .discussion of th is  
P ap e r said th a t  th e re  were a num ber of item s 
in  the  P a p e r w ith  which he agreed, such as da ta  
shown in  Table I  an d  Table I I I .  I t  is fe lt, 
however, th a t  th e  conclusions draw n re la tiv e  to 
th e  com parative effects of m olybdenum  and  
nickel in  increasing tensile  s tre n g th  properties 
are w orthy of fu r th e r  consideration .

The w rite r  notes th a t  i t  was considered neces
sary to  superheat in  the  case of th e  syn thetic  
molybdenum irons to  a tem p e ra tu re  of 1,600 
deg. C., because of the  h igh m elting  po in t of th e  
ferro-cmolybdenum. H e disagrees w ith  th e  
essence of th is s ta tem en t since i t  assumes th a t  
m elting po in t and  solubility a re  one and  the  
same. P u re  molybdenum w ire w ith  a m elting  
point of 2,537 deg. C. has been used fo r alloying 
purposes in  m olten cast iron  a t  approx im ately  
1,452 deg. C. w ith  effective results. The w ire was 
placed in  the  ladle, th e  m etal was tap p ed  in , and 
no s tirr in g  was required  to  effect so lu tion  and 
dispersion. The alloying of iron  w ith  ferro- 
molybdenum in  percentages up  to  1.00 per cent. 
Mo can be effected very successfully a t  tem p era 
tu res  of 1,454 to  1,500 deg. C. I t  is a  personal 
opinion th a t  the  superheating  te m p e ra tu re  of
1,000 deg. C. was excessive and  con tribu ted  
largely to  th e  com paratively  poor p roperties of 
th e  molybdenum iron.

I t  has been personal experience th a t  syn thetic  
irons ten d  to  go dend ritic  (w ith re s u lta n t
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eutectic g rap h ite  form ation) more read ily  w ith  
sim ilar degrees of superheating  th a n  cast iron  
of the  sam e composition m ade from  pig-iron. 
This explains, in  p a r t , why superheating  m ay be 
beneficial to  an  iron carry ing  a large percen tage  
of pig in  the  charge, while th e  same degree of 
superheating  applied to a non-g raph ite -bearing  
charge would resu lt in  a dend ritic  s tru c tu re  and, 
therefore , fa ilu re  to  produce m axim um  physical 
properties.

Table A ou tlin ing  physical p roperties is given 
to show th e  effect of superheating  a syn thetic

T able B.—Electric Furnace Irons.

No. 1 2 3 4 5

T.C., per cent. 3 31 3.31 3 .27 3 .24 3 .27
C.C., per cent. 0 70 0.70 0 .72 0 .70 0 .83
Gr, per cent. 2 61 2.61 2 .55 2 .54 2 44
Si, per cent. 1 81 1.83 1 .89 1.79 1.90
Mn, per cent. 0 84 0.84 0 .86 0 .83 0 88
S, per cent. 0 087 0.080 0 .09 0 .08 0 09
P, per cent. 0 159 0.161 0 15 0 .15 0 17
Mo, per cent. 0.29 0 63 1 03 1 41
Tensile, tons per

sq. in. 18 75 20.5 22 .9 24 .4 27 3
Brinell hardness . . 217 223 228 241 269

iron of a  h igh  quality . F o r exam ple, the  effect 
of an add itional 50 deg. C. of superheating  is 
shown strik ing ly  in  the  case of H ea t 1228 versus  
H e a t 1265. A lthough th e  compositions a re  qu ite  
sim ilar and th e  irons have id en tica l m atrices, a 
rem arkable difference in  physical p roperties, due 
prim arily  to th e  charac te r of the  g rap h itic  fo rm a
tion , is unm istakably  ev iden t. I t  w ill be 
observed th a t  H e a t 1299 contains no alloys b u t, 
being properly  m ade and  securing th e  r ig h t type  
of g raph ite , th is  m ate ria l compares very  favou r
ably w ith  H e a t 1228, which is h ighly  alloyed 
b u t failed to  develop m axim um  stren g th  because 
of too h igh superheat.

A comparison of Nos. 1299 and 1265 shows the  
advantages of alloys in  an iron  properly  m ade 
in both cases. A com parison of No. 1265 w ith
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No. 1266 shows the  con tribu tion  of nickel to  the 
physical p roperties of a molybdenum iron. H ea t 
No. 1305 is given to  show the  com parative effects 
of copper-tmolyibdenum iron w ith  plain molyb
denum  and nickel-molyib .1 enum irons of sim ilar 
base composition. All of the irons shown in 
Table A were m ade in  an  electric furnace of the 
induction type  holding 30 lbs. of m etal.

U nfo rtuna te ly , M r. M acDougall does not offer 
an unetched m icrograph of any of the  molyb
denum  irons, although hea t No. 59, a niekel- 
molybdenum iron, does show a norm al graphitic

T able C.—Cupola Irons.

No. 1 2 3 4 5

T.C., per cent. 3.31 3.27 3.23 3.23 3.26
C.C., per cent 0.57 0.63 0.61 0.67 0.71
Gr, per cent. 2.74 2.64 2.62 2.56 2.55
Si, per cent. 2.02 2.02 1.96 1.93 2.06
Mn, per cent. 0.67 0.67 0.63 0.73 0.76
S, per cent. 0.12 0.12 0.11 0.10 0.10
P, per cent. 0.18 0.18 0.17 0.17 0.17
Mo, per cent. 
Tensile strength,

— 0.11 0.23 0.36 0.55

tons per sq. in. 15.6 17.4 18.7 19.6 20.5
Brinell hardness .. 207 212 217 228 248

stru c tu re . I t  is possible, however, th a t  the  add i
tion  of 1.8 per cent, nickel (a g raph itising  agent) 
has fac ilita ted  the form ation and developm ent of 
a norm al g raph ite . I t  is also believed th a t  the 
molybdenum irons referred  to  in Table V II I  of 
the  orig inal P ap e r would reveal a g raph itic  dis
tr ib u tio n  sim ilar to  th a t  shown in  F ig . 19, hea t 
18 R , and, because of th is type of g raphitic  
stru c tu re , d isappoin ting  physical properties have 
resulted , especially in  the h igher stren g th  irons. 
I t  is quite  tru e  th a t  in irons rang ing  from  14 to 
18 tons per sq. in ., th e  presence of a dendritic  
p a tte rn  may have little  effect on tensile and 
transverse s treng th , although dendritic  form a
tions m ost assuredly ex e rt th e ir  influence in 
higher stren g th  irons of 22 tons and  upw ards.
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Moreover, deflection values of all irons are  
invariab ly  lower th a n  for norm al g rap h itic  
pa tte rn s .

The above sta tem en ts are  offered as an  ex
p lanation  of th e  findings of M r. M acD ougall: 
“ I t  would seem th a t  th e  h igher tensile  stren g th s 
rang ing  in  th is  series of experim ents a re  more 
a function  of the nickel con ten t th a n  the  molyb
denum  co n ten t.”

R elative to M r. M acD ougall’s conclusions con
cerning the a p p a ren t negligible effect of molyb
denum  in  q u an tities  up  to  0.50 p er cen t., th e  
w rite r subm its in  Tables B and  C d a ta  showing 
the progressive im provem ent in  tensile p roperties 
of cas t iron  w ith  increasing  am ounts of 
molybdenum.

All of the  iron shown in Tables B and C 
had norm al g rap h ite  s tru c tu res  an d  pearlitic  
m atrices. F o r th is reason, no m icrographs are 
subm itted . W hen these fundam en ta l findings 
are not subs tan tia ted  w ith  Mo add itions up  to
1.0 per cen t., personal experience has been th a t  
there are  o ther factors p resen t which are  of 
g rea te r im portance th a n  the  alloy additions.
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Lancashire Branch

SOME POINTS ON NON-FERROUS FOUNDRY P a p e r  N o . 644 
PRACTICE*

By A. PHILLIPS (M em ber)
In  surveying the  field of non-ferrous foundry 

work there  are some points which appeal more 
strongly th an  others as showing the need for dis
cussion to assist in  the fu r th e r  progress of the 
industry . The type  of work in small non-ferrous 
foundries is to tally  different in m anufacture  
from the  work in  la rger foundries, and, again, 
the foundries which produce alum inium  alloy 
castings and  die-castings have different problems 
from th e  others.

However, th ere  are ce rta in  principles in 
foundry technique which are  common to  all, and 
whilst th is  P ap er may m ention certa in  points 
w ith which some foundrym en are fully conver
sant, these can no doubt be improved by sug
gestions b rough t o u t by co-operative discussion. 
N atu ra lly , as non-ferrous foundry practice in 
cludes so m any varying classes of work, of so 
m any shapes and sizes of p a tte rn s  and different 
types of alloys, only a brief description of a few 
can be given.

COPPER CASTINGS
F or th e  electrical industry  copper castings 

having a  conductiv ity  of 80 per cent, or over are 
called for, and have been used for a  num ber of 
years. In  th e  engineering  and electrical in
dustry , the casting  technique in the  non- 
ferrous foundry has not received the a tten tio n  of 
w riters th a t  o ther alloys have done,. Copper 
castings can be, and are, made in  brass foun
dries using s tandard  equipm ent and methods 
w ith which foundrym en are  fam iliar. The im-

* The author waa awarded a Diploma for this Paper.
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p o rta n t points in  th e  foundry  practice  a x e :
(a) Use of electro ly tic copper in g o ts ; (b) correct 
m elting  and  flu x in g ; (c) su itab le  and  exact
am ount of deox id iser; (d ) pouring  w ithou t t u r 
bulence and  controlled pouring  te m p e ra tu re ; 
(e) control of freezing to  avoid shrinkage 
defects, and (/) a tten tio n  to  con tam ina tion  of 
scrap.

Electro ly tic  C o p p e r  C astings
I t  m ust be fully realised th a t  if high-conduc- 

tiv ity  castings are  sought, th e  p u res t of ingo t 
m etal m ust be used. Copper oxide is no t 
revealed by chemical analysis, so th a t  d e te rm in a
tion  of the  su itab ility  of copper by analysis only 
is ruled out, although  the  chem ical analysis will 
show if the re  are any undesirable elem ents.

Melting C ond it io ns
The m etal can be successfully m elted  in  a 

crucible furnace. To p ro tec t th e  m eta l d u rin g  
m elting  i t  is usually recom mended th a t  i t  be 
covered w ith a layer of some flux which is no t 
very gassy. I t  is n o t advisable to  place charcoal 
a t  the  bottom  of a ho t crucible, as th e re  is a  
strong tendency for charcoal to  absorb m oisture 
and gases, which, if no t burned, m ay cause gas 
porosity in the  m etal. C harcoal can absorb 
about 10 per cent, m oisture on exposure to  the  
a ir . The m elting  process itself is very im por
ta n t , and i t  m ust no t be carried  o u t in  a reduc
ing atm osphere. A n eu tra l atm osphere as to  be 
aim ed a t, bu t, fa iling  th is, one should have a 
slightly oxidising atm osphere.

I t  obviously appears paradoxical to  recom m end 
an oxidising atm osphere when in itia lly  the  
copper m ust be as free from  oxygen as possible. 
In  a  reducing atm osphere, u n b u rn t fuel gases 
o ther th an  oxygen a re  liable to  be absorbed by 
th e  m etal, and these canno t be rem oved by de- 
oxidisers. Therefore, i t  yields a  casting  which 
has a gas porosity. I f ,  however, th e re  is a 
slightly oxidising atm osphere, th e  oxide absorbed 
can be removed from  th e  liqu id  m eta l by deoxi- 
disers. Also, oxide in  th is  form  is n o t as stable
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in the m olten m etal as oxides which are present 
in  the  in itia l solid m ateria l.

The fac t th a t  castings do sometimes contain 
hollow cavities or gas holes has led to  a num ber 
of au tho rities studying  the  relationship which 
exists betw een gases in the  m etal under widely 
vary ing  conditions. W ithou t going deeply into 
the  subject i t  may be considered under th ree 
h ead in g s :— (1) M etal m ay absorb gas a t a low 
tem p era tu re , and give i t  ou t again when the 
tem p era tu re  is raised. (2) Gas may resu lt from 
reactions which occur w ith in  the m etal w hilst i t  
is in  process of solidification, or afte r i t  has been 
p a rtly  solidified; w ith  th is condition i t  is im
possible to cast a  sound casting. (3) The gas 
may be dissolved in  m etal much as a ir dissolves 
in  w ater ; o rd inary  w ater contains more or less 
a ir  in solution, and when w ater is heated or the 
pressure reduced, bubbles of gas appear. Every
one is fam iliar w ith  th is  reaction .

Solubili ty  of Gases
The solubility of gases in non-ferrous m etals 

is, however, a very complicated study, and from 
the foundrym an’s po in t of view gas reaction 
presents a g rea t difficulty. I t  is in  th e  recogni
tio n  and classification of these symptoms th a t  
the foundrym an needs assistance. H e th en  has 
a num ber of methods of handling th e  situation . 
Volumes have been w ritten  about the  cures for 
various defects as operated from  the laboratory, 
where i t  is possible to reproduce sim ilar condi
tions, b u t i t  is more difficult for the  foundry- 
m an, as he operates u nder conditions peculiar to 
his shop and p lan t. W hen an infallible method 
of detec ting  the  fau lt is available, ha lf the  
foundryimian’s troubles will be over. The 
remedies he can use are : — (a) Sufficiently long 
m elting to  complete certa in  reac tio n s ; (b) addi
tion  of a suitable reducing chemical agent, and
(c) addition  of some elem ent which will assist 
the m etal to  absorb the  gases. The first essential 
to  negative gas effects and one th a t  is of g rea t 
p ractical im portance is proper and correct m elt



in g  coupled w ith  the  m ost su itab le  pouring  
tem pera tu re .

High C ondu ctiv i ty
In  th e  m elting of copper fo r copper castings, 

the add ition  of elem ents or m ateria l to  reduce 
gas effects us very lim ited , and  the  choice is 
m ade from  those which, w hilst rem oving th e  gas 
effects, re ta in  a  h igh  conductiv ity . Among 
others th e re  a re  boron and  silicon.

Silicon is in troduced by the  add ition  of 15 per 
cent, silicon-copper. J u s t  sufficient m ust be 
added to  com plete th e  reaction , as any excess 
will lower the  conductiv ity  and m ake th e  m etal 
b rittle . Silicon when added to  copper con ta in 
ing oxide of copper reduces th e  copper oxide to 
copper +  silicon oxide. The silica insoluble in 
copper rises and is skimmed off. As d ifferent 
consignm ents of the  h igh-grade copper will vary , 
th e  exact am oun t of silicon-copper to  add to  
neu tralise  the effects of dissolved gas and oxides 
is very difficult to estim ate , and probably the  
best p rac tica l m ethod is to  m ake a t r ia l  m elt. 
This can he carried  ou t in th e  following m anner. 
M elt 100 lbs. u n d er a su itab le  flux, ra ise  to  a 
tem p era tu re  of 1,200 deg. C., th en  add 1} ozs. 
of silicon-copper (th is being ju s t  below the 
q u an tity  used in  usual practice), and s t i r  w ith  a 
plumbago s tirre r . P o u r small ingots a t  1,160 
deg. O., and when cold exam ine top  and  the  
frac tu re . R epeat by add ing  or reducing tlie 
am ount u n ti l correct q u a n tity  has been de te r
mined. No. 1 section of F ig . 1 shows a high- 
g rade electrolytic copper m elted w ithou t any 
addition . D uring  solidification the  top  of such 
an ingot bleeds and flows over, and  th e  section 
shows it  to  be full of gas holes; No. 2 carried  
an add ition  of 1^ ozs. of silicon-copper and  shows 
fewer gas holes; No. 3 w ith  I f  ozs. of silicon- 
copper showed a rise of th e  top  fane w ith  a 
few gas holes in  the  section, and  th e  final one, 
No. 4, w ith an add ition  of 2 ozs. of silicon- 
copper exh ib ited  a fla t top  and  a section free 
from gas holes.
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Moulding
The m oulding in general follows qu ite  closely 

the p ractice  adopted fo r m anganese-bronze, w ith 
a sligh t modification in the  g a tin g . As every 
foundrym an will agree, each p a tte rn  is a problem 
in itself, and should be tre a te d  as such. In  
general the  ru n n e r is very small ; in  fac t, in 
some instances only a flash th ick , as is shown 
by casting  No. 1 in F ig . 2. This illu s tra tio n  
shows various copper castings w ith d ifferen t posi
tions of runners. Some on the  le f t side of the 
p icture , No. 2 and No. 3, e n te r d irec tly  in to  
the feeding head. In  th is case th e  tem p era tu re  
of the  m etal in  th e  head is h o tte r  th a n  in  the  
casting, thus ensuring  th a t  th e  castings will be 
fed w ith  h o tte r  m etal. O thers in  th e  cen tre , 
No. 4 and No. 5, fo>r instance, feed d irec t in to  
the castin g ; and  on th e  extrem e r ig h t No. 6 is 
fed by m eans of the  skim  or bridge runner-—a 
type such as is used on all m anganese-bronze 
castings to  p reven t dross en te r in g  th e  mould. 
I t  will be noticed th is is a deep easting  poured 
a t  the  bottom  ; hence th e  use of a skim  or bridge 
runner.

As the liquid and solidification sh rinkage of 
cast copper is h igh , th e  foundrym an preven ts the 
form ation  of voids which a re  due to  a  shortage 
of liquid m eta l ju s t  before or a t  th e  m om ent of 
solidification, by th e  use of a p roper feeding 
head, which is supplied w ith  h o t m e ta l a t  cer
ta in  periods. Some d ifferen t types of these 
feeding heads are  shown in  F ig . 2. The size and 
position of these/ a re  governed more by acquired  
experience th a n  by a fixed ru le. W hilst on the  
question of feeding heads, i t  is advisable, when 
the casting  has been poured, to  pull th e  charcoal 
from the  top  of th e  crucible to  th e  top  of the  
head m etal. This helps to  keep th e  head m eta l 
hot an d  prevents skin fo rm ation  w hilst w aiting  
for shrinkage. Also, w hilst fo r sm all castings 
sufficient deoxidiser has been added, one some
tim es finds th a t  i t  is insufficient for la rg e r types 
w ith slower ra te s  of cooling. An ind ica tion  of 
th is s ta te  of affairs is when sparks, in fo u n ta in -
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form, come from  th e  head, and  th e  head a f te r 
wards begins to  bleed and  flow over.

Electrica l P ro p e r t ie s
Table I  shows th e  conductiv ity  of d ifferen t 

samples of copper w ith  vary ing  am ounts of 
silicon-copper added. H ere  i t  will be seen th a t  
samples No. 1 and No. 2 m ade from  high-grade 
electrolytic copper give 90 per cent, w ith  2 ozs. 
and  88 per cent, w ith  2 j ozs. of added silicon- 
copper to  100 lbs. of electro ly tic  copper. Nos. 3, 
4 and 5 show the  effects of adding  3 ozs. of 
silicon-copper to  vary ing  m ix tu res of h igh-grade 
and scrap copper, and  No. 6 shows th e  conduc
tiv ity  of th e  scrap copper w ith  3-]- ozs. of silicon- 
copper added.

C o n tam in a t io n  of Scrap
From  a  study  of th e  conductiv ity  figures, i t  

will be readily  understood th a t  scrap heads and 
runners m ust be carefully  separa ted  from  o ther 
m etals, as a  small am oun t of any of th e  o ther 
m etals commonly used in  the  b rass foundry  will 
reduce the  conductiv ity  below th e  desired  figure.

MANGANESE-BRONZE OR HIGH-STRENGTH BRASS
The chemical composition of m anganese-bronze 

varies according to  th e  physical p ropertie s re
quired, and th e  foundry  m ak ing  th e  alloy. 
U sually, fo r the  specifications up  to  40 tons u lt i
m ate  tensile s tren g th , sm all am ounts of m an
ganese, iron, t in  and alum in ium  added to  th e  
common 60-40 brass w ill give th e  resu lt requ ired . 
W hen a  s tren g th  betw een 40 and  50 tons is re 
quired, i t  is found th a t  probably th e  add ition  of 
a small percentage of nickel will give th e  desired 
results.

Alloying
M anganese-bronze can be bought in in go t form  

or made by using copper w ith  th e  add ition  of 
special hardeners. Copper and  zinc form  a  large 
percentage of a  m anganese-bronze alloy, and  i t  is 
advisable to  use h igh-grade copper and  zinc of
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99.95 pu rity . M anganese is usually  added by 
m eans of a M n-Cu hardener, consisting  of 70 
per cent. Cu and 30 per cen t. M n. Iro n  can be 
added in  th e  form  of ferro-zinc, ferro-m anganese 
or a copper-iron-alum inium  h ardener. N ickel is 
added as cupro-nickel.

As there  are such a large num ber of commer-
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ELEMENT ZINC
EQUIVALENT

M n 0  5

Fe 1 0

A l 2 0

Sn 1 5

N i

ELONGATION %!6 13 20 22 24 26 28 30 32 34 36 38 AO 4 2  4 4  4 2  4 0  38 36 ¡4  32 JO 28 0 
48 4 7  46 45 44 43 42 41 4 0  39 38 37 36 35 34 33 32 3 / 30  2 9  2 8  2 7  26 25

U.T.S. TONS

F i g . 3 . — P h y s i c a l  P r o p e r t i e s  o f  M a n g a n e s e - B r o n z e .

cial alloys u nder various tra d e  nam es, besides 
d ifferent alloys which have been published in the  
P ress, no definite composition will be g iven, b u t 
i t  can be s ta ted  th a t  th e  m anganese-bronze and  
h igh-strength  brass alloys are  generally  of th e  
following c h a ra c te r :—C opper, from  5 0  to  6 0  per 
c e n t . ; t in , up  to  2  p er c e n t . ; iron, from  0 .2 5  t o  
3 per c e n t. ; m anganese, from  0 .2 5  to  4 .5  p e r



481

Fig. 3 shows a g raph  prepared  from a large 
num ber of tests giving the approxim ate relation 
between the alpha and beta phase, zinc per
centage, alloy equivalent, and the  corre
sponding physical properties. In  the inset are 
given the  calculated zinc equivalents of the 
various elem ents used. In  one type of practice 
these rem ain fairly  accurate  as long as the iron,

l i

cent.'; alum inium , from  0.25 to 5 per cent. ; 
nickel, from  0 to  4 per cen t., and zinc rem ainder.

As a rap id  change in physical properties is due 
to  th e  varia tion  in the proportions of the  alpha 
and beta constituen ts in manganese-bronze, a 
carefu l control over the composition is necessary.

F i g . 4 .— P a t t e r n , M o u l d  a n d  C a s t i n g  o f  M a n g a n e s e - 
B r o n z e  C r o s s - B a b .



m anganese and alum inium  do no t exceed 3.5 per 
cent. each. I t  will be noticed th a t  a figure is 
not sta ted  for nickel, because d u ring  some recen t 
experim ents the  add ition  of nickel to  a be ta  high- 
s tren g th  brass has given very high physical 
results, and so long as the  gam m a con stitu en t 
can be avoided, h igh -strength  brasses con ta in ing  
copper, nickel, m anganese, iron, alum in ium  and 
zinc can be regu larly  produced w ith physical 
pi’operties averaging 46 tons U .T.S.

Nickel (according to  F ig . 3) in th e  region 
below the 40 per cent, a lpha, is an elem ent 
which, in conjunction w ith a sm all percentage of 
alum inium  and the  o ther elem ents will probably 
in the near fu tu re  produce some rem arkable 
physical p roperties in  h igh-streng th  brasses. 
From  a num ber of tes ts indications are  th a t  
nickel has a zinc equ ivalen t figure sim ilar to  
alum inium  for calculation  purposes when used in 
manganese-brasses con tain ing  M n, Fe and Al, 
and having less' th a n  40 per cent, a lpha.

Melting
Carefully controlled m elting  practice is neces

sary, and various types of m elting  p la n t m ay be 
used. F o r anyone n o t very fam ilia r w ith the  
characteristics of the  m etal, it  is suggested they 
first try  the  alloy in the  crucible, as th is form 
of m elting  is probably the easiest to  control. In  
the flame type of fu rnace the  flame should be 
kept slightly oxidising. The m elting  procedure 
can be as fo llow :— F irs t  m elt th e  copper, 
together with the  various hardeners of M n-Cu, 
cupro-nickel and iron hardener, and when molten 
add the alum inium  and zinc. V arious fluxes 
may be used, and th e  choice is extensive, b u t a 
covering of charcoal (salt, borax and  ground 
glass) is a very good flux d u ring  the  early  p a r t 
of the melt. W hen the  first p a r t  of th e  m ix tu re  
is molten, a covering of an th rac ite  coal is a 
suitable pro tecting  flux w hilst the  o ther elem ents 
are added, if the alloy is in an open-flame type 
of furnace.
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Runners and Heads
F.ig. 4 shows the p a tte rn , mould and casting  

of a m anganese-bronze cross-bar. H ere  i t  will 
be seen th a t  th e  casting  is poured from  the 
bottom ; whenever possible, eastings in  th is alloy 
should be poured from  the  bottom . Any a g ita 
tion  of the  m etal in  th e  ru n n e r basin  or in  the  
ru n n er creates a scum or dross. This is prevented 
from en te rin g  the  mould by placing a bridge in 
the ingate , B. I t  is always advisable to  use a 
skim gate  for m anganese-bronze castings, and 
for some large moulds tw o or th ree  skim gates 
are placed in the  flow of the  m etal before i t  is 
allowed to  en te r the casting . Coupled w ith  the 
use of skim gates, th e  horn  ga te  is used to  allow 
m etal to en te r a t  the  lowest p o in t of th e  mould, 
and these can be seen a t  H  in  F ig . 4.

Feeding
To avoid unsoundness due to  the  high liquid 

or solidification shrinkage, volum inous feeding 
risers m ust be placed on the  heaviest sections. 
Some of these can be seen a t  F H , F ig . 4. F or 
certa in  types of castings a com bination of chills 
placed a t heavy sections and feeding heads can 
be used. Copper chills have been found to  give 
good service.

W hilst i t  is considered advisable to  ru n  th e  
casting  a t the bottom , th ere  are instances where 
a second ru n n er is advantageous. F ig . 5 show's a 
liner bush approxim ately  16 in . outside d iam eter, 
12 in. inside diam eter, and  4 ft . h igh. The 
first ru n n e r is a t  the  bottom , shown a t  a, b u t as 
th is  is a heavy section, and  to  ensure dense 
m etal, i t  was necessary to  place a chill round  the  
outside. I f  the casting  were com pletely poured 
by the  bottom  ru n n er , a hot spo t W'ould be 
m ain tained  and segregation  shrinkage would 
occur. To avoid th is, a horn  ru n n e r is placed a t 
b, m etal being poured down i t  when i t  is judged  
sufficient has en tered  the  mould th ro u g h  a. 
W hen b ru n n er is used a  ru n n er is stopped up 
w ith sand to p reven t any rising  m etal.



ALUMINIUM ALLOYS
A lum inium  alloy castings can be placed in to  

th ree c lasses:— (1) C astings used as cas t; (2) 
castings used as cast with the  m etal modified 
or tre a te d  during  the m elting process, and (3) 
castings which have to  be h ea t-trea ted  before 
use. In  th e  first g roup  there  are 2L5 (13 per 
cent. Zn, 3 p er cent. C u ); 2L8 (12 per cent. 
Cu), and  3L11 (8 p er cent. Cu), and others of a 
sim ilar type.

In  the second group th e re  are the  alum inium - 
silicon modified alloys. In  the  th ird  group there 
are th e  “  Y ”  alloy, th e  R .R . alloys and sim ilar 
alloys.

As th e  so-called “ modified ” alum inium - 
silicon alloys introduced d u ring  the  last decade 
have proved to  have advantages over the pre
viously-known cast lig h t alloys, for ease in 
producing sound castings of awkward shape, and 
are in  fa c t the best alloy for the foundrym an to 
handle, i t  is proposed to  give a  brief description 
of them .

Modified Light Alloys
C om position .—The alloys contain silicon vary

ing from 7 to 13 per cent., and are usually very 
low in im purities.

C h a ra cteris tic s .—They have physical proper
ties varying from  9 to  13 tons per sq. in. tensile 
streng th  w ith  elongation varying from  5 to 18 
per cent., and are definitely superior to  the 
older alloys in  resistance to  corrosion, being 
especially good for m arine service due to the ir 
be tte r resistance to salt-w ater corrosion.

S tru c tu re
The refinem ent of the  m icrostructure  which 

constitu tes modification is well known, and i t  is 
to  the  m odifying trea tm en t applied th a t  the 
alloy owes its  success. The m odifying is carried  
out by th e  addition  of salts or m etallic sodium 
w hilst the alloy is m olten. F ig . 6 shows the 
m icrostructure of an unmodified 7.5 per cent. 
Si-Al alloy a t  100 diam eters, and  F ig . 7 shows 
under sim ilar conditions the  m icrostructure  a fte r
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m odification. I t  should be emphasised th a t  the 
physical p roperties of a sand-cast b ar represent 
fa r  more nearly  th e  p roperties of actual castings 
th an  do chill-cast bars which have been so fre
quently  quoted for specification purposes. A 
bend can be given to  th e  modified 1-in. d iam eter 
sand-cast b a r sim ilar to  a horseshoe, and  a 
norm al casting  will w ithstand  considerable dis
to rtion  by ham m ering before cracking and 
breaking. The characteristics of th is  alloy allow 
box-shaped castings sim ilar to  Figs. 8 and 9 to 
be cast w ithou t easing the  mould, which is neces
sary when o ther ligh t alloys o r cast iron are 
used. I t  is sometimes found th a t , for certa in  
services, a  cast-iron  bearing surface is required, 
and when th is condition arises cast-iron inserts 
are  used. F ig . 10 shows the  p a tte rn , mould, 
cores and casi^iron insert C .I. The runners R 
in  th is instance are  placed so as to allow th e  hot 
m etal to  en te r near the  cold in sert and assist in 
obtain ing a good bond of the  alloy round the 
cast iron.

Melting
The m elting of th is  alloy is different from th a t  

carried  o u t w ith th e  brasses and bronzes. In  
th is case, i t  is advisable to  have a  slightly reduc
ing flame, as du ring  the  slow cooling in the 
furnace the  alloy is able to  release the absorbed 
gases. I f ,  however, an oxidising flame is used, 
one is unable to  add deoxidisers as in  the case of 
brasses and  therefore  the  alloy is contam inated 
w ith detrim en ta l oxides. F ig . 11 shows in the 
background a  b a tte ry  of open-fiame oil-fired fu r
naces m arked O-F used for m elting th is  alloy. 
In  the  foreground is a  group of miscellaneous 
castings made in  the  71 per cent, alum inium- 
silicon alloy.

Runners
A lum inium  alloys a re  gated  differently from 

the brasses o r copper castings. A luminium 
“ ro l ls ”  somewhat sim ilar to  manganese- or 
alum inium -bronze. This can be seen by 
observing th e  rising  m etal in a feeding head.
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F i g .  8 . — F r a m e - S h a p e d  A l u m i n i u m -  
S i l t c o n  Allo.y  C a s t i n g .
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Any scum or d ir t  is a p t to  roll to  the outer 
edges and become trapped , whereas w ith bronzes 
and brasses, the m etal wises w ith a slight concave 
surface, and any scum rem ains in the  centre.

F i g . 12.— T h i n  S a n d - C a s t  D o o r  C a s t i n g s  
i n  A i , c m i n i t t m - S i l i c o n  A l l o y .

W herever possible alum inium -alloy castings are 
poured a t  the  bottom , and to  do th is the use 
of the horn gate is largely adopted. Feeding 
heads are in  some cases made w ith  s tra ig h t walls 
or, if anything, slightly larger a t the bottom.
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F i g . 3 0 . A l i t m i n i u m - S t l ic o n  A l l o y  C a s t i n g  w i t h  C a s t -T h o n  I n s e r t .
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Sand

The m oulding sand used is som ewhat sim ilar to 
th a t  employed fo r o rd inary  brass castings. I f , 
however, the  casting  has a la rge  su rface  a rea , 
and the  section is small, i t  is b e tte r  to  use an 
open coarse red  sand freely in  th e  m ix tu re . 
Locally, th e  M anchester coarse red  as described 
in  a previous Paper*  is suitable. A lthough the  
face of the  casting  has a sligh t b ite  on it , th e  
m etal will be allowed to  ru n  freely  and  give a 
uniform  casting  thickness. F ig . 12 shows cast
ings 6 f t . by 21 in ., th e  m etal thickness on th e  
p la te  being £ in . They have been m ade in  sand 
moulds, and poured in 74 per cent, silicon- 
aluim.in.ium alloy. B oth cores and moulds should 
be well vented, and the  v en t w ire should be used 
much more freely th a n  i t  is used in  m oulds and 
cores for cast iron.

W elding
A luminium -silicon alloys can be welded w ith 

out the usual cracking troubles associated w ith 
o ther alum inium  alloys. By using th e  oxy- 
acetylene flame w ith rods of th e  sam e composi
tion  as the  alloy, castings can be satisfac to rily  
welded. Thus, two sem i-circular castings when 
welded together will be free from  a ir  leakage 
when tes ted  w ith  400 lbs. a ir  p ressure and 
subm erged in w ater. Also, when destroyed by 
ham m ering, they  will n o t break a t  the  weld. 
Owing to  the  freedom w ith  which th is  alloy 
can be satisfactorily  welded, th e  foundrvm an, 
when deciding how to  make castings, m ust be 
“  welding conscious.” F ig . 13 shows on th e  
righ t th e  th ree  simple p a rts , A, B, and C, which 
go to  make a casting . On the  le f t side a re  seen 
these p a rts  welded in to  position, and  these when 
together produce a job of com plicated shape. 
These castings, when welded toge ther w ith  p a rts  
of the welds polished, show the  absence of cracks 
or cavities.

* X.B.F. Proceedings, 1935-36, Vol. X X IX , r  115.
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BRASSES, BRONZES AND GUNMETAL

As th ere  is such a  wide varie ty  of alloys 
which en te r in to  th is  category, only general 
principles can be d ea lt w ith.

Melting
The conditions when m elting brasses, bronzes 

and gunm etal are different from copper. In  
copper there  are  soluble oxides, bu t as both tin  
and zinc reduce copper oxide, the  insoluble oxides 
of t in  or zinc are formed. Zinc oxide is very 
ligh t and quickly rises to  the surface of the  melt, 
where i t  can be skimmed off. Tin oxide, which 
is nearly  as heavy as the m etal, does not readily 
rise to  the surface, and is therefore  more difficult 
to elim inate . F requen t discussions have taken 
place regard ing  th e  use of phosphorus, a popular 
deoxidiser for bronze, to  reduce tin  oxide. I t  is 
ju s t as essential to p revent oxide finding its  way 
into the casting  by mechanical as well as chemical 
means. The first precaution  is to insist th a t  the 
scum is properly skinnmed off the m elt, and 
secondly to  ensure th a t  the  runners are so 
formed and placed to  prevent oxide or scum 
entering  th e  mould.

Runners
The ga ting  of brass, bronze and gunm etal cast

ings is a subject th a t  has a very wide discussion. 
G-ating castings presents problems requ iring  
careful though t and knowledge of the alloy used. 
For instance, the  red brasses or bronzes are 
gated differently from alum inium  alloys or m an
ganese bronzes, and as th is subject is large and 
would require a vast am ount of detailed descrip
tion, only two different methods will be indi
cated. F ig . 14 shows two castings w ith the ir 
m oulds; the  one on the  r ig h t is poured in 
A dm iralty  gunm etal (88 : 10 : 2), and th a t  on the 
left is a  slip-ring alloy. H ere are two to tally  
different types of runners, b u t in all cases of 
runners, th e  down ru n n er is always made suffi
ciently large to  allow a good stream  of m etal
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F i g . 1 3 .— C o m p l i c a t e d  C a s t  A l u m i n i u m - S i l i c o n  A l l o y  A s s e m b l y ,
ACHIEVED BY W E L D IN G  TOGETHER THE T H R E E  C A ST IN G S  SHOWN T'Jj 
ON THE R IG H T .

i i G .  1 4 . C a s t i n g s  i n  A . G . M .  a n d  S l i p - R i n g  A l l o y , t o g e t h e r  w i t h  
P a t t e r n s  a n d  M o u l d s .
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from the  ladle to  en te r it. This allows the 
tem pera tu re  to be m ain tained  in th a t  portion 
of the runner, and enables the supply of metal 
a t the  correct tem pera tu re  th rough  the ingates. 
Down runners are  made much larger th an  what 
would be th e  practice in  cast iron.

P ractically  every non-ferrous foundrym an has 
made castings in A dm iralty  gunm etal (88 : 10 : 2), 
and has experienced difficulty in m eeting the 
specified physical properties. Table I I  sets out 
the d ifferent te s t results obtained from th is alloy 
which, when exam ined, showed the presence of 
oxides. These bars were poured from one

T a b l e  II .—Physical Tests on Gunmetal (88  : 10 : 2) 
Poured at Different Temperatures from One Crucible 
of Metal.

Bar.
Pouring 
temp. 

Deg. C.

Y.P. 
Tons per 
sq. in.

U.T.S. 
Tons per 
sq. in.

E.
Per

cent.

R.A.
Per

cent.

A 1,200 9.0 17.4 18.6 21.0
B 1,160 9.5 12.2 3.4 4.0
C 1,100 8.9 11.0 4.6 5.0

crucible of m etal. The A bar, poured a t  a  high 
tem pera tu re , would pass the  specification, and 
from th is i t  can probably be said th a t  oxidised 
m etal is be tte r poured a t  a  h igher tem perature 
th an  is th e  usual practice. If , however, castings 
are m ade w ith m etal in th is condition, those 
poured a t  the  la tte r  p a r t of the pour would be 
to tally  unsuitable and on m achining would show 
up various defects.

Pouring  T e m p e ra tu re s
I t  is very im portan t th a t  pyrom eters be used 

constantly. The regu lar use of a reliable pyro
m eter in all non-ferrous foundries is a practice 
which is to  be strongly commended, as by th is 
means one phase of non-ferrous foundry practice 
can be standard ised  and valuable d a ta  obtained. 
One point w ith regard  to  the  fixing of casting 
tem pera tu re  lim its perhaps deserves to  be men
tioned. The generally prevalent idea is th a t  the
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F i g . 1 5 ,— P e r m a n e n t  C a s t - I r o n  D i e , w i t h  A l u m i n i u m - B r o n z e  
D i é - C a s t i n g  a n d  D i f f é r e n t  P i .t j g s .
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heavier the  section of the  casting the lower the 
casting  tem p era tu re  should be, This is not 
a lw ays-stric tly  tru e , as a very im portan t factor 
is being neglected if only th is aspect is con
sidered, and th a t  is, the  distance the m etal has 
to travel to the  fa r th e s t point of the mould. I t  
should be realised th a t  once the m etal has 
entered the  mould the tem pera tu re  falls with 
g rea t rap id ity , so th a t  by the tim e i t  has 
travelled a short distance the tem pera tu re  is 
very different from th a t  of the m etal in the pot.

T a b l e  I I I .—Range and Average Pouring Temperatures 
for Various Types of Metals and Alloys.

Type of casting. Temp, range. Deg. C. Average. Deg. C.
Copper 1,150-1,280 1,160A.G.M..................... 1,090-1,250 1,160Phosphor bronze.. 950-1,160 1,030*Mn-bronze 990-1,080 1,030Al-silicon (7| per cent.) .. 600- 720 620

* According to phosphor-tin content.
Thus, in fixing th e  casting  tem pera tu re , th is 
very im portan t fac to r m ust be taken into con
sideration. The casting  tem peratures used vary 
according to type, size and section of casting. 
They are  set o u t in Table I I I .

Die-Castings
A nother branch of non-ferrous foundry work is 

die-castings. This method of producing castings 
outside the sand-cast field has had a rapid 
grow th during  the  last few years, and as it  
should form the subject for a complete P aper, 
only a very brief description of it  will be given. 
The term  “ die-casting ” covers the  production 
of castings in m etallic moulds with e ither m etal 
or destructib le cores. The moulds may be filled 
by g rav ity , when the  resu ltan t castings are 
known as perm anent-m ould castings, or the m etal 
can be forced in to  a  m etallic mould by 
mechanical pressure w hilst the m etal is in the
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molten or sem i-plastic s ta te . The castings thus 
produced are  usually term ed  pressure d ie-castings. 
P ressure die-castings may be sub-divided in to  
low-pressure and high-pressure castings. I h e  
low m elting-po in t alloys a re  usually  used w ith 
the  low-pressure machines, w hilst brass and 
alum inium  alloys are  used in  th e  h igh-pressure 
machines. Fig- 15 shows th e  cast-iron  m etal 
mould for a perm anent-m ould casting . The cast
ing, which is m ade in an alum inium -bronze alloy, 
can be seen a t  C. The steel plugs fo r th e  various 
holes and faces a re  shown a t  P , and the  ru n n e r 
a t  R .U . The clam ps for holding the  die toge ther

F i g . 17.— M e t h o d s  o f  R u n n i n g  P r e s s u r e - C a s t  
a n d  P e r m a n e n t - M o u l d  D i e - C a s t i n g s .

d u ring  the pouring operation  a re  ind ica ted  by 
CL. The assembled mould is shown in F ig . 16. 
A m an can produce approxim ately  20 castings 
per hour from  such a die, and th e  finish on the  
castings is excellent. C astings m ade in  per
m anent moulds a re  invariably  poured from  th e  
top . In  F ig . 17 is shown a casting  m ade in  a 
perm anent mould, PM , and th e  same design 
made in a plastic pressure die m achine DM. 
Both these castings are  made in brass, ye t they  
are  poured in  d ifferent ways. F ig . 18 shows a 
section of a p lunger m achine, of which th e re  a re  
various types. The use of th is  type  of m achine is
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lim ited to  alloys of a  low m elting-point. As the 
m etal is forced th rough  the  nozzle by means of 
the plunger, i t  can be readily  seen th a t  the wear

and a ttack  on the  surface of the  plunger w ith a 
high m elting-point alloy would soon make it 
stick. Castings w ith a tin , lead or zinc base are
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usually m ade w ith th is  m achine. I f  castings 
made in  zinc-base alloys are  to  be exposed to 
atm ospheric corrosion, i t  is m ost desirable th a t  
zinc of 99.99 per cent, p u rity  be used.

F ig . 19 shows a h igh-pressure m achine for the  
production of castings in  brass or alum inium . 
The m etal, which is placed in the cham ber C 
in a  p lastic sta te , is forced in to  the  steel die D 
by the  p lunger P , a t  a  pressure vary ing  from  500

F i g . 1 9 .— H i g h - P r e s s u r e  P l a s t i c  D i e - C a s t i n g  M a c h i n e .

to  1,750 lbs. per sq. in. The opening of th e  die 
and the  w ithdraw al of the  plugs a re  done by 
mechanical means, whereas w ith th e  perm anen t 
mould all th e  plugs a re  usually  w ithdraw n bv 
hand.

The die-casting process, like any o ther process, 
has its lim itations, and  i t  is advisable to  consult 
an up-to-date die-casting concern before a tte m p t
ing to  design die-castings, as they  have all th e  
necessary d a ta  of th e  various alloys together 
w ith th e ir  lim ita tions of m anu fac tu re .
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The au tho r wishes to  th an k  the M etropolitan- 

Vickers E lectrical Company, L im ited, Trafford 
P a rk , M anchester, for permission to  publish th is 
Paper, and  especially to M r. W. Jolley, super
in tenden t of foundries and patternshop , for his 
advice in its  preparation .

DISCUSSION
On the proposition of Mb. N o r m a n  C o o k , 

seconded by M r . E. J .  L. H o w a r d , a vote of 
thanks was accorded to M r. Phillips for his 
Paper.

Deoxidisers  and Electrical Conductiv ity
M r . H o w a r d ,  who opened the discussion, said 

he had had extensive experience of copper cast
ings, particu larly  for electrical purposes, and 
he had adopted identical methods to those which 
had been m entioned. As had been pointed our 
by the  lecturer, the usual deoxidisers could not 
be used, in view of the conductivity  which was 
demanded. A few years ago a method of de
oxidising copper had been introduced which 
consisted of passing n itrogen th rough  the molten 
m etal. I t  was fa irly  successful, b u t he was 
unaw are to  w hat ex ten t i t  was used. Copper 
castings in which a high conductivity was not 
required could be successfully produced by the 
addition  of about i  per cent, tin , and then 
deoxidising w ith phosphor-copper.

M r . P h i l l i p s  said th a t  the  use of n itrogen, 
referred  to  by Mr. H ow ard, had been practised 
in some cases, b u t personally he did not th in k  
it  was a commercial proposition. I t  was not 
easily m anipulated  in the  foundry as was the 
silicon-copper method.

Crankshaft  W e a r  due to  Leaded-Bronze 
Bearings

M r . R .  A. J o n e s  said he had been troubled  by 
grooves being cu t in to  the crankshaft by leaded- 
bronze bearings, and so w earing i t  out. Could 
a rem edy be suggested? H e was unable to  say 
w hat the  composition was.



Mu. P h i l l i p s  observed th a t  th ere  was a g re a t 
varie ty  of leaded-bronze, and , unless th e  p roduct 
was exam ined, i t  was hard  to  give a reply to  the 
question. The h igher lead con ten ts resu lted  in  a 
softer m ateria l and less liab ility  to  scour shafts. 
In  a  copper-lead-bronze, lead segregation 
occurred unless some add ition , such as a small 
percentage of nickel, ivas m ade to  assist even 
dispersion. P ou rin g  tem p e ra tu re  effects were 
also experienced w ith  leaded-bronze, and  if the 
pouring  tem p era tu re  w ere too h igh, th e re  was a 
liab ility  to  ge t th e  la rg er portion  of th e  lead  a t 
the bottom  of th e  casting . D irectly  opposite th a t  
was a phosphor-bronze; cast a t  high tem p e ra tu re , 
the  t in  was forced o u t a t  the  top.

Making Slip-Ring Castings
Replying to  M r . B r o w n , who asked for fu r th e r 

details regard ing  th e  slip ring  re fe rred  to  in  the  
Paper, M r . P i i i l l i p s  said th a t  th is  was not 
88-10-2 gunm etal, b u t a  slip r in g  alloy which 
contained lead. F or th a t  p a r tic u la r  size, and  for 
ease in  quan tity -p roduction , th e  r in g  had  been 
placed on a  board, b u t if i t  were la rg e r, i t  
would be ru n  from  the  inside, and  chills placed 
on the  o u ts id e ; a bridge ru n n e r  would be used 
to break the  flow of th e  m etal. F o r a small 
ring  there  was a large feeding dow n-runner, and 
th e  ru n n e r on th e  jo in t w ent p a s t th e  in -ru n n er 
on the casting, which allowed any scum to  go 
past, and only th e  clean m etal to  e n te r  the  
mould. As had been s ta ted , chills were placed 
round the  ou ter periphery , these chills being 
ground in one d irection  to  allow any gas which 
collected on the  faces to  escape up th e  furrow s 
or grooves. I t  was im p o rtan t for th e  chills to  
be ground in the  same d irection  as th e  flow of 
the m etal, especially when chilling non-ferrous 
castings.

M anganese-Bronze Liners
In  regard  to  the  m anganese-bronze lin e r, th e re  

was a horn ru n n e r fed from  a channel on the  
middle jo in t of the  castin g ; i t  d id not come in

502
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witli ju s t a point, and thereby create  a squirt, 
but extended downwards in length . A little  slot 
was cu t down from the underside to ensure a 
gradual rise of the m etal, thu s elim inating  
splashing or turbulence.

Sufficient experim ents had no t been carried 
out regard ing  gases absorbed in moulds to  enable 
any definite sta tem en ts to be made. Im mediately 
an infallible guide for detec ting  gas fau lts could 
be found, trouble experienced w ith gases would 
be overcome. Gases absorbed in  the  m elt could 
be caused by steam  from m oisture in the mould. 
A m etal like copper m ight absorb w ater vapour, 
and if copper was being run  into a mould in 
which m oisture was present, th is formed a gas 
which would be readily  absorbed, and conse
quently the casting  would give trouble when 
machined. A po in t which should always be borne 
in m ind when deoxidisers or degasifiers were 
being added to  an alloy was w hether they were 
being added to  remove the  gas, or to  help the 
m etal to absorb the  gas. F or example, a certain  
q u an tity  of sa lt could be dissolved in a glassful 
of w ater, b u t som ething could be added which 
would p rec ip ita te  th e  s a lt;  th a t  could also be 
done w ith molten m etal to  p rec ip ita te  or liberate 
gas. A lternatively , an add ition  could be made 
to the w ater to enable it  to  take  more sa lt into 
solution. W as the  same th ing  being done to the 
allov to assist the  m etal to  absorb or remove the 
gases? These were points which had to be 
thrashed ou t by foundrvm en by experim ents.

Live-Loads and In ter-Crysta l l ine  C orro sion
M i i .  R e y n o l d s , asked if the  lecturer had ever 

used phosphor-copper as a deoxidiser in the case 
of high-conductivity  copper castings; if so, w hat 
were his conclusions as compared w ith silicon- 
copper? The firm w ith which th e  speaker was 
connected used phosphor-copper as it usually gave 
a more fluid m etal, and practically  no difficulty 
was experienced w ith conductivity  providing the 
requisite am ount was used.
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Personally, he adm ired the  large boxed-shaped 

silicon-alum inium  easting , and asked w hat kind 
of core was used—w hether i t  was an oii-sand 
core, or a naturally -bonded  one. D id th e  lec
tu re r  ever find i t  necessary to  use a deoxidiser 
for m anganese-bronze, and had he any experience 
of its behaviour under live-load conditions, th a t  
was, electrical c u rre n t conditions, on exposure 
to  atm osphere? M any alloys, p a rticu la rly  ligh t 
alloys, had  given trouble  u nder a tm ospheric con
ditions w ith live-load by in te r-c ry sta lline  corro
sion, caused usually  th rough  th e  copper- 
alum inium  compound which form ed w ith even 
2 per cent, copper in  alum inium , and  which 
sometimes led to  complete d is in teg ra tio n  of the 
alloy. As there  was alum inium  in m anganese- 
bronze, he would be in terested  to  know of any 
experience the lec tu rer had  had of its behaviour 
under sim ilar conditions. The action  was ta n ta 
m ount to  a galvanic action caused by th e  d if
ference of contraction  betw een th e  two m etals, 
copper and alum inium .

H ad  the  lecturer any experience—experim ental 
or in  general p roduction—of m aking  copper cast
ings by e ith e r th e  g rav ity  or pressurc-die 
met hods ?

Silicon-Copper Advocated
M r.. P h i l l i p s  replied  th a t  he had  had  a little  

experience w ith th e  use of phosphor-copper, 
barium  carbide, and several o ther elem ents for 
reducing gas effects in h igh-conduetiv ity  copper 
castings. H e had  found, however, th a t  to p ro
duce castings hav ing  over 80 per cent, conduc
tiv ity , silicon-copper was th e  m ost sa tisfac to ry . 
W ith phosphor-copper the  reduction  of th e  con
ductiv ity  was too severe, because of th e  quan 
tity  th a t  had to  be used, and  th e re  was more 
trouble from  gas effect d u rin g  m achin ing  than  
there  was w ith  silicon-copper.

1 he casting  referred  to  by M r. R eynolds was 
made w ith an o rd inary  sand core, which was 
made very weak. W ith  alum inium  alloys, cores 
had to  be weak, because th e re  was no t th e  same
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chance of the  core gases escaping as there was 
w ith h igher tem p era tu re  alloys like bronze or 
cast iron . W hen m aking an alum inium  alloy 
U-shaped casting , cast w ith the flange up, the 
vents should always be liberated  from  the  bottom 
of the U-face core so th a t  the  gases could get 
away very quickly from the bottom  faces. 
A lum inium  alloys quickly solidified, and gases 
caused trouble  if they could not escape freely 
and rapidly . Oil-sand cores were used very ex
tensively on a large casting sim ilar to the  one 
referred  to, and to  the same ex ten t as they were 
used in cast iron, or any o ther alloy.

As to  fluxes for m anganese-bronze, and the 
use of deoxidisers, there  was a very large 
am ount of zinc present which was self-acting 
as a deoxidiser. He had no experience of live- 
lcads in atm osphere w ith manganese-bronze. 
A lum inium  alloys d is in teg ra ted  more readily 
under live-loads. H e could not give a g rea t 
deal of inform ation  on live-loads a t  the time, 
bu t he would reply to  any questioner in w riting.

C o p pe r  Die-Castings
No appreciable am ount of success had been 

experienced w ith high-conductivity  copper die- 
castings. As was the  case w ith phosphor-bronze 
die-castings, trouble was caused by gas. An ex
am ination of the skin of a perm anent-m ould 
grav ity  die-casting showed i t  to  be full of holes, 
as though i t  had been poured in a cold d ie ; 
moreover, w ith copper large shrinkage holes 
caused difficulty.

C asting T e m p e ra tu re s  of Si-AI Alloys
Mb. A. H o p  w o o d  asked if the maxim um  cast- 

ing tem p era tu re  of 720 deg. C. for silicon- 
alum inium  covered th e  high-silicon percentages, 
or w hether it  was confined to the  low-silicon 
alloys. H e also asked w hat types of castings 
were cast a t  th a t  tem pera tu re . W ith  regard to 
the ease w ith which scum formed in silicon alloys, 
he would like to  know more regard ing  the cast
ing tem pera tu re , and th e  effect i t  had on the
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form ation of scum from, say, the  poor fo rm ation  
of runners an d  gates. From  w hat li tt le  experi
ence he had had, the  castings showed m ore dross 
form ation when cast a t  the  lower tem p era tu res  
th an  th e  h igher range. M r. Hopwood said  he 
was refe rrin g  to  13 per cen t, silicon alloy.

Casting T e m p e r a tu r e  and R unner  Size
M r . P h i l l i p s  said th a t  when he had  spoken 

abou t th e  m axim um  pouring  tem p e ra tu re  of 720 
deg. C., he im plied castings of norm al size, because 
alum m ium -silicon alloys were sim ilar to  phos
phor-bronzes. In  a phosphor-bronze they  had  a 
definite pouring  tem p era tu re , and  if th e  m etal 
reached a  h igher tem p era tu re , troub le  would 
resu lt. T herefore, th e  size of th e  ru n n e r  was 
increased to  assist in  filling th e  casting , and  the  
same process was used in  regard  , to  a lum inium - 
silicon alloys, irrespective of w hether th e  silicon 
was 13 per cen t., 12 per cen t., 10£ per cen t, or 

per cent. The size of th e  ru n n e r  was in 
creased so th a t  a pouring  tem p e ra tu re  as n ear to 
th e  m inim um  as possible was obtained.

R egard ing  scum in  alum inium  castings, the  
castings were invariab ly  poured a t  th e  bottom , 
and providing th ere  Aas no dam pness o r hardness 
round the ru n n er, and  th e  tem p e ra tu re  was kep t 
a t about 720 deg. C. o r below, he d id  n o t th in k  
any trouble  would occur. I t  m igh t a rise  w ith 
h igher tem pera tu res.

Alkaline Metals and Pinholing
M r. H o p w o o d  had  been to ld  th a t  if  a lkalis 

were p resen t in alum inium  alloys th e re  was no 
pinhole or gas effect. F rom  his own observations, 
he did no t agree w ith th a t .  H ad  M r. P h illips 
any d a ta  on th e  sub jec t?  Also, w hat troub le  
occurred when casting  silicon alloys a t  too high 
tem pera tu res?

E xperim en ts  w ith  S u p e rh ea te d  Light Alloys
Mr . P h i l l i p s  said th a t  if a bar were cas t a t  

too high a tem p era tu re  th e re  would be gas effects 
in the  cen tre  of the  bar, and  a m uch coarser
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g rain  s tru c tu re . The opinion was once held 
th a t  if an alum inium  was m elted a t over 900 deg. 
C. th e  alloy would be spoiled. From  his own 
experience, he could say th a t  these alloys had 
been m elted a t  1,060 deg. C. They were allowed 
to  cool, and in the  cooling stage test-bars were 
made, frac tu red  and exam ined for gas effect. 
As soon as i t  was found th a t  the s truc tu re  had 
no gas effect, then  the men could s ta r t  pouring.

He disagreed w ith the s ta tem en t th a t if there 
were an alkali m etal in alum inium  alloys there  
would not be piuholing. H is experience over a 
num ber of years was th a t  most definitely there 
could be pinholing when alkali m etals were in 
the alum inium -silicon alloy. P inholing resulted 
from various conditions, one being modification 
a t too low a te m p e ra tu re ; the pinholing was 
due to the  gas effect. A nother condition was 
pouring a casting  a t  too high a tem pera tu re , 
as there  was gas in solution. If the runner 
could be ad justed , and the pouring tem pera tu re  
be adap ted  to approach the m inim um, pinholing 
would be avoided. One method in whioh pin
holing was not prevalen t was to  m elt the metal 
and bring  it  to  a very high tem pera tu re , prob
ably 1,060 or 1,070 deg. C., and then  to  modify 
it w ith  the  m ateria l which was used a t  th a t 
tem pera tu re , and  allow i t  to  cool down slowly. 
Samples were taken  in  the  cooling stage, which 
would probably occupy a period of about two 
hours w ith  a cast of m etal of 600 lbs. When 
it  was found th a t  the re  were no gas effects in 
the bar, the  castings could be poured. I t  was 
thus probably a t  the  r ig h t tem pera tu re , and 
he did not th ink  much trouble would be ex
perienced w ith pinholing. Damp moulds, hard 
moulds and cores would also give the piuholing 
effect.

Beryllium -Copper Castings
Mn. E. L o n g d e n  asked if Mr. Phillips had ever 

introduced beryllium  in to  copper. I t  was a very 
expensive m etal, b u t rem arkable results had been 
achieved w ith 2 per cent., up to 70 tons tensile
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tuyeres there  was not the  same difficulty w ith 
electrical conductiv ity , b u t they were oeitainly 
difficult to  cast. In  in troduc ing  phosphorus one 
had to be careful to  use ju s t  as m uch as would 
be practically  e lim inated  in  th e  deoxidising of 
the  copper. " I t  was n o t always possible, how
ever, to  know how much phosphorus to  add 
because of the  absorption of cuprous oxide in 
the m etal. W ith  copper m ix tures, th e  p u res t of 
copper alloy m ust in itia lly  be used to  avoid 
having any need to  deoxidise.

Modification C ond i t io ns
M r. P hillips had  no t given m uch in fo rm ation  

w ith regard  to  the m odification of silicon alloys. 
The tim e of m odification was very im p o rtan t, be
cause of the  v ita l changes which took place d u r
ing the  modification period. I f  th e  tim e  of modi
fication was no t sufficient, they  had poor and  in 
sufficient refining, or if  th e  period of m odifica
tion  was too long, they  had  a reversion to  the 
unmodified conditions. The lec tu re r had  sta ted  
th a t  cores were m ade in  dry  sand ; surely  they 
were in  green sand, no t d ry  sand? A lum inium  
castings were endangered  if m ade in  oil sand, 
since con traction  was too rap id  for the  expulsion 
of the  oil from  th e  core sand, unless th e  castings 
were simple and massive.

M r . P h i l l i p s  replied th a t  dry  sand was used, 
bu t oil-sand cores could be used. M any actually  
were used in  alum inium  alloy work, b u t these 
were made of a very weak and friab le  n a tu re , so 
th a t  there  was no question of th e  b u rn in g  of the  
gas having tim e to  cause any ill-effects. H e had 
not had  experience of beryilium  in  copper, b u t 
he gathered  th a t  a 2 per cent, add ition  certa in ly  
would produce up to  70 tons tensile s tren g th . 
The proposition was very expensive, b u t most 
valuable for th e  foundrym an who w an ted  a  very 
high s tren g th  copper. The add ition  of phos
phorus to  copper in  some instances resembled 
the add ition  of phosphor-tin  to  bronze. Tin 
sweat was created  when a phosphor-bronze was
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cast a t  a h igher tem p era tu re  than  was normal. 
If , however, the same percentage of tin  and 
copper was cast a t  the same tem pera tu re , tin  
sweat did not resu lt. Therefore, tin  sweat could 
be traced  definitely to  the  action of the phos
phorus in  the  m etal. W hen cast iron was cast 
in a chill of, say, 2 |  in. d iam eter, there  was a 
squeezing ou t of the phosphide eu tectic in the 
centre, which occurred when there  was a partia l 
solidification of the  casting. The squeezing out 
of tin  in a phosphor-bronze occurred in  a sim ilar 
m anner. Phosphor-copper added to  molten copper 
for high-conductivity  castings lowered the  con
ductiv ity  more th an  silicon-copper. B e tte r re 
sults were obtained by using silicon-copper than  
phosphor-copper, for the  reason th a t  phosphorus 
had such a delayed action when the  m aterial was 
so lid ify ing ; i t  was fa r  b e tte r  to  have something 
which had not th a t  action, if a sound casting was 
required for m achining.

Modifying Al-Si Alloys
The first of several methods of modifying 

alum inium -silicon alloys was the  fluoride method, 
which consisted in throw ing potassium  fluoride 
salts on the  top of the molten m etal a t  a tem 
pera tu re  of about 900 deg. C., and allowing 
the action to take  place. In  a second method, 
metallic sodium was used, and a small quan tity  
was p u t in a m etal cup and plunged into the 
m e ta l; th is  was sufficient to a lte r a coarse struc
tu re  to one which gave an excellent bend test. 
Additionally, sodium hydroxide could be added in 
a sim ilar way to  potassium fluoride, or again 
sodium carbonate—a la te r method requ iring  a 
higher tem pera tu re , the  m etal having to  be 
heated up to  about 1,060 deg. C. W hen the 
m etal was covered w ith the flux there  was a 
violent reaction, and a bu rn ing  of the sodium. 
This reaction gave the  m etal the  essential fine
grained s tru c tu re  illu s tra ted  by one of the micro- 
structures shown in  the  Paiper.

Mr. Longden had referred  to  reversion. If 
the alloy was held too long a fte r  i t  had been
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modified it  would rev ert to  an Unmodified s tru c 
tu re . Im m ediately  the  correct tem p e ra tu re  was 
a tta in ed  the easting  should be poured.

Use of C harcoal in Crucib le  P ract ice
Mb . A. J ackson said th a t  th e  two essentials 

in  the  non-ferrous foundry  were correct m elting  
and tem p era tu re  control. The m ethod of cover
ing th e  m etal w ith  charcoal was very old. H e 
was recently  in terested  to  lea rn  th e re  were th ree  
ways in  which charcoal could be in troduced . I t  
m ight be p referable to  p u t th e  charcoal in  the  
bottom  of the  crucible, and  when th e  m eta l above 
m elted, i t  would pass th rough  th e  chaTcoal in  the  
same way th a t  the  iron  passed th rough  th e  coke 
and slag in the  cupola. The second m ethod was 
to sandwich i t  cen trally , and  th e  th ird  was to  
leave the  charcoal u n til all the  m etal was in  the 
crucible. Of th e  th ree  m ethods, could M r. 
Phillips say which was the  best? The first 
method had been strongly recom mended for m an
ganese-bronze, b u t was found to  be unsu itab le  
for alum inium -bronze.

R ecently, he knew of a case where a  gunm etal 
bush, 6 in. long, in. in  d iam eter, and  i  in. 
th ick , had been re tu rn ed . I t  was m ade in  two 
halves, b u t he could no t say how i t  was ru n , 
because the  ends had been ground. A curious 
fea tu re  was th a t  a wedge-shaped p a r t  of the  
casting  was of iron. This p a r t  was the  full 
thickness of the  casting , 1 in. wide a t th e  end, 
3 in. in length , and tap e rin g  to  a po in t. The 
iron appeared to  have segregated , ye t th e  bond 
with th e  gunm etal was perfect. H e im agined 
th a t  th e  mould had been cast ti lte d  and  th e  iron 
had separated  ou t when the  casting  was poured. 
W as th is  a n a tu ra l phenom enon, when too much 
iron was p resen t in  gunm eta l?

Dangers  from  W ro n g  Use of Charcoa l
Mr . PHTLLirs said  charcoal was n o t used by 

itse lf for a covering flux in  m angan ese-b ron ze: 
in the foundry w ith  which he was associated  
charcoal m ixed w ith  borax, sa lt and ground glass
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was used, so as to  form  a slag and a covering for 
the top of the bronze. F or copper, as he had 
previously said, charcoal should not be p u t a t 
the bottom  of a highly-heated crucible. Charcoal 
was able to  absorb about 10 per cent, of moisture, 
which would probably be given off as w ater 
vapour, and the m etal would absorb th a t  vapour. 
When m elting in  a crucible, i t  was best to  place 
the charcoal on th e  top of the  metal.

Iron in G unm eta l
R egard ing  the  question of a wedge of iron in 

the gunm etal castings, th is was quite  easily done, 
[f th e re  were some iron in the scrap when the 
m etal was being re-m elted, i t  would no t dis
solve in  th e  brass or th e  g u n m e ta l; i t  would re 
m ain undissolved and would form the wedge. H e 
had known cases where bolts had been made from 
scrap brass. The bolts looked satisfactory , b u t 
one or two snapped like carro ts, because beneath 
the outside skin of brass there  was a core of 
iron in th e  centre. Much difficulty was experi
enced in m ixing iron and brass, and the  iron 
was usually added as ferro-zinc or ferro- 
h a rd e n e r; otherwise i t  would not go in to  the 
solution, b u t would rem ain as a separate  metal.

R eferring  to  the g raph  (F ig. 3), M r. Phillips 
gave the following explanation , using as an 
example the follow ing: —

3.5 per cent. Mn Mn — 2 — 1.75
1.0 „ Fe Fe -  1.00
2.5 „ Al Al x  2 -  5.00

35.0 „ Zn Zn -  35.00

Remainder Cu Total 42.75 Zn equivalent

F rom  th e  g raph  th is gave 42 tons u ltim ate  
tensile stren g th  and 28 per cent, elongation, and 
ju s t over 30 per cent, alpha struc tu re . I f  the 
tonnage be divided by 0.22, i t  gave approxi
m ately 190, which gave the Brinell num ber. 
The Brinell hardness increased progressively in 
a m anner sim ilar to  the  tensile streng th .
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NATURALLY-BONDED OR SY NTHETIC 
M OULDING S A N D ?*

By A. TIPPER, B.Sc. (M em ber)
One very im p o rtan t aspect of th e  progress 

in the  m echanisation of foundry  operations is 
the p lann ing  or perhaps th e  re-o rgan isa tion  of 
foundries, and  i t  is th o u g h t th a t  those men 
on whom th is responsibility  falls canno t neglect 
th e  question of sand. W h a t type  of sand  is 
to  be used? W hich will be m ost econom ical? 
Which will give a m inim um  of scrap castings? 
Andl so on. The possible field includes green- 
sand, dry-sand or oil-sand m oulding, b u t the 
m ain choice really lies between naturally -bonded  
and synthetic sands.

To some ex ten t th e  decision will depend on 
the p a rticu la r circum stances of th e  foundry , b u t 
an endeavour will be m ade to  show, in  th is  
P ap er, w hat is actually  being done in  various 
B ritish  foundries to-day, both w ith  n a tu ra l and 
synthetic sands, in  the  hope th a t  th is  in fo rm a
tion  will assist those whose ideas on th e  sub
jec t a re  still vague, in  any decision they  may 
have to make.

So m any P apers dealing w ith  sands a re  now 
appearing  both abroad and  in  th is  coun try  th a t  
i t  is difficult to  keep up-to -date  w ith  published 
work. F o r those particu la rly  in te rested  in  syn
the tic  sands a. short lis t of con tribu tions to  th is 
subject which have appeared  w ith in  th e  past 
12 m onths o r so has been draw n up  fo r re 
ference. I t  is considered, however, th a t  one Can 
still look back w ith pride to  th e  P a p e r  given 
to the In s titu te  in 1933 by Sheehan (“  R ecen t

* The author was awarded a Diploma for this Paper.
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Developments in B ritish  Synthetic M oulding 
Sand P rac tice  ” ), as an ou ts tand ing  con tri
bution on the  subject. In  th a t  P ap e r M r. 
Sheehan d ea lt w ith his own p a rticu la r problems 
as typ ical of th e  day. T h a t was more than  
th ree  years ago, and since then  o ther foundry- 
men in  th is  country  have been confronted with 
somewhat sim ilar problems. Such problems in 
clude th e  dem and of th e  engineer for castings 
w ith  narrow er lim its of accuracy, sm aller 
m achining allowances and g rea te r uniform ity , 
and a  n a tu ra l desire for lower scrap losses and 
g rea te r ou tp u t. These problems can be solved, 
and are  being solved, though not always in  the 
same way.

A m erican  Practice
In  America, the  home of synthetic-sand prac

tice, most steel, iron and  m alleable iron foun
dries use a syn thetic  sand. This is in  p a r t  due 
to  th e  lack of good deposits of n a tu ra l moulding 
sands, which no doubt fostered the  early  growth 
of synthetic-sand practice, b u t the  successful 
and continued use of th is sand argues well for 
the su itab ility  of such sands in  general. As in 
th is country, cost is a prim e factor, and local 
gands are  used if possible to  avoid fre igh t 
charges.

The au th o r has been able to  obtain  a few 
details of th e  cost of sands in America (set 
ou t la te r) which show th a t  the  difference be
tween th e  two countries is not very g rea t, ex
cept th a t  silica sands in  America are nearly 
as cheap a s  o u r m oulding sands. N on-ferrous 
foundries in  Am erica use m ainly n a tu ra l bonded 
sands if  ob tainable locally. W ith  the in tro 
duction of A m erican methods of production, 
m echanisation of foundries and th e  employment 
of semi-skilled labour, sand control became very 
necessary in  order to  obtain  consistent results, 
and in  th e  search fo r fu r th e r  im provem ents 
synthetic sands were tr ied .

How fa r  these have proved successful in  cer
ta in  B ritish  foundries has already been sta teds
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in  P apers to  th e  In s ti tu te  by F . H udson,
J .  J .  Sheehan, H . H . Shepherd, and  T. R. 
W alker. N a tu ra lly , changes of th is  so rt a re  
ra th e r  slow, fo r it  is only when some big change 
or developm ent takes place in  a foundry  or 
serious trouble  is encountered  w ith  sand th a t  an 
a lte ra tio n  is visualised.

In  th is  country , as f a r  as can  be ga thered , 
th e re  are  roughly between 2,700 and  3,000 
foundry  concerns (including steel, ca s t iron , 
m alleable and  non-ferrous). Of these ap p ro x i
m ately 30, o r 1 per cen t., a re  using  syn thetic- 
sand practice, e ith e r wholly o r in  some section 
of the  foundry . A dditionally  th e re  a re  two 
foundries using cem ent-bonded sand.

C o n s t i tu t io n  of  Sand
By synthetic  sand  is m ean t a  m oulding sand 

b u ilt up  from  a  selected silica sand o r o ther 
sand and a  suitab le  bonding agen t. The th ree  
m ain constituen ts of a m oulding sand a re  (1) 
th e  sand  grains, (2) th e  bonding m ateria l, and 
(3) m oisture. All th ree  a re  of p rim ary  im 
portance 'in determ in ing  th e  ch arac te ris tics  of 
th e  sand, b u t w hereas w ith  n a tu ra l  m oulding 
sands one can contro l and  a d ju s t to  some ex
te n t  item s (2) and (3), w ith  syn thetic  sands all 
th ree  constituen ts are carefu lly  selected to  give 
th e  desired properties, and are  controlled w ith in  
fa irly  close lim its.

Sand Grains
Everyone is fam ilia r w ith  th e  ty p e  of sand 

gra ins (F ig . 1) found in sea sand o r  o th e r bond- 
less silica sands, which have been scrubbed free 
of o ther m ineral m a tte r  by w ater and  w ind ac
tion , becoming in th e  process m ore o r less 
rounded and worn. I n  n a tu ra l bonded sands 
these g rains also m ake up  perhaps 90 per cen t, 
of the  sand, th e  rem ain ing  10 per cen t, being 
composed of d is in teg ra ted  m inera l m a tte r , asso
ciated  w ith  th e  qu a rtz  o r silica g ra ins. These 
gra ins (F ig . 2) form  th e  porous s tru c tu re  of th e  
sand and, according to  th e ir  size, shape and  sur-
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F i g . 1 .— T y p i c a l  M i c r o s t r u c t u r e  o f  
B o n d l e s s  S a n d .

F i g . 2 . — M i c r o s t r u c t u k e  o f  N a t u r a l l y -
B o n d e d  S a n d . s  2
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face condition, determ ine th e  perm eability  and 
m ateria lly  affect th e  m oulding properties of the

The sand g ra in s  from  n a tu ra l m oulding sands 
are  no t usually  rounded or worn to  an y th in g  like 
the same ex ten t as w ith a sea, r iv e r  o r desert 
sand, w hilst th e ir  g rad ing  or size is m uch more 
varied , i.e ., n o t classified.

F i g .  3 . — M t c n o s t u t j c t u k e  o r  a n  
I r r e g u l a r - G r a i n e d  S a n d .

W hen exam ining a  sand, a  p ic tu re  is formed 
of th e  d is tribu tion  of th e  various sizes of g ra in s 
from  th e  resu lts of a  sieve te s t. This is a  very 
im p o rtan t te s t, and  i t  has now been agreed  both 
by th e  Iron  and  Steel In s t i tu te  M oulding 
M ateria ls Sub-Com m ittee, and  th e  In s t i tu te  of 
B ritish  Foundrym en Sands C om m ittee to  s ta n 
dardise on a series of sieves. These a re  th e
B .S.S . Nos. 8, 10, 16, 22, 30, 44, 60, 100, 150, 
200 and 300. I t  is know n th a t  th e  perm e
ability  of a sand decreases as th e  size of g ra in s



Ta
bl

e 
I.—

Gr
ad

in
g 

of 
N

at
ur

al
 

Bo
nd

ed
 

M
ou

ld
in

g 
Sa

nd
s. 

Si
ev

e 
Te

sts
 

on 
W

as
he

d 
Sa

nd
s 

(C
lay

 
F

re
e)

.

517

Bl
an

ks
hir

e 
fac

ing
 s

an
d.*

(NWfNiniMCOCOH CO 
l-H<X>t^CiCOCO<N(N Od^  M H H r—1

W
olv

erh
am

p
ton 

red
.

05 (M CO O N N lO CO 
l(NCO'-Hp-HCOI>TtlCO Oi—H r—1

W
om

bo
urn

e
red

. O C C ^ iM ® h h o  05 
I^HC005C0Tiît>05t^ (>(N

Mi
dla

nd
red

. OWMHCOI>COIO i-H 
H O CO 00 1C -H O Tji lOi“H rH i—H r-H

Br
om

sgr
ov

e
red

. (MCO(MOIO0(M^ f-H 
l-HlOO5^^CO<M00 r-Hr-H1 Od 1—I i—1 I—H

Ma
nsf

iel
d

red
. 0 0 5 0 0 t- l> 0 q 0 5 0  lO 

—HH(McO(Nt>cOOO o<N <M l-H r-t

Ty
pe 

of 
san

d.

Per
 c

ent
, r

em
ain

s 
on

—-
 

30 
me

sh 
40 

„
60 

„
80 

„
100 

„

120 
„

150 
„

200
 

„
Pas

ses
 2

00 
me

sh 
Cla

y, 
per

 
cen

t. 
(A

.F.
A.

 
me

tho
d)



518
decreases, and th a t  as th e  size of g ra in s decreases 
th e  surface a rea  of g ra in s in  a given volume of 
sand increases, so affecting th e  bond o r s t r e n g th ; 
b u t i t  is probably n o t realised to  w hat a m arked  
ex te n t th e  d is trib u tio n  of various sized g ra in s 
affects the  p roperties of th e  sand. This has been 
clearly shown by an A m erican co n trib u to r, M r.
G. K . Eggleston, in  a recen t P a p e r  on “  Non- 
F errous S ands.”

T aking a  sand consisting of all 40-mesh g ra in  
w ith a perm eability  of 500 A .F .A ., and  a  second 
sand consisting of all 270-mesh g ra in  w ith  a per
m eability  of 40 A .F .A ., th e  add itio n  of 10 per 
cent, of th e  270-mesh m a te ria l to  th e  40-mesh 
g ra in  reduces th e  perm eability  to  100, an d  the  
add ition  of 15 per cent, of a  140-mesh m a te ria l to  
the  40-mesh reduces th e  perm eability  to  150i To 
compare w ith  these figures, th e  perm eab ility  of 
cores m ade from  S ou th p o rt sea sand  is 140 
A .F .A .; K in g ’s L ynn sand, 165 A .F .A ., and 
R yarsh  silica sand, 60 A .F.A.

O th e r  C ard ina l  Poin ts
The surface condition  of the g ra in s  which, 

toge ther w ith th e  surface a rea , affects p a rtic u 
larly  th e  bonding properties or s tre n g th  of the  
sand (F ig . 3), and  the expansion  ch ara c ter is tic s , 
are  particu larly  im portan t. Since one can regard  
all sand g ra in s as hav ing  approxim ately  th e  same 
expansion characteristics, th e  difference in  beha
viour of a  mould when sub jec t to  h e a t depends on 
such factors as the  density  of th e  mould ( i.e .,  
packing of th e  grains), and  th e  presence of 
m ateria ls which will give way or afford room for 
the  increased volume of th e  q u a rtz  g ra in s , so 
avoiding buckling or d is to rtion  of th e  mould 
face. Obviously, when a sand is m ade u p  of a 
g rea t varie ty  of sizes of g ra in s or a  h igh pro
portion of fine grains, th e  effect of expansion is 
more difficult to overcome.

A t th is po in t i t  is ap p ro p ria te  to  com pare 
the  g ra in  size and d is trib u tio n  of typ ica l n a tu ra l 
bonded m oulding sands w ith those sands used in 
synthetic-sand m ix tu res. U n til recen tly  th e
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n a tu ra l bonded sands w ere ohosen as a re su lt of 
practical tr ia ls  from deposits of widely d iffering  
types—in Scotland th e  ro tte n  rock sa n d s , in  
N orthern  E ngland  th e  yellow sands of Y orkshire 
o r red  sand from  W orksop o r M ansfie ld , in  the  
M idlands one of th e  num erous B u n te r red  sands, 
and  in  th e  South  th e  lig h t yellow or grey loamy 
sands of London or S outham pton  d is tric ts . E ach 
p a rticu la r type has ce rta in  fea tu res  of its  own, 
although th e re  is a general sim ilarity  between 
all red m oulding sands which m akes them  of 
general use, except fo r steel m oulding, all over 
the  country.

In  a recen t questionnaire  issued by th e  In s ti
tu te ’s Sands C om m ittee, red  sands w ere used in 
35 out of th e  84 facing m ix tu res exam ined. 
These include m ix tu res fo r cast iron , non-ferrous 
and  malleable work.

Table I  gives details of sieve te s ts  m ade on a 
num ber of n a tu ra lly  bonded sands used in  M id
land iron foundries for green-sand m oulding. 
N ote particu la rly  the  way in  which the  g ra in s are 
spread over the  whole range of sieves from  60 
to  200, w ith  considerable percen tage  passing 200 
mesh. ( I t  should be m entioned th a t  all th e  
te s t resu lts shown have been m ade on Tyler IM M  
stan d ard  sieves, and  should no t be confused w ith 
the  new B ritish  s tan d a rd  sieve sizes.)

Compare now the  g rad ing  of silica sands used 
as th e  basis of syn thetic-sand m ix tu res  used in 
th is country  (Table I I ) .  I t  will be noted  how 
the  bulk of g rains in  each sand occurs between 
two or th ree  sieve sizes, ^and th a t ,  a p a r t  from 
R yarsh, they  are  all graded  betw een th e  60 to 
120 sieves. The S i0 2 con ten t varies from  97 to
99.5 per cent.

Before a rriv in g  a t  any  conclusion, a considera
tion  of th e  o ther two components of th e  sands as 
used is w orth while.

Bonding M ater ia l
The n a tu ra l bonding m a te ria l of sands is 

formed by clays of vary ing  com position and 
physical properties, toge ther w ith  o ther m ineral
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m atte r, such as lim onite (hydra ted  iron  oxide), 
which is o ften  p resen t, adhering  to , or coating  
th e  partic les of clay and  q u a rtz  g rains. The pro
portion  of bonding m a te ria l p resen t in  a deposit 
of m oulding sand varies considerably, b u t the  
sand can be graded  to  give a fa irly  un iform  
am ount of bonding m ate ria l, and  some of th e  
best deposits show su rp ris ing ly  li tt le  varia tion  
over long periods, as shown by th e  sieve te s t and 
clay con ten t.

R ecent investigations of th e  physical and 
chemical p roperties of bonding clays, bo th  in 
America and in th is country , by th e  B .C .I.R .A . 
have shown th a t  much depends on both  the  
chemical n a tu re  and th e  physical characteristics 
of th e  m inerals in  the  bonding substanoe.

To sum m arise briefly, the  conclusions a re  as 
follows : —

The green s tre n g th  of a m oulding sand, a p a r t  
from  such factors as g ra in  size, m oisture , m ill
ing and percentage of bond, is dependen t on th e  
partic le  size of th e  bond.

The d ry  s tren g th  is dependent on bo th  chem i
cal and physical p roperties of th e  bond and  can 
be correlated  w ith th e  base exchange value of 
th e  sand. This value expresses th e  ab ility  of 
th e  sand  o r o ther m a te ria l to  hold e ith e r  basic 
or acid ions* on th e ir  surface. Owing to  the  
g re a t surface area  of ben ton ite , th is  p roperty  
can  be increased or decreased by th e  ad d itio n  of 
alkalis o r acids, f

The life  o r p roperty  of th e  bonding substance 
to  be rehyd ra ted  a fte r  exposure to  elevated  tem 
pera tu res (so recovering its  p lastic ity ) varies 
w ith the  type of m inerals p resen t in  th e  bond
ing substance.

The bonding substances can be roughly 
divided in to  th ree  g ro u p s : —

(1) B en to n ite  C lays. H e re  th e  pa rtic le  size 
is less th a n  1 m icron d iam eter, which is ex-

* Atoms or molecular groups of atoms carrying a charge o f  
electricity.

t  The addition of small proportion (0-5 per cent.) alkali to  a 
dispersion of bentonite in water, m aterially  increases its  viscosity.
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trem ely small. The green  ¡bonding value is very 
high, th e  base exchange value being 100. I ts  
chief con stitu en t is m ontm orillonite, th a t  is a 
hydrated  a lum inium  silicate. I t s  life is very 
good, reh y d ra tio n  ta k in g  place up to  540 deg. 
C., w hilst the  refractoriness is fa irly  good, being 
of the  order of 1,300 deg. C.

(2) K a o lin ite  C lay Su bstan ce  (in c lu d in g  
silicious clays). The chief co n stitu en t of 
kaolin or china clay ty p e  is h j-drated  alum ino- 
silicate, which is also th e  co n stitu en t of m any 
plastic clays an d  fireclays. I ts  p artic le  size 
varies widely, reach ing  u p  to  20 m icrons. The 
green bond varies, an d  m ay be im proved w ith 
continued use owing to  subdivision of clay p a r
ticles. The re frac to riness is very  h igh, b u t 
varies up  to  1,650 deg. C. I t s  life  is only fa irly  
good, rehydra tion  tak in g  place up  to  426 deg. C.

(3) L im o n ite  o r hyd ra ted  iron  oxide m ay be 
ferrous or fe rric , b u t generally  is g iven the 
form ula of 2Fe20 3 . 3H 20 . I t  occurs as a  coat
ing o r s ta in in g  on gra ins b u t i t  can  also occur 
in a colloidal form, and gives im proved green 
and dry  s tren g th  in  th e  presence of o th e r plas
tic  bonding clays. I t s  re frac to riness  is  com
paratively  low owing to  fluxing effect of iron 
oxide w ith  silica form ing a  ferrous silicate  slag. 
I ts  life  is poor and reh y d ra tio n  takes place up 
to approxim ately  180 deg. C.

Expansion C ha rac te r is t ic s
The expansion ch aracteristics of clays vary. 

Some clays begin to  co n trac t a t  h igh tem p era 
tu re  and so may cause fa ilu re  of a mould face. 
In  B ritish  sands, th e  bonding substance is o ften  
a m ix tu re  of types 2 and 3, though  th e  exact 
m ineral n a tu re  is very difficult to  iden tify . 
W ith  a few exceptions th e  bond of these sands 
is no t sufficiently re frac to ry  for steel m oulding 
p rac tic e ; hence the  use of C on tinen ta l sands and 
“ compo ”  m ixtures.

However, there  a re  a few B ritish  deposits of 
clays which a re  both  re frac to ry  and  sufficiently 
plastic to  a c t as bonds in  syn thetic  sand  m ix

524
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tures. These are the  ball clays or plastic clays 
occurring in  th e  South of E ngland, to  a very 
lim ited ex ten t. The chief available bonding 
substance w ith  one exception is the im ported 
American ben ton ite  (sold under trad e  names).

The use of such substances w ith very high 
bonding properties and good life enables most 
economical proportions to  be used in  synthetic 
m ixtures, a t  th e  same tim e developing equal or 
h igher bonds th a n  obtained from n a tu ra l sands. 
In  Table I I I  p a rticu la rs  have been tabu la ted  
of a num ber of facing  sand m ixtures, using 
natu ra lly  bonded sands, as used in  the M id
lands for a varie ty  of work in cast iron. N ote 
the physical characteristics of these sands. The 
m oisture is roughly 5.5 to  6.5 per c e n t. ; the  
green bond 5.0 lbs. and th e  perm eability  20 to 
40 A .F .A . N ote also the  wide varia tion  in 
proportion  of new sand used in  these m ixtures.

W hen com paring n a tu ra lly  bonded sands used 
in various p a rts  of the country, one is impressed 
by the  trem endous varia tions both in  propor
tions of new sand to  old, and also in the  physical 
properties of th e  m ixtures, as is shown in  Table 
IY . I t  is obvious th a t  the  satisfactory  results 
obtained can only be a ttr ib u ted  to  the  skill and 
local experience of the  moulders w ith th a t p ar
ticu la r m ix ture. Any a ttem p t to  standardise 
procedure w ith  such a varie ty  of m ixtures would 
be disastrous.

Synthetic  Sands
E xam ining th e  types of synthetic sand mix

tu res being used in  th is  country and the ir 
properties, details of ac tua l m ixtures in  use 
for various green  saind work in cast iron, to
gether w ith  th e ir  chief properties, a re  set out 
in  Table V. The ou ts tand ing  differences in 
properties between these m ixtures and those 
given in  Table I I I  a re  th e  m oisture content 
only 3 to  3.5 per cen t., and  perm eability 
much h igher a t  60 to  75, w hilst the  green bond 
a t 6 to  8 lbs. per sq. in. is also somewhat 
higher. Two of these m ixtures are  from
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m echanised casting  p lan ts and the  very 
economical proportions of new bonding m ateria l 
added should be noted.

I t  should be borne in  m ind, th a t  in any sand 
m ix ture , th e  p rep ara tio n  of the sand by mill
ing is m ost im portan t to  secure proper d is tri
bution of th e  bond, w ith consequent economy 
in  am ount of bonding m aterials required to  
produce certa in  results. I t  is a fact, m entioned 
by Shepherd in his P ap e r las t year, th a t  the 
green s tren g th  of m any m ixtures can be raised 
considerably by add itional milling w ithout 
serious de trim en t to  o ther physical properties. 
This applies particu la rly  to  th e  mechanised p lan t 
where th e  m illing tim e is cu t down to a m ini
mum in  order to  obtain  th e  required o u tp u t of 
sand, and  fo r th is  reason i t  is usually neces
sary to  commence operations w ith a  higher 
proportion  of bonding clay to  sand than  
theoretically  necessary, and  gradually  reduce 
the add itions a f te r  the  m ix tu re  has been in  use 
for a short tim e. The sam e also applies to  a 
n a tu ra l bonded sand on a  continuous system.

There a re  a t  least two foundries where the 
in troduction  of modern sand prepara tion  plants 
resulted  in the  complete elim ination  of any new 
sand additions fo r a t  least 12 m onths owing 
to  the b e tte r  u tilisa tion  of the available bond, 
and w ith the  add ition  of coal dust, b u rn t sand 
or core sand being added to  m ake up bulk.

M oisture
Now to  consider th e  th ird  constituent— 

m oisture. The presence of m oisture is neces
sary in  both  n a tu ra l and synthetic bonded sands 
where a  m ineral bonding substance is used. 
I t  is p resen t both in the  combined form  as p a rt 
of th e  bonding m inerals, which depend for the ir 
p lastic ity  on th is  combined w ater, and also 
as free o r excess w ate r held mechanically on 
the  surfaces of th e  sand grains o r absorbed by 
the  s ilt and clay. This excess of free w ater 
assists in  th e  effective d is tribu tion  of the  bond 
over the  sand grains, bu t i t  is the  first to  be 
converted to  steam  on the  application  of heat.



This takes place very rap id ly  when m olten 
m etal comes in  con tac t w ith  th e  sand, and  for 
th is  reason, m oisture added to  tem per th e  
sand e ith e r in  excess or n o t properly  d is trib u ted  
leads to  trouble.

The combined effect of th e  bond and m oisture 
is to  im p a rt p lastic ity  (or “  deform ation  ”  as 
the Am ericans call it) ,  and  coherence betw een 
th e  sand grains. There is an  op tim um  mois
tu re  con ten t for any sand  m ix tu re  a t  which 
its  s tren g th  is a t  a  m axim um  value. This can 
be readily  determ ined by experim en t (see Table 
V I and F ig . 4).
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T a b l e  V I.— Variation in Properties of Sands with 
Moisture, per cent.

Sand.
Mois
ture.
Per
cent.

Green
com
press.
Lbs.

Green
perm.

A.F.A.

Dry
com
press.
Lbs.

R.D.

f 4.4 6.2 28.1 47.0 —

No. 1 ■{ 5.5 7.1 23.3 73.0 -—
\ 6.5 6.8 26.8 106.0 —

r 5.0 5.1 65.0 44.0 1.45
5.5 5.4 59.0 — 1.45i\0. Z < 6.2 5.9 56.0 88.5 1.45

I 6.5 7.0 33.0 — 1.65

W hether th e  sand in  p rac tice  is used a t  th is  
optim um  m oisture percen tage will depend on 
several factors, such as th e  available bond, g ra in  
size, m ethod of m oulding, etc. F o r exam ple, a 
heavily-bonded fine-grained sand will usually  be 
worked w ith  a lower m oisture  co n ten t th a n  o p ti
mum , in  order to  avoid too p lastic  a m ix tu re . 
No. 2 of Table V I is an exam ple of th is , th e  
w orking m oisture con ten t being in  th e  reg ion  of
5.5 to  6.0 per cent. T his is a very  usual figure 
for n a tu ra l m oulding sand m ix tu res  fo r green  
sand work, as will be observed from  tab u la ted  
details a lready given, w hilst w ith  syn the tic  sand 
practice, th e  m oisture is usually  around  3 per 
cent. This is p a rtia lly  accounted fo r by th e  
sm aller surface area  of sand, and  p a rticu la rly  by 
the absence of s ilt or in e r t bond.
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Owing to  th e  much higher perm eability and 

composition of these sands, the  loss of m oisture 
during  handling of the  sand is more rap id  than  
w ith n a tu ra lly  bonded sands. This becomes a 
serious problem in  m echanised systems where the 
tem pera tu re  of th e  sand rises to  a dangerously 
high level a f te r  a few hours unless special 
methods are  adopted  for cooling the  sand in  the 
system.

In  retem pering , the best m ethod for a mecha
nised system is to  add th e  g rea te r p a r t of the

F i g . 4 .— P r o p e r t i e s  o f  S a n d s  M o d i f i e d  b v  
M o i s t u r e  C o n t e n t .

required  w ater to  the  sand as early as possible 
in the  cycle, in  order to  allow as much tem per
ing tim e as possible, a t  the same tim e reducing 
the sand tem pera tu re , and only the final ad ju s t
m ent made a t  th e  mill of, say, the  last 0.5 per 
cent.

The loss of m oisture can be reduced by the 
incorporation in  the  sand of such agents as 
glycerine and calcium or m agnesium  chloride, 
bu t m oisture control is still one of the big 
problems in  opera ting  such plants. Recently in 
America the  addition  of fuel oil has been tr ied , 
to replace p a r t  of the  coal dust addition , and it  
is s ta ted  th a t  th is  enables a lower m oisture con
te n t to  be used w ith  consequent less trouble in 
drying out.
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The m oisture con ten t in  such sands should not 

vary by more th a n  J  per cent, up or down for 
sa tisfactory  results, and , according to  D ie te r t, 
the  correct am ount of tem pering  m oisture  can 
be calculated for any sand from  th e  following 
form ula : —

Per cent, moisture required
Fines Green compression

= --------- (- 6 . 7   ------------
20 5

Where fines =  percentage of sand grains retained 
on (200, 270 and Pan) in the Screen Test.

A s examples.—Take, say, No. 2 M ixture of Table I.

Moisture =  ( ™ +  6 • ̂  — 1 ) =  7.2.

For synthetic  sands, however, th e  resu lts appear 
too high.

The foregoing rem arks and  the  m ix tu res given 
apply particu la rly  to  cast iron  founding , b u t 
since synthetic  sands a re  in  use fo r steel, m al
leable and non-ferrous castings, a  few rem arks 
and details of such m ix tu res will n o t be o u t of 
place.

Steel Moulding Sands
F or steel castings, green sand and d ry  sand 

m oulding is p ra c tise d ; th e  d ry  sand is often  
bonded w ith  an organic or oil b inder, using a 
pure silica sand, w ith or w ithou t ben ton ite . 
Compo may also be classed as a syn thetic  m ould
ing m ateria l, and cem ent sand m ix tu res  a re  th e  
la te s t innovation for steel-casting moulds.

T ypical S te e l M ou ld in g  Sands  of th e  G reen sand 
variety are :—

(I) 75 per cent. Old sand. (II) 84 per cent. Old 
25 per cent. K ing’s sand.

Lynn silica. 15 per cent. Belgian.
1.5 per cent. Benton- 0 .5  per cent. B enton

ite- ite.
0 .25 per cent. Core 5 per cent. M oisture.

gum.
Moisture, 3 to  4 per 

cent.
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N on-Ferrous  Moulding Sands

In  the  non-ferrous foundry , though the 
natu ra lly  bonded sands are  particu larly  suited 
for m ost classes of work, the re  are  a few in 
stances in  which synthetic  moulding sands have 
been called in to  service. F or example, in the 
casting  of E lek tron  o r o ther magnesium -alum i- 
nium  alloys, a silica base sand is in  general use, 
bonded w ith benton ite , Colbond or an organic 
binder.

The production of special motor and aero en
gine castings of complicated form in both fe r
rous and non-ferrous m etals is carried  ou t in 
dry  sand or oil sand moulds and cores prepared 
w ith m ixtures of silica sand and a proportion of 
naturally-bonded sand.

Typical D ry sand Facing Sand  (Motor Cylinder) :—
10 Shovels . . . .  Old dry  sand (crushed).
4 Shovels . . . . Old floor sand.*
1 Q uart . . . . Coal dust.
1 Q uart . . . .  Colbond.
1 Q uart . .  . .  Bondol.
Moisture, 5 per cent.

* (Contains some Kingswinford Red.)

C em ent-Bonded Sands
This m ethod of bonding sand grains for mould

ing purposes was used about 20 years ago by 
Moldenke in  Am erica for corem aking. More 
recently the pa ten ted  R andupson process has 
been developed in  F rance, and there  are  now two 
foundries using the  process under licence in  th is 
country. The m ix tu re  used for moulding con
sists of a clean well graded silica sand, sim ilar 
to  those used in  a synthetic  sand m ix ture , mixed 
w ith about 10 per cent, of P o rtlan d  cem ent and 
from 4 to 6 per cent, w ater. P o rtland  cem ent is 
produced by heating  together lime and a siliceous 
clay or ground slag, and grind ing  the  resulting 
sin tered  mass to  a fine powder. On w etting  th is 
finely divided powder of complex silicates, chemi
cal changes occur w ith the  absorption of w ater



and the  m ix tu re  sets to a ha rd  stone-like mass. 
These changes tak e  an appreciable tim e to  com
plete, and the  dam p m ix tu re  of sand  and  cem ent, 
which is p repared  in  th e  usual type  of m ill, re 
m ains in  fit s ta te  for m oulding over a period of 
two or th ree  hours a f te r  m ixing.

U sually th is  m ix tu re  is only used as a facing  
(approxim ately  1 in . thickness), th e  backing 
consisting of old crushed moulds or cores w ith 
sufficient cem ent added to  g ive th e  required  bond. 
M oulding prac tice  resembles th a t  used fo r oil 
sand work, th e  half moulds being stripped  on 
to flat p lates fo r “  cu ring  ” or “  s e ttin g .”  F or 
the first 18 to  24 hrs. a f te r  m oulding th e  m ix tu re  
m ust be stored in  a  hum id atm osphere or pro
tected  from  losing m oisture to  th e  atm osphere 
if m axim um  “ se t ” s tren g th  is to  develop, a f te r  
which th e  moulds are  allowed to dry-off as quickly 
as practicable.

The cu ring  or se ttin g  can be accelerated  by 
increasing th e  room tem p era tu re , provided th a t  
th e  hum idity  is m ain ta ined  to  p rev en t loss of 
m oisture from  th e  moulds d u ring  th e  first period. 
A ltogether the  in te rv a l betw een m oulding and 
pouring will be from  36 hrs. upw ards, an d  when 
dressing th e  mould face w ith  blacking, e tc ., th e  
to ta l tim e is increased up  to  two to  fou r days.

The moulds are  then  assembled and cast in  the 
usual way. Owing to the  open g ra in  class of 
silica sand used, th e  surface finish of castings 
made in u n trea ted  moulds is n o t always as smooth 
as desirable, and spraying or p a in tin g  th e  mould 
face w ith blacking gives m uch b e tte r  resu lts 
for cast iron. S tee l m ay be poured  in to  u n 
trea ted  moulds or a special silica flour wash 
used. A fter casting  th e  used moulds a re  crushed 
up fo r re-use. The “  se t ”  m ix tu re  does no t 
recover its p lastic ity  when retem pered w ith  w ate r 
and m ust be rebonded w ith  fresh  cem ent.

Futu re  Possibilities
Owing to  the  effect of th e  hardened  cem ent 

in lowering the  refrac to riness (due to  its  basic 
character) and perm eability  of th e  m oulding 
m ateria l if re-used, i t  is considered th a t  i t  is

532
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best to use th is  old sand only for “  backing,” 
although  by th e  use of special sand recovery 
p lan t it  is feasible to  recover a large proportion 
of sand fo r re-use in  facing m ixtures. The 
p lan t consists of a su itab le  g rind ing  mill, screens 
and dust ex trac tion  p lan t, to remove as fa r  as 
possible the  dried cem ent and leave a mass of 
clean separa ted  grains. All-new sand is recom
m ended fo r steel. F u r th e r  points w orth 
m entioning are  : —

(1) Possibility  of using o ther tyipes of cement 
or adding chemicals o r substances to  reduce the 
curing  tim e.

(2) C ontrol to  close lim its on m oisture are 
essential in  practice.

(3) Suitable storage for two to four days’ pro
duction of moulds m ust be provided.

(4) E x tended  milling of th e  sand-cem ent 
m ix ture  in  p repara tion  should be avoided to 
reduce m oisture loss to a m inim um.

Physical P rop e r t ie s  of Cem ent-Bonded Sands
The following figures taken  from a P ap er by

C. A. Menzel of the  P o rtland  Cement Associa
tion, U .S .A ., show th e  physical properties of 
typical m ixtures using a M issouri silica sand 
of m edium  g ra in  size (50 to  100 mesh).

Using
normal
cement.

Using
H.E.S.
cement.

Cement content 8.3—12.5 per 8.3—12.5
cent. per cent.

Green compressive
2.5—4.5  lbs.strength 1.5—2.5

Dry compressive
per sq. in. 

600—800 lbs. 400—600
strength (3 days per sq. in.
after ramming)

P erm eab ility .............. 130—95 120—100

This au tho r advocates the use of a “ H igh 
E arly S tren g th  ”  cem ent to  reduce the 
“  se tting  ”  tim e and obtain higher green and 
dry  streng th .
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The properties of th e  sand-cem ent m ix tu re  

may be com pared w ith  o rd in ary  m oulding sands 
and oil sands as follows: —

Green s tren g th  is lower th a n  naturally -bonded  
sand m ix tu res b u t h igher th a n  m ost oil sand. 
Sufficient green  bond to  p rev en t sagging  or 
d is to rtion  is obtained w ith  co rrec t cem ent and 
w ater contents. This m ix tu re  like o th e r syn
th e tic  sands has good flowing p roperties, and 
does n o t requ ire  special skilled moulders.

The perm eability  is h igh and  necessity  for 
venting  thereby  lessened. In  m any respects it  
can be com pared w ith  oil sand p rac tice  excep t 
th a t  the  dry  s tren g th  and  s tre n g th  a t  high 
tem pera tu res is much g rea te r. This is an ad 
vantage where th e re  is considerable th ickness of 
m etal or ag a in s t a ru n n e r  w here an oil sand 
m ight b reak  down, b u t is a serious d isadvan
tage  when i t  comes to  rem oving cores which are  
p ractically  surrounded  by m etal.

According to  th e  developers of th is  process 
th e  m ain  advan tage  is in  th e  reduction  of 
labour m oulding charges and  s tan d a rd isa tio n  of 
foundry practice, b u t i t  should be observed th a t  
th is  can be claim ed for syn thetic  sand m ix tu res 
as a whole.

Estim ated  C os t  of  M ix tu re  (Raw M ater ia ls  Only)
R eckoning cem ent a t  50s. per to n  and  silica 

sand a t  (1) 15s. per ton  or (2) 10s. per ton .
Cost of facing m ix tu re  (1) 18s. 6d. per

ton or (2) 14s. per t o n ; 10 p er cent, 
cement.

Exam ples of savings in  labour charges (sup
plied by Messrs. H in ck ley s): —

(a) Iron  foundry  producing 60 tons of castings 
per week—overall labour charges reduced by 
38s. per ton.

(6i) Steel foundry  producing 55 tons of cast
ings per week—overall labour charges reduced 
by 40s. per ton .

The cost of p rep a ra tio n  is abou t th e  sam e as 
for o ther sands, b u t if recovered sand is used
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then  sand recovery p lan t m ust be installed. No 
d rying stoves o r ovens are required  in this 
process, th u s  c u ttin g  o u t a  considerable cost on 
dry  sand work, w hilst owing to  the  higher 
s tren g th  of the  d ry  mould, th e  to ta l am ount of 
sand used will be less. The process is being 
used for steel, cast iron  and non-ferrous m etals, 
and constitu tes ano ther exam ple of the  replace
m ent of naturally-bonded sands by a synthetic 
m ixture.

A nalysis of cem ent bonded sa n d s:—S i0 2, 83.3 
per c e n t . ; CaO, 7.0 per c e n t . ; A120 3, 2.0 per 
c e n t . ; MgO, 0.5 per cent. ; F e  calculated as 
F e20 3, 4 .0 ; alkalis, 2.0, and loss on ign ition , 1.74 
per cent.

The n ex t consideration is the  relative advan
tages and disadvantages of the  two classes of 
sand. These may be briefly sum marised as 
follows : —

Natural Bonded Bands.
Advantages. Disadvantages.

(1) Low cost of sand in (1) Skilled operatives
most districts. often necessary for mould

ing.
(2) Strict control of mix- (2) Poor permeability

ture not essential. means much venting neces
sary, and ample coal dust.

(3) Excellent surface (3) Variable moulding
finish can be obtained on results and scrap losses
castings with due care in often high, particularly in 
sand preparation, etc. mechanised plants, due to

short milling time. Sand 
pellets occur.

(4) Particularly suitable (4) Accumulation of old 
for non-ferrous work, and sand or cost of dumping, 
with metals having low
surface tension.

(5) Moulds can be readily 
patched or sleeked.

Synthetic Sands.
Advantages. Disadvantages.

(1) Ease of moulding, (1) Not usually easy to
hand or machine, i.e., free patch,
flowing.
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(2) Good physical pro- (2) Loses moisture

perties ensured by regular rather rapidly, may cause
control—reduces scrap “ murly ’ or weak friable

edges on moulds.
(3) No waste sand to (3) Higher first cost of 

dump. sand. Finish not always
satisfactory.

(4) Selected properties 
of sand to suit class of work 
and moulding equipment.

Costs  of Sands 
E n te rin g  in to  m ore d e ta il w ith  some of these 

p o in ts :—
Since costs a re  always of first im portance i t  

is in te resting  to com pare n a tu ra l and syn thetic  
sand m ix tu res on th is  basis.

T a b l e  V II .—Sand Costs.
(1) In this country—

Cost of new moulding sand varies from 5s. to 10s. per 
ton d/d.

„ silica sand or sea sand varies from 6s. to 20s. per 
ton d/d.

Cost of bentonite . .  say £10 per ton.
„ other clays say £3 to £6 per ton.

(2) In America—
Cost of new moulding sand 7s. 6d. to 12s. 6d. per ton 

(local) d/d.
„ silica san d .. . .  10s. to 15s. per ton d/d.

Bentonite . .  . .  . .  £4 to £4 10s. per ton.
(3) Cost of batch milling.

Natural. Commence synthetic.
"80 old = n il Silica sand .. 95 a t 15s. 71.25
20 new =10 Bentonite . .  3 a t £10 30
2 C.D. =  4 Coal dust . .  2 a t 4s. 4

102 tons £14 £105.25

Cost =  2s. 9d. per ton. 21s. per ton.
Revivify.

("77 . . =  Nil 
B^ 33 ..=£1610s. Old sand . .  87.5 ..  Nil

L 2 . . =  4 New sand ..  10 a t 15.. 7.5
  Bentonite . .  0 .5  . .  5

£20 10s. C.D. .. 2 . .  4

£16.5

Cost =  4s. per ton. Cost 3s. 6d. per ton.
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T aking  first of all batch m ixings of facing 

sands, and ignoring cost of p repara tion  as com
mon to  both . The figures of first cost are  
definitely in  favour of the  naturally-bonded mix
tu re , i .e .,  2s. 9d. to  4s. per ton, as against 21s. 
per ton , though th is  does no t take  in to  account 
any cost of dum ping old sand when using 
naturally-bonded sand. A price is assumed of 
10s. per ton  fo r new naturally-bonded sand for 
calculation, which i t  is realised is h igh for 
some d is tric ts  (such as the  M idlands for instance), 
unless the  sand is ready milled or sieved. Y et 
aga in s t th is  m ust be reckoned the 15s. taken  for 
silica sand which is also high for m any areas 
near to  supplies of su itab le  silica sand.

A fter the  high in itia l cost of the synthetic 
sand, the m aintenance or regu lar week to  week 
cost is very much less, and tak in g  a represen ta
tive add ition  of 10 p er cent, new silica sand w ith 
0.5 per cent, bentonite, th is  m ix ture only costs 
3s. 6d. per ton , w ithout any dum ping costs. On 
continuous sand p lan ts the m anagem ent is able 
to ge t down much more closely to  ac tu a l sand 
costs. D etails are given in  Table V II I  of actual 
costs of opera ting  sand systems on a n a tu ra l 
sand and th ree  synthetic m ixtures. I t  is obvious 
from  these figures th a t  a p a r t  from  first cost of 
stocking the  system, th ere  is very little  difference 
in  ac tua l ru nn ing  costs fo r sand m aintenance.

Cost figures for American practice subm itted 
by D ie te r t show considerable saving, varying 
from 2s. 6d. to  5s. per to n  of m etal poured when 
operating  a specially bonded synthetic sand, in 
comparison w ith  the  use of n a tu ra lly  bonded 
sand m ixtures, w ith  new sand costing from  
11s. 2d. to  14s. 3d. per ton. This is achieved 
by elim inating  alm ost completely facing sand, 
using fe ttlin g  shop sand, b u rn t core sand, and 
used m oulding sand. This of course is also being 
adopted in several foundries in  th is country.

W o rk in g  P ropert ie s
The practical m an will na tu ra lly  w ant to con

sider the working properties of these sands, and
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w hat so rt of castings a re  produced in them , p a r
ticu la rly  as regards surface finish on the  cast
ings. [To illu s tra te  w hat is being done a num ber 
of exam ples of castings made in  regu lar pro
duction in syn thetic  sand from  different foundries 
were exhibited . These were in  all cases cast 
green, and  represented  vary ing  sections and 
composition of m etal, h igh and low phosphorus, 
common and  engineering irons.]

I t  is suggested th a t  although the finish is not 
perhaps as good as the  best obtainable w ith 
n a tu ra l bonded sands, i t  is really very satis
factory. A t first the  results were often  ra th e r 
poor, b u t by slightly modifying m ixtures and 
ad ju sting  the gra in  size of the sand, consider
able im provem ent has been made from the point 
of view of surface finish.

The add ition  of a small p roportion  (say 10 per 
cent.) of a fine grained n a tu ra l bonded sand, or 
b u rn t foundry  sand, is th e  usual method of 
procedure, and although th is does reduce the 
perm eability , th is can be held a t a satisfactory 
figure, once th e  requisite am ount of fine grained 
sand has been introduced in to  the  system, or 
general heap sand. Therefore, under th is heading 
of syn thetic  sands a re  included those m ixtures 
which contain a proportion of na tu ra lly  bonded 
sands, and i t  is though t th a t  in  fu tu re  instead 
of choosing a perfectly  clean silica sand for the 
ba.se of a synthetic m ix ture , the  most suitable 
sand will be found to  be one possessing already 
a coated g ra in  (i.e., grains already possessing a 
film of clay or bonding substance). In  theory 
there  is no reason why one should not use silica 
g rains w ith a n a tu ra l bond already present, 
provided th a t  one can obtain a satisfactory 
g ra in  size, and also th a t  the bond is sufficiently 
refractory  for the purpose. Such sands are to 
be found in  th is country. An example of such 
a sand reached the  au th o r qu ite  recently from 
the  Sheffield d is tric t. The sand has beautifu l 
worn rounded g ra in s of pure quartz , w ith a very 
fine coating of clay, so evenly d is tribu ted  th a t  it  
is not noticeable to  the  naked eye. I t  contains
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ju s t u nder 1 per cent, .of d ry  clay substance 
sufficient to  cause th e  g ra in s  of sand 'to  clot or 
adhere weakly when dried.

The difficulty usually  is to  g e t rid  of undesir
able fines or m ineral m a tte r  which is n o t effec
tive  as a bond producer, b u t m erely absorbs 
w ater and  clogs up  th e  pores or voids in  th e  sand.

In  a num ber of m echanised sand p lan ts  o p e ra t
ing w ith  n a tu ra l sands, classifying or d u s t ex
trac tio n  p lan ts a re  fitted  which aim  a t  rem ov
ing the  fines from  the  system. This is an 
a ttem p t a t  correcting  an  in h e ren t p ro p erty  of 
the  sands being used, and  in  general these also 
remove a considerable am ount of valuable sand. 
W hen dealing w ith  a syn thetic  sand, th e re  is no 
necessity fo r such a  p lan t. T here is every reason 
to believe th a t  in  p ractice  th ere  is very li tt le , if 
any, d is in teg ra tion  of th e  sand g ra ins, a p a rt 
from  those sufficiently n ea r to th e  ac tua l m etal 
to  be subject to  extrem ely rap id  hea tin g . Such 
sand is alm ost en tire ly  rem oved w ith  th e  casting  
to  th e  fe ttlin g  shop. S ilt is more likely to  bo 
produced by breakdow n of th e  bonding m ate ria l, 
p articu la rly  if th is  be of a crystalline n a tu re , 
b u t here again  the  dehydration  or destruction  
of bond is only in  th a t  p a r t  of the  m ould close 
to  th e  m etals, and  w ith  re-use of th e  sand th e  
dehydrated  or decomposed bonding m ateria l 
e ither form s a th icker coating  on the  silica g ra in s 
or is agglom erated (probably by th e  d is tilla tion  
products of coal dust or o ther bonding substances 
added) w ithout im pairing  th e  perm eability  of the 
sand.

Conclusions
To conclude th is section of th e  P ap e r, some of 

the  desirable p roperties of m oulding sands have 
been listed which should be sought in  choosing 
a new sand.

(1) Choose a  sand w ith  close g rad in g  of th e  
g rains in order to  secure th e  requ ired  perm ea
bility , and  casting  finish. P erm eab ility  (green) 
of 50 to  70 is sa tisfac to ry  fo r cast iron.

(2) The new sand should no t con ta in  m ore fines 
th an  desired in  the  w orking sand, and  10 per
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cent, passing th rough  a 200 mesh is the  ap p rox i
m ate lim it.

(3) The refractoriness of th e  sand should be 
sufficiently high to  p reven t b u rn in g  o n ; th is , of 
course, depends on the  type  of m etal and  casting  
tem pera tu re , etc. “  N o t f r itte d  ”  a t  1,300 deg. 
0 . is suggested as su itab le  fo r cast iron.

(4) Choose a bonding m a te ria l w ith  a h igh 
bonding power and  good life.*

As a final exam ple of a specification fo r syn
th e tic  sands, Table IX  reproduces some figures 
published by the  F o rd  M otor Com pany, of 
D agenham , in  one of th e ir  recen t booklets, show
ing characteristics of sands fo r fou r classes of 
castings.

I t  is hoped th a t  th e  above rem arks have no t 
been unduly  biased by personal o p in ions; the  
facts a re  s ta ted  as clearly as possible fo r both 
sides. The ob ject is to  induce a m ore in te llig en t 
and  economical use of domestic resources of 
m oulding sands in  th e  fu tu re .

F inally , th e  au th o r wishes to  express h is thanks 
to those individuals and firms who have so gener
ously supplied details of th e ir  m ix tu res, provided 
samples of sand and exam ples of castings, and  to  
th e  d irectors of his own com pany, th e  F o rd a th  
E ng ineering  Company, L im ited , for g ra n tin g  
him  the  facilities for th e  p rep a ra tio n  of th is 
Paper.

COM M UNICATION
Mn. F. H u d s o n , in a w ritten  con tribu tion , 

com plim ented th e  au tho r upon  th e  excellence of 
th e  P aper, and then  re fe rred  to  M r. T ip p e r’s 
cost sum m ary, in which i t  was s ta ted  th a t  the  
price of new m oulding sand  in  th is  coun try  varied  
from 5s. to  10s. per ton  delivered. These figures, 
M r. H udson continued, were n o t ac tu a lly  rep re
sentative of ru ling  prices th ro u g h o u t th e  B ritish

* D eterm in ed  b y  retem p erin g  a sam p le  o f  th e  san d  a fte r  h e a t in g  to  tem peratu res over  th e  ra n g e  300 to  1 ,8 0 0  d eg . F . (15 0  to  
1,000  deg. C. in  in crem en ts o f  200 to  300 deg. F .) , an d  m easurin g  th e  drop in green stren g th  produced. A sand  show in g  an average  loss over th e  w ho le range o f  not m ore th a n  60 per cent, is  c o n sidered to  h a v e  a bond  w ith  good life  or d u rab ility .
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Isles, and as examples he drew a tten tio n  to the  
cost, delivered, of Scottish R o tten  Rock , Sand, 
which was 17s. 6d. per ton , and silica sand which 
varied  from  4s. to  20s. per to n  delivered.

H e also suggested th a t  when a foundry tu rned  
over from  naturally-bonded sand to a synthetic 
sand, i t  was no t always an economic practice to 
commence production w ith synthetic sand, made 
en tirely  from  silica sand, coal dust and  bentonite. 
I t  was much more economical to  make the change 
g radually  by stopping the  addition  of new sand 
and  replacing i t  w ith  silica sand in the  form of 
old oil-sand, etc. In  the  course of a few m onths 
a synthetic sand would be in  operation and would 
have been obtained a t  a very low cost.

A u th o r ’s Reply
I n  reply, M r. T i p p e r  thanked  M r. H udson for 

d raw ing a tte n tio n  to  the  cost figures of sand in 
th is country, and w hilst adm itting  th a t  circum 
stances would a lte r  the cost appreciably—either 
lessen it  or raise it—he contended th a t  his figures 
did probably represen t th e  bulk of English 
supplies.

W ith  regard  to  the  g radual change over from 
naturally-bonded to synthetic moulding sand, he 
adm itted  th a t  th is m ight be more economic, and 
would be advantageous since it  would no t upset 
conditions in the  foundry so much. W here the 
existing  sand m ix tu re  was low in  perm eability 
and streng th , however, he did no t concur th a t 
th is  practice would be advisable, since w ithout a 
reasonably well g raded base-sand, the  synthetic 
bonded m ix ture m ight suffer from the fau lts  of 
the  original natural-bonded m ix tu re , or require 
unduly high proportions of additions to m ain tain  
its conditions.
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P a p e r  N o .  646

East Midlands Branch

PATTERNMAKING FOR P R O D U C T IO N  
MOULDING*

By S. A. H O RT O N  (Associa te  M em ber)
The au th o r has purposely selected p a tte rn -  

m aking fo r production  m oulding, because he is 
of th e  opinion th a t  th is  ty p e  of p a tte rn m ak in g  
is of more general in te re s t, b u t p a tte rn  equip
m ent for one-off or sm all p roduction  castings 
m ust not be d isparaged. The construction  of 
some of these p a tte rn s  requires a considerable 
am ount of skill, w hilst others a re  more or less 
p a tte rn  jo inery  which leave much to  th e  im agina
tion  and skill of the  m oulder.

I t  would be ridiculous to  a tte m p t to  s ta te  any 
hard  and fa s t rules regard ing  the  design or con
struc tion  of any k ind  of p a tte rn  equipm ent to  
be used in foundries generally. E ach  ind iv idual 
foundry is designed for, and  has installed , 
d ifferent equipm ent, i .e .,  m oulding m achines, 
m oulding boxes, core ovens and  labour ; th ere 
fore, each suggested design fo r a  casting  is  a 
different problem for each ind iv idual foundry .

[A fter review ing th e  requ irem en ts of a  p a tte rn 
m aker, and u rg ing  th e  closer co-operation be
tw een th e  foundry  and  th e  patte rn sh o p , th e  
au th o r continued : ]

MATERIALS USED
The following m ateria ls  are  used in  th e  con

struction  of p roduction  p a tte rn  equ ipm en t:-— 
Yellow p ine ; m ahogany; p laster of p a r is ; cast 
iron ; brass ; a lum inium  alloy, an d  n e u tra l stone 
compound. E ach  of these m ateria ls  possesses 
adm irable characteristics, and  when correctly  
applied excellent resu lts a re  obtained. The

* Slightly  abridged.
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following is a brief account of th e ir  general 
application.

Yellow Pine (P inus  S trobus)
The characteristics of th is wood are too well 

known to  require any comments. I t  is an 
excellent wood for the  construction of “  m aster ” 
pa tte rn s  and coreboxes, possessing a soft even 
grain  which is of g rea t assistance when being 
hand o r m achine worked ; a  well-seasoned wood 
will not sh rink  or w arp e ither in  th e  foundry 
or in  storage. This wood is not often used in 
the construction of wooden production patterns 
because i t  does n o t w ithstand  the  rough usage 
foundry conditions impose.

Mahogany
This wood is very widely used for the  con

struction  of production p a tte rn  equipm ent. I t  
is obtainable in various grades, all suitable for 
p a tte rn  work, b u t obviously the  cheaper grade 
has not the  qualities of the  more expensive 
grades, the g rain  being b rittle  (to use a work
shop term , “  bony ” ). The o ther grades when 
well seasoned are free cu ttin g  w ith even grain. 
Although th is wood is always referred  to as a 
hardwood, it  is easily hand-worked.

The wood m ust be well-seasoned ; i t  is useless 
to  expect a p a tte rnm aker to construct sa tis
factory pat/tern equipm ent from unseasoned 
tim ber, b u t when well seasoned i t  will w ith
stand  the varying conditions of the foundry— 
neither shrinking nor w arping when in contact 
with hot and w et sand. I t  does no t d is to rt 
easily, b u t i t  is liable to sp lin ter if the vent 
wire comes in to  frequen t contact w ith the pattern  
surface. W hen used in suitable combination w ith 
either alum inium  or brass very satisfactory 
results are obtained from it.

Plaster of Paris
P las te r of paris is used in the construction 

of m aster pa tte rn s. I t  is obtainable in  three 
grades, coarse, fine and super fine, and satis
factory results can be obtained when using the

T



fine quality . P la s te r of paris is chiefly used for 
m aking casts of u n d ercu t sections of th e  wooden 
m aster p a tte rn s, also fo r m aking casts of pro
duction corehoxes. This m ethod of p a tte rn  con
struction  will be fully  explained la te r. One 
advantage of using p laster of paris  com pared 
w ith  wood is th a t  i t  can be cast in to  any desired 
shape. In  p repara tion  clean w ater m ust be used 
and when stored the m ateria l m ust be k ep t clean 
and dry. A certa in  am oun t of p ractice is neces
sary to  become fam ilia r w ith  th e  degree of con
sistency required  to  produce satisfac to ry  resu lts  ; 
i t  is. inclined to  be messy in  use, and  speedy 
work is essential because i t  solidifies quickly. 
The p laster cast when com pleted is r a th e r  frag ile  
and m ust be moulded w ith  care. U sually  the  
m oulder is so afra id  of b reak ing  th e  cast th a t  he 
does not need te lling  to  be careful. As a very 
smooth finish can be obtained it  considerably 
assists in th e  p rep a ra tio n  of a sa tisfac to ry  mould.

C ast  Iron
There is no doubt th a t  th is  is th e  m ost ex ten 

sively used m etal for the construction  of m etal 
p a tte rn s, the  chief d isadvantage being excess 
weight, which causes unnecessary fa tigue . Its  
use in  the  construction  of production  p a tte rn  
equipm ent is therefo re  lim ited . P a tte rn s  to  be 
used on Sandslinger m achines are  usually  con
structed  of cast iron because the  surface does n o t 
become p itted  o r defaced by the  m inu te  slag in 
clusions in  th e  sand. Coreboxes to  be used on 
the  core-blowing m achine are also m ade of th is 
m etal. W hen correctly  p repared , cast-iron 
p a tte rn  equipm ent gives excellent service, w ith 
stand ing  th e  rough  usage satisfac to rily . 
A lthough th is m eta l is inclined to  be b r ittle  
breakages are  ra re , though  th e  m a jo rity  of 
pa tte rn s and coreboxes are approxim ately  \  in. 
m etal section.

Alum inium  Alloy
Alum inium  alloy is used in the  construction  of 

all types of m etal p a tte rn  equipm ent where
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service conditions a re  n o t too severe. The pro
duction p a tte rn  equipm ent is made from a com
m ercial alloy of th e  following composition (3.L.5 
a lloy ):—Zinc, 12^ to 14^; copper, 2) to 3 ; 
iron  and silicon, 1.5 per cent, m ax., and 
alum inium  rem ainder.

P rov id ing  the equipm ent is suitably prepared 
a very satisfactory  service life is obtained. One 
d isadvantage when in  production is its tendency 
to become p itted  if the  vent wire is no t care
fully used. A lum inium -pattern  alterations or 
repairs cannot be carried  out so easily, although 
an alum inium  solder of the  following composi
tion  gives fa irly  satisfactory  results a fte r  a slight 
experience in  its a p p lic a tio n :—Tin, 81; zinc, 11, 
and alum inium , 8 per cent.

Brass
Brass has been in  common use long enough not 

to need any comments. I t  is used in the con
struction  of “  spray  ”  p a tte rn s , which, being of 
u n it construction, have to w ithstand a consider
able am ount of rough usage, and the  fac t th a t  
they will bend ra th e r  th an  frac tu re  extends the ir 
service life considerably.

O rdinary scrap brass is used in spray p a tte rn  
construction ; additions of varying quan tities are 
made of copper, zinc, and lead when necessary. 
A lthough an excellent finish is obtained before 
the equipm ent is placed in  production, th is  finish 
appears to  im prove as production progresses.

Stone-like Compounds
N eu tra l stone compound is a commercial pro

duct, of which th ere  a re  several p roprietary  
brands. I t  has been developed especially for the 
m aking of p a tte rn  p lates and “ oddsides.” Speed 
is an im portan t fea tu re  of its application, and it  
has an advantage over m etal because i t  does not 
con tract or expand. The compound produces 
moulding pa tte rn s w ith  accuracy and gives excep
tionally clear definitions, dependent of course 
upon the  condition of the mould into which it  
is cast.



The method of m aking a p a tte rn  p la te  of th is  
m ateria l is sim ilar to th a t  used when m aking  a 
m etal p a tte rn  plate. A good clayey m oulding 
sand is required  and m ust be ram m ed h ard . The 
mould should be dusted  w ith  good-quality 
plum bago and brushed in to  the  surface of the  
mould to  fill up all th e  pores in  th e  sand. The 
surface should th e n  be sk in-dried  w ith  a blow
lamp or gas je t , or m ethylated  sp irits  can be 
used.

The compound, which is in powder form , should 
be thoroughly mixed w ith  the  liquid  which is 
supplied in a clean bucket to  a consistency th a t  
will readily flow. W hen cast, th e  best resu lts  are  
obtained by allowing to  set in  a norm al tem p era
tu re . W hen th e  compound p a tte rn  p la te  is 
thoroughly hard , which will be in 12 to 16 hrs., 
i t  can be removed from  th e  mould and finished 
off. W hen set th e  surface can be buffed w ithou t 
fre ttin g , and consequently a very h igh  polish 
can be obtained. This compound is used fa irly  
frequently  in  th e  construction  of tw in  p late  
p a tte rn s  which are  cast in to  cast-iron  box-parts 
to  give increased s treng th . G rea t care m ust be 
tak en  in th e  p rep a ra tio n  of th e  p a tte rn  mould 
because good p a tte rn  equipm ent canno t be cast 
from  an  indifferen tly  p repared  m ould. An 
example of the application  of th is m a te ria l will 
be shown la ter.

PATTERN LAY-OUT AND C O N S TR U C T IO N
The designing of p a tte rn  equipm ent to  obtain  

the  g rea test economy of tim e and m ate ria l is a 
very im p o rtan t fea tu re  of p a tte rn  construction . 
I t  has been found an  advan tage  first to  lay-out 
the design fu ll size, if possible, or on as la rge  a 
scale as can be done, on a  smooth board , showing 
one or two views which a re  n o t shown on the  
draw ing. This assists in ob ta in ing  in th e  mind 
a correct p ic tu re  of th e  requ ired  casting . If 
the views shown on th e  d raw ing are  copied, i t  is 
possible to  commence p a tte rn  construction  w ith 
ou t having thoroughly visualised w hat the  re 
su lta n t casting  will be like.

548
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This lay-out should be made as accurately as 

possible, according to  th e  contraction  ru le, and 
should clearly show all details of construction as 
well as all p a tte rn  partings, coreprints, corebox 
jo in ts  and loose pieces, if a n y ; moreover, p a tte rn  
ta p e r should be shown. The sectional view is 
usually very useful to  the  foundry because it  
shows the sectional thickness of the  casting. 
W hen the lay-out is too large to be accommodated 
on a board, i t  can be set o u t on w hite chalk 
lines on th e  pa ttem shop  floor.

The lay-out need no t be any more or less com
plicated th a n  th e  design requires. This lay-out 
is also useful as a check on the  d raughtsm an’s 
e r ro rs ; draw ing m istakes have been found by 
th is method of checking, which would have con
siderably increased the  p a tte rn  costs if they  had 
not been noticed u n til th e  construction had 
advanced.

Sometimes p a tte rn s  require to  be made in  pairs 
because of rig h t- and left-hand design, and  with 
a comprehensive lay-out i t  is often a simple 
m a tte r  to  design a corebox which can be easily 
handed to  produce both sets of cores. W hen the  
construction of a wooden p a tte rn  is commenced, 
all pieces o r sections as they  are constructed 
should be m arked ou t from  a centre or datum  
line, th is  line being clearly m arked on all pieces. 
This will fac ilita te  th e  p a tte rn  assembly. The 
individual pieces can  be hand o r machine 
worked to the  required shape and, as each piece 
is assembled, th e  shape of th e  p a tte rn  is g radu
ally formed. To assist construction, i t  is desir
able to  reduce hand-w orking to  the  m in im um ; 
w ith th e  in troduc tion  of precision woodworking 
m achinery, the  construction of p a tte rn  equip
m ent has been expedited.

W ith  production patternm ak ing , stu rdy  con
struction  is essential, and aids to  pa tte rn - 
m aking, such as lea ther fillets, plastic wood and 
bees-wax, should be used very sparingly, becaus< 
when a p a tte rn  is continually  in and ou t ol 
production these additions e ith e r wear off or



become loose and requ ire  a tten tio n . A superio r 
p a tte rn  is constructed  when all fillets a re  worked 
in teg ra l w ith th e  general construction .

There are, generally speaking, fou r form s of 
wooden p a tte rn  construction  : —The box-shaped 
pa tte rn '; th e  p a tte rn  b u ilt up of segm ents or 
staves ; th e  p la te -p a tte rn , and  the  solid p a tte rn .

Box-Shaped P a t te rn
The box-shaped p a tte rn  m ust be constructed  in 

such a m anner th a t  i t  will be strong  enough to 
w ithstand any  abuse i t  m ay receive in the  
foundry. The most satisfactory  m ethod of con
struc tion  is first to  construct a fram ew ork some
th ing  sim ilar in  princip le to  th e  iron  g irder- 
work which is erected  in  th e  construction  of a 
ferro-concrete building. This fram ew ork should 
be so designed th a t  all p a tte rn  surfaces will be 
substan tia lly  supported  ; the  correct construction  
of th is fram ew ork is the  most im p o rtan t fea tu re  
of th is shape of p a tte rn .

W hen th e  fram ew ork has been com pleted and 
the p a tte rn  surfaces are  being assembled, i t  is 
essential th a t  all th e  tim ber which is to  form  the  
vertical surfaces should be cu t so th a t  th e  g ra in  
travels in  the same direction as th e  p a tte rn  will 
be w ithdraw n from the  mould. To allow fo r any 
shrinkage across the  g ra in , narrow  s trip s  are 
fastened a t each corner, and  th e  top  and  bottom  
surfaces are  then  cu t to  fit inside th e  vertical 
surfaces. W ith  th is method of construction , 
the re  is no end-grain  th a t  can adversely affect 
the  Temoval of th e  p a tte rn  from  the  m ould, and 
fu rth e r, a p a tte rn  constructed  in  th is  m anner 
will not a lte r dim ensionally th ro u g h  th e  vary ing  
conditions opera ting  in  the  foundry .

P a t te rn  Built  of S eg m en ts  o r  Staves
The p a tte rn , b u ilt of segm ents o r staves is 

usually of c ircu lar design The purpose of seg
m ent construction  is to  have th e  g ra in  of the 
wood following th e  ou tline of the  design, thus 
ensuring g re a t s tren g th  as well as rendering  i t  
easier to  form  th e  necessary shape. This con
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struction  is the strongest of all, and it  can be 
easily adap ted  to  innum erable designs which 
require to be hand  worked or machined. End 
grain  being en tire ly  elim inated , a very good 
finish can be obtained. As is well known, the 
segments are usually a section of a circle, de
pendent on th e  size and shape of th e  construc
tion, and are b u ilt up in  successive layers called

S TA V ED  
CONSTRUCTION

PATTERN AND CORE BOX

HEADS
CO N NECTED BY 
RAPPIN G  AND  
L IF T IN G  BAR

courses, each segm ent half covering the  segm ent 
below.

Staves are usually used in  the construction of 
a cylindrical design. This m ethod can e ither 
be used to construct a p a tte rn  or a corebox. 
The heads which support the  staves m ust be 
strong, because the s tren g th  of the construction 
is dependent on them . Usually the staves run  
the length of th e  construction, which has the 
advantage of m inim ising the  dim ensional in
accuracy due to  tim ber shrinkage. A p a tte rn  
constructed by the  method shown in F ig . 1 will 
rem ain perfectly round a very long tim e, regard 
less of adverse conditions in the  foundry.

F ig . 1.



Plate  P a t t e rn
The p late  p a tte rn  is sometimes a very frail 

construction , th is of course being dependen t on 
the  design. No m a tte r  w hat the  design of the 
casting  may be, however, a p a tte rn  strong 
enough to w ithstand  the  service conditions of 
the foundry  can  be constructed  by th e  following 
m ethod :•—F ir s t  construc t the  m oulding board  on 
which th e  p a tte rn  is to  be m ounted , th e n  build 
the p a tte rn  on th e  board. Q uite different 
m ethods of construction  can now be used to  form  
the  p a tte rn , as i t  has n o t to  be a self-contained 
u n it. The m oulding board gives sup p o rt to  the  
p a tte rn , a ll ribs or bosses o r facings can be 
firmly secured to  th e  board, and th e re  is suffi
cient stren g th  to  sup p o rt any m etal com ponents 
th a t  service conditions m ake necessary. This 
principle of construction  can be applied  success
fully to an un lim ited  num ber of designs.

T o o th  End
The p a tte rn  shown in  F ig . 2 illu s tra te s  one 

application  of th is  m ethod of construction . The 
circular portion  is constructed  of hardw ood and 
bu ilt on th e  m oulding board and tu rn ed  to  the  
necessary shape on the board. A m aste r p a tte rn  
was m ade of th e  lingers, and  these fingers, 39 in 
num ber, were cast in  brass, worked to  shape and 
secured in  th e ir  correct position by screws. This 
method of construction  was quicker and  cheaper 
than  constructing  a  m etal p a tte rn , and th e  resu lt 
was qu ite  as sa tisfactory .

The solid p a tte rn  is used frequen tly  in  the 
construction of m aster p a tte rn s , as i t  is o ften  
quicker to  form  the  p a tte rn  from  a solid piece of 
tim ber th a n  to  build i t  up . Since its  period of 
service is short, s tren g th  is no t necessary. Con
venient designs of p roduction  p a tte rn s  are  m ade 
solid, b u t general application  is ra th e r  lim ited , 
due to  difficulty in ob ta in ing  suitab le  tim b er and 
excessive cost.

These fou r forms of p a tte rn  construction  can 
be used indiv idually  o r collectively in  th e  con
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struction  of a certa in  design, and the knowledge 
of how and when to combine these different 
features is one of the a rts  of pa tternm aking .

Metal P a t te rn s
M etal p a tte rn s  are extensively used for pro

duction m oulding, and, providing oare is taken 
in th e ir  construction, a very satisfactory  equip
m ent is produced. W hen a num ber of sim ilar 
pa tte rn s are required  i t  is often cheaper to  make 
m etal p a tte rn s, b u t owing to the fac t th a t  a 
m aster p a tte rn  is required  first, the  in itia l 
expense is g rea te r th a n  when a wooden p a tte rn  
is made. This one d isadvantage does not re 
stric t th e ir  general app lica tion ; all types of cast
ing design can be produced, and there are no 
difficulties of construction.

M etal p a tte rn s  a re  generally produced from 
wooden m aster p a tte rn s, th is being the  quickest 
and cheapest method. P la s te r of p an s  is another 
m aterial which is used, and when used in  com
b ination  w ith wood excellent results are 
obtained.

When the most satisfactory  method of mould
ing for the required  casting  has been decided, 
the wooden m aster p a tte rn  is made exactly as 
designed on the  draw ing, the  moulding of the 
p a tte rn  being disregarded entirely . Only when 
the m aster p a tte rn  is completed is the  method of 
moulding reviewed, and any section th a t  will 
not mould is noted.

A plaster of panis oast is then  made of the 
undercu t section, sufficient m ateria l being 
allowed to  perm it the form ation of the core p rin t. 
The cast when set is removed from the  p a tte rn  
and worked to  th e  necessary shape. This p laster 
cast (F ig. 3), being the  shape of the  undercu t 
section and coreprin t, is now used as a p a tte rn  
for the m oulding of ano ther p laster cast which, 
when completed, is used to produce the  produc
tion corebox. W hen both p laster casts are  com
pleted, one is secured to  the  wooden m aster 
p a tte rn  to  form  a core p rin t, which locates the
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core produced by the  corebox constructed  from 
the  o ther p las te r cast. This m ethod of con
s tru c tin g  co rep rin t and  corebox from  p las te r 
casts en tire ly  e lim inates all defects which m igh t 
be caused th rough  core and  mould n o t m atch ing  
up, and in  consequence causing d is to rtion  of the 
casting  surface.

W herever possible m achining allowances are  
made on th e  m aster p a tte rn  to  reduce hand  w ork
ing to th e  m inim um . I t  has been th e  usual ex 
perience th a t  th e  construction  of a sa tisfac to ry  
wood p a tte rn  is more easily accomplished th an  
the construction  of a sa tisfac to ry  m etal p a tte rn . 
G enerally, th e  skill of the  wood p a tte rn m ak e r is 
superior to th e  skill of a m etal p a tte rn m ak e r. 
This perhaps is due to  the  fa c t th a t  a num ber 
of m etal p a tte rnm akers  have d rif ted  in to  the 
patternshop  from  ano ther section of th e  eng ineer
ing trad e . The difference in  th e  skill of a
tradesm en who has served his appren ticesh ip  to  
m etal patternim aking and  one who has d rifted  
into th e  patternshop  is very noticeable.

SIMPLE TYPES OF PATTERNS
Generally speaking, no two p a tte rn s  a re  alike. 

P a tte rn s  constructed  to  solve ce rta in  m oulding 
problems resu lting  from  th e  ex te rn a l and  in
te rn a l shape of a design a re  never iden tical, 
although the  m ethods of construction  m ay be 
sim ilar. I t  m ust n o t be in fe rred  th a t  each 
problem of construction  is in  each case confined 
exclusively to  one p a rticu la r type  of p a tte rn , 
because a num ber of problems could be em 
bodied in  a single p a tte rn .

W hen studying  p a tte rn m ak in g , i t  is essential 
thoroughly to  u n ders tand  each ty p e  of simple 
p a tte rn , because a  carefu l s tudy  of th e  simple 
type of p a tte rn  is essential if th e  p rincip les they  
rep resen t a re  to  be understood and  recognised 
when they  occur in  more com plicated form s. 
The ab ility  to  do th is  is necessary successfully 
to determ ine th e  type  or com bination of types to 
be adopted in the  construction  of anv  new de
sign.
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Type I.—“ Flat B a c k ”

This type of p a tte rn  is the  most simple p a t
tern  to  construct and mould. I t  is usually a 
one-piece or easily-constructed p a tte rn , and may 
be a replica of the  required  casting or perhaps 
be p artly  cored. The ta p e r to  fac ilita te  removal 
from the  mould is usually in one direction, de
pendent on the  service conditions, th is  being a 
point for the  p a tte rn m ak er to  decide. The 
principles of th is  p a tte rn  being so well under
stood, no illu stra tions a re  necessary to  show its 
application in  production  moulding.

Type 2.—“ T w o -P iece” P a t te rn
This is the sim plest form  of a jo in ted  p a tte rn . 

I t  is made in  two sections, no t necessarily equal 
sections, these two sections being held in  the 
correct relative position by means of dowels. A 
cylinder w ith a flange a t  each end is a simple 
¡¡lustration of th is type  of p a tte rn . Such a p a t
te rn  is easily m ounted on a  board, e ither on 
single or tw in  boards. The advantage of a 
“ two-piece ”  p a tte rn  construction  is th a t  a 
s tra ig h t moulding jo in t is produced, and there is 
no necessity to  form  a jo in t, as would be the 
case if the  p a tte rn  were made solid.

Type 3.—“ T hree  P a r t ” P a t te rn
This type of p a tte rn  usually consists of a 

“ two piece ” p a tte rn , b u t its design is such 
th a t  i t  cannot be draw n from  the  mould if 
moulded w ith only one jo in t ;  therefore, a mould
ing box w ith  th ree  sections m ust be used. The 
“ th ree  p a r t ” p a tte rn  is seldom used for pro
duction m oulding. I t  is common practice to  dis
pense w ith the  th ird  section of the  m oulding box 
by incorporating  a cored section in  the p a tte rn  
equipm ent, and a  p rac tica l application of this 
principle will be shown la ter.

Type 4.—P a t te rn s  with  Loose Piece
M any suggested designs of castings are such 

th a t pro jecting  p a rts  form  im practical moulding 
propositions, because these projections prevent
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th e  p a tte rn  being removed from  th e  m ould. The 
projection  m ay e ith e r be placed in  th e  cope or 
drag . These projections have to  be form ed by 
loose pieces which are  fastened  in  position on th e  
m ain body of the  p a tte rn  by loose dowels or 
“  skew ers.”

To p erm it th e  d raw ing of th e  m ain  body of th e  
p a tte rn  from  the  mould, th e  skewers a re  re 
moved as the  mould is ram m ed, and  when the  
body of th e  p a tte rn  is w ithdraw n, th e  loose 
pieces rem ain  in  the  mould and  a re  d raw n care
fully in to  th e  cav ity  le f t by th e  p a tte rn . To 
avoid the  general use of loose pieces on p roduc
tion  p a tte rn s , cores a re  su b s titu ted  w herever 
possible. If  th is  is no t possible, th e  projections 
are  positioned by a dovetailed piece which is 
made flush w ith  the  surface of th e  m ain  body, 
or sometimes a change in design m ay be sug
gested.

Type 5.—P a t te rn s  Moulded w ith  D raw backs
This ty p e  of p a tte rn  is used alm ost exclusively 

in  th e  production  of large castings. D raw backs 
are  iron  p lates in serted  in  th e  mould to  c a rry  
u n d ercu ttin g  projections which can n o t be draw n 
in to  th e  mould, o r th ey  can  be sections of th e  
p a tte rn  itself. They a re  called “  draw backs ”  
because an  open space is le f t behind them  in  th e  
mould, in to  which th ey  a re  d raw n  w ith  th e  
portion  of th e  mould which they  carry . They 
a re  used m ore frequen tly  on jobs m oulded in 
th e  foundry  floor o r in  dry-sand work.

The au th o r has never seen a “  draw back ” 
used to  m ould production  p a tte rn  equ ipm en t in  
his foundry , although, as F ig . 4 shows, th is  
method of m oulding is s til l considered a  p rac
tica l proposition by one of his custom ers. This 
p a tte rn  was subm itted  fo r th e  production  of 50 
castings, and needless to  say i t  w as n o t used 
as su b m itte d ; th e  boss on th e  stem  was rem oved 
and m ade to  work loose and was d raw n  in to  the  
mould when th e  m ain  portion  had  been w ith 
draw n.
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PRODUCTION PATTERNS

The p a tte rn s  selected to he used as illus
tra tio n s  are  p a tte rn s  which have been success
fully used on production moulding, and  the 
descriptions of a ll p a tte rn  equipm ent will 
necessarily have to  be brief.

As th is  is no t a P ap e r dealing w ith m oulding 
no reference will be made to  th e  location of 
gates and feeders, although several illustrations 
a re  given where such are  a ttached  to  the
patterns. These components a re  designed by
the foundry , and as they  are considered an in
teg ra l p a r t of th e  p a tte rn  equipm ent they  are 
constructed and secured in position by the
pa tternm aker. There are  unquestionably al
te rn a tiv e  methods of moulding the  examples 
shown, b u t i t  m ust be understood th a t  the 
methods shown have proved very successful, and 
the m ajo rity  of these p a tte rn s  have been in  con
s ta n t production ever since they were con
structed .

Switch Box (Type 4)
The p a tte rn  shown in  F ig . 5 is an example 

of the box construction. The sides w ith the 
g rain  ru nn ing  in  th e  d irection in  which the 
p a tte rn  will be w ithdraw n from  the mould are 
assembled about a well-constructed fram ework ; 
corner strip s are assembled a t  the  four corners 
to allow fo r shrinkage across the g rain , and 
each end is fitted  inside the  four sides. This 
p a tte rn  illu strates th a t  by though tfu l construc
tion , the  incorporation of loose pieces need not 
adversely affect th e  s tren g th  of a production 
pa tte rn . A num ber of th e  projections carried 
by the loose pieces can be seen, the to ta l being 
seven. To design and produce cores to  form 
these projections would in  th is instance have 
considerably increased the  cost of the  p a tte rn  
construction, and  moulding tim e would not have 
been reduced.

As th is design is one th a t th e  au th o r’s foundry 
does not produce in sufficient num ber to  w arran t 
the  m ounting  of the  p a tte rn  on a board, i t  is
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w orked loose, but. i t  could very easily be 
m ounted. The two hinge flanges would requ ire  
coring o u t beneath  the  cen tre  of th e  h inge boss, 
and th e  p r in t on which th e  p a tte rn  now stands 
would have to be removed. The cas tin g  w eight 
is 184 lbs..

Rear-Axle Housing (Type 2)
T ig. 6 shows a hardwood p a tte rn  of segm ent 

and stave construction , two cy lindrical portions 
being assembled on to  a  m ain  body. I t  will be 
noticed how easily th e  mould jo in t will be pro
duced th rough  jo in tin g  th e  p a tte rn  a t  th e  cen tre  
line. The p a tte rn  was fo r an experim ental 
design, and if a t  some fu tu re  d a te  i t  is placed 
in production , m eta l facings will be su b stitu ted  
wherever considered necessary,. The flanges and 
co rep rin ts a t  each end of th e  axle tube , th e  core
p rin ts  on th e  cover face, all ribs and  frag ile  p ro
jections will be m ade of e ith e r brass or a lu 
m inium , as provision was m ade in  th e  construc
tion  to  allow these portions to  be easily  rem oved, 
so enabling replacem ents by m etal.

This p a tte rn  will no doubt be m ounted on tw in 
boards, and when m ounting  very g re a t care  m ust 
be tak en  to ensure th a t  the  two halves m atch 
up correctly. U sually a cen tre  line  th rough  the  
box-pin holes is tak en  as th e  datum  line. The 
casting  w eight is 109 lbs.

Differential C a r r ie r  (Type 3)
Tig. 7 illu s tra tes  a p a tte rn  which is an  ex

ample of the  com bination of hardw ood and 
m etal, th e  m ain construction  being wood w ith 
m etal facings. The covering core and  small 
flange a re  of a lu m in iu m ; th e  m am  flange and 
ribs are brass, and th e  face of th e  m ain  core- 
p r in t and horns are  sheet brass. This p a tte rn  
has given excellent service, w ith s tand ing  the  
rough usage in  th e  foundry  adm irably . I t  will 
be noticed th is  is a th re e -p a rt construction , bu t 
to  dispense w ith  th e  th re e -p a rt m oulding box, 
the  covering core is used This portion  is m ade 
loose and the  cope is of sufficient dep th  to  pro
duce a  mould to  the  face of th e  covering p rin t.
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The loose piece is removed before the cope is 

w ithdraw n, to  allow the  removal of the  p a t te r n ; 
the  covering core is an added advantage. When 
the  m ain  core has been assembled and the  cope 
replaced, the  exact position of the  core in  re la
tion  to  th e  mould can be seen and ad justm ents 
made, if  necessary, before the covering core is 
placed in position. To' assemble th e  two halves 
on tw in  plates, th e  two plates are secured with 
the  m oulding faces together and located in  the 
box-pin holes. A predeterm ined diam eter hole 
is machined in th e  plates, and a sim ilar d iam eter 
dowel is form ed on the  two halves of the p a t
te rn . The casting  w eight is 32 lbs.

G e arb ox  End P late  (Type 3)
The p a tte rn  equipm ent shown in F ig . 8 is an 

exam ple of th e  th ree-parted  p a tte rn  designed for 
production moulding. The block co rep rin t dis
penses w ith th e  second mould jo in t. I t  will be 
noticed th a t  th e  portion  of the  casting  from  the 
unm achined face of th e  m ain  flange to  th e  face 
on which the  casting  stands is formed by the 
core. The p a tte rn  equipm ent is an excellent 
com bination of hardwood and m etal. The block 
coreprin t is constructed of wood. U nfortun
ately th e  alum inium  portion of the p a tte rn  which 
is on th e  opposite side of th e  board canno t be 
shown, b u t th e  top face of th e  casting shows the 
design.

A fram e-constructed corebox w ith a brass re 
plica of th e  ou ter casting  shape is used to pro
duce th e  block core and  th e  brass body is jo in ted  
to  assist core production. I t  is located in correct 
position by dowels. The strickled  face of the 
fram e, as well as th e  in te rn a l surfaces, a re  faced 
w ith sheet brass, and a  casUiron corebox con
structed  from a  p laster cast is used to  produce 
the  centre core. The casting  w eight is 12^ lbs.

F ron t  W heel  Hub and Brake D rum  (Type 2)
F ig . 9 shows a brass p a tte rn  m ounted on tw in 

p la tes; i t  was constructed  in  th ree  sections, the 
first section form ing the  in te rn a l surfaces of the 
brake drum  and hub. The mould jo in t was
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formed at- the  edge of th e  stren g th en in g  flange 
and along the cen tre  line of th e  five arm s. This 
section was m achined all over and the  five arm s 
were assembled a f te r  th e  m achin ing  was com
pleted. The second section was a co rep rin t in 
the  form  of a block m achined an exact fit inside 
the  first section, and the  th ird  section was a 
shell th a t  fitted over th e  second section to  form  
the  ou ter surfaces of the  hub and brake drum .

I t  will now be understood th a t  section I  is 
constructed  to form  one-half of th e  p a tte rn  and 
sections I I  and I I I  th e  o ther half. The mould 
jo in t along th e  cen tre  line of th e  arm  was 
m achined to  tem plates, and a  perfec t jo in t was 
formed. The five arm s on section I I I  were milled 
on a rad ia l m iller, and th e ir  position was per
fect. The ba tten s fastened beneath  each p a tte rn  
should be noted. I f  th e  design of th e  p a tte rn  
be such that- a considerable am ount of p a tte rn  
pro trudes beneath  th e  p a tte rn  p la te , a  box sec
tion  is constructed  about the  p a tte rn  to  p reven t 
i t  becoming dam aged in the  foundry . The cast
ing w eight is 13^ lbs.

Conveyor Chain Link (Type I)
Fig. 10 shows a “  sp ray  ”  p a tte rn , and i t  

should be noted th a t  th e re  are  24 p a tte rn s  
assembled on a ¿-in. d iam eter b a r which form s 
the  coreprin t. The im p o rtan t fe a tu re  of th is  
equipm ent is th a t  each p a tte rn  m ust be exactly  
the same size as the  o ther 23, because the  cast
ings m ust be in terchangeable. All assembly fits 
are as cast, and th e  section of finished chain  
shown illu s tra tes  the extrem e accuracy w ith  
which th e  castings are  produced. The “  sp ray  ” 
is constructed of brass, and  considering th e  
design, i t  is a fa irly  robust p a tte rn  equipm ent. 
The casting  w eight is f  oz.

Clutch Pedal (Type I)
Fig . 10 also shows a “  spray  ”  p a tte rn  of 

u n it construction, and i t  will be noticed th a t  
the length of the  pedal arm  necessita tes th e  p a t
tern  being constructed of a m etal th a t  will not
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readily frac tu re . A wooden m aster p a tte rn  is 
first constructed , and the  brass production p a t
tern  is moulded from  the  m aster p a tte rn . The 
J-in. brass rods, which are  incorporated in  the 
construction to  assist to  steady the  p a tte rn  when 
being w ithdraw n from the  mould, are note
worthy. To p revent a new m oulding jo in t having 
to be produced for each mould, th is  p a tte rn  is 
moulded in an “ oddside.” The casting weight 
is 3 |  lbs.

F ront  W heel  Hub (Type 2)
Fig . 11 shows an alum inium  p a tte rn  equip

m ent, w ith four p a tte rn s  mounted on tw in plates 
and the mould jo in t a t the  face of the  flange. 
The p a tte rn s  were constructed from a m aster 
p a tte rn , and the  design is such th a t  i t  was pos
sible to  machine all th e  surfaces. To position 
the p a tte rn s  on p lates dowels of a predeterm ined 
d iam eter are  constructed on the  face th a t  
assembles to  the  p late , and e igh t holes of a simi
lar d iam eter a re  m achined in  the  plates.

I t  will be noticed th a t  these castings are pro
duced w ith the full flange on one plate. This 
method of production increases inspection diffi
culties, because i t  is impossible to check casting 
off-set w ithout the use of ca lip e rs; to  overcome 
this difficulty th ree  oblong strips, ^ in. by J in ., 
a re  placed in a position on the p late  relative to 
the outside d iam eter of the  flange, and if these 
strips are not exactly  on the ou ter flange 
d iam eter of a finished casting, the casting is off
set. The casting w eight is 6 f lbs.

Hinge Bar (Type 2)
Fig. 12 shows a  n eu tra l stone-compound p a t

te rn  equipm ent, w ith  a tw in-plate construction 
cast inside th e  two halves of a m oulding box. 
The design of the  casting involves a difficult 
mould jo in t, and i t  will be noticed th a t  th is 
difficulty has been successfully overcome. Two 
advantages of using th is m ateria l are  the  short 
tim e i t  takes to  construct a suitable p a tte rn  
plate, and the ease w ith which in tric a te  mould
ing jo in ts can be produced. As th is  m ateria l does
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not con trac t or expand , p la te  p a tte rn s  can be 
constructed  from  shell p a tte rn s  w ith  very sa tis
factory results. The casting  w eight is 14 lbs.

THE COREBOX AN D CORES
The corebox used on production  work suffers 

rougher usage th a n  the  p a tte rn , so i t  is essential 
th a t  the  construction  be as robust as possible. 
A very sa tisfactory  m ethod is to  co nstruc t th e  
ac tua l corebox w ith in  a  fram e, th is  o u te r fram e 
receiving th e  “  ra p p in g ,”  and  when i t  becomes 
m utila ted , ano ther fram e can be easily  m ade to  
replace th e  old and  th e  ac tua l corebox is no t 
im paired.

Rear Axle Housing
The corebox illu s tra ted  in  F ig . 13 shows the  

principle of its  construction . The o u te r fram e 
is strongly constructed , the  ends being rebated  
into the  sides and supported  w ith  b a tten s  a t  the  
four corners. The corebox is of hardw ood con
struction , and th e  ex tra  cost involved when com
pared  w ith the  softer woods is com pensated by 
the ex tra  service life ; also, repa irs  a re  n o t so 
frequent. This corebox was m ade for an  experi
m ental design, and  before i t  is p u t in to  p roduc
tion  the  loose pieces shown, which are  a t  p resen t 
made of hardwood, will be m ade of a lum in ium ; 
moreover, brass s trip s  will be reba ted  in to  th e  
jo in t face of th e  tw o halves to  m a in ta in  th e  cor
rec t core jo in t. This core is designed to  be m ade 
in halves and  jo in ted  in  th e  mould.

Switch Box
W hen th e  design of a  core necessita tes the 

corebox being sectioned to  release th e  core, i t  is 
sometimes constructed  to  p a r t  a t  diagonal 
corners. In  order to  secure th e  corebox when the  
core is being ram m ed, bolts pass th ro u g h  th e  
sides holding the  box in  p o sition ; to  assist in  the  
easy rem oval of the  core, w ing n u ts  a re  fitted  
to  the  bolts. The robust construction  is 
well shown in  F ig . 14, th e  sides and  ends being 
well battened . I t  is good p ractice  to  secure th e  
b a tten s very firmly in  position, b u t they  should
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not b© glued because, under the  adverse condi
tions th a t  opera te  in  a  foundry, there  will be 
sligh t m ovem ent of th e  tim ber and, when the 
battens a re  secured by screws, th is  sligh t move
m ent can tak e  place w ithout any detrim ental 
effects.

F o r correct core location i t  is essential th a t  the 
portion which assembles in  th e  co rep rin t be pro
duced by th e  corebox. This may necessitate loose 
pieces in th e  corebox, b u t th e  results obtained 
ju s tify  th e  ex tra  cost.

Square  Box
F ig . 14 also shows a  very good example of 

th is, and illu s tra tes  these rem arks. The four 
loos© pieces are  designed to  form the tap e r of the 
co rep rin t ; th e  ta p e r  of the  core is in the oppo
site  d irection , and  if loose pieces were not 
used the  p r in t ta p e r  would have had to be 
formed by th e  m oulder when assembling the  core, 
which is n o t a very satisfactory  method.

There is an  old foundry  saying, “  flash before 
a  cru sh ,” b u t th is  does no t apply to  production 
moulding, an d  there  is really  no need for e ither, 
because both can be avoided w ith  properly con
structed  equipm ent. This question of coreprin t 
and core sizes is ia very debatable one. I t  is 
a recognised principle of pa tternm aking  th a t  
the p rin t should be of dim ensions suitable to 
support the core and m ain ta in  i t  in  its  correct 
position. I t  is very su rp ris ing  to notice, when 
v isiting  various foundries, th e  vast difference 
there  is in th e  size of coreprin ts. Some 
foundries produce satisfacto ry  castings with 
w hat o th er foundries would consider very in
sufficient coreprin t. This is ano ther detail th a t  
m ust be le ft w ith  each ind iv idual foundry to  
decide.

C o re p r in t  Sizes
A very satisfactory  method is to  make the 

co rep rin t and corebox th e  same size, as p a tte rn  
and corebox “  rap  ” will produce a satisfactory  
clearance for the  assembly of the core. By th is 
m ethod a correctly-m ade core to  crush th rough
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fouling th e  mould has never personally been 
known. One pa tte rn shop  of a production  
foundry known to the  au th o r m ade all core
p rin ts  to  fit inside the corebox, and very success
fu l results were obtained. C rushed m oulds, due 
to  cores being la rger th a n  th e  p r in t, were very 
rare.

Metal C o rebox es
A m eta l corebox is e ith e r  cast from  a wooden 

m aster box o r from  ia p la s te r of paris m aste r 
box. W ooden m aste r boxes a re  generally  used 
when th e  necessary shape can  be economically 
constructed  by th is m ethod, b u t som etimes i t  is 
cheaper to  construct a  wooden m a trix , of the  
shape of th e  requ ired  core, and  to  use th is  to  
produce a p laster corebox. This m ethod is used 
to construct the  corebox su itab le  fo r an  exhaust 
m anifold.

B oth methods of construction  are  shown in 
F ig . 15. The wooden corebox has been lightened 
ou t to  give a un iform  m etal section and  the  
wooden m a trix  is shown in  one ha lf of the 
p laster box. The o ther p las te r corebox illu s
tra te s  how th is m ethod of construction  is used 
in  the  p roduction  of a  corebox w ith  a very  in 
tr ic a te  jo in t.

M achining allowances are  incorporated  w her
ever possible to  assist th e  m eta l p a tte rn m ak er. 
As an exceedingly good finish is necessary on 
the unm achined surfaces, a ll loose pieces should 
be so form ed th a t  they  are  unm ovable w hilst 
th e  core is being ram m ed. The m eta l section 
m ust be strong enough to  w ith s tan d  th e  service 
conditions, b u t as lig h t as possible to  reduce th e  
fa tigue  of the  core m akers.

C ast iron and brass are  very  su itab le  m etals 
for th e  construction  of m eta l coreboxes. A lu
m inium  is too easily defaced, a lthough  when 
carefully used a corebox of th is  m a te ria l gives 
useful service.

Blown Cores
The core-blowing m achine is now a  recognised 

p a rt of the  coreshop equipm ent, and  i t  has neces
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sita ted  the  in troduction  of a special corebox. As 
core-blowing is p rim arily  to  assist production, it  
is no t th e  slightest use having one of these 
machines unless i t  can be worked to capacity. 
Therefore, it  is essential to have sufficient core
boxes continually  to  m ain ta in  the working of the 
machine, and the  coreboxes m ust be made so th a t  
they  can be stripped  and assembled in the 
quickest possible tim e. Obviously, if one core
box requires one m inute to  s trip  and assemble, 
twice as m any cores will be made w ith a corebox 
th a t  can be stripped  and assembled in one ha lf
m inute. The tim e taken  to  blow the  core is only 
a m a tte r  of seconds.

A very satisfactory  method, shown in Fig. 16, 
has been evolved for speedily assembling and 
stripp ing  the  corebox when the  core has been 
blown. The jo in t faces of the two halves are 
extended, and the ou ter surfaces m achined with 
ta p e r in  the  form  of a slid e ; a tapered  wedge 
engages over these slides, and the assembly action 
of the  wedge is more or less instantaneous, the 
release being much the same. The two halves 
are securely held when th e  core-blowing is in 
operation.

Rough usage cannot be entirely  elim inated, 
and i t  is essential th a t  the wedges and slides be 
as strong as possible. Quickness of assembly and 
stripp ing  is necessary ; consequently i t  is impos
sible to  be too critica l of how the  corebox is 
used to obtain  the  quickest production.

The m ajo rity  of coreboxes used on the blowing 
machines are  of cast iron, and care m ust be taken 
in th e ir construction, as i t  is im portan t th a t  
smooth surfaces be produced. This considerably 
assists in  reducing to  th e  minim um  the  tooling 
of the cores, as speedy production is the main 
feature . D efective cores m ust be scrapped ra th e r 
than  a ttem p ts  be made to  rectify  them  by tool
ing.

The two faces of the  corebox jo in t m ust be a 
perfect fit, or trouble will quickly be experienced 
due to  the  sand blowing th rough  the  jo in t. In  
a very short tim e there  will be worn in each face
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a groove th rough  which th e  sand will pass. All 
loose pieces should be a  good fit in  th e ir  seatings, 
because th e  pressure a t  which th e  sand is blown 
very quickly reveals defects of bad jo in tin g .

E xperience has proved th a t  deep recesses or 
pockets a t  r ig h t angles to  th e  flow of th e  sand 
into the  corebox a re  sometimes loosely ram m ed. 
To overcome th is  defect an exhaust hole is placed 
a t the  end of the  recesses to  allow any  excess a ir 
to escape (F ig . 16). To re ta in  th e  sand  th e  hole 
is covered w ith  very fine gauze, and  th is  m ethod 
has very successfully overcome troub le  caused by 
a ir pockets.

C onstant exam ination  is necessary to  check a t 
the commencement all defects th a t  develop, be
cause an undetected  defect can very  soon be the  
cause of a new corebox being needed.

A nother m ethod of increasing core p roduction  
is to  construct a num ber of coreboxes w ith in  the  
same fram ew ork, th is num ber being dependen t 
on the  found ry ’s requirem ents.

The example in F ig . 16 illu s tra te s  th e  method 
of construction. The core-producing u n it  is of 
cast iron and is m ade from  a p la s te r cast. All 
w orking surfaces a re  m achined and  th e  outside 
surfaces a re  ligh tened  o u t to  produce a  un ifo rm  
m etal section of approxim ately  J  in ., which 
g rea tly  reduces the  w eight. This core is very 
simple in  design, b u t more in tr ic a te  designs are 
produced w ith  ease. The cores a re  produced on 
a  “  bum per,” m achine, and  th e  tim e ta k e n  is 
very litt le  g rea te r th a n  if one core was produced.

F or production purposes, i t  is n o t alw ays ad 
vantageous to  produce a core in  one p iece ; 
sometimes i t  is necessary because of core-drving 
space or equipm ent to  produce a core in  two 
or more portions. The problem m ust always 
be considered before commencing to  construc t 
a corebox. I t  is usually cheaper and  easier to  
construct two separa te  coreboxes fo r a  given core 
th an  to  construc t one corebox and  a fte rw ard s 
find, when the  casting  is in  production , th a t  th e  
corebox m ust be a ltered  and  sectioned to  pro
duce the core in  tw o p a rts .



These rem arks are  illu s tra ted  by the examples 
shown in  F ig . 17. The core would occupy a 
considerable am ount of room in  the core stove 
because of its height, and if made to  dry hori
zontally i t  would still occupy an appreciable 
am ount of space. T herefore, th is  core is pro
duced in two portions, the  base being dried as 
i t  stands on th e  p late  and  the  cylindrical por
tion  in  a core d rier. A fter drying, the core is 
assembled and checked by a standard  gauge.

C onsideration of the  best possible method of 
producing a core can  very m aterially  assist even 
flow of production. F o r example, if four cores 
are necessary to  produce a certa in  casting and 
one core th rough  difficulties of production can
not be supplied to  complete the set, casting 
production is spasmodic. Such trouble is some
tim es caused th rough  unsatisfactory  core-produc
ing equipm ent.

S im ilar cores which are  likely to  become mixed 
and m istaken for each other should always be 
made slightly  d ifferent so th a t  i t  would be im
possible for the  wrong core to  be assembled in 
a mould. This a t  first may seem a difficult pro
position, b u t actually  i t  is not. The moulder 
w ith constan t practice is used to  assembling the 
correct cores, and  if he receives a  consignment 
of sim ilar cores th ere  need only be a very slight 
varia tion , i .e .,  difference in  length  or size of 
coreprin t, and he in s tan tly  knows the  wrong core 
is being assembled. By th is m ethod a  consider
able am ount of scrap can be saved. The au thor 
has had experience of wrong cores being 
assembled through  sim ilarity  of shape and the 
same size of coreprin t.

W hen, for purposes of accuracy, locations in 
the corebox are necessary, they should always be 
so placed to form  a location th a t  will n o t require 
tooling. In  the  m ajo rity  of instances a core 
location th a t  has been tooled is never as satis
factory as one produced by the  corebox, and core 
m isplacem ent can have a very serious effect on 
casting production.

5 6 7
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The ideal p a tte rn  equipm ent is one th a t  is 

continually  in  production  producing perfec t 
moulds and cores. A colleague, who has studied  
production moulding in the  U .S .A ., has s ta ted  
th a t  the p a tte rn  equipm ent used in th a t  country  
is the finest he has ever seen, and th a t  th e  mould, 
when th e  p a tte rn  has been w ithdraw n, requires 
no hand  w orking. I f  a bad l i f t  be experienced 
the mould is knocked o u t; from  observation, 
however, bad lif ts  a re  very in freq u en t and, 
moreover, the moulders had  no m oulding tools.

H e was inform ed th a t  th e  patte rn shop  always 
endeavoured to  construct th e  finest possible 
equipm ent. Of course, th e re  is a  considerable 
difference in the  num ber of castings produced 
from an individual design in  th is country  com
pared  w ith  U .S .A .; hence, one canno t afford to 
lay o u t as much money on p a tte rn  equipm ent 
in th is country, b u t w ith th e  general skill of 
the foundry d e te rio ra ting  th rough  th e  in tro 
duction of semi-skilled labour, the  p a tte rn  
equipm ent will have to  be of a h igh s tan d ard  to 
compensate for the  loss of m oulding skill. The 
patternshop m ust endeavour to  supply the 
foundry w ith equipm ent so constructed  th a t  
m oulding skill of a  high degree is n o t necessary, 
and in  th is m anner will m a in ta in  w ith in  th e  
c ra f t the skill which the m ajo rity  of o ther c ra fts  
are gradually  losing.

In  conclusion, th e  au th o r wishes to  th an k  
the directors of Ley’s Malleable C astings Com- 
pany, L im ited, for perm ission to  photograph 
certa in  p a tte rn  equipm ent and for supplying the  
facilities used in  the production  of th e  illu s tra 
tions, and Messrs. R . W. W illiam s, A. E . Peace 
and W. C. M arshall for th e ir assistance in  pro
ducing the lantern-slides.

DISCUSSION
The B r a n c h - P r e s i d e n t  (M r. W .  T. E vans), 

rem arked th a t  Mr. H orton  had given th e  mem
bers a very full P ap er, il lu s tra ted  by m any ex
amples. The a u th o r’s m ethod of bu ild ing  a 
p a tte rn  of hardwood and  facing  i t  w ith  m etal



resu lted  in  a ligh ter p a tte rn , which m ade it 
easier for the  m oulder to g e t a  good clean draw. 
A p a tte rn  m ust be of reasonable weight.

M r .  A .  E .  P e a c e  said he did no t th in k  Mr. 
H orton  had referred  to alum inium  pa tte rn - 
plates. M r. Peace had seen these used, and i t  
occurred to  him  th a t  they  would reduce the  
w eight. W as th ere  any serious objection to 
alum inium  p a tte rm p la tes  ? H e knew th a t 
corrosion was a problem. A  p a tte rn  w ith a 
num ber of fingers on i t  had been shown. H ad 
those fingers been made in  brass or wood? I f  
m ade in wood they  would be very weak, he 
im agined. In  connection w ith coreboxes for core- 
blowing machines, and the  method of quick re
moval by a wedge, M r. Peace said he had seen a 
method adopted, where stiff wire, or rod, was 
used, which was snapped over and sprung. H ad 
Mr. H orton  any comments on th a t  method?

M r . H o r t o n ,  re fe rring  to  alum inium  pa tte rn - 
plates, said i t  would certain ly  he advantageous 
if one could have such pa tte rm p la tes , b u t there  
was the  obstacle of cost. In  production mould
ing it  was a g rea t advantage in  reducing weight. 
As to  th e  p la te -p a tte rn  w ith fingers around the 
outside, th e  lec tu rer poin ted  o u t th a t  a m aster 
p a tte rn  had been made of the  small fingers, and 
they  were cast in  brass and secured in  th e ir 
correct position around th e  p late. H e doubted 
w hether wire clips for coreboxes would be a 
success on corejblowing machines, because a very 
t ig h t jo in t was essential, or sand would escape 
th rough  th e  jo in t.

M r . F . D u n l e a v y  said th a t  the cu rren t im 
pression th a t  the p a tte rn m ak er was there  to 
construct, and the moulder to  destruct, was 
wrong. The skilled m oulder did n o t misuse 
pa tte rn s, and he would like to  have M r. H o rto n ’s 
assurance th a t  th e  dam age referred  to  was done 
by unskilled or semi-skilled workers who did not 
appreciate  th e  value of p a tte rn s. He asked Mr. 
H orton  if all th e  castings illu s tra ted  were m alle
able. A few years ago he made a pipe 7 f t . 6 in. 
long, and used a p lain  board, the  shape of the
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pipe, and strickles. T h a t would be a fa r  b e tte r  
and cheaper way th a n  the  m ethod which had 
been illu s tra ted  in  the  P ap e r.

Mb . H orton agreed th a t  his foundry  in  general 
was dealing w ith  sem i-skilled labour. Those were 
the  conditions ru ling  in  the  foundry , and  one had 
to impose conditions suited  to  th a t  foundry . H e 
rem inded M r. D unleavy th a t  th e  P a p e r  dealt 
w ith patte rn m ak in g  for p roduction  m oulding, 
and he considered his m ethod for m ak ing  a  pipe 
core, which was for production  m oulding, fa r  
superior, and suitab le  fo r th e  conditions. For a 
one-off job, he agreed th a t  th e  strick les would be 
fitted for th e  job. All the  castings illu s tra ted  
were of m alleable iron.

Mr . R . H . B tjckland was pleased to  h ear th e  
view stressed th a t  i t  was th e  “  casting  ”  which 
was required. Some p a tte rnm akers  in sisted  th a t  
a p a tte rn  was rig h t, ye t a  p a tte rn  o ften  had  to 
be made incorrect to  m ake a  casting  rig h t. H e 
asked if M r. H orton  had  any records re la tin g  
to  th e  num ber of castings m ade from  hardw ood 
pa tte rn s, as he believed i t  possible to  obtain  
thousands of moulds from  such p a tte rn s .

M r . H orton said the  num ber of castings pro
duced from  a  hardw ood p a tte rn  d id  ru n  in to  
thousands. On one p a rticu la r job, they  pro
duced between 9,000 and  10,000 from  th is  
m ateria l. I t  was in  production  a long tim e  and  
periodically was sent to  th e  p a tte rn  shop to  be 
renovated, or varnished. One section, w hich th e  
moulder had continually  brushed and  pain ted  
over, was reduced by in.

Rapping Plates
M r. H . G. Cochrane said he had  hoped M r. 

H orton would m ention some k ind  of rap p in g  
plate. H e th o u g h t th a t  s trong  rap p in g  plates 
were necessary.

Mr . H orton agreed th a t  a num ber of pattern s  
which were sen t in  would be m uch b etter  con
structed if  the rapping p late was incorporated. 
R apping plates were not used on production p a t
terns, as these are generally  v ibrated  by m achine.



Mu. F . B utters considered a wooden pa tte rn  
m ounted on a wooden board was a fra il th ing  to 
send in to  a foundry.

Mu. H orton replied th at he had plates which 
had produced thousands of castings.

M r. C. D. P ollard said a  pa tte rnm aker was 
not a m an who had to  make som ething to  look 
nice. H e m ust know really more of the  mould
ing side th an  the  m oulder himself. Unless a 
p a tte rn m ak er, on receip t of a draw ing, could 
visualise the  moulding th roughout, he could not 
usefully discuss th a t  job w ith the  foreman 
m oulder. M r. Pollard  declared th a t , as a maker 
of steel castings, he much preferred  properly- 
m ade hardwood p a tte rn s  to  m etal pa tterns. 
They would last, providing they  had proper use, 
for m any thousands of castings.

M r. T. Goodwin said M r. H orton  had shown 
them  the  be tte r way to  build a p a tte rn , and 
how to  make a corebox so th a t  i t  would have a 
long life, as well as the  easiest way to do it. 
A lum inium  p a tte rn -p la tes  could be worked 
successfully, and for flask work they were ideal.

P a t te rn  Com pounds
M r. H . A. R f.d s h a w  asked if the  p a tte rn  com

pound expanded a t  all. W hen they made a 
mould from  the p a tte rn  compound, was there  any 
troub le w ith the  mould, and did the  p a tte rn  have 
to  be eased a t  all? R eferring  to  the box p a tte rn  
of wood, faced w ith brass, he though t a m etal 
p a tte rn  would have been be tte r, and, in his 
opinion, i t  could be made ju s t  as quickly.

M r. H orton said he had no experience of ex
pansion of stone compound. Sometimes there  
was a  sagging, b u t th a t  was not actually due 
to  the  m ateria l, b u t -to the  mould into which 
the stone was poured. The box illu strated  was 
ligh te r w ith  a wooden base, and if made with a 
cast-iron section, a m aster p a tte rn  would have 
to be made first.

P a t te rn s  for Machine Moulding
M r. J .  Lttoas pointed out th a t  much had been 

said about m etal p a tte rn  fitters. These opera-
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tives ought to  be d iv ided  in to  two en tire ly  
d ifferent classes—-metal p a tte rn  filers and  m etal 
p a tte rn  fitters. One class would be called sem i
skilled, and the  o ther skilled w orkers of th e  first 
order. R eferrin g  to  hardw ood p a tte rn s , in  the  
course of m any years’ experience, M r. Lucas had 
found these would la s t exceptionally  well if 
properly made and adequately  filleted, and  would 
give good service in  ac tu a l work. H e had  
expected Mir. H orton  to  say som ething about 
m achines of various types, for p a tte rn s  now a
days had to  be made to su it m oulding machines. 
The au thor, he said, m ade a model of th e  cast
ing he was going to  produce, and  from  th a t  
model was m ade a p las te r cast for th e  contour 
of his core, which he said gave perfec t m atching 
of core and mould. There m ight be a v a ria tion  
in the core, and several tim es he had noticed a 
core would tu rn  o u t bigger th a n  th e  corebox.

M r . H orton said th a t  the subject of p a tte rn s  
to  su it various types of m oulding m achines was 
well w orth a P aper. R egard ing  m atch ing  up of 
cores and moulds, one had  to  rev e rt to  th e  old 
system of tr ia l and  e rro r, when troub le  was due 
to  varia tion  in cores. In  connection w ith  cores 
which were bigger th a n  th e  corebox, th e  lecturer 
said th a t  when they had a core m ade and found 
a sag, th is  was allowed fo r ; they  provided ex tra  
depth of corebox to  allow for th a t  sag, and  th is 
again was a m a tte r  of tr ia l  and  e rro r.

P a t te rn  W e a r  C on tro l
M r . Lew is  asked whose job i t  was to  control 

the wear of p attern s in use.
M r. H orton, in  reply, observed th a t  the 

m oulder could n o t be relied upon to  te ll where 
the  p a tte rn  was w earing, since i t  w ore so slowly 
and was hardly  noticeable. H e  suggested  th e  
re tu rn  of p a tte rn s  to  the  p a tte rn  shops period i
cally, where tem plates could be k e p t ; i t  would be 
quite  easy to  ru n  over the  p a tte rn s  to  see w hether 
they were worn or not.

Mr . H olland asked w hether the cost of reno
vating a wooden pattern  would n o t be m ore th an



m aking a m etal p a tte rn . By th e  tim e a  com
p la in t was received from  a custom er, many 
castings would be m ade and spoilt.

M r. H o r t o n  pointed ou t th a t ,  when they were 
given a job, they  did n o t always know how many 
castings would eventually  have to  be made. It' 
a p a rticu la r job was in itia lly  a ra th e r  small 
order, a  wooden p a tte rn  was used. The difficulty 
arose when rep ea t orders came in , b u t th is  could 
be overcome by m aking a m etal p a tte rn  when 
la rger q u an titie s  were required.

M r. B. G a l e  referred  to  coreboxes on core
blowing machines, and  said th a t  one poin t not 
m entioned by Mr,. H orton  was the  action of the 
compressed a ir  and the  sand on the  corebox 
directly  beneath  the  blowing hole. H is experi
ence was th a t  one very quickly detected w ear in 
th a t  p a r t  of the  corebox. He would like to  know 
if M r. H orton  had any m ethod of overcoming 
th a t  troub le  when m aking the  corebox. H e re 
g re tted  th a t  M r. H orton had no experience of 
th e  question of the  expansion of artificial stone. 
Mr. Gale had had cases w ith  castings having 
very fine lim its for location, and he had found 
th a t the en tire  p a tte rn  had grown. The growth 
m ight be only 0.010 to 0.015 in ., b u t th a t  was 
serious when on machine locations

M r . H o r t o n  agreed th a t  the  coreboxes on 
core-blowing m achines did wear, b u t he knew of 
no definite m ethod of p reventing  th a t  wear. 
R egard ing  the  stone compounds, he used them  in 
a num ber of production pa tte rn -p la tes w ithout 
having any troubles due to  variation .

P a t te rn -P la te  Details
M r. P . A. R u s s e l l  said, from his experience, 

one frequently  received custom ers’ p a tte rn s  which 
required duplicates. W hite-m etal non-shrinking 
p a tte rn s  were th e  best in such cases. H e asked 
w hether M r. H orton had ever experim ented with 
different types of alum inium  alloys for pa tte rn - 
plates. He would also like a  few more details of 
the construction of p a tte rn  boards. Unless a 
p a tte rn  board was very accurately constructed, i t



would not keep its  fla tn ess; th e  size and  num ber 
of ba tten s w ere an  im p o rta n t fac to r. W hen 
securing sp lit m eta l p a tte rn s  to  p lates, i t  was 
necessary to  use screws and  b o lts ; w b a t m ethod 
had  M r. H orton  of filling up th e  screw heads, so 
th a t  th e  m arks were n o t obvious?

M e . H outon agreed w ith  M r. R ussell th a t  
th e re  was no shrinkage w ith  w hite  m eta l. They 
could n o t use a  p a tte rn  supplied to  produce an 
alum inium  p a tte rn , and would have  to  use a 
m aster p a tte rn . They very seldom m ade w hite- 
m etal p a tte rn s . R egard ing  th e  filling of screw 
heads, for brass p a tte rn s  th e  slots in screw heads 
were soldered o v e r; fo r an  alum inium  p a tte rn  
alum inium  solder was used, and  for th e  iron 
p a tte rn s  wax was used for th e  screw head slots. 
A m etal hoard was usually  p re fe rred  fo r the 
build ing up  of pa tte rn -p la tes .

On the  proposition of M r. N i v e n ,  seconded by 
M r. Orme, a  h ea rty  vote of th an k s was accorded 
to  th e  lecturer.
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Lancashire Branch

THE PR ODUCTION OF SOME INTRICATELY-P a p e r  N o 647 CORED IRON CASTINGS*
By T. R. HARRIS (Associate Member)

The demands of m odern engineering for in tr i
cate castings em bracing w hat previously had been 
separate  components may be ideal from  th e  en
g ineer’s po in t of view, b u t is a considerable 
source of anx iety  to  th e  foundrym an, especially 
when he is called upon to  produce cylinders and 
o ther pressure vessels. O ften a casting can be 
made which looks perfect, b u t which, on the 
application  of th e  hydraulic pressure tes t, weeps 
a t a num ber of places due to  porosity—one of the 
foundrym an’s g rea test troubles.

P o s t -W a r  Changes
The following examples of intricately-cored 

castings are  typical of m any others th a t  are 
produced regularly  in a shop which, in pre-war 
days, was chiefly producing larger and heavier 
castings for pum ping, w inding and air-compress
ing engines. In  the  post-w ar period a re-organi
sation took place, and a speciality was made of 
sm aller air-com pressing and pneum atic p lan t 
which called for very in tric a te  castings. The 
technique necessary for producing these castings 
varies considerably from  th a t  in  vogue in  the 
days of heavier work. Then, loam moulds were 
the order of the  day, produced by the minimum 
of p a tte rn  work, and a “ dull ”  iron was ideal 
for casting  th e  heavy jobs.

To-day, all th is  is changed. Castings w ith 
walls of in. thickness dem and th e  use of 
“  h o tte r ”  iron, and  the  mould and cores have 
to be well made. The production of in tricately -

* This Paper was th e  w in nin g en try  to  a P rize Com petition  
organ ised  b y  th e  L ancash ire B ranch.
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cored castings calls for the  closest co-operation 
between patternshop  and foundry , and  only wood 
of exceptional qua lity  should he used in  th e  con
struction  of the  p a tte rn  and coreboxes. The in 
troduction  of oil-sand cores was one of th e  b iggest 
benefits which has come th e  way of th e  founder 
in modern days, and th e  following exam ples owe 
much of th e ir  success to  th e  use of th is  medium . 
G reat care has to  be exercised in  th e  choice of 
workmen for these jobs, and in  m any cases i t  
takes a considerable tim e properly  to  tr a in  a 
man to  he capable of p roducing th is  class of 
work, particu la rly  th e  first exam ple to  be con
sidered. E x p ert supervision is necessary in  the  
coreshop producing these cores, and  care  has to  
be exercised in  th e ir  p roper d ry ing . Oil-sand 
technique differs from  th a t  required  in  n a tu ra lly - 
bonded cores, both  in  m aking  and d ry ing . The 
older type  of cores needed ram m ing, and  on d ry
ing th e  combined w ater was evaporated , while 
artificially-bonded cores need no t be ram m ed, and 
the dry ing  process is essentially  chemical. Oil- 
sand cores are  dried  by ox idation , and  i t  is n o t a 
question of m oisture rem oval. B est resu lts are  
obtained w ith low -tem perature  stoves w ith  good 
a ir c irculation , a su itab le  tem p e ra tu re  being 
about 205 deg. C.

L.-P. Cylinder Moulding
The first example chosen to  illu s tra te  th e  them e 

of the  p resen t thesis is a low -pressure cylinder 
for a tw o-stage a ir  compressor. From  the  illus
tra tio n , F ig . 1, i t  will be seen th a t  i t  is a fa irly  
com plicated cylinder. The views a re  a  num ber 
of sections th rough  th e  various planes ind icated , 
and a re  self-explanatory . In  th e  firs t place, i t  
will be observed th a t  th e  design is n o t ideal from, 
the founder’s po in t of view, as th e re  a re  th ick  
and th in  sections of m etal in  ju x tap o sitio n , and 
m any lum ps occur where th e  m eta l has been 
bossed-up to  receive a stud . These all ten d  to  
produce “  draw s ”  th ro u g h  which th e  w a te r will 
leak on test. Then, again , th e  w a te r-jack e t core 
is a source of trouble , for i t  is very th in  in  some
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places and also has only a very lim ited ou tle t for 
the gases generated  on casting, and unless proper 
precautions are  taken , it  will “ blow ”  and thus 
tend  to  cause porosity.

■ F ( u .  1 .— L o w - P r e s s u r e  C y l i n d e r  f o r  T w o -
S t a g e  A i r  C o m p r e s s o r .

C astings such as th is example can only be pro
duced successfully a fte r  the  most careful p lan
ning beforehand of both the m oulding and core
m aking technique, while the choice of a suitable 
m etal m ix tu re  for the job is of the  g rea test mi
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portance. The norm al p rocedure in  work of th is  
n a tu re  is fo r th e  p a tte rn m ak e r, on receip t of 
the  b lue-p rin t, to  lay th e  job o u t fu ll size on a 
su itab le  d raw ing board , w ith  space betw een the 
views to  m ark in  th e  necessary m achin ing  allow
ance, core p rin ts , etc. Before any  pa tternm ak- 
ing  is done, a consu lta tion  betw een th e  p a tte rn 
m aker and foundry  su p erin ten d en t decides on 
the m ethod of m oulding which will be adopted .

Mould C o n s tru c t io n
In th e  p resen t instance it was decided to  cast 

th e  job open end up , or in a sim ilar position 
to  th e  illu s tra tion , th e  jo in t of th e  m ould being 
tak en  on top  of th e  p a tte rn . On a cursory 
exam ination  of th e  d raw ing  it  m igh t be th ough t 
by some th a t  a b e tte r  p lan  would be to  sp lit 
the p a tte rn  along tire line CD, th u s  m oulding 
in tw o boxes, th e  object being ease in  assembling 
the cores. This, however, is unnecessary , and 
resu lts in  a fin of m etal a round  the  jo in t, which 
w hile not tak in g  away from  th e  usefulness of 
the  casting  d e trac ts  from its  appearance, which 
is sometimes w orth  a titt le  ex tra  care , especially 
on high-class engine work. The p a tte rn  is 
“  boxed ”  up , and th e  various facing  pieces, 
J', J ,  e tc ., each carry  a core p r in t  and a re  kep t 
in position by dovetails. These dovetails ex tend  
th e  fu ll leng th  of the  p a tte rn  and  ca rry  all th e  
facings, which rest on them . Also th e  dovetails 
are m ade of alum inium , it  hav ing  been found 
th a t no m a tte r  how perfectly fittin g  a wooden 
dovetail may have been m ade orig inally , o r how 
well seasoned th e  tim b er from  w hich th e  p a tte rn  
has been constructed , invariab ly  a f te r  a litt le  
while a wooden dovetail “  sticks ”  an d  te a rs  up 
a portion  of th e  m ould, a tro u b le  n o t ex
perienced w ith  th e  use of alum inium .

Core p rin ts  a re  placed on each facing , and  are 
m ade a li tt le  on the  big side to  allow of the  
easy insertion  of th e  core on assembly, i t  hav ing  
been found w ith  dry-sand  w ork th a t  if both 
core p r in t  and  corobox be m ade th e  co rrec t size, 
the m oulder has to  reso rt to  th e  use of a file to
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allow' of th e  cores en te r in g  th e ir  respective 
p rin ts . Also, th e  side p rin ts  are  “  gu ided ,” 
th a t  is they  each have a d is tinc t difference im
p a rted  to  them  which is reproduced in  th e  core- 
box, and  so on assembly of th e  mould th is can 
be proceeded w ith , w ithout th e  necessity of the 
presence of the p a tte rn m ak er in  th e  foundrv 
w ith b lue-p rin t. Especially is th is  wise in the 
present case, as th e  job is  no t sym m etrical bu t 
th e  cores have a sim ilar appearance which would 
need try in g  in  position if  no d istinctive m ark 
was given them .

The cen tre  core is supported  on the p r in t L 
and th e  chaplets, as shown in  F ig . 2, while two 
11 in. dia. p rin ts  are  placed in the  bottom  to 
locate and ta k e  off some of the  gases from the  
jacke t core a t M , these holes being subsequentlv 
plugged. I t  will be noticed from  F ig . 2 th a t 
no head is incorporated  in th is  cylinder, although 
i t  is cast open end  up. The reason is th a t  no 
useful purpose is served by the  emplovment- of 
a  head in  th is  instance, as th e  results do not 
justify  the  ex tra  expense incurred in moulding 
and  subsequently rem oving it. L ike m ost other 
jobs of an in tr ic a te  n a tu re , th e  coreboxes are 
more difficult to  produce th a n  th e  p a tte rn , and 
g rea t care has to  be exercised in  th e ir  produc
tio n  to  ensure th e  resu lting  cores fitting  one 
ano ther and  being of th e  correct hand.

A resum e  of the  assembly of the  cores in th is 
mould is necessary to  understand  the  reason for 
the various boxes m aking up  th is set.

C ore  Assembly
The first cores to  be inserted  are th e  four 

m aking th e  air-w ays and valve pockets Z, F ig . 2. 
I t  will be observed th a t  it would be impossible 
to  in se rt water-jacket- core Y a f te r  Z was in 
position o r vice versa  if  th e  cores were made 
as in  F ig . 1, because of th e  portion  X , F ig . 2, 
form ing th e  po rt. Consequently portion  X  has to 
be m ade as a separa te  core, and  is secured in 
place a f te r  w ater-jacket core Y is in  position. 
The fou r cores Z are  therefore  placed in  position.

u  2
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next th e  jack e t Y, and th en  th e  fou r small 
cores X , which are  located by a p r in t  on Z, and 
w ired back in position. These p o rt cores and  the  
top ones are k e p t back ^ in . c lea r of th e  m ain  
core to avoid a  “  c ru sh .”  To allow of th e  top  
jacke t core being placed in  position, core Z has 
to  be m ade off to  th e  line W, F ig . 2, and  the  
portion V carry ing  the valve pocket and  port 
is subsequently w ired in  position.

To connect th e  air-w ay cores Z, a bridge 
piece is necessary a t U, the  whole being shown 
diagram m atically  in F ig . 3, which shows various 
sections of th e  assembled cores an d  is self- 
explanatory . The a ir-in le t core T is m ade sepa
ra te  from the  bridge-piece core, and  is placed 
in its p r in t  before th e  bridge piece is inserted  
in im pression in  core Z. The boxes for cores Z 
are  made as fram es, w ith  the in te rio r filled in  to 
shape, th e  top of the box being th e  p r in t por
tion , these being loose in  the  fram e, and  also in 
halves for convenience in m aking the  cores. The 
w ater jacket, as was suggested, is made as two 
cores jo in ted  in the cen tre  of th e  cylinder CD, 
Fig. 1, each piece of which is m ade in  a fram e 
box. To fac ilita te  m aking th is  core, all pieces 
m ust be easily accessible and th e  box made 
accordingly w ith a  large num ber of pieces, all of 
which su it in th e ir  respective positions. The 
cylinder bore is m ade in a fu ll box w hile the  
b ridge pieces U are  made in  su itab le  fram e boxes, 
th e  top  side being strick led  off.

The boxes in which are m ade cores th a t  ab u t 
against others have suitable places m arked  for 
the  m aking of the  necessary a rrangem ents for the 
evacuation of the  gases on casting . Such a 
case would be th e  bridge core-boxes, these being 
m arked where the  round core T su its, th is  being 
a m eans of ven ting  core U. Places a re  also 
m arked in th e  jack e t boxes w here cores for the  
sludge doors fit (these sludge doors a re  no t 
shown in the  illu s tra tions to  avoid com plications).

C asting D es id e ra ta
All the  p a tte rn  work being finished, a s t a r t  is 

made in  the  foundry  and a num ber of im p o rtan t
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points given due consideration . Among these 
considerations a re  th e  q u es tio n s : w here is the 
best place to  ru n  th e  jo b ; th e  num ber and  dis
position of r ise rs ; the  ven ting  a rrangem en ts  for 
th e  easy e x it  of gases from  th e  cores, etc. D eal
ing w ith these considerations in  o rder, th is  
p a rticu la r cylinder is ru n  from  th e  bottom  by 
two in lets connected w ith  two dow ngates, these 
being connected a t  th e  top  jo in t and  fed by a 
common dow ngate. A g re a t advan tage  of bottom  
pouring  is th a t  th e  fall of m etal is broken, first 
a t  th e  top jo in t, th en  a t  th e  bottom , and  can 
thus be gently  led in to  th e  m ould, and  so save 
scabs, etc., which otherw ise—if top-poured— 
would be caused by the erosion of the  m etal over 
ce rta in  p a rts  of th e  mould and  cores, w ith  disas
trous results.

Two risers a re  s itua ted  over th e  m ain  barrel 
and between the  w ater connection holes from  the 
w ater-jacket core. The gases a re  taken  off from 
the  various cores in  as m any places as possible. 
The jack e t core is th e  m ost difficult to  make 
because of the  res tric ted  ou tle ts fo r th e  gases 
generated  on c a s tin g ; i t  is m ade of a sea-sand 
m ix tu re  w ith  a p ro p rie ta ry  b inder. This core is 
very delicate and is held to g e th er by w ires (which 
a re  no t shown in the illu s tra tio n , b u t which are 
both circum feren tial and vertica l), th e  objection 
to  a cast-iron grid  being th a t  th e  size of th e  core 
is n o t sufficient to  allow of a su itab le-w id th  grid  
qnd a layer of sand each side. Also, if  a cast- 
iron grid  were used, g re a t difficulty would be 
experienced in  ex trac tin g  i t  from  th e  casting. 
Some of the gas from  th e  jack e t core is tak en  off 
th rough  th e  two bottom  p rin ts , b u t th e  bulk 
comes th rough  the  top  “  pods,”  and  a li tt le  goes 
off th rough  th e  sludge d ra in  cores.

The m ethod of tak in g  off the  gas th ro u g h  the 
top is to m ake the  core ^ in . shallow, and  to  m ark 
on th e  p a tte rn  th e  cen tre  of these various holes. 
In  th e  top mould a num ber of v en t holes are  
pierced th rough  before th e  job is d ried , corre
sponding to  th e  position the  hole in  th e  jacke t 
core will occupy on assembly. W hen th e  jacke t
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F i g . 3 .— S e c t i o n s  o f  A s s e m b l e d  C o d e s  f o p  
L o w - P r e s s u r e  C y l i n d e r .
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core is in  position, a ring  of loam is b u ilt around 
the  ven t, and the  top  is placed on and seals it. 
In  th is way there  is a free ven t from  the  core to 
the  atm osphere. V ery  fine ashes a re  used in 
th is core to  assist th e  ven ting , p a rticu la rly  of 
the  la rg er masses of sand, which, if no t a rtif i
cially vented  in  th is m anner, would evolve an 
excessive am ount of gas on casting . The vents 
would be inadequa te  to  deal w ith  th is  q u an tity  
of gas, and thus th e  gases would s trik e  back in to  
the  m etal and  cause violent blowing, resu lting  in 
a w aster casting.

The gases from  the  valve cores Z a re  tak en  off 
th rough  th e  p rin ts , as shown in  F ig . 2. Space K 
is m ade d u ring  m oulding by fou r p a tte rn s  placed 
ag a in s t each of th e  p rin ts  on th e  facing  pieces 
J ,  J .  The spaces le ft by these p a tte rn s  a re  large 
enough to  allow of the  m oulder p lacing his hand 
in  and  w iring  the  small p o rt cores in  position. 
The spaces afterw ards a re  filled w ith  fine ashes 
which lead th e  gases d irec t to  th e  atm osphere. 
All the  cores a re  m ade of a sea-sand and  a  p ro
p rie ta ry  b inder. The best resu lts a re  obtained 
by first d ry ing  th e  sand and th en  m ix ing  a de
finite q u an tity  to  a p roportion  of b inder in  a 
“ R otoil ”  mill. The ja ck e t and  valve cores are 
made of a s tra ig h t sea-sand m ix tu re , b u t the 
cen tre  core is m ade of a m ix tu re  co n ta in ing  a 
p roportion  of used m oulding sand. All th e  cores 
have to  be well m ade and  “  b u rn t o u t ”  to  en 
sure safety  on casting , because, th e  ex its  (espe
cially from  the  jack e t core) being ra th e r  re 
s tric ted , an  excess of gas is a g re a t danger. 
N evertheless, care has to  be exercised th a t  the  
core is n o t b u rn t over m uch and  becomes 
“  ro t te n .”

The choice of a m eta l m ix tu re  fo r a casting  
such as th is is very im p o rtan t, because, although 
the  mould and  cores a re  well m ade and  carefully  
assembled, the  use of an  open iron  would be con
ducive to  “  w asters ”  th rough  w eeping, etc. 
A fter much experim enting  a steel-m ix iron  was 
evolved for th is ty p e  of cylinder, and gave good 
re su lts ; porosity was reduced to  a m inim um  and
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th e  bore was even th roughou t, no hard  spots 
being encountered. This p a rticu la r cylinder was 
13J in . d iam eter, and the rough casting weighed 
8J cwts.

Making a W a te r -C o o led  Casing
A nother exam ple th a t  m ight be classed as an 

in tricately-cored casting  is illu s tra ted  in  F ig . 4, 
and is a water-cooled casing. A num ber of 
fea tu res make th is in teresting , one of them  being 
th e  thickness of m etal compared to  its  surface 
a rea, which necessitates hot m etal to  run  i t  suc

cessfully. On th e  o ther hand , the  job would be 
safer if “  duller ”  m etal could be used to allow 
of the  gases from  th e  jacke t core easily escaping. 
The job is cast face-down or, as F ig . 5, by th ree 
pencil runners, which ensures ho t m etal being 
used and also avoids excessive erosion. The pod 
of sand A is ram m ed w ith the  bottom  and is well 
stayed. I t  is also filled w ith ashes to  assist in 
d ry ing  and venting  and to  avoid scabbing on the 
p late  of m etal. Jo in ts  are  tak en  in  the  mould 
a t  YY and ZZ, th e  form er to  allow of inspecting 
the  mould a f te r  the  m iddle portion  of th e  job is 
in place and th e  w ater-jacket core secured.
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C o re  Assembly

The w ater-jacket core is assembled in a num ber 
of p rin ts  around  th e  bottom . These p rin ts  
should be on the  large side to  allow of th e  core 
being easily in serted , and  can be stopped around 
subsequently to  keep the  m etal from en te r in g  
the  vents. This core is secured by w iring  in 
position th rough  the  bottom , and is m ade in two 
pieces, being divided by the  baffle p late  in 
F ig . 4. Being only 1 in. wide and  11 in. deep, 
it  would be a difficult m a tte r  to  make these cores

on end and  handle them  fo r d ry ing , so they  were 
m ade on th e  flat on alum in ium  coreboxes w ith  
the  top scraped over, the  alum inium  boxes being 
u tilised  as d riers. These cores a re  difficult to  
m ake, because of th e ir  narrow ness, and g rea t 
care had to  be exercised in  th e ir  production . 
W ires were th e  m edium  used to  hold th e  core 
together, and a sea-sand m ix tu re  was used. 
V en ting  was accomplished by m eans of bars 
ram m ed up in the  core and  th en  w ithdraw n, 
leaving a num ber of ex its to  th e  atm osphere by 
way of th e  p rin ts . C are had  to  be exercised to



coun terac t th e  tendency of the  core to  spring 
on dry ing , and thus cause th in  places on the 
casting.

A com plication in assembling was occasioned 
by th e  inspection-hole core D (F ig . 4). As can 
be seen from  the  illu stra tion , i t  is impossible first 
to  place core D in  position and  th en  assemble the 
jack e t or vice versa . The m ethod adopted to  
surm ount the difficulty was to  make the  core D 
in tw o pieces, divided a t  line D P , F ig . 5, w ith a 
co rep rin t in “  pod ” A and th e  o th er in the 
middle mould T, F ig . o. W hen the middle was 
being ram m ed up  a space was made a t  the  
back of th e  p rin t T, as in  the previous ex
am ple, and on assembly p a r t  T of th e  core was 
placed in  its  p rin t. The core being somewhat 
shorter th a n  the p rin t, i t  was pushed back 
clear of th e  edge of the  mould. The w ater 
jacke t being in  position the p a rt U of the 
core is placed in position th rough  the  jacket. 
I t  will be observed th a t  th e  jo in t of th is  core 
is w ith in  th e  jacke t.

The middle— w ith the  core well back—is now 
assembled, and the  m oulder then  places his hand 
in  th e  space X  provided (already referred  to), 
and  pushes th e  core t ig h t against its o ther por
tion  and secures i t  in position w ith core gum. 
The space is th en  filled w ith ashes and the 
vents m ade good. The fee t on th is casting  were 
moulded w ith  the  m iddle portion , the  space 
un dernea th  being cored o u t and th e  cores b u ilt in 
before drying. Of course, th e  feet and all 
facing pieces, e tc ., were carried  on dovetails. 
This casting was subject to  a hydraulic test, 
and  was a  ra th e r  difficult job to  handle.

Air-Cooled A ir  C om pressor
The n ex t exam ple is an air-cooled air-com- 

pressor cylinder w ith  a  fa irly  complicated ex
te rio r, th e  valve pockets, ports and cooling fins 
com plicating m oulding operations. F rom  a 
foundry  po in t of view th is casting  is no t as 
form idable as the previous examples, b u t is in
cluded as a n  exam ple of in tricately-cored cast-



ings because i t  illu stra tes th e  use of cores as 
an a id  to m oulding. F ig . 6 shows some sections 
of th is  casting , which consists of two cylinders

F i g . 6 . — C y l i n d e r  e o r  A i r -C o o l e d  A i r  
C o m p r e s s o r .

of different d iam ete r bore to g e th e r w ith  the  
crankcase po rtion  and  valve receptacles, e tc ., 
on e ith e r side ; th e  cylinder and th e  po rts being



589
suitably  ribbed. Because of the  design i t  is 
impossible to  sp lit a p a tte rn  for th is in any 
plane so as to  allow of d irec t m oulding from 
two halves, and thus th e  alternatives presented 
are  e ith e r to  mould from  a  p a tte rn  sp lit along 
th e  cen tre  line of th e  cylinder w ith  th e  under
lay portion cored ou t, or to m ake th e  whole of 
the  ex te rio r in  cores.

F rom  a sum m ing up  of the possibilities i t  
is found th a t  a b e tte r  and cheaper job can be 
obtained by m aking th e  ex te rio r in  cores. In  
th is connection i t  may be well to  notice one 
g rea t advantage in  m aking complicated work 
in  cores as aga in s t m oulding the  job direct 
from  a p a tte rn , and th a t  is in  th e  method of 
w ithdraw ing the  p a tte rn . A p a tte rn  can be 
w ithdraw n from  the  mould in  only one direc
tion , and  any loose pieces m ust be sm all enough 
to en te r th e  cav ity  formed by the  m ain portion 
of th e  p a tte rn  and  w ithdraw n la te r. The 
lim its th u s  imposed by the m ethod of d irect 
moulding from  a  p a tte rn  a re  en tire ly  elim inated 
in  corem aking. A corebox can be stripped  from 
e ither of its six  sides, or any position in te r
m ediately ; in  fa c t loose pieces can be draw n ou t 
anywhere. N ot only does th is  make for ease 
in w ithdraw ing the  p a tte rn  work b u t also in 
dressing th e  subsequent core.

Made as a C ore  Assembly
A mould w ith  ribs and loose pieces th a t  have 

been w ithdraw n a f te r  th e  m ain p a tte rn  is 
usually difficult to blacken, a d isadvantage not 
found in  cores. Thus the exam ple shown was 
m ade in cores. The p a tte rn  consisted simply 
of a large rec tan g u la r prism  w ith a co reprin t 
for the  cylinder bore core. In to  the  cavity  
form ed by th e  p a tte rn —which was in  essence 
a p rin k —th e  various cores were assembled. 
The m oulding box in  which th e  large p rin t was 
ram m ed up  is jo in ted  so as to  correspond to  the 
jo in t necessary to  in sert th e  valve cores. The 
outside is m ade in  fou r pieces, two from  the 
face of the  mould to  th e  cen tre  of th e  valve
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ways and the  o ther two from  th is  jo in t to  the  
top, em bracing th e  crankcase portion . The 
cores a re  made from a  p ro p rie ta ry  oil-sand m ix
tu re  and  care  has to  be exercised in  d ry ing  to 
avoid th e  th in  section of sand  being “  b u rn t .” 
Assembly begins by p lacing th e  two bottom  
cores in position an d  then  th e  valveway cores. 
The rem ainder of th e  mould is th en  placed on, 
and th e  o th e r outside cores a re  assembled. 
The cylinder-bore core is n e x t in serted , and  the 
two hand-hole cores placed in  p o sitio n ; the  
crankcase core th en  com pletes th e  coring of th is  
mould. The job is ru n  on  one flange, a s  a t  E ,

F i g . 7 . — C y l i n d e r  B l o c k  f o r  C o m p r e s s e d - 
A i r  E n g i n e .

and also on top, th is  a rran g em en t ensuring  th a t  
no gas is trap p ed  on t o p ; flow-off risers a re  
s itua ted  on th e  opposite side to  the  ru n n e r  on 
the top  flange.

A Cylinder  Block Casting
A fu r th e r  exam ple, and  one th a t  illu s tra te s  

the m odern tren d  tow ards the  e lim ination  of 
separate  components and th e  incorporation  of 
a large num ber of pieces in one casting , is illu s
tra te d  in  F ig . 7. I t  shows th e  cylinder block 
of a com pressed-air engine, and as will be seen 
from th e  illu s tra tions i t  is a tw in  cylinder of 
the  tru n k  ty p e  w ith  th e  cylinders a t  an angle— 
sometimes known as a  “  Fee ” engine. This 
p a rticu la r casting  embraces two cylinders, the
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calve chest for ro ta ry  valve, the a ir  ports, the 
crankcase and the  a ir  in let and filter chamber. 
The mould is jo in ted  th rough  th e  cen tre  line 
of the  cylinder and  the assembly of cores is a 
fa irly  s tra igh tfo rw ard  m atter.

The feet cores are  first assembled, then  the 
a ir in le t core and the  filter cham ber core. 
N ext th e  half of crankcase core is assembled 
in th e  bottom  mould and in to  th is  th e  cylinder- 
bore core and two small lightening cores are 
placed, while over these th e  top  core form ing 
the crankcase portion  is assembled. The 
separa te  core form ing th e  cham ber in which the 
gear wheels d riv in g  th e  valve are contained is 
then  assembled, and th e  top lowered in  position. 
The set of cores form ing th is  casting are 
s tra igh tfo rw ard  and a re  made of a  sea-sand 
m ix ture . The job is ru n  in to  one of th e  feet 
on th e  jo in t, and  is a typical exam ple of the 
complicated type of casting which engineering 
design now dem ands from  the foundry.

DISCUSSION
M r. H . V. G r u n d y , proposing a vote of thanks 

to the  au tho r expressed the opinion th a t  the 
P aper was novel in  th a t  i t  d ea lt w ith cer
ta in  specific castings ra th e r  th an  general 
foundry  practice. The lec tu rer had gone in to  
g re a t detail in  describing the m anner in  which 
the p a tte rn s  and moulds were m ade, b u t the 
slides were deficient in  dim ensional description, 
and he would be glad if M r. H a rris  would give 
some fu r th e r  inform ation  regard ing  th is point. 
The first casting  shown was 13?, in. in d iam eter 
and weighed about 8 cwts. W hat were the  other 
sizes and thicknesses which were being dealt 
w ith P

H e would like to  congra tu la te  the speaker upon 
the excellence of his P ap er, and upon w inning 
the com petition organised by the  Lancashire 
Branch. The com petition had been open to  all, 
and i t  was a cred it to  M r. H arris  th a t  he should 
be declared the  w inner, particu la rly  in  view of 
the fac t th a t  he came from  such a d is tan t p a rt



of the  country , where personal foundry  contac ts 
were very in frequen t, and  in  consequence i t  was 
so difficult to  exchange ideas.

M r. G rundy also expressed th e  th an k s  of the  
In s titu te  to  M r. Jones, whose in te re s t in  th e  I n 
s titu te  and whose generosity  had  m ade th is com
p e tition  possible. M r. H a rr is  was m aking  his 
d eb u t before them , and no doubt he would be
come one of th e  In s t i tu te ’s fu tu re  lecturers. 
This had been m ade possible by M r. Jones, and 
he would like him  to  accept th e ir  apprecia tion  of 
his efforts.

M r . A. L. K ey seconded th e  vote of thanks 
and  associated him self w ith  th e  rem arks M r. 
G rundy had m ade. The vote was ca rried  w ith 
acclam ation.

M r . H a r r i s , responding to  th e  vote of thanks , 
expressed his apprecia tion  of th e  way in  which 
he had been welcomed by th e  mem bers of the 
L ancashire B ranch. R efe rrin g  to  M r. G rundy’s 
question as to  the  size of th e  casting  used, the  
I 3 |  in. referred  to  the  d iam eter of th e  cylinder 
bore (F ig . 1). The core of the  casing was 1 in. 
wide and 11 in. deep, and  all o ther dim ensions 
were to scale. M r. H a rris  th en  explained fu r th e r  
points by m eans of slide illu s tra tions .

Steel-Mix Changes
M r . G r u n d y  asked for fu r th e r  in fo rm ation  

upon the  steel mix which th e  lec tu re r had 
evolved. H e would also like to  know w hether 
M r. H a rr is  had found i t  necessary to  have re 
course to  chills in  dealing w ith  th e  vary ing  th ick 
nesses, or w hat m ethod had been adopted to  over
come th is tendency of the  m etal co “  d raw .” 
They all knew th a t  th is  differed in  reg a rd  to  
the  steel m ix. H e also noted M r. H a r r is ’ re fe r
ence to  th e  “  necessity to  ram  cores less heav ily ,” 
and would like to  know if he used semi-solid core 
oil on all th e  cores in th a t  p a rtic u la r  job. W as 
i t  no t possible to  use more efficiently a liquid 
oil?

M r . H a r r i s  explained th a t  th e  steel m ix con
sisted of about 25 per cent, m ild-steel scrap , 35
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per cent, cast-iron scrap and 40 per cent, pig- 
iron w ith low-phosphorus content. . H e was not 
responsible for th e  orig inal oil-sand m ixture, 
and a lthough  he had been in charge of the 
foundry for some tim e, he had no t had occasion 
to a lte r  the  m ix ; b u t he would ascertain  if a 
th in n e r oil could be used w ith some of the  cores.

Body C ore  Making
M e . G r u n d y  pointed o u t th a t  w ith the liquid 

core oils there  was practically  no necessity to 
ram  in  regard  to  some of the less in tric a te  cores 
—the body core, for instance. H e noted Mr. 
H a rr is ’ reply to  his question referring  to  the 
semi steel, b u t asked for details of the  analysis, 
and w hat u ltim ate  analysis of the  m etal was 
aim ed a t.

Mr . H arris said th a t  the  body core was not 
m ade w ith the  semi-solid core oil, b u t w ith a 
th in n e r oil. The jack e t cores would be made 
of a semi-solid in order to  get green-bond to 
w ithstand  drying. The bottom  p a rt, the 
li tt le  pods would be m ade of a  more natu ra lly  
bonded sand in order to  w ithstand  erosion and 
drying. I f  the  small pods were made of the 
same sand as the  bulk of th e  core, du ring  the 
drying they  would probably all crum ble up. 
H e could no t say very much about analysis, 
as i t  was only recently th a t  a chemical con
tro l had been installed  in  the  laboratory  of 
the  works w ith which he was associated. The 
carbon conten t would be about 3.2 per cent. 
In  reply to  a fu r th e r  question by M r. G rundy, 
M r. H a rris  s ta ted  th a t  his firm did no t use 
any chills now.

Casting T e m p e ra tu re
M r . F . Andrews asked a t w hat tem perature  

the m etal was poured.
M r . H arris replied th a t  his firm used an 

optical pyrom eter, and he found th a t  every
body’s opinion was no t identical w ith regard  to 
tem pera tu res. Above a certa in  tem pera tu re  
they seemed to  vary 5Q deg. up or down. The
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pyrom eter was used more for day to  day com
parison, and they  tr ie d  to  get i t  as near 1,320 
deg. C. as possible. W hether th is  was correct 
as app lied  to  anyone else’s m ethod he could not 
say, b u t as a m ethod of com parison i t  was 
satisfactory .

Oil to  Sand Ratios
M r . K ey raised  a p o in t w ith reg ard  to  oil- 

sand m ix tures. D uring  th e  p a s t few years he 
had  experienced difficulties in  m aking  aw kward 
cores in oil sand. A fundam enta l p o in t to  con
sider was the  p roportion  of oil used to  th e  
am oun t of sand. W h a t p roportion  of sand to 
oil was used by M r. H a rr is  in  respect to  jacke t 
cores, and  w hat was th e  p roportion  of sand 
to  oil in respect to  casing cores and  th e  larger 
cores such as those used fo r valves?

M r . H arris said he had  n o t th e  in fo rm ation  
available a t  the m om ent b u t he would probably 
be able to supply i t  la ter.

Mr . K ey sa ia  th a t  i t  m ig h t be in te re s tin g  for 
the* mem bers to  lea rn  th a t ,  to  achieve success 
w ith a  ce rta in  type of core, i t  was necessary to 
use 70 p a rts  of sand to  one p a r t  of oil. I f  there  
was m ore oil the  job would be unsuccessful. F if ty  
p a rts  of sand to one p a r t  of oil was th e  s tren g th  
necessary for ce rta in  o ther cores. A nother po in t 
was th a t  he assumed Mr,. H a rr is  used all w rought 
irons for his jack e t cores.

Ensuring Equal Section Thickness
Mr . H arris having  agreed th a t  th is  wras so, 

Mr . K ey continued by in q u iring  w hether the 
lec tu rer had ever sectioned a casting  to  d e te r
m ine w hether a core was expand ing  unequally  or 
otherwise. H e  had had  considerable experience 
w ith jack e t cores, say, 1J in . th ick , 3 f t .  d ia ., 
and 6 ft . long. C ast-iron  rin g s were placed in 
them , although they  were only 1J in . th ick . All 
the  re s t was w rought iron. This had  to  be done 
because, down the  fro n t of th e  core, th e re  was 
le ft more or less of a broken circle. I f  they  had 
had w rought irons in  those jobs they  would have
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had th e  ja ck e t core th rough  on th e  outside of the 
mould. C ast iron was used to  obviate th is 
tendency.

Dimensional Changes and T h e ir  C ure
Me . H areis said he had n o t noticed any such 

difficulty on casting , bu t he had on drying. Care 
had to  be exercised in  order to  keep th e  cores 
from  d is to rtin g . The necessary correction was 
m ade by m aking th e  core box “ wrong ”  in  order 
to  g e t th e  job “ r ig h t.”

M e . K ey said he would not be surprised if 
there was found to  be a  difference in  section.

M r. H a r r is  adm itted  th a t there would prob
ably be a difference of in* iJ1 thickness on one 
side, com pared w ith  th e  other.

M r . J . M asters asked w hether i t  was not pos
sible th a t  in  dry ing  th e  core the core p late  ex 
panded when i t  w en t in to  th e  stove and pulled 
the core w ith  it . Mr . H arris agreed th a t this  
was so.

Mr . M asters suggested th a t  th e re  was a larger 
expansion on the alum inium  core plates th an  
there  was w ith  th e  core. H e fu r th e r  explained 
th a t  if th e  core p late  had been m ade in cast iron 
i t  would no t have taken  the  expansion so quickly. 
The expansion could also have been negatived by 
piercing th e  core p la te  in  various places. A firm 
in the  M anchester d is tr ic t had  hundreds of 
dryers, a ll of which were perfo ra ted , and the ir 
cores had  to  be w ith in  a  few thousandths of an 
inch of the  tr u th ,  o r otherwise they  were dis
carded. E very  mould was tr ie d  every day, and 
a m inim um  of about 150 moulds was cast daily,. 
I f  a  core were a  couple of thousandths ou t of 
t r u th  i t  was discarded.

Mr . H arris said h e  would look in to  th e  point, 
and ascertain  w hether i t  was advisable to  have 
a cast-iron dryer, instead of an alum inium  one, 
and perforate it .

Mr . K ey said i t  was a  simple m a tte r  of tr ia l 
and  e rro r, w ith regard  to th e  dryers o r the  jigs, 
to  keep th e  core exactly  to  shape. The po in t was



th a t in  bending w ires in  bu ild ing up a  jacket  
core tw o  m en could m ake cores w hich would act 
entire ly  d ifferently when the m etal go t round  
them . I t  was m erely a question o f cam ber.

M r . F . A n d r e w  said he had noticed th a t  w ith  
pipe cores m ade on barrels w ith o u t hay band, if  
the runner played on th e  one side of th e  core, 
th is had th e  effect of ex p an d in g  one side of the  
barrel and pu lling  th e  core out of cen tre.

Gas Evolution

M r . S .  G .  H a r r i s o n  rem arked  th a t  th e  au tho r 
had s ta ted  th a t ,  owing to  th e  very th in  section 
of th e  job, th e  casting  had  been effected a t  a 
very h igh  tem p era tu re , b u t th a t ,  in  fu tu re , the  
tem p era tu re  would be lowered. The speaker was 
of th e  opinion th a t  the  h igh  tem p e ra tu re  would 
be b e tte r  practice, as a t  a low te m p e ra tu re  any  
gases genera ted  would n o t have an oppo rtu n ity  to 
escape before th e  m eta l set. H ad  M r. H a rr is  
experienced any troub le  w ith  the  m eta l g e ttin g  
in to  th e  v en t over th e  ja ck e t core w here a li tt le  
ring  of loam was used? Personally , he would 
have been inclined to  ram  a  tube  in to  th e  core 
and th en  carry  i t  th ro u g h  th e  top  p a r t  of the 
mould, which would elim inate  any danger.

M r . H a r r i s  ad m itted  th a t  he re fe rred  to  the  
use of lower tem p e ra tu re  and g e ttin g  th e  gases 
away, b u t he qualified i t  subsequently  by s ta tin g  
th a t  pencil run n ers  were used which gave a slow 
filling in  the mould.. This afforded th e  gases a 
chance to  escape as the  m ould was filling. To 
use pencil run n ers  i t  was necessary to  use very 
hot m etal. Sometimes w ith  very sm all cores 
they  d id  b ring  tubes up , b u t n o t th ro u g h  th e  
top. H e b rough t th e  li t t le  rin g  of loam up  m ore 
th an  was really  necessary, and  as th e  to p  came 
down i t  sealed th e  ven t.

M r . M a s t e r s  s ta te d  th a t  th e re  was a 
“ ricke t ”  scratched round  th e  ven t. The pres
sure of th e  top p a r t  sealed the  ven t. The moulds 
were too h o t to  bear th e  hands upon when 
assembled, and th e  h ea t d ried  th e  loam and  oil.
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Mr . H arris sta ted  th a t the top box was quite  

hot and dried itse lf. I t  w ent down and m ade a 
seal.

S tandard ised  Runners
Mr . R . Turner  asked for inform ation  concern

ing th e  size of th e  down runners. W ere the 
in-gates b igger th an  th e  down runners or the 
down runners bigger th a n  th e  in-gates?

M r. H arris replied  th a t  he was not responsible 
for th e  designs and could n o t answer th e  ques
tion  stra igh taw ay . The pa tte rn s were got out 
and th e  runners w ere standard ised  and made a 
p a r t of th e  p a tte rn . I t  was necessary to  em pha
sise th e  im portance of good patte rnm ak ing  for 
th is class of work. An effort should be m ade to 
produce coreboxes as accurately as possible, in 
order to  save the m oulder the  trouble of having 
to rub  his cores.

M r. Turner  asked w hether the runners entered 
from  un d ern ea th  or d irect in to  the  body.

M r . H arris replied  th a t  the runners w ent into 
th e  body. There was a  well a t  the  bottom.

M r. J .  R . P latt observed th a t  no doubt Mr. 
H a rris  had experienced th e  difficulty of keeping 
up th e  m etal level in th e  ru n n e r box due to 
vortex im m ediately over th e  down-gates. H ad 
he ever used any th ing  in th e  na tu re  of a square 
ru n n er in stead  of a round one, in  order to 
obviate th is  vortex?

Mr . H arris said th a t  th e  down-gates used on 
a num ber of jobs in  the  foundry a t  Camborne 
were rec tangu lar, w ith a  stopper on top.

M r. R . A. M iles asked w hat was the  type  of 
studs referred  to  in the P aper.

M r . H arris said th a t  they  were tinned , and 
th a t  they  w ere m erely used under th e  bottom  of 
the cylinder core.
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SOME ASPECTS OF THE CASTING OF COMMERCIAL INGOTS*
By W . A. C. NEW M AN, B.Sc., A.R.S.M.,

A.R.C.S., F.I.C.
T h re e  Classes of Ingots

Commercial ingots m ay be conveniently 
divided in to  th ree  classes:— (1) Ingo ts of pure 
m etals ob tained  as th e  final p roducts of the  
ex trac tion  p lan ts ; (2) ingots of alloys, m anu 
fac tu red  according to  spécification, for sale, or 
for the  p rim ary  object of o b ta in ing  m eta l of 
uniform  composition to  be rem elted  fo r special 
purposes, and  (.3) ingots—of pu re  m eta ls or 
alloys—which are  in tended  fo r m echanical 
working such as rolling, forging, d raw ing, etc.

The conditions which m ust be m e t in the 
production of these th ree  classes are  n o t all 
sim ilar nor of equal im portance. In  th e  first 
group guaran teed  p u rity  is essential ; th e  ingots 
m ust be in  a. form  which is easily handled , 
and i t  is preferable if  they are  acceptable in 
appearance. Y et as they  a re  n o t to  be em 
ployed in  any s tru c tu ra l p a r t  or sim ilar pro
duct w ithout fu r th e r  tre a tm e n t and a re  rare ly  
used alone, they a re  n o t sub ject to  m echanical 
tests, nor are  foundrym en particu la rly  in 
terested  in  th e  in te rn a l soundness o r s tru c tu re  
except as these ind ica te  im purities. S im ilar 
considerations apply in  th e  case of th e  second 
group, except th a t  here un ifo rm ity  of m ake-up 
and of u ltim a te  composition is superim posed 
on p u rity . In  the  th ird  group, however, the 
dem ands are  more s trin g en t, for on th e  
characteristics— physical, chemical and m echani
cal—of th e  o rig inal ingot depend, in a very

* Slightly abridged.
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g rea t m easure, the success and efficiency of the 
succeeding m an u fac tu rin g  operations. I t  is, 
therefore , to  th is class th a t  most a tte n tio n  has 
been d irected , and some knowledge has been 
gained—by 1 10  m eans yet completely—of the 
influence of such factors as method of casting, 
tem pera tu re , mould m ateria l and shape and 
mould dressing on crystal s tru c tu re , segrega
tion , soundness and surface condition, and of 
the  fu r th e r  influence of these la t te r  on the  
behaviour of the m ateria l du ring  mechanical 
working.

The casting  of pure m etal ingots occurs a fte r 
the final refining opera tion  and  usually consists 
e ither in  tap p in g  d irec t from  the  furnace into 
chill moulds or th rough  an in term ediate  
ladle or ke ttle  where final skim m ing may be 
done, o r by simply ladling  ou t by hand from 
some such k e ttle  in  sm all quan tities a t a tim e. 
I t  is im p o rta n t th a t  th e  refined m etal shall not 
absorb excessive im purities in  tra n s it  to  the 
mould and th a t  precautions should be taken , 
especially in  th e  case of easily oxidised m etals, 
to  p reven t con tam ination  from  the air.

Such methods a re  adequate for w hat one may 
te rm  th e  m inor base m etals, t in , zinc, e tc ., where 
th e  production  is com paratively small and the 
tem pera tu res concerned are  n o t high, b u t in  the 
case of copper, lead, etc., where the  am ounts in 
volved are  considerable, and  relatively  high tem 
pera tu res are  necessary, m odern practice in the 
largest p lan ts dem ands m echanical aids.

The Case of C op p e r
C opper from  tiie reverheratory  furnace is 

cast in to  moulds—for anodes, w ire bars, flat 
cakes or ingo t bars—which in large-production 
work are carried  on some type of continuous con
veyor, m ost commonly a casting  wheel. The 
m etal passes from  th e  tap p in g  spout of th e  rever- 
beraitory to  a launder which slopes in to  a  pour
ing  ladle. T his holds about 1,000 lbs. of copper, 
and has a lip 6 in. above the  casting  surface 
of the  mould. A bridge piece keyed into place



abou t l j  in. above the  bottom  of th e  ladle and
14 in. back from  th e  lip gives a m easure of
bottom  pouring and keeps back scum,. The ca s t
ing wheel is usually s itu a ted  in a p it  below the
floor level on which th e  fu rnace  is b u ilt.

Mould M ateria ls
The moulds in to  which th e  m eta l is cast were 

orig inally  m ade of cast iron , b u t th e ir  poor th e r 
mal conductiv ity , combined w ith th e  com para
tively short life  before cracks developed, and  the 
consequent high cost, insp ired  investiga tions in to  
o ther mould m ateria ls. E ven tua lly  copper 
moulds were adopted , and  in  m ost recen t p rac
tice  these are , in  add ition , water-cooled.

The discovery of the  effectiveness of copper 
itself in  th is connection offered a m eans of in te r 
nal m anu factu re  which was economical. Refined 
copper is used as th e  mould m ate ria l, as even 
small am ounts of im purity  lower its  th erm al con
ductiv ity  sufficiently to  im pair its  efficiency.

Life of Moulds
Sand casting  of th e  moulds was first employed, 

using a wooden p a tte rn . M ore recen tly  collap
sible cast-iron m other moulds have been installed  
on a separa te  p la tfo rm  n ea r to  th e  ta p  hole, 
so th a t  th e  stream  from  th e  refining fu rnace  
m ay be d iverted  in  p a r t  w henever m oulds are  
to  be made. The collapsible fram e is set on 
a heavy copper base and  is s ta tio n a ry  beneath  
a press on which copper dies a re  m ounted. The 
ex terio r surfaces of the  la t te r  correspond to  the  
in te rio r surfaces of th e  copper mould required . 
W hen the  fram e is fu ll of m olten  copper the  
la tte r  is cooled slightly  and th en  skim m ed, the 
dies or cores çire lowered in to  i t  and  rem ain  
there  u n til the  m etal is set. They a re  then  
raised, th e  copper mould allowed to  cool and 
afterw ards accurately  m achined all over. For 
moulds in tended  for w ire bars o r fla t cakes, 
water-cooled cores a re  used ; for m oulds fo r in 
gots and ingot b a r  moulds, solid copper cores 
iU'Ç sufficient, The cores should n o t rem ain  in
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th e  m olten m etal too long or excessive shrinkage 
develops and  may cause transverse cracks in  the 
pockets. On th e  o ther hand, lifting  the  cores 
before solidification is complete may resu lt in a 
ru n  of m olten m etal. A series of perfect moulds 
is in  th is  way always availab le; no mould need 
be used a f te r  i t  has developed a fau lt. Usually 
50 to  200 tons of finished ingots per mould are 
obtained, though, on ra re  occasions, a mould 
m ay la s t for up  to  60 heats or 300 to 400 tons 
of ingots.

Scrapping  of moulds is usually due to  th e  de
velopm ent of cracks where the  stream  of m etal 
first h its  them . They also ten d  to  sag in the 
centre. D iscarded moulds are  re tu rned  to  the 
fuirnace, there in - reducing charges to  the mere 
cost of m aking th e  moulds on the  spot.

W hen a new mould is in troduced, or a wheel 
is s ta r tin g  from  cold, a  sm all charge of copper 
about \  in . th ick— “ a w a rm e r” —is ru n  in to  each 
mould to  w arm  up th e  la t te r  and  expel m oisture. 
These are  th en  re tu rn ed  to  the  furnace. The 
tem p era tu re  of the  moulds is carefully controlled 
by a surface pyrom eter.

Mould Dressings
A common dressing is a  wash of very finely 

g round (93 per cent, passing 200 mesh) silica 
or bone ash m ixed w ith  w ater, which is sprayed 
on w ith  a gun and  then  dried  by a b last of hot 
a ir. The consistency of the  dressing is im por
ta n t . I t  is usually mixed in a ta n k  and its 
specific g rav ity  checked by a hydrom eter im
m ediately before application . W here th e  moulds 
are  water-cooled the  life is considerably longer. 
The face p lates are  cast in  special m other moulds 
on th e  site.

Quali ty  Contro l
The te s tin g  of th e  copper—w hether i t  be 

for wire bars, anodes, or ingots—is performed 
regularly  by tak in g  sm all dip samples from 
the  stream  a t  sho rt in tervals, say every 30 
m inutes. These are  exam ined for lra c tu re  and
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by visual inspection fo r oxygen conten t. Any 
undue oxygen absorption  is quickly detected 
by tb e  appearance of blackish Spots on the  
surface of the small tes t-bars. T here is a 
tendency for the oxygen con ten t of the  m etal 
in the  furnace to  increase as casting  proceeds. 
This is countered  by renew ed poling o r by  p lac
ing -a sm all q u a n tity  of charcoal in  th e  in te r 
m ediate ladle. B ille t sam ples are  also obtained 
during  th e  ru n  and  draw n in to  w ire fo r the  
determ ination  of conductiv ity  in  a  s tan d a rd  
ap para tu s . D rill samples a t  ap p ro p ria te  in 
tervals are  used for. chemical analysis.

C om m o n Defects
F au lts  which m ay ap p ea r in  th e  ingots and 

th e  causes to  which th ey  are  norm ally 
a ttr ib u ted  may be sum m arised as follows : —
(1) “  S e t ” too Poling  carried  too fa r  or

convex. tem p era tu re  too high.
(2) “ S e t” concave. Poling  n o t ca rried  fa r

enough o r too low a
tem p era tu re .

(3) Ir re g u la r holes D ressing of m ould not
contain ing  dried  sufficiently,
m oisture.

(4) D e e  p seated  Too h igh  tem p era tu res
holes espec- of m eta l and  mould
ially a t  con- being employed,
ta c t  po in t of 
m etal . a n d  
mould.

(5) Severe porosity. Oily dressing used in
too large a q u an tity .

R ecent p ractice  has tended  ra th e r  to  th e  use 
of vertical moulds for anodes and  w ire bars  in 
stead of the fo rm er fia t ones. Less su rface is 
thereby exposed to  atm ospheric oxidation . I t  is 
found, too, th a t  th e  average oxygen co n ten t is 
lower in a  vertically  cast b ar th a n  in  one cast 
in the  horizon tal position. G rea te r density  is 
obtained in  vertica l cas t bars—8.64 to  8.83 
against 8.59, b u t the  densities of th e  w ires d raw n



from  th e  two kinds are approxim ately th e  same. 
V ertical bars have also h igher electrical con
ductiv ity  and elongation, b u t th e ir  tensile 
s tren g th  is  som ewhat lower. Their general 
w orkability , however, is g rea ter. H orizontally- 
poured ba.rs give a superior rolled product if  the 
u pper w rinkled surface is planed away.

Making Alloy Ingots
Ingots of the  second class to  which reference 

has been m ade a re  m ainly cast (1) for sale or
(2) to  ensure uniform  composition, before being 
m elted in  la rger bulk p repara to ry  to being 
poured in to  large castings.

The m elting  is usually done in  crucible fu r
naces of any of th e  well-known types fired by 
gas, coke or oil, and  the  ingot moulds, made 
usually of grey iron, are  a rranged  side by side 
or on a small tu rn tab le . Suitable arrangem ents 
are m ade for tem p era tu re  control, for deoxida
tion , for the  skim m ing of the  m etal and for 
p revention of oxidation  while th e  m etal is pass
ing from  crucible to  mould and w hilst i t  is 
solidifying in the  mould, preferably  using bottom 
pouring and by pouring th rough  a gas flame.

The m elting of large batches is done in small 
reverberatory  furnaces which are tapped  in to  
ladles, whence th e  m etal is poured into sand 
moulds. A ttem pts have been m ade to  m anufac
tu re  alloys of the  brass and bronze type for 
casting  in to  small ingots for sale, in  such re 
verberatory  furnaces b u t w ith indifferent results, 
especially where the  m etal content is stric tly  
specified. M ixing and the control of composition 
are  no t obtainable to  the  same high degree as 
when crucible m elting—im plying sm aller batches 
and more efficient s tirr in g —is practised. 
R em elting, however, serves to  ad ju s t small d if
ferences and to  yield a p roduct which is reason
ably uniform  in  bulk.

Ingots for Rolling
The casting  of ingots which have to be rolled 

or otherwise worked involves the production of
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m ateria l of th e  h ighest chemical, physical and 
m echanical character. Such ingots range  from 
the th in  s trip  castings su itab le  fo r cold rolling 
to  the  large 5-cwt. or 10-cwt. slabs of non- 
ferrous alloys and  th e  still la rg er steel ingots 
weighing up to  nearly  200 tons.

So fa r  as non-ferrous ingots are  concerned, 
m elting  of the  alloys is ca rried  ou t in  crucible 
furnaces of all types and  in  th e  well-known elec
tric  furnaces such as the  A jax -W yatt, th e  A jax- 
N orth rup  and  ce rta in  ro ta tin g  b a rre l types.

Ingot Moulds
The casting  of ingots im plies casting  in  chill 

moulds, regu lar in shape w ith  no in tricacy  of 
design, b u t th rough , which the  h ea t from  the 
casting  is tran sm itted  and  afte rw ards d issipated  
by rad ia tion . The days of the  old stone moulds 
are  fa r  past, and  since th e  19th cen tu ry  m etal 
moulds have been common, b u t th e  n a tu re  of 
the  m etal which should be used is a  question 
still in  th e  fo re fron t of foundry  prac tice  and 
has, w ithin recen t years, been th e  sub ject of 
much investigation . I t  is now no longer u n d er
stood th a t  a mould is m erely a  con ta iner in to  
which m olten m etal is poured and  th en  allowed 
to cool. I t  has been realised th a t  th e  mould 
has a significant effect on the  cha rac te r and  the  
s tru c tu re  of th e  ingot form ed w ith in  it . Too 
much a tten tio n  canno t be given to  securing  good 
moulds of th e  best m ateria l.

U n til com paratively recently  th e  norm al type 
of chill mould used for non-ferrous ingots was 
made of cast iron, preferab ly  of close-grained 
hem atite  iron, having a composition w ith in  the 
following ra n g e s :— G raph itic  carbon, 2.5 to  3 .6; 
combined carbon, 0.1 to  0 .4 ; silicon, 1.5 to  4.0; 
m anganese, 0.2 to  1 .2 ; su lphur, 0.06; and  phos
phorus, 0.23 to  0.5 per cent.

A high phosphorus con ten t is conducive to  
fluidity  and  the  p roduction  of good castings. 
On the o.ther hand, some aver th a t  the  compound 
F e ,P  is deleterious and  conducive to  a shortened
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mould life. These m anufactu rers thus prefer a 
low percentage of phosphorus.

In  general such iron is cheap, durable and can 
he oast w ith a smooth su rf ace. The moulds them 
selves should be cast face downwards and w ith 
sufficient inc lination  to  carry  any slag upw ards. 
As nearly  as possible the  m etal in  the  mould 
should be equalised so th a t  i t  should suffer no 
d is to rtion  and th e  ingot cast in i t  should have 
uniform  cooling all round. I t  is usually found 
th a t  the  h a rd  casting  skin on such moulds is 
beneficial, and th a t  where i t  is m achined away, 
in order to  im prove the  surface somewhat, 
cracking occurs earlier. A nnealing or “  blue
ing ’’—heating  the  moulds to a dull red  hea t— 
counters th is  to  a  certa in  degree and in an j
ease relieves casting  stra ins.

Iron  moulds for cast-iron castings have a some
w hat different composition from  th a t  employed 
for ingots in  non-ferrous work. An analysis 
would show to ta l 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. In  casting  the  mould itself 
in dry sand, the  in te rio r surface is formed by 
a nearly  cold steel core to  give chilling. Chills 
are  also used around th e  outside. The life of 
such a mould—as indeed of all moiulds—depends, 
a p a r t from  the  correct composition and proper 
casting , on th e  casting  tem pera tu res of th e  in
gots, the  tim e the cast ingot is in the  mould, 
the tem p era tu re  of th e  mould during  casting 
and  th e  coating used on th e  mould surface.

In  non-ferrous work parallel sided moulds are 
alm ost universally  used, w hereas in steel practice 
tapered  moulds are  employed. The form er have 
a good m any disadvantages from  the  po in t of 
view of producing sound ingots, b u t they  form 
ingots which are more suitab le  for rolling. 
In  general, more solid m etal is obtainable from 
tap ered  ingots and in  those in which the  larger 
section is upperm ost th a n  from  those cast the 
reverse way. There are  fewer gas holes, b u t con
trac tio n  cavities still persist. Increasing  the 
ta p e r increases the  soundness and, a t  the  same



tim e, in  the  average ingot, the  colum nar crystals 
become larger. The surface quality , however, 
is no t m ateria lly  changed.

In g o t moulds fa il principally  in  two ways by
(I) m ajo r cracking, due to  fac to rs of design or 
casting  or to  changes in  p roperties produced by 
s tru c tu ra l changes following hea ting , and  (2) 
m inor cracking or crazing, a ttr ib u ta b le  to 
oxidising and  stress effects, includ ing  grow th. 
This type of fa ilu re  is increased by a h igh silicon 
con ten t of th e  mould m ateria l.

The cracks, both transverse  and  netw ork, 
which sooner or la te r  appear on th e  surface of 
a mould tra n sm it the  defect to  th e  ingot, and 
th is is fa ta l where th e  la t te r  is to  be rolled, 
because i t  resu lts in  overlaps and  an  im perfect 
rolled surface, only removable by p lan ing  or 
scalping. Such a crack in a m ould holds a 
ce rta in  am ount of dressing and alm ost in v a ri
ably results in a “ blow,”  due to  the  sudden 
vaporisation  of volatile oil. I t  is found, too, 
th a t  the  cracks most read ily  occur in a mould 
whose section is variable, e .g ., in s tr ip  moulds 
which have lugs to support them  on th e  cross 
bars of the  mould carriage or fram e, cracks 
invariably  occur first opposite the  lugs. V arious 
methods have been tr ied  to overcome th is  crack
ing— filling them  in  w ith  an iron cem ent, filing 
them  down a t the  proud edges and filling daily 
w ith china clay, b u t none is really  effective in 
prolonging th e  life.

The expedient has also been tr ie d  fo r s trip  
moulds of in troducing  m ild steel s trip s , J  in. 
th ick  and cu t to  th e  shape of th e  m oulds, in 
between the  la t te r  to give an  artific ia lly  new su r
face to  replace a cracked back. These p lates are 
held t ig h t when the moulds are  screwed up  in 
the  carriage. The results so fa r  a re  prom ising. 
Some plates now in  use have survived 700 heats 
and show li tt le  sign of de te rio ra tion .

I t  is invariably  found th a t  unless cast-iron 
moulds have in term ed ia te  tre a tm e n t du rin g  th e ir 
lives a  very hard  skin forms, which resu lts in  the  
ingots being pim ply o r even short. A tre a tm e n t



which has been recommended is to scrub the 
surfaces w ith a  stiff w ire brush, and follow th is 
with an  application  of th ick  ta r . The mould is 
then annealed, when th e  mould surface recovers 
most of its o rig inal condition. In  th e  casting of 
brass ingots in  cast-iron moulds it  has been found 
advantageous to  clean th e  la t te r  daily by first 
soaking them  in a hot 10 per cent, solution of 
caustic soda, which softens and  partia lly  dissolves 
th e  hard  skin—contain ing  some 60 per cent, 
zinc—which form s on the  surface, and then 
scraping them  w ith a sharp  tool.

Inhe ren t  Disadvantages
T hree of the  serious disadvantages of cast- 

iron moulds a r e : (1) the gas evolution during  
p o u rin g ; (2) th e  grow th of the cast iron, and
(3) th e ir  low hea t conductiv ity  and  high therm al 
stress d u ring  casting.

The gassing which has been a ttr ib u te d  to  the 
iron is probably prim arily  due to  overheating  by 
contac t w ith  th e  m olten m etal. C ontributory 
causes are  th e  porosity  of the  iron and the  re 
action between the  superficial oxide on the m etal 
and th e  carbon in  the  iron—probably the  
combined carbon ra th e r  th a n  th e  g raphitic— 
which is accen tuated  by th e  effects of the  mould 
dressings.

The substitu tion  of m ild steel for cast iron 
dim inishes th e  blowing and cracking effects, bu t 
two o ther serious defects arise, viz., d istortion  
of th e  mould and th e  liab ility  of the molten 
m etal to  weld on to  th e  steel. This la tte r  
trouble  has been m et somewhat by alum inism g 
th e  surfaces of steel moulds.

In  all usual types of cast iron one has to 
contend w ith so-called “  g row th .”  This has been 
a ttr ib u te d  to  the  prec ip ita tion , then  solution and 
afterw ards rep rec ip ita tion  of the  g raph ite  in the 
m a trix  of th e  mould, and more la tte rly  by 
C arpen te r to  th e  repeated  oxidation of iron 
silicide. The presence of n itrogen and hydrogen 
increases th e  am ount of grow th, while P  and S and
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Mn appear to diminish it. In  large ingot moulds 
as much as J in. decrease in internal measure
ments due to this cause has been observed after 
150 heats. Incidentally it has been found th a t 
moulds made from cupola iron can with ad
vantage be made initially more accurate, with a 
reasonable chance of remaining so, than moulds 
made from straigh t (or direct) metal. The 
latter, however, generally have, the longer life.

Nickel cast-iron moulds have been used in order 
to try  and reduce some of the ill effects of grey 
iron, but personal experience is tha t, apart from 
being more costly, they are not altogether satis
factory and show defects of their own.

In  the case of moulds for steel ingots, which 
are usually much larger than for non-ferrous 
work, i t  has also been shown th a t for each kind 
of steel there are special—almost critical—con
ditions which the mould has to fulfil. Shape, 
taper, diameter, length, and proportion of wall 
thickness to ingot body are all im portant. The 
m aterial mainly used is low in S and P, with a 
high total carbon content. Some recent results, 
however, have revealed the greater durability of 
ingots containing high percentages of phosphorus. 
T hus:—0.240 per cent. P , 120-130 heats; 0.170 
per cent. P , 130 heats; 0.070 per cent. P, 115-120 
heats. The Si is such as to yield a soft grey iron, 
for a mottled or white structure would probably 
cause premature cracking. So many factors 
intervene, however, th a t i t  is almost impossible 
to correlate mould life with composition. Pearce, 
as the result of an extensive survey, suggests the 
following ideal specification for a mould for 
steel ingo ts:—Total C, high 4.3 per c e n t.-  
0.3 X  Si per cent.; Si, sufficient to yield a grey 
all-pearlite iron; Mn, 1.7 X  per- cent. S +  0.3 per 
cent. m in .; S, <  0.1 per cen t.; P, <  0.1 per 
cent.

Pearce also is of the opinion th a t a suitable 
structure for an ingot mould for steel would 
be th a t of a high-carbon iron to confer resist-
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ance to the hot stream of metal, with a  very fine 
graphitic structure to  prevent the entry of 
oxidising gases and thus delay growth. This 
particular combination is normally not easy to 
obtain, if a t all. But the B.C.I.R.A. has tried 
a process involving the addition of a  small 
quantity of titanium  to a melt of high-carbon 
iron (No. 3 hematite iron), and then a trea t
ment of the la tte r with carbon dioxide. While 
retaining the high-carbon content the structure 
obtained is of a fine graphite type approaching 
th a t originally suggested.

During its life the composition of the mould 
m aterial changes somewhat—the total carbon 
falls (due to decafburisation a t the working 
face); combined carbon falls due to conversion, 
under heat, of pearlite to ferrite.

Cracks and faults which occur in steel ingots 
are frequently due to bad mould design. Where, 
for instance, the section of the wall is too heavy 
(especially in the case of ingots of small diameter) 
circumferential cracks may be produced near to 
the hot top. The metal may, moreover, solidify 
too quickly, causing the ra te  of pouring to be 
increased in order to prevent prem ature freezing, 
with the consequent ill-effects on the structure 
and internal soundness. With thick moulds 
their life may be prolonged as a whole, but in 
the long run great age and the temptation to 
use the moulds beyond an economic limit may 
be a disadvantage, giving cracks—or h&ngeiu — 
on the internal surface, and this yields faulty 
ingots. Recent results in  steel practice have 
shown tha t, generally speaking, with moulds 
made from similar classes of iron, thick walls fail 
by disintegration of the surface and give a  low 
total weight of ingot per un it weight of mould 
metal. As the thickness decreases a figure is 
reached a t  which this la tter ratio atta ins a 
maximum value, afterwards decreasing, and the 
tendency to major cracking increasing, as the 
wall thickness becomes less.

x
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The cooling of a cashing w ith in  a mould is a 

therm al operation , involving considerations of 
therm al conductiv ity , specific h ea t and density  
of the mould. I t  should be as un ifo rm  as 
possible, consistent w ith  th e  h ea t being removed 
quiokly in  o rder to  give rap id  chilling. In  the  
old type of h em atite  iron  box th is  could no t 
readily  be obtained because of th e  h igh therm al 
resistiv ity  a.nd low h e a t capacity  of th e  m ateria l 
and because also of its  complex in te rn a l 
stru c tu re . Thoughts th en  tu rn ed  to  o ther 
m ateria ls, p articu la rly  copper.

T he Use of C o p p e r  Moulds
In  order to  ob ta in  the  h ighest efficiency from 

copper moulds th e  copper itself should be of high 
p u rity , otherw ise th e  conductiv ity  is considerably 
dim inished and th e  essen tia l advan tage  is lost. 
F o r instance, 0.4 per cen t. As, 0.15 per cen t. P  
or 1 to  2 per cen t. Sn reduces th e  therm al con
ductiv ity  by over 50 per cen t. The thickness of 
the  walls should be sufficient to  carry  away 
enough heat, aided possibly by c ircu la tin g  w ater, 
to  m a in ta in  the  in n e r face cool and  keep pa/ee 
w ith the  ra te  of h ea t outflow,. I f  such m eans are 
no t provided welding of th e  m olten m eta l on to 
th e  copper will ensue. The danger is g rea te r 
w ith  th e  h igher m elting -po in t alloys and th e re 
fore the  coun ter provision m ust be more extensive 
and w ater-cooling is im perative. W ith  lower 
m elting-point alloys, non-water-cooled moulds are 
employed and a re  adequate  for rem oving quickly 
th e  sm aller am ount of h e a t in  the  m olten mass. 
I t  may also be noted th a t  th e re  is a consider
able decrease in  th e  am oun t of h ea t tran sfe rred  
to th e  water-cooled copper mould onoe i t  is filled, 
for by th a t  tim e th e  ingo t is solid and  has 
shrunk, leaving an a ir  gap  which ac ts as an  
insu la to r. A t th e  same tim e, however, th e  ingot 
may safely be w ithdraw n much sooner, w hile i t  is 
exceedingly hot, thus lessening th e  w orking cycle.

A com parison betw een cast-iron  and  copper 
moulds on sim ilar types of work m ay be sum 
m arised as follows : —
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Water-cooled 
copper. 

Copper lining re
newed after 3,000 
to 5,000 heats. 
Instances have 
occurred up to
15,000 heats.

2 mins.

One mould will 
serve two or 
three casting 
units. Minimum 
of preparation, 

(heating up, etc.).
(4) Structure Beyond any ade- Uniform structure.

quate control. Surface does not
require machi
ning.

A fu rth e r advantage of the  copper mould is 
th a t  i t  is only slightly elastic b u t very ductile. 
Any stra in s , therefore, which are  produced 
during  casting  are relieved by norm al plastic flow 
on cooling.

T h e  Erical Process
Of alm ost opposite character to  the copper 

mould is th e  one designed by Ericsson and used 
in th e  E rica l process of casting. In  place of 
b igh-conductivity copper Ericsson uses low-con- 
ductiv ity  nickel iron which has also low therm al 
expansion. H ence the  solidification ra te  is much 
lower, th e  tem p era tu re  g rad ien t th rough  the 
mould wall is steeper and th e  difference between 
th e  tem p era tu re  on the fro n t and  back of the 
mould is considerable. Due to expansion, the 
wall becomes slightly convex inw ards and th e  face 
pressure thus exerted  forces the m etal which is 
still m olten in  th e  cen tre  up in to  the pipe cavity 
above, thus yielding a larger percentage of sound 
m etal.

In  addition , piping is avoided w ithout the 
necessity, o r inconvenience, of feeding in , and a 
fine s tru c tu re  is obtained. Any tendency there 
m ay be to crack in the  middle constricted region,

x  2

Cast iron.

(1) Life . .  Replacement after
about 1,000
heats. (They
might, however, 
be re-machined 
for the next 
larger size.)

(2) Casting 10 mins.
cycle

(3) Lay-out Each casting unit
requires up to 
six moulds be
cause of pre
paratory work
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due to  con trac tion  effects w ith in  th e  area 
res tric ted  by the  inw ard pressure of th e  p lates, 
may be countered  by g iv ing th e  p lates an  in itia l 
set outw ards by m eans of ad ju s tab le  screws. The 
final resu lt is, of course, th a t  th e  sides of the  
ingot a re  alm ost parallel. A th in  clay wash, 
followed by a th in  oil dressing is recom mended 
for the  Ericsson mould. The la t te r  is also pro
vided w ith an  accurately  cen tred  tu n  dish.

I t  is recognised, as will be shown la te r , th a t  
casting  in  norm al p rac tice  is accom panied by 
m uch tu rbu lence of the  m olten m etal. B ottom  or 
upw ard  casting , such as is widely p rac tised  in the  
case of steel, w herein th e  m eta l is fed  down a 
feeding tube, along a  ho rizontal channel and 
then  up  in to  one o r m ore m oulds, reduces th is 
fac to r considerably b u t n o t entirely-

T he Durville  Casting Method 
The m ost successful a tte m p t to  overcome tu rb u 

lence is th e  D urville m ethod in which, in  effect, 
th e  mould slips round  th e  m olten m etal instead  
of the  la t te r  splashing in to  th e  mould. In  th is  
process, used principally  fo r copper-alum inium  
alloys, the  m etal from  th e  m elting  fu rnace  is 
tran sfe rred  v ia  a' hand-carried  ladle to  a con
ta in e r  which is a ttach ed  perm anently  to  the  
mould. The m eta l is carefully  skim m ed and  th e  
mould and con ta iner then  ro ta ted  around a ho ri
zontal axis u n til th e ir  positions have been 
reversed.

Mould Dressings
Mould dressings are  common in  all classes of 

ingot casting. The functions of a  dressing m ay 
be sum m arised as follow: —

(1) To p reven t th e  m olten m etal from  adher
ing  to  th e  m ould m ate ria l by providing a pro
tec tive  film.

(2) To enable th e  ingo t to  be removed easily 
when solid.

(3) To assist in providing a  reducing 
atm osphere as fa r  as possible d u ring  th e  t r a n s it  
of the  m olten stream  down th e  mould.

(4) To afford lubrication .
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Of th e  m any types of dressing none is ideally 

su itab le  to  m eet all circum stances and, indeed, 
one generally finds a  pe t nostrum  in  every 
foundry. In  the  common m ix tures oil of some 
k ind or ano ther finds a large place. R efractory  
inorganic washes are  mostly confined to ferrous 
practice. In  any case, th ere  should he no 
reaction  between the  dressing and any con
s titu e n t of the  ingo t o r mould.

One po in t abou t which there  is doubt is the 
desirability  of having a  heavy oil w ith  a high 
flash-point which will no t readily  ign ite  o r decom
pose, or a  ligh t oil w ith a com paratively low flash
po in t so th a t  i t  will burn  easily as the  m etal 
rises in  th e  mould. The deposition of much soot 
or carbonaceous deposit from  a fully cracked 
oil is to  be deprecated, as th is  gives rise  to 
blemishes on the bar surface. In  general, experi
ence seems to  po in t to th e  use of a  lig h t dressing 
of a  heavy oil, e ither alone or in  m ixtures, for 
most non-ferrous work. There is no clearly de
fined preference for a m ineral as against a 
vegetable oil.

Common dressings include lard  oil, olive oil, 
m elted resin, m ixtures of g raph ite  and lard  o i l ; 
g rap h ite  and olive o il ; resin  and  tu rp e n tin e ; 
tallow, resin and tu rp en tin e , and a well-known 
one consists of lard  oil, tallow, china clay and 
french chalk in  th e  proportion 3 : 2 :  1 : and
finally stiffened by the addition  of g raph ite .

Genders and  Bailey found th a t  a vola^ 
tile  dressing causes in general a decrease in 
crystal size, an increase in the  colum nar crystal
lisation norm al to the  mould face and an in 
crease in  dep th  of the layer of chill crystals 
between the  mould and th e  colum nar ones. 
V olatile dressings have, moreover, the  disad
van tage of giving off gaseous products which may 
become en trapped  or dissolved in th e  m etal. 
Porosity  th u s  produced is mostly ju s t under the 
skin. In  instances where the m etal solidifies 
before all the dressing has volatilised—i.e.,m ostly  
in narrow  moulds—contraction  cavities are  p re
valent. In  la rger moulds the passing of the
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escaping gases tends to  prom ote g rea te r tem pera
tu re  d is tribu tion , and  therefo re  m ore un iform  
cooling, coupled w ith  a  more extensive dispersion 
of gas porosity.

Soot from  burn ing  acetylene or tu rp e n tin e  
has been recom mended, b u t in  personal experi
ence, so fa r  as s tr ip  casting  is concerned, has 
proved ineffective. Such a  soot dressing is in  
rea lity  in fe rio r to  th e  usual oil as a therm al 
in su la to r. As a  resu lt, local h ea tin g  an d  blowing 
may occur, especially if  the  m etal im pinges on the  
mould side.

F o r oupro-nickel and sim ilar h igh  m elting- 
point alloys, la rd  oil m ixed w ith  a' l i t t le  fine 
g rap h ite  appears to  be effective, and  if  th e  alloy 
is being cast in to  th in  s tr ip  ingo ts a  li tt le  d ry  
g rap h ite  sca ttered  over th e  m outh  of th e  moulds 
a f te r  the  p rim ary  dressing preven ts stick ing  a t  
th a t  p o in t and  prom otes th e  fo rm ation  of a 
b e tte r  and m ore economical top  to  th e  ingot. 
F o r precious m etals sim ple la rd  oil o r olive oil 
w ithout adm ix tu re  is effective.

Mould Dressings fo r  F e r ro u s  W o rk
In  ferrous work washes of finely g round  clay, 

or gan is ter, w ith  and w ithou t freq u en t app lica
tions of oil, oil and  g rap h ite , e tc ., a re  commonly 
used. A wash con ta in ing  a  m ix tu re  of carborun
dum  and fireclay powders in  th e  proportions of 
about 6 : 1 has also been employed. Clay-washed 
moulds have a tendency to  flake a t  tem p era tu res  
exceeding 300 to  350 deg. C. The app lica tion  of 
oil alone or mixed w ith g rap h ite  increases the  
life and  reduces stick ing  appreciably. Such a 
coating would operate  up to  a  mould tem p e ra tu re  
of about 400 deg. C. A m ix tu re  of kaolin  and  
water-glass would appear to  have advan tages, bu t 
u n fo rtuna te ly  i t  tends to  flake read ily . A few 
drops of m achine oil from  a  can  im m ediately 
before casting  is very effective.

G enera l  C ons idera t io ns
The subject of ingot casting  canno t be confined 

solely to the ac tua l m ethods which are  adopted . 
Some consideration m ust be g iven to  th e  pro
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cesses th a t  a re  operative w ithin the  m etal during
pouring and solidification. The physical and 
chemical laws which are invoked work in  many 
diverse ways th a t  are even now b u t imperfectly 
understood. A num ber of observed facts, how
ever, m erit close a tten tion .

P erhaps the  most significant observation is 
th a t  du ring  casting  th e  m olten m etal is  in  a 
s ta te  of turbulence. If  i t  were possible to 
tra n sfe r m olten m etal from  crucible to mould 
w ithout such turbu lence much of the foundry- 
m an’s trouble would be solved. T ransference im
poses difficulties of its  own and to  th e ir  suppres
sion much ingenuity  has been applied.. The 
n eares t approach to  quiescence is in  th e  D urville 
process, and in  those ra re  instances, e.g ., in  accu
ra te  p rec iousm eta l work where the m ateria l is 
m elted and allowed to  solidify in  th e  same 
crucible or in  a  special type of electric furnace, 
ye t in  each of these instances th e re  m ust almost 
inevitably be some d istu rbance due to  convection 
cu rren ts. The production of a' sound casting 
depends p rim arily  on th e  union of moving m olten 
particles. Ideally , each layer in succession 
should coalesce w ith th e  nearly  solidified layer 
preceding it, and thus gradually  fill th e  mould. 
In  o ther words, th e  bottom  p a r t  should be solid 
before the  casting  is completed. I f  sand moulds 
are  used th e  tran sfe r of h ea t th rough  th e  walls 
is so small th a t  i t  is difficult to  pour slowly 
enough for th is s ta te  to arise, and  indeed i t  may 
not be desirable. In  actua l fact, w hat happens?

(1) The incom ing m etal causes th a t  already 
w ith in  th e  mould to  rise, by simple pressure, 
basin shape tow ards the  side. The stream  also 
acts as a  m inor in jec to r draw ing a ir  in  w ith  i t  
which disperses as bubbles,. These effects are 
accen tuated  when a single stream  is used. 
W here, however, a  tu n  dish is employed, a n d  
th e  m etal flows in in  several sm aller stream s, 
though  the  to ta l force may be th e  same i t  is 
d is tribu ted , and displacem ent and splashing are 
on a much lesser scale, giving a secondary bu t 
i m p o r t a n t  e f f e c t  of m o r e  u n i f o r m  t e m p e r a t u r e ,
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while the  in jec to r effect is considerably re 
duced. Time in  feeding is also saved, less 
care is needed to  fill th e  m ould, th e  to p  end 
waste is a  m inim um  and  th e re  is an  increase 
in the  general soundness of th e  ingot. In  
bottom  or upw ard  casting , too, there, is li tt le  
la te ra l displacem ent. B oth these devices resu lt 
in much more equable conditions th ro u g h o u t 
the ingot.

(2) C rystallisation  commences from  the  
mould, first as sm all, reg u la r equiaxed crystals 
then  as colum nar ones, and  finally in  the  
in te rio r, small crystals again  form . This 
change of crystalline form  has been variously  
a ttr ib u te d  to (a) undercooling; (b) th e  separa
tion  of th e  ingo t from  th e  mould due to  con
trac tio n  ; (c.) th e  a tta in m e n t by th e  m ould of 
a constan t tem p era tu re  and  a  consequent 
decrease in th e  ra te  of outflow of h e a t ;  (d) the  
overstepping of a  critica l ra t io  betw een the  
am ount of solid c ru s t and the  s till m olten 
liquid. In  general th e  h igher th e  casting  tem 
p era tu re  th e  h igher is th e  tem p e ra tu re  
g rad ien t and th e  longer become the  
colum nar crystals. The longer th e  solidification 
range the  g rea te r the  re la tive  am oun t of equi
axed crystals.

(3) As solidification proceeds, con trac tion  
occurs sim ultaneously : (a) of th e  cooling liquid  
m etal (this can be m inim ised by a tte n tio n  to  
feeding and pouring  te m p e ra tu re s ) ; (b) du rin g  
the  tran s itio n  from  solid to  liquid , and (c) of 
the solidified m ateria l.

(4) The still liquid m etal flows, as fa r  as i t  is 
able, having regard  to  th e  obstruction  offered 
by th e  grow ing crystals, in to  th e  gaps still 
left, including those small ones produced by the  
contraction  of th e  m ateria l a lready w ith in .

(5) The las t of th e  liquid  solidifies and  con
trac ts , giving th e  usual pipe in  th e  u pper p a rt 
which m ay o r may not be b ridged by solid 
m a tte r  excessively quickly cooled by exposure 
to the atm osphere. C ontraction  cavities form  
more readily  in  long, th in  ingots th a n  in  th ick ,
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f a t  ones. I f  feeding is  no t continuous, other
deep-seated cavities may be le ft to  which the
feed has no t penetrated .
I t  is advantageous in  chill ingot casting  to 

induce chilling from  the  bottom. To th is  end 
large copper blocks have been used as bases for 
steel ingot moulds, thus conducting the  hea t 
away quickly. One of the most im p o rtan t results 
arising  from  the  use of copper stools in  the  cast
ing  of steel ingots is the  increased life of the 
cast-iron  moulds. Such blocks have also been 
used for casting  nickel alloys. In  all cases advan
tages lie in  ensu ring  solidification from  the 
bottom . A process—R .W .R .—has also been 
developed on the  C ontinen t in  which, a f te r  the 
m etal has filled the  mould, a  water-cooled copper 
p late  is fixed over th e  top and th en  the  whole 
assembly is inverted  so th a t  th e  copper p la te  is 
a t  th e  bottom  du rin g  solidification.

There is, then , a general p ic tu re ; b u t i t  does 
no t illu s tra te  the  whole story, for, in  addition, 
there  a r e :— (1) The presence of gases—dissolved, 
en trapped  from  th e  atm osphere or derived from 
the  mould d ressing ; (2) th e  segregation of im
purities e ith e r a t  th e  crystal boundaries or in  the 
las t m etal to solidify down th e  centre, w hither 
they  are  forced by th e  solidifying m etal which 
rejects them ; (3) th e  movem ent of some con
s titu en ts  in  certa in  alloys inw ard o r outw ard, 
according to  apparen tly  regu lar laws (though the 
mechanism is still a m a tte r  of controversy), which 
is term ed variously segregation, inverse segrega
tion  (if the m ovem ent is con trary  to  w hat m ight 
be expected from norm al solidification) o r liqua
tion . This resu lts in  enrichm ent of the  ingot as 
legards a pa rticu la r constituen t a t  one p a rt and 
an. im poverishm ent a t  another.

M olten m etals dissolve gases in increasing 
am ount w ith an increase in tem pera tu re , and 
much gas is also entangled mechanically. 
F u rth e r, there  may be chemical combination be
tw een the furnace gases and  some gas already 
in the  m etal. F o r instance, Allen has shown 
th a t  hydrogen from flue gases readily  combines
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w ith  oxygen in  th e  cnprous oxide in  copper to  
yield steam  to which th e  u ltim a te  unsoundness is 
due in g re a t m easure. As th e  tem p era tu re  falls 
a ce rta in  am ount of gas is libera ted , and on 
solidification evolution is very active. A certa in  
am ount of the residual gas is driven in to  the  
cen tra l portion  of th e  ingot, some is d is trib u ted  in 
m inu te  globules, b u t w ith a concen tra tion  ju s t 
under th e  ou ter sk in , and some m ay rem ain , in  
an unsound ingot, in  large cavities in  the  m etal, 
probably causing blisters d u ring  subsequent roll
ing and annealing. M oreover, in th e ir  form a
tion  they  displace liquid m etal, and thus reduce 
the  size of th e  shrinkage cavity  itself.

The reduction  of th e  gas con ten t of ingo ts has 
been widely investigated , and among th e  pro
cesses found effective to  a ce rta in  degree a r e : —

(1) C ontrol of pouring tem p era tu re  and ra te  
of pouring . In  general, unsoundness in  an 
ingot is th e  additive effeot of con traction  and 
gas content, and depends largely  on  the  cast
ing  tem p era tu re  and th e  ra te  of pouring . A 
m easure of super h e a t in  th e  m olten m eta l is 
desirable, and on th e  whole i t  is b e tte r  to  e rr  
in  having the  m elt too ho t th a n  too cold, 
provided i t  is combined wiith a slow ra te  of 
pouring. U sually soundness increases as the  
ra te  of pouring decreases, b u t w ith  too low 
a  easting  tem p era tu re  unsoundness resu lts  
w hether th e  pouring  ra te  he fa s t or slow. The 
m easurem ent of density  is a good .crite rion  of 
soundness.

(2) D eoxidation.
(3) R ap id  stirr in g , especially w ith a g rap h ite  

rod.
(4) Allowing the  m elt to solidify in  the 

crucible, thus passing th rough  th e  most active 
gas evolution stage, th e n  rem elting  i t  again 
quickly and casting.

(5) In troduc ing  th e  va.pour of volatile 
chlorides or th e  chlorides them selves. 
F or alum inium  castings chlorine, boron
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trich loride and tibanium -tetrachloride have 
been used.

(6) Passing a n eu tra l gas, e.g. ,  nitrogen, 
though th e  m elt, which resu lts in  th e  con
ta ined  gas being driven out. Perfectly  sound 
piped ingots have been obtained in th is m anner 
from  unsound alum inium  and killed steel.

(7) M elting as a last refining operation and 
casting  in  vacuo.

The last, which has a tta in ed  some prom inence 
on the  C ontinent, relies partly  upon th e  w ith
draw al of the gases under reduced pressure of 
2 to 5 mm. of H g, p artly  on th e  o rdinary  evolu
tion  of gas during  solidification, and partly  on 
the dissociation of gases chemically combined 
w ith the m etal under the  influence of tem pera
tu re  and reduced pressure. I t  perm its the melts 
to rem ain quiescent for unlim ited  periods ou t of 
contac t with, the  a ir, allowing full deoxidation to 
take  place and solid con tam inating  im purities to 
rise to  the  surface. I t  is costly, and although 
large furnaces have  been bu ilt, th e ir  use is 
confined to the trea tm en t of m ateria l whose 
u ltim ate  value in a de^gassed s ta te  w arran ts the 
expense. The furnace used is of the  low-fre
quency induction  type, and the  charge is slowly 
heated to  the  m elting tem pera tu re  in  6 to 7 hrs. 
I t  is th en  allowed to become completely liquid 
a t a tem pera tu re  not much above the  m elting 
point du ring  2 to  3 hrs. M uch gas is given off 
du ring  th is  period, and  then  the tem pera tu re  is 
raised considerably—in the  case of steel to 1,700 
deg. O.—and  m ain tained  a t  th a t  point for 6 to 
8 hrs., du ring  which the  principal and final 
refining occurs. Subsequently the tem perature 
is allowed to fall again  nearly  to the m elting 
point and the  m etal is cast into ingots, still 
under the  influence of the  vacuum and of the 
heating  medium. In  th is m anner a small con
trolled stream  of degassed m etal may be poured 
in to  a mould out of contac t w ith a ir  or other 
gases, and a t  such a ra te  th a t  i t  follows up the 
m etal ju s t solidifying, thus being allowed to  fill



620
any gross or ©ven intercrystallin©  cavities. 
F o r ingots w eighing 700 lbs. and 4 tons casting  
tim es of 16 m in. and  40 to  60 m in. respectively 
have been-em ployed.

Such special methods have th e  possibility  of 
only a lim ited  field. F o r general work reliance 
m ust still be placed on simple m odifications 
which can read ily  be adap ted . These in  the  
m ain a re : —

(1) The use of copper m oulds and  vertical 
cen tra l feeding from  a tu n  dish arrangem en t.

(2) B ottom  pouring  (although  th is  is p a r
tia lly  supplied by the  tu n  dish).

(3) Quick tr a n s it  of th e  m eta l in to  th e  mould 
a t  a relatively  h igh tem p era tu re .

(4) The lowest possible am ount of dressing 
on th e  mould.

(5) P ro tec tion  of the  stream  of m eta l from 
atm ospheric con tam ination , e.g ., by a rin g  of 
Hmne.
vSegregation, as has a lready been ind i

cated, m ay occur in  th ree  ways : — (1) Of im 
purities to  the  cen tre  or a t  th e  crystal boun
daries where th e  effect is to  reduce th e  
mechanical s tren g th  of th e  m a te ria l ; (2)
general dispersion th ro u g h o u t th e  mass ; some 
im purities may actually  be dissolved; an d  (3) 
of certa in  constituen ts—tow ards th e  in terim ' or 
tow ards th e  outside.

Flowing P ow er
Unclean m etal m ay arise  from  th e  doubtful 

character of th e  o rig inal charge, especially if 
secondary m etals have been used, or from  oxida
tion  d u rin g  th e  pouring  operation . The films 
of oxides—o r n itrides—form ed on th e  m elt and 
on the pouring stream  when such constituen ts 
as Al, Mg and Zn a re  in  th e  charge, cause an 
ap p aren t increase in the  viscosity of the liquid, 
though th is, in rea lity , is no t th e  case, for the 
viscosity of m olten m etals is li tt le  g rea te r th an  
th a t  of w ater. The fall of th e  film in to  th e  
mould as i t  breaks off a t  once in troduces foreign
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m ateria l which has a  deleterious effect, pre
ven ting  coalescence. M oreover, th a t  charac
te r is tic  which has been variously term ed fluidity 
and  castab ility , b u t is perhaps b e tte r  called 
flowing power or “  flow ability,”  is prevented 
from  having full play in  th e  mould, resu lting  
in im perfect surfaces and in te rn a l contam ina
tion . In  good work no th ing  should p revent the 
even flow of liquid m etal in to  th e  portion  which 
is solidifying. A nother cause of an apparen tly  
th ickened stream  is the  presence of a large quan
t i ty  of gas which is restra ined  by th e  surface 
tension of the  liquid m etal and has had no oppor
tu n ity  of being released.

In  some cases th e  oxide or n itrid e  is soluble in 
the basis m etal, as in copper, nickel and iron, 
and  th ere  is th en  every chance of the  m etal 
pouring  cleanly although the  oxides are still 
en tangled  in  th e  stream . I f  perchance a  flux is 
used or the  product of deoxidation, say w ith 
phosphorus, has a low m elting-point, then  the 
film is ca rried  alm ost invisibly on the surface of 
th e  stream  as a  fluid layer.

G enerally speaking, flowability is g rea test for 
single m etals and eutectics. I t  varies w ith the 
ex ten t of th e  solidification in terval, i.e ., between 
the tim e the  m etal ju s t s ta rts  to  solidify and 
the end of solidification.

In  general, th e  segregation of im purities and 
undissolved m ateria l is tow ards th e  centre of the 
ingot, having been rejected  by the  growing 
crystals. Some, however, becomes entangled  and 
rem ains in  the  m ain body of the  ingot. The aim 
is so to  disperse these small quan tities of foreign 
m a tte r  th a t  they  become innocuous or else, if 
in  large q u an tity , to  g a th e r them  together in 
the la s t portions to  solidify when they may be 
removed. There is a tendency for th e  m etal 
solidifying in  th e  cen tra l portion  to  draw  the 
im pure liquid down by th e  force of contraction  
and  thus yield an im pure region some way down 
the ingot.

The so-called inverse segregation has been 
a ttr ib u te d  t o  t h e  f lo w  of still liquid m etal b e -
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tw een the den d ritic  crystals, to  th e  operation  
of gases w ith in  the  m etal, and  to  th e  repulsion 
of p rim ary  crystals away from  th e  chill surface. 
W hatever" be the  tru e  exp lana tion  the  resu lts 
may be expressed qu ite  simply—th e  enrichm ent 
a t the  surface of th e  ingo t of th a t  co n stitu en t 
which solidifies las t and not, as one m igh t expect, 
of th a t  which solidifies first. The en richm en t 
in the  in te rio r, on th e  o ther hand , is of tlia r  
constituen t which solidifies first. D ifferences in  
assay between cen tre  and  outside, am oun ting  to 
2 to  3 per cen t., have been observed, especially 
in low-grade silver alloys. Such differences do 
not norm ally give rise to  any serious difficulties 
in w orking, b u t m ust ce rta in ly  be ta k e n  in to  
account in  sam pling and  in  th e  m an u fac tu re  of 
alloys to  close specifications as regard s com
position.

DISCUSSION
The discussion was opened by M r. G. L. 

B a i l e y , who observed th a t  th e  au th o r had  done 
extrem ely well to  em phasise so strongly  th e  im
portance of m aking  good castings. The ex tra  
expend itu re  involved in m aking  first-class cast
ings was very well justified , fo r th e  expend itu re  
of even an ex tra  Id . per lb. of castings m ight 
resu lt in  a serious saving of expense in  la te r  
stages, due to  less re jec ts fo r defective w rought 
m ateria l.

Steel-L ined Moulds
The use of copper moulds would, he suggested, 

increase ra th e r  th a n  decrease, because th e  iron 
mould, w ith  all its conveniences and advantages,_ . > O  J
was certa in ly  open to  serious objection on th e  
grounds m entioned by M r. N ewm an. A reason
able life fo r a cast-iron mould was 1,000 heats , 
as m entioned in  the  P a p e r ; b u t in  th e  la t te r  
500 of those heats, th e  mould was probably n o t 
tu rn in g  ou t first-quality  castings, because i t  
was beginning to  de te rio ra te , and th e  stage  a t  
which i t  should be rejected  m ust be decided upon 
according to  th e  expense which its  continued



use involved. On one occasion he had tr ied  the 
experim ent of lin ing a cast-iron mould w ith a 
th in  p la te  of steel, b u t his results were altogether 
d ifferent from those of M r. Newman, and he 
would like an expression of opinion as to  where 
he had gone wrong. F or lin ing  th e  mould he 
had used plates J  in. thick, and had cu t some 
grooves down the side of th e  mould for the  
plates to  slip in to , leaving ample room for the 
expansion of the plates and hoping th a t  they 
would expand in to  the grooves. The plates, 
however, had expanded away from  the face of 
the  cast-iron mould, w ith th e  resu lt th a t  the 
ingots produced were much th in n e r in th e  middle 
th a n  a t  the  edges. The p lates would not expand 
in the d irection  in  which provision was made 
for th e ir  expansion.

Phosphorus C o n ten t  of Ingot Moulds
T h e  B r a n c h - P r e s i d e n t  (Dr. A. B. Everest) 

commented th a t  M r. Newm an was obviously a 
g rea t au th o rity  on ingot moulds, and th a t  some 
of his ideas were ra th e r  refreshing and possibly 
a little  unconventional. F or hem atite  moulds 
Mr. Newman had  m entioned phosphorus contents 
of 0.4 to  0.6 per cent. ; th e  Branch P residen t 
wondered w hether he had  m ean t 0.04 to 0.06 
per cent. The reference to  the  Ericsson mould 
was particu la rly  in te restin g , and he asked w hat 
was th e  composition of th e  special strips used 
in th a t  mould and w hat expansion characteristic  
was aim ed at.

M r. A. H . S q u i r e  asked w hether copper moulds 
were used only for the  production of ingots of 
copper or of copper alloys, and w hether a ttem pts 
had been made to use ingot moulds made of 
the  alloys which i t  was intended to cast in them . 
For instance, if a bronze ingot were to  be made, 
could one use a mould made of the  same bronze?

P er l i t - l ron  Ingot Moulds
M r . J .  A. S m e e t o n , M .I.M ech.E ., recalled 

th a t  five or six years ago a company w ith which 
he was associated, and which was m anufactu ring
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P e r lit  iron , had  m ade a  num ber of moulds in 
P e r l i t  iron  fo r several non-ferrous m eta l m anu
fac tu re rs  in  B irm ingham , who had  s ta ted  th a t  
the  P e r l i t  moulds had  stood u p  appreciably  
longer th a n  any o ther quality  of cast-iron  moulds 
th a t  they  had  used previously. I t  was fa ir  to  
say, however, th a t  D r. E verest had  n o t a t  th a t  
tim e developed th e  nickel irons to  th e  ex te n t 
to  which they  were now developed. P e r l i t  moulds 
did, however, show a m inim um  grow th and  had  
the  a ll-pearlitic  s tru c tu re  and close g ra in  which 
re ta rd ed  cracking and  o ther fau lts  which were 
so obvious in  th e  o rd inary  qualities of cast-iron  
moulds used previously.

W ith  regard  to  moulds for steel ingots, he said 
th a t  a t  a  works on th e  R h ine  recen tly , he had 
been amazed to  find th a t  a f te r  a num ber of 
o rd inary  ingots of open-hearth  steel had  been 
poured, th e  surplus m eta l in  th e  ladle was used 
to  pour in to  o ther moulds fo r th e  casting  of 
ingot moulds. They were collapsible moulds 
which were opened im m ediately a f te r  they  were 
cast, and had  norm al sand cores. As o rd inary  
open-hearth  steel of sheet steel q u a lity  was 
poured in to  the  moulds a w orkm an th rew  in to  
i t  some handfu ls of ferro-silicon from  a bucket, 
which silicon was said to  im prove immensely 
th e  quality  of th e  m etal and ren d er i t  su itab le  
for such moulds. I t  was s ta ted  th a t  th e  aver
age mould m ade of h em atite  cast iron  of the 
usual quality  would la s t fo r 65 to  85 fillings, 
whereas the  moulds m ade of open-hearth  steel 
to which the  ferro-silicon was added had  lasted  
120 to  140 fillings.

T o p  and B o t to m  Running
H e did no t know how fa r  bottom  ru n n in g  

was applied to  non-ferrous m etals, b u t bottom  
runn ing  was considered essential fo r any  good- 
quality  steel ingot. A num ber of years ago he 
had been associated w ith  a  com pany in  F rance  
which had a process fo r m an u fac tu rin g  cast-steel 
hollow ingots fo r th e  m an u fac tu re  of tubes. 
W hen following up  th a t  process in  Scotland he
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had v isited  a  l a r g e  w o r k s  in  which the men 
were bottom  pouring round steel ingots, using 
the  same process of runners in  th e  base of the 
mould as was used in  th e  F rench  works for 
casting  th e  hollow steel ingots. In  m aking the 
c ircu lar hollow steel ingots a refrac to ry  core 
was used, so th a t  when the m etal rose and 
filled the  mould i t  began to  con trac t on cooling, 
and the  core collapsed and perm itted  the sp lit
tin g  of th e  cast hollow ingot. The effect of th is 
process was to  squeeze all im purities to the 
top  of the  ingot, and when a num ber of the 
ingots were cu t up  th e ir  whole length  there  was 
not a  pinhole or a fau lt of any k ind anywhere 
on the  surface. Those ingots were never made 
in th is  country, h u t th e  experience showed th a t  
in 90 cases ou t of 100 th e  bottom -run ingot 
was superior to th e  top -run  ingot because tu r 
bulence in  th e  mould was no t nearly  so g rea t 
when bottom  pouring and there  was less te n 
dency to  p ip ing th an  when the ingot was run  
from  th e  top.

F inally , he said he had no t had the pleasure 
of hearing  before any P aper which contained so 
much valuable and concrete inform ation, and he 
suggested th a t  the au tho r should be invited  to 
read  i t  again  before a combined m eeting of the 
Iron  and Steel In s ti tu te  and  the  In s titu te  of 
M etals, because it  m ust he of immense in terest 
to the  members of those bodies. H e desired to 
th an k  the  au tho r for having prepared  and read 
a P ap er of such v ita l in te rest to  th e  foundry 
industry .

Mould T em p e ra tu re s
M r . H . 0 . S l a t e r  (P a s t B ranch-President) 

asked fo r inform ation concerning the  desirable 
tem pera tu res ' for moulds used for copper-nickel, 
70/30 brass, alum inium -bronze, and so on, and 
emphasised also' th a t  th e  pouring ra te  and the 
cooling ra te  were very im portan t. A very old 
and sound foundry principle was th a t  the  equal 
d is tribu tion  and solidification of m etal was 
essential to  the production of a  sound casting.
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I t  was perhaps su rp ris ing  th a t  th e  au th o r had 

achieved a ce rta in  am ount of success by in se rt
ing  a steel p late  in to  a mould ; he personally  h a d . 
no t been able to  achieve success in th a t  d irection . 
I t  would appear th a t  the  necessary m achining of 
th e  mould and the  insertion  of the  p la te  m igh t 
cost more th an  a  new mould.

“  Bellied ” Moulds
M r. J .  0 . H i t c h c o c k  referred  to  the  practice  

adopted in  m any brass rolling mills of bellying 
cast-iron  moulds, i.e .,  of bulging them  in  the  
centre, and  said he understood the idea was th a t  
the  superficial im purities were thereby  collected 
together in the bellied portion  and could be 
planed off ; in  th a t  way the  am ount of scrap was 
reduced to  the  minim um .

H e had noted th a t  frequen tly  cast-iron  moulds 
were m ade w ith  fro n t and back of d ifferen t th ick 
ness ; indeed, he d id  n o t rem em ber hav ing  seen 
any th a t  were of un iform  thickness. The v a ry 
ing thicknesses seemed to  be ir ra tio n a l, and  he 
asked w hat was th e  reason for adop ting  th a t  
practice. One ad v an tage  of w ater-cooled copper 
non-ferrous moulds was th a t  g rea te r reg u la rity  of 
m elting schedule was obtained  as com pared w ith 
cast-iron moulds.

M r. E . H . B r o w n , asking for more in fo rm a
tion  w ith regard  to segregation in the  silver and 
copper alloys, said th a t  in  the  graphs th e  silver- 
rich alloys showed a very much slower m ovem ent 
from  the  segregation po in t th an  d id  th e  copper- 
rich alloys. H e asked w hether th e re  was any 
critical range, in the  case of any p a rticu la r 
alloy, w ith in  which th a t  effect could be m in i
mised.

Sup er io r i ty  of Crucible-C ast  Ingot  Moulds
M r . A. J . M u r p h y , re fe rrin g  to  specifications 

of iron for chill moulds, expressed th e  opinion 
th a t  the m ain point was to ensure a uniform  
s tru c tu re  th roughou t th e  casting , and  believed 
th a t  for th is  reason a crucible-m elted iron  cast-
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ing  gave a b e tte r  life as a  mould th an  one which 
was cast d irec t from  th e  cupola.

I t  was by no m eans easy to  secure a sound 
casting  in h igh-conductivity  copper, and for 
norm al production  the  use of 2 per cent, of zinc 
in  the  copper g rea tly  fac ilita ted  casting. Of 
th e  common m etals zinc had the  least deleterious 
effect on the  conductiv ity  of th e  base m etal. 
By simple m eans such as those one could re ta in  
good conductiv ity  w ith reasonably easy casting.

H e was in  g rea t sym pathy w ith  th e  reference 
to  th e  troubles arising  from th e  use of excessive 
am ounts of dressing. I t  had been suggested, 
however, in  th a t  connection, th a t  by m eans of 
a heavy dressing w ith certa in  copper alloys, p ro
vided th e  en trap p in g  of vapour bubbles could 
be avoided, an appreciable grain-refinem ent was 
obtained. No doubt the  reason was the  fairly  
in tense v ib ra tion  which occurred in  the  m etal 
ju s t as i t  was on th e  point of solidification. 
This probably lay behind the  preference of some 
casters for heavy coatings of dressing.

A U T H O R ’S REPLY
M r. W. A. C. N e w m a n , B .Sc., replying to the 

discussion, first paid  tr ib u te  to  th e  trem endous 
am ount of work done by Mr. Bailey and 
D r. Genders in the  investigation  of ingots and 
ingot moulds, and said th a t  anyone who had any 
connection a t  all w ith  ingot casting  was 
extrem ely indebted to them  for the ir work.

The decision as to  th e  exact stage a t  which it  
paid  to  re jec t a mould was always difficult. The 
m anagem ent w anted the m axim um  life from a 
mould, b u t th e  men who were w orking w ith 
i t  w anted to scrap i t  as soon as i t  deterio rated  
to a stage a t  which i t  appeared to  affect the 
ingots produced. An advantage of th e  casting 
of copper moulds on th e  spot was th a t  the 
scrapped mould castings provided the  m ateria l 
for new moulds, and they  w ent back in to  the 
fu rnace a t  th e  ord inary  price, whereas an ordi-
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nary  cast-iron  mould which was scrapped would 
command only scrap price.

Steel-Lined Moulds
W ith regard  to  the  use of p lates fo r lin ing  

moulds, he said he had  m entioned i t  piovoca- 
tively, w ith a view to  g e ttin g  ideas. In  o rd i
nary  s tr ip  moulds, which were placed back-to- 
back, the  back always d e te rio ra ted  first, prob
ably due to  the  stresses produced in  casting  the 
mould itself, so th a t  the  efficiency of th e  mould 
was im paired  before the  in te rn a l recessed p a r t 
de terio ra ted  to  any appreciable ex ten t. F ran k ly , 
he had no t expected th a t  th e  fittin g  of a very 
mild steel p late  would assist in  any degree a t 
all, and  so f a r  he had  used only abou t half 
a  dozen. The experim en t had  been tr ie d  w ith 
ord inary  s tr ip  moulds, th e  sheet m eta l being 
cu t in to  p lates to  conform  to  th e  shape of the  
moulds and placed n ex t the  backs. The moulds 
were no t screwed up tig h t, b u t were given 
ju s t a  g rip  fit, so th a t  a c e rta in  am oun t of 
play was le ft to  accom m odate m ovem ent both 
vertically  and  la tera lly . I t  was su rp ris in g  to  
find th a t  th e re  was n o t m uch buckling  of the  
plates, and  a f te r  700 heats the  surfaces had 
rem ained reasonably good, so th a t  th e  lives of 
the  moulds were prolonged considerably. The 
moulds them selves cost abou t £1 each, and  the  
cost of th e  fittin g  of a p la te  was abou t 3s. 6d. 
The life of a  mould was from  1,000 to  1,400 
heats o rd inarily , b u t by fittin g  a  p la te , a t  a cost 
of 3s. 6d., a mould could be m ade to  give ano ther 
600 o r 700 heats, which was reasonable economy. 
H e did no t claim  th a t  the  experim en t was com
pletely successful yet, b u t a ce rta in  am oun t of 
progress had  been achieved and  th e  work was 
continuing.

Phosphorus  C o n te n t
The phosphorus con ten t of th e  h em atite  iron 

referred  to  by th e  B ranch -P residen t was from  
0.4 to  0.6 per cen t., th e  phosphorus being added 
specially. There was g re a t controversy between 
the  advocates of high-phosphorus con ten t and 
o f  low-phosphorus c o n t e n t .  The chief a d v a n t a g e
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of high-phosphorus con ten t was th a t  i t  gave tho 
m etal g rea te r flowing power, and i t  was also 
fe lt generally th a t  the  s tru c tu re  was somewhat 
more uniform .

B.C.I.R.A.’s Research
The B ritish  C ast Iron  R esearch Association

had recently  tr ied  a process involving the addi
tion  of a  sm all q u an tity  of ti tan iu m  to  a m elt 
of high-carbon iron—No. 3 hem atite  iron—and 
the tre a tm en t of th a t  m ateria l in the molten 
s ta te  w ith carbon dioxide. T ha t was quite  an 
unusual procedure, and the s tru c tu re  obtained 
was said to  be of the very fine g raph itic  type, 
approaching th e  one originally suggested by 
Pearce as being most suitable. T hat work, and 
a g rea t deal m o r e  useful work of a sim ilar
character, had b e e n  done under the  aegis of the
Comm ittee set up by the Iron  and Steel In s ti
tu te  to consider the  heterogeneity  of steel ingots.

R eplying to  M r. Squire’s question as to 
w hether i t  would be possible to  use moulds of 
th e  sam e composition as th a t  of the  alloys cast 
in them , he suggested th a t  th a t  would he im
possible, for the  reason th a t  alloys generally had 
in ferio r therm al properties, th e ir  conductivities 
were very low, and the  h ea t would no t he con
ducted  away sufficiently quickly to  preven t the 
adhesion of th e  ingots to  the moulds in which 
they were cast.

Steel Moulds
The rem arks of Mr. Smeeton concerning P e rlit 

iron moulds were of p a rticu la r in terest, because 
i t  was an accepted opinion in some quarters th a t  
a pearlitic  s tru c tu re  was desirable in  a mould. 
I t  was ra th e r  su rp ris ing  to hear th a t  satisfactory 
resu lts were obtained w ith steel moulds. F o r non- 
ferrous ingots, steel moulds were taboo, because 
of the  probability  of the  welding of the  ingots 
to th e  steel. H e had seen silver-base alloys 
a tta ch  themselves to  th e  steel when i t  and cast 
iron were used together in  a mould. In  one 
instance th e  bottom  plugs in  th e  s trip  moulds 
w e r e  a c c i d e n t a l l y  made of steel instead  of iron, 
a n d  a l l  t h e  p l u g s  h a d  p u l l e d .
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W ith  regard  to  horizontal versu s  ve rtica l 

moulds, he said th e  tendency was to  cast w ire 
bars and anodes in  vertica l ra th e r  th a n  hori
zontal moulds, because th e re  was less danger 
from  contam ination  from  the  oxygen of th e  a ir , 
and the  p roperties of th e  bars w ere b e tte r  
generally.

Ingot-Mould T e m p e ra tu re s
D ealing w ith M r. S la te r’s question  concern

ing the  p roper tem pera tu res  of m oulds for cast
ing various alloys, M r. N ew m an said  he could 
no t a t  the  m om ent go th rough  th e  whole series 
of alloys, b u t fo r m ost base m etals and  precious 
metals he liked to  h e a t th e  m oulds to  about 
150 to  180 deg. C. S trangely  enough, unusual 
circum stances were experienced th re e  or four 
weeks ago, when the  moulds used for casting  
bronze were actually  red  ho t a t  abou t th e  fo u rth  
cast. The s trip s  cast in  those m oulds were 
placed on one side and  were rolled separa te ly , 
and to his su rp rise  th ere  was n o t m uch difference 
between th e  rolling properties of those s trip s  
and of strips which were cast in  m oulds the  
tem pera tu re  of which did no t exceed 200 deg. C . ; 
the only real difference was th a t  th e  s tr ip s  cast 
in the  red hot moulds tended to  sp lit a little .

H e agreed w ith  M r. H itchcock th a t  i t  had 
been the practice to “  belly ” cast-iron  moulds, 
w ith the  idea of segregating  th e  im purities  in 
the  bellied portion , and p lan ing  th a t  portion  
away. The po in t aga in s t i t  was the  expense of 
producing the  moulds in  th e  first place w ith  the 
bellied portion. A nother reason fo r th e  use of 
bellied moulds was th a t  th e  bellied portion  
should tak e  up the  con traction  w hich occurred 
along the  length  of the  ingots m ade of ce rta in  
alloys, thus ensuring  th a t  th e  ingots produced 
would be parallel-sided. H e p re fe rred  th a t  th e  
thickness of a  mould a t  fro n t and  back should 
be uniform , in o rder to  secure un iform  h ea tin g  
all round.

Silver Alloys
R eplying to  M r. Brown, he said  th a t  i n  silver- 

copper the  m i n i m u m  segregation  occurred i n  th e
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eu tec tic  alloy, where there  was a single m elting 
point and the  whole of the  m etal solidified a t  one 
tem pera tu re . In  the  silver-rich alloys, contain
ing more th a n  the  eutec tic  composition, there  
was enrichm ent in the  cen tre , and in the  copper- 
rich  alloys, con tain ing  less th an  the  eutectic 
composition, there  was enrichm ent a t the  edge.

W ith  regard  to  M r. M urphy’s reference to 
crucible-m elted versvs  cupola iron, he said th a t  
an advantage claim ed by some people for cupola 
iron was th a t  i t  would re ta in  its characteristics 
longer th an  the directly-m elted m etal. He 
agreed w ith M r. M urphy th a t  the addition  of a 
small am ount of zinc to  copper assisted the cast
ing of the copper moulds them selves; indeed, 
the effects of small proportions of im purities on 
th e  casting  of pure m etals was rem arkable. I t  
was difficult to. produce a sound casting  in pure 
silver, by reason of th e  extrem e absorption of 
oxygen by the s ilv e r; b u t if only \  per cent, of 
copper were added i t  was qu ite  possible to pro
duce a perfectly  sound casting.

V o te  of Thanks
Mn. A. J .  M u r p h y , proposing a hearty  vote of 

thanks to M r. Newm an for the  charm ing and 
easy way in which he had dealt w ith the casting 
of commercial ingots, emphasised th a t th e  sub
jec t was of fundam ental im portance because a 
very large proportion of the m etallurgical in
dustry  m ust stand  or fall by the quality  of the 
m ateria l i t  received in the  form of ingots.

D r . L. B. H u n t , seconding the  vote of thanks, 
said th a t  while the  problems of ingot casting 
were in some ways simple, in o ther respects they 
were very involved, particu larly  in connection 
w ith ra te  of cooling, tu rbulence and mechanical 
pouring. Very much th o u g h t had been given 
to  these m a tte rs  and m any of the  ideas developed 
could very well be applied to  certa in  aspects of 
foundry work. T ha t was a  fu r th e r  reason for 
g ra titu d e  to  M r. Newman for his very in te r e s t  
ing Paper.

The vote of thanks was carried  w ith 
acclam ation.
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Sheffield Branch

Paper No 64? T H E  C L A S S IF IC A T IO N  O F F O U N D R Y  S A N D S

By T. R. WALKER, M.A. (M em ber)
D uring  recen t years in  in d u s try  th e  requ ire 

m ents from  th e  products have been gradually- 
increased. This applies to  a lm ost every  phase 
of m anu factu ring  ac tiv ity , includ ing  th a t  of 
castings m anu factu re . I n  th e  foundry , la rg er 
ou tpu ts  a re  required  of castings w ith  im proved 
physical p roperties and  a  b e tte r  su rface . The 
increased requirem ents have m ade i t  necessary 
to  control in dustria l operations more closely, and 
nowhere is th is  more ev iden t th a n  in  the  
foundry. In  a m odern foundry , to  o b ta in  
success every operation  and every m a te ria l m ust 
be controlled. These m ateria ls  include sand, 
and i t  is a m a tte r  of common knowledge th a t  
du ring  recent years th e  te s tin g  of sand  on a 
scientific, or semi-scientific,, basis, has m ade rap id  
progress. The ap p a ra tu s  used in  sand  te s tin g  
is finding its  place in  more and  more foundries, 
and th e  resu lts obtained  from  such te s tin g  are 
understood th roughou t th e  foundry  world.

Sands to  Specification
In  considering th e  resu lts  of sand  te s tin g , i t  

is necessary to  rem em ber th a t  u n ifo rm ity  is 
qu ite  as im portan t as the  ac tua l resu lt obtained. 
In  order to  ob ta in  un ifo rm ity  in  th e  sands 
coming in to  a  foundry , from  w hich th e  sand 
m ixtures used fo r m oulding o r  core m aking  will 
be m ade up, i t  is necessary fo r someone, e ith e r 
the  supplier o r th e  consum er, to  te s t th e  sands 
to  ensure th a t  th e ir  properties do n o t differ more 
than  a  reasonable am o u n t from  th e  average of 
the  supplies. This m eans th a t  in tim e a°oon- 
sum ing firm will wish -to receive sands w ith in  a 
certa in  range of p roperties, th e  ran g e  hav ing
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been found as the  re su lt of foundry  experience 
w ith th e  raw  sands supplied. More th an  one 
supplying firm is, in fact, now prepared to 
supply sands to  specifications.

I f  th e  construction  of these specifications is 
le ft to  th e  consuming firms, each one would in 
tim e evolve close specifications of sands to  meet 
th e ir  requirem ents, and i t  is very unlikely th a t  
foundries even engaged in  m anufactu ring  the 
same class of casting  would h it on identical 
specified ranges for th e  properties of th e  sands 
they require. There would thus gradually  be 
constructed  a la rge  num ber of specifications, 
m any of them  differing only very slightly, and  
th is would involve the  supplying firms in  con
siderable difficulty, since sands which would meet 
the specification of one foundry  would no t quite 
m eet th a t  of another foundry, even though 
actually  th e  same sand would be equally su it
able in the  two foundries.

In  order to  avoid th is  prospective s ta te  of 
confusion and difficulty, i t  would be fa r  b e tte r 
to  classify th e  foundry  sands available as raw  
m aterials, or supplied ready for use, by dividing 
them  in to  groups. I f  th e  range 'of properties 
w ithin each group was not too closely specified, 
the selection of a  group would be quite  as valu
able as the  m eeting of a specification, since it  
would cover th e  requirem ents of a num ber of 
specifications varying very slightly in details. If 
th e  range of p roperties w ith in  each group was 
not too wide, sands in th e  same group would for 
m any foundry purposes be equivalent, so th a t  
th e  choice of a  sand would be simplified and no t 
complicated.

V arie ty  of P ropert ie s
Most of the im portan t properties which affect 

the foundry behaviour of a sand can now be 
assessed w ith com parative ease and rap id ity . 
They include th e  chemical analysis, th e  size, 
shape and  surface of th e  grains, th e  green and 
dry  s treng th , and the  perm eability . Since the 
s tren g th  and perm eability  a re  g reatly  affected by 
the  am ount of w ater present, th e  w ater content
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is an im p o rtan t p roperty  to  be determ ined . I t
m ust be emphasised th a t  th e  resu lts  o f  th e  
te s ts  item ised are no t sufficient to  determ ine 
completely th e  foundry  behaviour of a sand, b u t 
precisely th e  sam e rem ark  applies to  any  more 
complete exam ination  which can be ca rried  ou t 
a t  present. The final evalua tion  of a sand m ust

T a b l e  I.—Classification'

Group No. 0. 1. 2. 3.

Chemical Analysis—
Si02 .. . . per cent.

A120 3 .. .. ,,

Fea0 3
Optimum water

content .. „

Up to 81 

Up to 2 

Up to 2 

Up to 2

f  Over 81 
\T o  83 
f  Over 2 
\  To 4 
/  Over 2 
\T o  4 
f  Over 2 
\T o  3

Over 83 
To 85 
Over 4 
To 6 
Over 4 
To 6 
Over 3 
To 4

Over 85 
To 87 
Over 6 
To 8 
Over 6 
To 8 
Over 4 
To 5

Grading—
V.C.S. . . . . per cent.
C.S.....................
M.S....................
F.S.....................
S i l t ........................ .
Clay

Up to 5
%> 
ft 
5 J 
ft

f  Over 5 
\T o  10

ft

ft
ft

Over 10 
To 15

ft
ft
ft
ft
ft

Over 15 
To 20

ft
if
ft
ft
ft

Green strength 
(lbs. per sq. in)

Dry strength . .
(lbs. per sq. in.)

Permeability No.
Grains clean

Grains with secondary bond

Up to 1 

Up to 20

Up to 25
Not 
clean 

No bond

f  Over 1 
\T o  5 
f  Over 20 
\T o  40 
/  Over 25 
\T o  50 

Rounded 
smooth 

>»

Over 5 
To 10 
Over 40 
To 60 
Over 50 
To 100 
Rounded 

rough
ft

Over 10 
To 15 
Over 60 
To 80 
Over 100 
To 150 
Rounded 

pitted
ft

be made as th e  resu lt of foundry  experience, b u t 
sand testing  gives very valuable assistance in 
the choice of a sand likely to  give good resu lts .

In  the  proposed classification each significant 
property of th e  sand is divided in to  te n  groups, 
each group covering a definite range  of values, 
the ten  g r o u p s  c o v e r i n g  th e  u s u a l  p r o p e r t i e s  o f
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sand, rang ing  from strong  n a tu ra l moulding 
sands to  silica sands, and the proposed system of 
classification is set o u t in  Table I.

A Simplified Classification
In  the  classification, th e  p roperties specified 

have been cu t down in  num ber to a m inim um

of Sands into Groups.

4. 5. 6. 7. 8. 9.

Over 87 Over 89 Over 91 Over 93 Over 95 \ Over 97To 89 To 91 To 93 To 95 To 9 7 /
Over 8 Over 10 Over 12 Over 14 Over 16 \
To 10 To 12 To 14 To 16 To 1 8 / L/Vcl l o

Over 8 Over 10 Over 12 Over 14 Over 16\ r j  TTAn "I Q
To 10 To 12 To 14 To 16 To 1 8 / \ J  Vt/JL lo

Over 5 Over 6 Over 7 Over 8 Over 9 \ Over 10To 6 To 7 To 8 To 9 To 1 0 /

Over 20 Over 30 Over 40 Over 50 Over 60 \ Over 70
To

9 9

>J

99

99

99

30 To
9

9

9

9

9

40 To
9

9

9

9

9

50 To
99

99

99

99

99

60 To
9

9

9

9

9

7 0 /

99

99

9 9

Over 15 Over 20 Over 25 Over 30 Over 35 \ O ver 40
To 20 To 25 To 30 To 35 To 4 0 /
Over 80 Over 100 Over 120 Over 140 Over 160 \ Over 180
To 100 To 120 To 140 To 160 To 180 /
Over 150 Over 200 Over 250 Over 300 Over 350 \ Over 400
To 200 To 250 To 300 To 350 To 4 0 0 /

Sub-angular Sub-angular Sub-angular Angular Angular Angular
smooth rough

99

pitted
99

smooth
99

rough pitted
99

in order no t to make th e  scheme complicated. 
The chemical analysis, for example, includes 
only silica, a lum ina and ferric  oxide, these being 
the  principal constituen ts which determ ine the 
foundry behaviour of a sand. The w ater con
te n t of a sand alters its  properties enormously.

I t  is not possible to  fix a w ater conten t which
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would su it all types of sand, b u t fo r tu n a te ly
there  is an optim um , or best w ate r con ten t, a t 
which any sand will develop th e  best green 
streng th , and  th is optim um  w ater co n ten t has, 
therefore , been chosen as th e  p roperty  to  be 
specified. I t  is understood th a t  the  m axim um  
perm eability  will, in  general, no t coincide w ith 
the w ater con ten t a t  which th e  green  s tren g th  
is a  m axim um , b u t usually  th e  two w ater con
te n ts  are  reasonably close together. The w ater 
con ten t has been included in  th e  chemical 
analysis group of classification, since its  d e te r
m ination  is essentially  a  chem ical m a tte r .

For the  m echanical g rad ing , Boswell’s classi
fication has been adopted as being th e  m inim um  
which can be u tilised  to  supply useful in form a
tion  regard ing  the d is trib u tio n  of g ra in  sizes. 
The partic le  sizes corresponding to  th e  grades 
are as follow : —

Very coarse sand 1 to 2 mm.
Coarse sand . . 0.5 to 1
Medium sand . .  0.26 to 0 5
Fine sand . .  0 . 1 to 0 25 „
sat ..  0.01 to 0 1
Clay . .  less than 0 01 „

The green stren g th  grouping calls fo r no p a r
ticu la r m ention, except th a t  i t  m ust be rem em 
bered th a t  the  green s tren g th  is th e  m axim um  
which can be obtained, th is , of course, depend
ing on th e  w ater conten t. The dry  s tren g th  
depends not only on the  n a tu re  of th e  sand, 
b u t also on th e  w ater co n ten t; th e  d ry  s tren g th  
figure m entioned in th e  classification is th a t  
obtained by d ry ing  a green sam ple con ta in ing  
the  optim um  w ater con ten t. I t  is n a tu ra lly  
possible to  obtain  h igher d ry  s tren g th s th a n  th is 
by increasing the green w ater con ten t, th is  a t  
the same tim e dim inishing th e  green  s tren g th . 
The grouping of perm eability  figures offers no 
particu la r difficulty.

Grain-Shape
In  considering th e  g rains, th e  im p o rtan t 

features are  the  shape, which may be rounded or
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angu lar to  d ifferent ex ten ts ; th e  n a tu re  of the 
surface, which may be e ither smooth, rough or 
p i t te d ; and  the  presence or absence on the 
washed g ra in  surfaces of a th in  film of secondary 
bond tenaciously held. These points have, there 
fore, been covered in  th e  classification, w hilst the 
size d is tribu tion  of the  grains has already been 
covered in  the  m echanical grading.

In  w riting  down th e  classification of a sand 
from its determ ined properties, the  results are 
set ou t in  th ree  rows of figures. The first of 
these, called for convenience A, refers to  the 
chemical analysis, including w ater content. The 
second, called B, refers to  th e  m echanical g rad 
ing, and th e  th ird , called C, covers green and 
dry  s tren g th , perm eability  and n a tu re  of the 
g ra in . I f  the  properties of a sand are known, to 
determ ine the  num ber of the  group to  be allo
cated for a given property , i t  is necessary only 
to  compare the  determ ined value for th a t  pro
perty  w ith  the  range covered by the  different 
groups of th a t  p roperty . F o r example, if the 
silica con ten t of a  sand is 92 per cent., then, 
since th e  group covering th e  range of 91 to 93 
per cent, silica is group 6, th is  6 is th e  first 
figure to  be set down in  row A. Sim ilarly, if  the 
alum ina content is 7 per cent., then  th e  second 
figure in  row A will be 3, since group 3 covers 
alum ina contents of 6 to 8 per cent. The figures 
for the  o ther properties are  obtained in  precisely 
the  same way, so th a t  finally all th e  properties 
covered in the  classification are expressed in three 
rows of num bers.

Practica l  Examples
One or two detailed  examples will make the 

application  of the  system qu ite  clear. Suppose 
a m oulding sand, as the resu lt of exam ination, 
gives the  following results : —

Chemical Analysis—
Si02 ..  . .  . .  .. 91.5 per cent.
A120 3 ...................................... 6.7
Fe20 3 ..........................  1.4
Optimum water content . .  6.2 „



Oracling—
v .c .s .  
c .s .  . .
M.S. ..
F.S. ..
sat  ..
Clay ..

Green strength 
Dry strength 
Permeability No 
Grains . .

2 per cent.
3 

48 
27

6 
14
5.5 lbs. per sq. in. 

110 
130
Clean, sub-angular, 

rough.

C om paring these p roperties w ith  the  tab le , they 
can be w ritten  down as follow : —

A
B
C

6 3 0
0 0 6 4
2 5 3 5

1 2

Supposing now th a t  one is given th e  figures in 
rows A, B and  C above and  works backw ards, i t  
is found th a t  th e  figures describe a sand hav ing  
the  following properties : —

Chemical Analysis—
Si02 ..  • . • • 91 to 93 per cent.
A120 3 ..........................  6 to 8
Fe20 3 . . . .  Not more than 2 per cent.
Optimum water content 6 to 7 per cent.

Grading—
V.C.S.
C.S.
M.S.
F.S. 
sat
Clay 

Green strength 
Dry strength 
Permeability No 
Grains ..

Not more than 5 per cent. 
Not more than 5 per cent. 
40 to 50 per cent.
20 to 30 

5 to 10 ,,
10 to 15
5 to 10 lbs. per sq. in.

100 to 120 „ „
100 to 150
Clean, sub-angular, rough.

This range of p roperties ind icates a t  once t h e  
type of sand described. I t  is evidently  a  m ould
ing sand suitab le  fo r facing  purposes on m edium  
size castings. If  a supplier were asked to  supply 
such a sand, he would probably be unw illing  t o  
reduce the  range of values ind ica ted , so th a t  in 
effect the  range given embodies a specification.
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A Second Example

As ano ther example, supposing one is given 
the classification of a sand as follows:-—

A ........................... 9 0 0 «
B ..........................0 1 8 4 0 0
C ........................... 0 0 9 1

The first row A tells us th a t  th e  silica content 
is over 97 per cent. ; the  sand is evidently a 
silica sand w ith little  iron or alum ina present. 
This is confirmed by the optim um  w ater content, 
which is not more th a n  2 per cent. From  the 
grad ing  i t  can be seen th a t  since the  medium 
sand grade is between 60 and 70 per cen t., the 
sand is a  coarse silica sand. The fac t th a t  i t  
is a silica sand is again  confirmed by its green 
s treng th , as shown in  row C, which is no t more 
th an  1 lb. per sq. in ., and its  dry streng th , 
which is no t more th an  20 lbs. per sq. in. The 
fac t th a t  i t  is a coarse silica sand is also con
firmed by its perm eability , which is indicated
as being over 400. I t  is also revealed th a t  the 
gra ins are  clean, rounded and smooth. S etting  
ou t th e  inform ation  deduced from the classifica
tion  gives us the following tab le  : —

Chemical Analysis—
Si02 . . . .  .. Over 97 per cent.
A120 3 .,  . . . . Not over 2 per cent.
Fe20 3
Optimum water content . .

2

Grading—

V.C.S.
c.s.
M.S. 
F .S ... 
Sût . .  
Clay

Not over 5 per cent.
5 to 10 per cent.

60 to 70 „
20 to 30
Not over 5 per cent.

Green strength

Dry strength. . 
Permeability. . 
Grains

Over 400 
. Clean, rounded,

>t °  it
„ 1 lb, per

sq. in.
-, 20

smooth.
From  the  figures given there  is no doubt 

w hatever o f  th e  k ind  o f  sand described, and
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th e re  is equally no doubt th a t  fo r all p rac tica l 
purposes in  th e  foundry  such a  sand could be 
obtained from  more th a n  one supplier and from  
more th a n  one d is tric t.

The advantages of a classification of th is  k ind  
need no elaboration . I ts  adoption  would assist 
suppliers and  consum ers alike. The supplier 
would, in  effect, be supplying sand  to  m eet a 
specification n o t to  su it a single consum er b u t 
acceptable to  a num ber of foundries, and  the  
exam ination  of his raw  m ateria ls  to  ensure th a t  
th e ir  p roperties complied w ith  th e  p a rticu la r 
groups selected would give him  tim ely  w arn ing  
of any change in  th e  n a tu re  of th e  deposits. 
The consum er would receive sands th e  v a ria tio n  
in whose p roperties was lim ited  to  known 
am ounts, w hilst th e  knowledge of th e  v a ria tio n  
in  p roperties perm issible in a p a rtic u la r  sand 
would allow th e  selection of a lte rn a tiv e  sources 
of supply which m igh t be m ore economically 
s itu a ted .

A P P E N D I X
On read ing  th rough  his P a p e r a t a la te  date , 

the au tho r found th a t  he would like to  add th e  
following fu r th e r  in fo rm a tio n :

Sand g ra in s a re  classified in to  te n  groups in  
which the g ra ins have no secondary bond, and 
ten  in  which they  have secondary bond. The 
num bers re fe rrin g  to  both sets of groups should 
be included to  avoid any possibility of e rro r.

In  th e  first exam ple, described on page 638, 
the  figures on line C are  given as 2 5 3 5, th e  
final 5 describing th e  g ra in s as being clean, sub- 
angu la r and rough. A fifth  figure, 0, should 
be added to  show th a t  th e  sand has no secondary 
bond, th is being ev iden t from  its  group num ber 
of 0 in  the  classification of sands w ith  secondary 
bond. I f  instead  of being clean th e  g ra in s  had 
possessed a secondary bond, th en  th e  figures in 
line C would have read  2 5 3 0 5.

Precisely 1 he same rem arks apply  to  th e  
figures given in  line C for th e  second s a m p l e .
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F or a sand w ith clean rounded smooth grains, 
the  figures should read  0 0 9 1 0. I f  th e  sand 
had possessed secondary bond instead  of having 
clean grains, th e  figures would have been 
0 0 9 0 1. Since any sand m ust e ither have 
secondary bond or not, i t  is evident th a t  one 
of the  las t two num bers in line C m ust always 
be 0. In  the  case of clean grains, the  final 0 
should always he added in order to  avoid any 
u n certa in ty .
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Sheffield Branch

P a p e r  N o .  650 . SOME NOTES ON THE PROPERTIES OF 
CHILLED METALLIC S H O T  AND GRIT USED 

IN SAND BLASTING
By J. E. HURST (P as t -P re s id en t )  and 

J. H. D. BRA DSH AW  (M em ber)
The operation  of cleaning castings for various 

purposes by sand- or shot-b lasting  has steadily 
grown into a process of m ajor im portance in 
many sections of th e  foundry  industry . All the 
various types of p lan t designed fo r th is  purpose 
use abrasive m ateria ls in a g ran u la ted  form , of 
which the  most im p o rtan t a re  the  various forms 
of m etallic and silica abrasives. The m etallic 
abrasives in the form  of m etallic shot and g r i t  
are now used extensively in  place of sand or 
flin t g r i t  in all th e  various form s of sand-b last
ing m achinery.

By m etallic shot is understood the  rounded 
more o r less spherical partic les of m etallic  
m ateria l in co n trad istinc tion  to  th e  an g u la r or 
cornered partic les possessing a m u ltip lic ity  of 
c u ttin g  edges which a re  re fe rred  to  as m etallic 
g r i t. In  spite of the  extensive rep lacem ent of 
sand and flint by m etallic shot and g r i t  th e  
generic ti tle  “ sand-b lasting  ” as applied  to  th is  
cleaning operation  and  tire m achinery  used in  it , 
still rem ains, and is used ind iscrim inately  w ith 
th e  more recen t and probably m ore sa tisfac to ry  
term  of ‘ ‘ shot-b lasting . ’ ’ In  add ition  to  its  
use in cleaning operations in th e  foundry  chilled 
m etallic shot and g r i t  find extensive use in  th e  
p repara tion  of th e  surfaces of castings, forgings 
and  sheets, for such purposes as enam elling, 
pa in ting , cellulosing, electro -p lating , ga lvan ising ’ 
tin n in g  and m eta l spray ing . I t  is used also 
in the  operations of stone sawing and cu ttin g , 
rock and well boring, and in th e  concrete indus-



tr ies  for the production of dustproof hard  w ear
ing surfaces.

Commercial varie ties of m etallic shot and g rit 
appear to  be described by some form  of appella
tion  includ ing  th e  word “  steel,” as fo r example 
“  chilled steel shot an d  g r it  ” ; “  chilled alloy  
steel a b ra s ive s.”  This same practice persists in 
o ther countries. In  Germ any, for example, such 
phrases as “  S ta h l-S a n d  ”  and “  Diamcvnt- 
S ta h l ”  a re  used, and in F rance  th is m ateria l 
is frequently  referred  to as “ G renailles d ’A c ie r .” 
I t  may be th a t the  inclusion of the  word 
“  steel ”  in  th e  commercial description of th is 
m ate ria l can be justified on the  grounds th a t a 
p roportion  of th e  m etal m ix ture used in  its 
m anufactu re  may be steel.

Perform an ce  of Chilled Metallic Sho t  and G r i t
B oth shot and g r i t  are  m anufactured  in  a 

range of sizes from finely powdered m ateria l leBs 
th a n  100 mesh in the  case of g rit, up to coarse 
grades, and i t  is found in  practice th a t  different 
sizes are  suitable for different classes of work 
and  for th e  production of different types of 
finish. F or example, in  general foundry clean
ing operations th e  coarser sizes are recommended 
for large-size steel castings ; th e  in term ediate  
sizes for iron  castings; and the  finer grades for 
brasses, bronzes and the  softer m etals. W hilst 
both shot and g r i t  are used for these general 
cleaning purposes i t  does appear th a t  the  use 
of g r i t  is the more extensive, and i t  is probably 
found th a t  owing to  its angu la rity  and the 
presence of cu ttin g  edges, g r it is generally more 
efficient th a n  shot. In  the  prepara tion  of the 
surfaces of castings, e tc ., for enam elling o r m etal 
coating, g r i t  is norm ally used.

I t  has been shown by N eville1 and also by 
B radshaw 2 th a t  th e  character of the  cleaned 
surface differs considerably, according to  w hether 
shot or g r it  is used. In  the  case of th e  form er 
a surface which is described as a “  peened

1 F oundbv T kade  J o urnal , M arch 21, 1935, p. 200.
2 P roe. I .B .F . 1935-36.

y 2
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surface is obtained, in  co n tra s t to  w liat  ̂ is 
described as an etched surface ob tained  w ith 
g rit. This la t te r  is the  surface finish desired by 
enam ellers, as, in addition  to  providing a key for 
tlie enamel coat, i t  is found g reatly  to  m inim ise 
defects which occur in th e  enam elling process. 
Exactly  as in o ther operations, such as g rind ing , 
in which abrasive m ateria l is used, th e  size and 
character of th e  abrasive may have a  very g re a t 
influence on its perform ance both from  th e  point 
of view of quality  of work and  also th e  service 
life of the sho t and g r i t  itself. I n  so fa r  as the  
perform ance of shot and g r i t  is affected by its  
size and ch aracter, th is  is in  th e  hands of the  
user of th e  m ateria l. The sho t and  g r i t  m an u 
fac tu re r produces a range  of sizes and charac te rs  
and th e  selection of th e  m ost su itab le  of these is 
in th e  hands of th e  user to  m eet th e  requ irem en ts 
of his p a rticu la r olass of work. In  th is , of 
course, th e  m an u fac tu re r of th e  shot and  g r i t  is 
able to  assist by advice based upon th e  general 
knowledge th a t  he has accum ulated  of th e  use of 
the  m ateria l in  its m any applications ; b u t i t  is 
clear th a t  the  final selection m ust depend upon 
tr ia l and experim en t to  m eet th e  u se r’s exact 
requirem ents.

P erfo rm an ce  D a ta
Two aspects of th is  question of th e  perform ance 

of m etallic  shot and g r i t  which have a ttra c te d  
a tten tio n  in  th e  app lication  of th is  m a te ria l to 
th e  operations of cleaning castings, fo rg ings and 
o ther articles a r e : (1) th e  com parative value of 
m etallic and silica abrasives, and  (2) the  com
para tive  value of d iffe ren t varie ties of m etallic  
abrasives. E xperim en ta l d a ta  and  figures relate 
ing to  these two factors a re  n o t only scarce in  
foundry lite ra tu re , b u t are  extrem ely  difficult to 
obtain,. According to  B radshaw ,2 from  an 
economical po in t of view, chilled m etallio  shot and 
g r it  a re  d is tinc tly  advantageous when com pared 
w ith sand, qu a rtz  o r flint. A lthough m ore expen
sive in first cost, m etallic g r i t  has from 10 to  20 
tim es th e  life of sand, and its use is accom panied 
by various o ther advantages, n o t th e  least being
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th e  reduction  in th e  immense am ount of dust 
which accompanies th e  use of sand. F or some 
purposes m etallic shot has a  life of as much as 
00 tim es th a t  of sand. When cleaning castings 
for enam elling purposes i t  is usually estim ated 
th a t  1 ton  of chilled m etallic g r i t  will do the 
work of 16 tons of quartz .

Some detailed  experim ental results obtained 
from th e  cleaning dep artm en t of a  large C onti
nen tal works handling from 2,500 to 3,500 tons 
per m onth of steel forgings and iron castings 
have been published (“ R evue de Fonderie

T a b l e  I .—Results of Tests on Metallic Grit Used in the 
Preparation of Iron Castings for Enamelling.

Test no.
Grit used per 100 lbs. 

of castings 
blasted.

1 2.016
2 3.412
3 3.083
4 2.909
5 2.958
6 2.629
7 3.688
8 3.176
9 4.522

10 3.923
11 3.429
12 7.756
SS 2.551

M oderne ” ). This class of work, of course, is 
en tire ly  d ifferen t from  th a t  of cleaning castings 
for enam elling purposes. The experience over a 
period of ten  months, du ring  which a. to ta l of
32,000 tons of m atei'ial were cleaned by blasting, 
using m etallic g rit, proved the  q u an tity  used was 
less th a n  100 tons. I t  was sta ted  th a t  for the 
cleaning of a  sim ilar q u an tity  of mixed forgings 
and castings, using sand, approxim ately 3,800 
tons of sand would have been required. On the  
basis of these figures 1 ton  of chilled metallic 
g r i t  is approxim ately equal to  38 tons of sand. 
The saving in handling and storage charges in
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favour of m etallic g r i t  will be readily ap p aren t 
from th e  figures quoted in th is m anner.

I t  is also s ta ted  th a t  in  addition  to  th e  econo
mies realised by th e  use of m etallic g rit, much 
b e tte r  resu lts  in appearance and  finish were ob
ta ined , and in fa c t a rtic les which presented 
difficulties in cleaning w ith sand were cleaned 
easily when m etallic g r i t  was used.

Nozzle W e a r
A point of considerable in te re s t regarding the 

wear of nozzles was recorded also. This was much 
less in  th e  case of m etallic abrasives th an  when 
sand was used and on an  average th e  wear of 
nozzles w ith m etallic g r i t  was only one-fifth of 
th a t  obtained w ith  sand. Some results were ob
ta in ed  also which showed a saving in compressed 
a ir  in  favour of m etallic g rit. Over a  period of 
two successive years w ith a correction for ton
nage tre a ted  a  saving in a ir  consum ption of 15 to 
20 per cent, was obtained over th a t  used in the 
case of sand. A fu rth e r in teresting  po in t was 
brought ou t in these results, to  the  effect th a t  the 
consum ption of m etallic g r i t  was slightly g rea te r 
in the  cleaning of iron  castings th an  in the case of 
cleaning forgings. This was a ttr ib u ted  to the 
design of the eastings trea ted  and the  fac t th a t  
some of the  abrasive rem ained in  the in terior 
portions of these and was not wholly recovered.

Life of Chilled Shot and G rit
I t  is clear th a t  inform ation regard ing  the  com

para tive  life of different varieties of metallic 
abrasives would be of g rea t value. In  the  case 
of silica abrasives i t  is known th a t  th e  pro
perties of silica sand can vary in sands of 
different origin, and th a t  there  is a substantial 
difference between the  hardness and toughness 
of sand and such m aterials as quartz  and flint 
g rit. These differences in properties in different 
varieties of silicious m aterials probably have a 
large influence on th e ir  behaviour when used in 
sand-blasting. Sim ilarly  in the  case of m etallic 
g rit, m etallurgical knowledge indicates th a t  the 
properties of hardness, toughness, and in  fac t
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all the  physical and mechanical properties are 
capable of substan tia l varia tion  according to the 
composition and the  therm al trea tm en t to  which 
the  m etal is subjected. F or these reasons it is 
to  be expected th a t  different varieties of metallic 
g r i t  may show differences in  life and service 
values according to th e ir  composition, trea tm en t 
d u ring  m anufactu re , and physical and 
m echanical p roperties resu lting  therefrom .

T here do n o t appear to  be any reliable da ta  
published g iving figures re fe rring  to the  com
p ara tiv e  life of different varieties of shot and 
g rit. F o r th is reason th e  figures given in 
Tahle I  will be of value. These figures have 
been obtained from  actual full-scale long-period 
tests in th e  shot-blasting of the  same class of 
work using different varieties of metallic g rit. 
The class of work was th e  p repara tion  of cast- 
iron stove-grate castings for enam elling and 
every effort was made in  each te s t to  ensure 
com parative conditions. The m any difficulties 
associated w ith tests of th is  description will be 
appreciated  by all those fam iliar w ith sand
b lasting operations, and it  will be quite clear th a t 
no significance can be a ttached  to  the  actual 
m agnitude of the  figures outside the  particu lar 
class of work on which the  results were obtained. 
T heir significance lies in  th e ir  com parative value, 
and they  do show th a t  under com parative con
ditions i t  is possible for different varieties of 
m etallic g r i t  to  show differences in  results. 
Obviously fu r th e r  experim ental work of th is 
character will constitu te  an im portan t section of 
fu tu re  research in to  th e  im provem ent in  the 
character, p roperties and service value of metallic 
shot and g rit.

The perform ance of metallic abrasives m ust be 
in tim ate ly  connected w ith the  m echanical and 
physical p roperties of the  m ateria l, the  grain 
size an d  shape, in  addition  to  the efficiency of 
th e  p a rticu la r design of b lasting  m achine in  
which the  abrasive is used. In  connection w ith 
the mechanical properties i t  will be clear th a t  
the hardness and streng th  properties, including
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the toughness, will be of m ajor im portance, and 
may be expected to bear some re la tio n  to  the  
behaviour of the m ateria l in  regard  to its  cu ttin g  
and w earing properties in  add ition  to  its  re s is t
ance to  d is in teg ra tion . In  so f a r  as m echanical 
p roperties a re  concerned, these may well be the 
m ajor properties in determ in ing  th e  life of any 
given size of m etallic abrasives in service. In

F i g . 2 .— G r i t  s h o w i n g  F .D .H . I m p r e s s i o n . 
E t c h e d  i n  P i c r i c  A c i d , x  5 0 .

the ir tu rn  the  m echanical p roperties will depend 
upon the  chemical composition and cha rac te r of 
the  m ateria l itself and the  therm al tre a tm e n t to  
which i t  is subjected d u ring  its  m anu fac tu re . 
Both the g ra in  size and shape a re  of im portance 
also, and in  th e ir  tu rn  these a re  in tim a te ly  
connected w ith  th e  m an u fac tu rin g  procedure.

Chemical C om po sit ion
The chemical com position of a num ber of 

samples of commercial varie ties of both m etallic
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shot and  g r i t  have been assembled in  Table II . 
These have been selected from analyses made over 
a period of several years, and of specimens of 
different orig in , and for th is  reason may be re-

too ZOO 300 -400 500 (300 700
88/NELL HMDNESS NO

F i g . 3 .— A p p r o x i m a t e  C o m p a r i s o n  b e t w e e n  
B r i n e l l  H a r d n e s s  N u m b e r  a n d  F i r t h  
D i a m o n d  H a r d n e s s  N u m b e r .

(A definite comparison cannot be given, bu t 
the com parative values w ithin the  shaded area 
shown will serve as a general guide.)

garded as represen tative of th e  commercial 
varieties of th is m ateria l available to-day.

On s tr ic t m etallurgical grounds all these speci
mens of commercial chilled m etallic shot and g r it 
are more properly described as chilled white iron. 
M ention has been m ade already of the fac t th a t  
th is  m ateria l is most generally described as steel.
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In  all cases g rap h ite  is com pletely absen t and  the  
whole of th e  carbon is in  th e  combined form. 
The to ta l carbon conten ts in  th e  analyses given 
range from  2.90 to  3.40 per cen t., w ith  am ounts 
of silicon, m anganese, su lp h u r and  phosphorus

T a b l e  III .—Firth Diamond Hardness of Chilled Metallic 
Shot and Crit.

Speci
men
no.

1 2 3 4 5 Origin.

1 882 882 882 882 882 British.
2 902 824 882 824 824
3 724 824 681 724 —
4 824 681 1,081 882 882
5 946 882 824 824 824
6 946 724 824 824 824
7 824 882 946 882 882 Continental.

which show clearly th a t  th e  m ateria l is correctly  
classified as chilled w hite iron. All these analyses 
show th a t  the m ateria l contained chrom ium , b u t 
w ith the exception of specimens Nos. 7 and  9, 
the am ount of th is  elem ent is sm all and  canno t 
of necessity be regarded as hav ing  been added 
in tentionally . The am ount present in  No. 7 and 
No. 9 is substantially  larger, and  in  one case i t  is 
known to  have been added deliberately.

Hardness
The hardness of actual shot g ra in s can be 

measured best by diam ond hardness te s tin g , 
using e ither the  F ir th , V ickers or Rockwell hard -

T a b l e  IV.— Firth Diamond Hardness of Sand-Cast 
White Irons.

T.C.
Per
cent.

Si.
Per

cent.

Mn.
Per

cent.

S.
Per

cent.

P.
Per

cent.

Cr.
Per

cent.
F.D.H.

300
325

3.14
3.30

0.62
0.92

0.64
0.56

0.136
0.186

1.21
1.10

0.04
0.68

464/500
606/588

ness testing  machines. The tw o form er m ethods 
are recommended for th e  reason th a t  they  enable 
low indentm g pressures being applied , th u s
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avoiding the b reaking of the small g rains which 
is the  difficulty associated w ith th e  use of larger 
inden ting  loads. The F ir th  diamond hardness 
m achine using a 10 kilogram me load is used in 
the  au tho rs’ laboratories. A recommended proce
du re  in m ounting  specimens is to  press a num 
ber of g ra ins of shot to  be tested  in to  a small 
cake of white m etal alloy. Embedded in th is 
m a trix  th e  grains can be ground and polished

1 PIG , 4 .— R o u n d  S h o t  s h o w in g  C e n t r a l  
S h r i n k a g e  C a v i ty ,  x  4.

to  leave fla t surfaces suitable for diamond hard 
ness testing . A typical te s t specimen prepared 
in th is  m anner is illu s tra ted  in F ig . 1, and a 
m agnified view of the  diam ond hardness im pres
sion obtained w ith the F ir th  hardness tes ting  
m achine using a 10 kg. load is shown in F ig. 2.

A collection of hardness resu lts determ ined in 
th is m anner on a num ber of specimens of g r it 
obtained from  different sources is assembled in 
Table I I I .  The results for each specimen in the 
tab le  are  given on separa te  grains of shot from
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the same sample and  in  some eases, as fo r exam ple 
samples Nos. 3 and 4 in  the  tab le , a  su bstan tia l 
varia tion  in th e  hardness value is revealed. 
R esults of th is  k ind  em phasise th e  need fo r te s t
ing a  num ber of g ra in s from  any one sam ple in 
order to  obtain  a  rep resen ta tive  hardness figure 
for the  sam ple as a whole. D iam ond hardness 
num erals in  th e ir  range of hardness differ slightly  
from ord inary  B rinell hardness num bers obtained

F i g . 5 .— R o u n d  S h o t  s h o w in g  E c c e n - 
t e ic  S h r in k a g e  C a v it y , x  4.

w ith hardened steel ball inden ters. The ex te n t of 
th is difference is illu s tra ted  by th e  g rap h  in  
I  ig. 3, and i t  will be seen th a t  th e  diam ond 
num erals are  slightly h igher th a n  th e  o rd inary  
B rinell figures. I t  is probably tru e  to  sav th a t  
th e  F ir th  diam ond hardness resu lts  ob tained  on 
shot or g r it  lower th an  750 m ay be considered to 
be on the soft side and sam ples showing ir reg u 
larity , including resu lts lower th a n  th is , m ay be 
legarded as soft in character.
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These hardness results are  substan tia lly  higher 

th an  those obtained on th e  general varieties of 
hard  w hite  iron in  th e  sand-cast condition. For 
th e  sake of comparison the  results in Table TV 
were ob tained  on two commercial varieties of hard  
w hite iron g rind ing  plates. P la te  No. 1 is an 
o rdinary  quality  of w hite iron and No. 2 a 
special quality  of chrom ium  alloy cast iron, both 
in th e  sand cast condition. The difference in

F i g . 6 .— G r i t  A .  E t c h e d  i n  P i c r i c  
A c i d , x  1 2 0 .

hardness value is substan tia l and th is is due 
alm ost en tire ly  to  th e  d rastic  quenching effect 
to which shot and g r i t  m ateria l is subjected 
du ring  its  m anufactu re .

Strength Properties
No really satisfactory  m ethod has been devised 

y e t for th e  m easurem ent of the  stren g th  proper
ties on actua l samples of shot or g r i t  in the 
g ran u la r form , and i t  is difficult to  conceive of a



656
method for th e  d irec t de term ination  of th e  simple 
s tren g th  p roperties 0 11 th e  m ate ria l in  th is  form - 
The s tren g th  properties th a t  a re  likely to  be of 
in te re st a re  the  u ltim a te  b reak ing  s tre n g th  e ithe i 
in  tension, bending o r compression, th e  resilience 
value, and perhaps th e  m odulus of e lastic ity . 
The study  of these properties in  m ate ria l fo r shot 
and g r i t  will prove of value in th e  study  of th e  
resistance to  d is in teg ra tion  of th is  m ate ria l in

F i g .  7 .— G r i t  B. E t c h e d  i n  P i c r i c  
A c i d ,  x  1 2 0

service. I t  is of course less difficult to  im agine 
some com parative method of m easuring  resist
ance to crushing or even to d is in teg ra tion . F o r 
example, a predeterm ined q u a n tity  of shot or 
g r it of known grade analysis m ight be blown in  
a form of shot-blast m achine u nder standard ised  
conditions and the differences in  grade analysis 
a fte r a tre a tm en t of th is  k ind  used as an index 
of the resistance to  d is in teg ra tion . M ethods of 
th is kind involve the  s tandard isa tion  of a num ber
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of a rb itra ry  conditions, b u t of course they do 
not possess the advantage of affording a com
parative measure of the  very property  in  which 
both shot users and m anufactu rers are  interested.

W ork has been done in th e  au thors’ 
laboratories on th e  d irec t determ ination  of the 
s tren g th  properties of chilled w hite irons using 
small an n u la r ring  formed specimens, perm itting  
of the  d irect determ ination  of the modulus of

F i g .  8 .— G r i t  C .  E t c h e d  i n  P i c r i c  
A c i d ,  x 1 2 0 .

ru p tu re , elasticity , perm anent set, in ternal stress 
and resilience values. This has enabled some 
knowledge to  be gained of the influence of the 
composition and therm al tre a tm en t on the 
s treng th  properties of chilled white irons. The 
u tilisa tion  of d a ta  of th is character involves an 
assum ption th a t  its com parative value holds for 
the same m ateria ls converted into much smaller 
masses such as particles of shot suitable for 
crushing in to  g rit.



Knowledge of these various a ttr ib u te s  of the  
mechanical s tren g th  properties in m ateria ls used 
for the m anufactu re  'of shot m ight prove of con
siderable value in  dealing w ith  some of th e  con- 
sidérations which arise in service. F o r exam ple, 
i t  is noticed th a t  m etallic g r its  vary  in  the  te n 
dency w ith which they lose th e ir  sharp  edges by 
bending over and becoming rounded. This fac t

F i g . 9 . — G b i t  D. E t c h e d  i n  P i c b i c  
A c i d , x  1 2 0 .

may be associated w ith the  facility  w ith  which 
the m aterial will undergo plastic deform ation.

Specific G ra v i ty
The determ ination  of the  specific g rav ity  of 

metallic shot and g r it  m ay prove extrem ely  
useful. In  the case of shot it  m ay prove a useful 
guide as to the ex ten t of unsoundness. In  such 
round shot formed by the  solidification of small 
molten drops of m etal th ere  is always a tendency 
for the form ation of a shrinkage cavity  n ear
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the  centre of each shot. Typical examples of 
th is sort of th ing  a re  shown in  the illustrations 
F igs. 4 and 5, which reveal the cross-sections 
of a num ber of round shot ground and polished 
a f te r  em bedding in  white m etal. The occurrence 
of th is shrinkage cavity  in small round shot of 
iron and steel was u tilised by Ericson3 in  his 
studies of th e  volume changes of iron  on solidi
fication. E xcept in  very small diam eter shot

F i g .  1 0 .— G r i t  A .  E t c h e d  i n  P i c r i c  
A c i d ,  x  1 ,2 0 0 .

there  is always a tendency for the in ternal 
shrinkage cavity  to be present, or a lternatively  
a slight local depression of the  surface probably 
due to  th e  solidified c ru s t no t being strong 
enough to  resist the  suction effect involved in 
the progressive contraction  on freezing. As a 

• rule the cavity  is regu lar and situated  in the 
centre, b u t several cavities may sometimes appear

3 O arnegie Sch olarsh ip  M em oirs, V ol. X X I I I ,  1934.
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in the same shot, and th e ir  shape may also be 
irregu la r and th e ir  position eccentric.

The solidity of round shot and th e  absence of 
cavity will be in tim ate ly  connected w ith  th e  
speed of freezing, and in  th e  o rd inary  methods 
of shot production i t  is probable th a t  th e  freezing 
speed is very much quicker th a n  th a t  used by 
Ericson. Accordingly shot of la rg er d iam eter is 
very frequently  found to  be qu ite  sound. In  
the method used by Ericson shot hav ing  a d ia
m eter of below 0.6 mm. was generally  found to  
be sound. Completely hollow shot a re  sometimes 
encountered, consisting of a th in  shell only. In  
th is case these are  form ed a f te r  the  m an n er of

T a b l e  V . —Speeific-Gravity Determinations on Different 
Specimens of Chilled Metallic Shot and Grit.

Specimen
no. Specific gravity.

1 7.50
2 7.53
3 7.50
4 7.40
5 7.48
6 7.44
7 7.53
8 7.42
9 7.52

bubbles, and are actually solidified m etal bubbles. 
Occasionally where w ater has been used as a 
quenching medium, such hollow shot are  found 
completely filled w ith w ater, an effect very much 
akin to the compound bubbles or drops which 
have been studied by various physicists, as for 
instance Boys.

In  the case of crushed shot the  specific g rav ity  
may be a rough and approxim ate guide to  th e  
strength  and toughness of th e  m ateria l. B roadly 
speaking, th e  h igher the specific g rav ity , the  
higher the  streng th  properties. A h igher specific , 
gravity  also indicates a p roportionately  h igher 
energy content in  moving particles of shot of 
identical size a t  the  same velocity. The resu lts  of 
a number of determ inations on sam ples of g r i t
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obtained from  d ifferent sources are summarised 
in Table V. The varia tion  from the lowest to  the 
h ighest resu lt is of th e  order of approxim ately 
2 per cent. The determ inations in  each case were 
made by th e  o rd inary  density bottle  method.

M ic r o s t r u c tu r e
The exam ination  of th e  stru c tu ra l charac

teristics of shot and g r it  under the microscope

F i g .  1 1 .— G b i t  B .  E t c h e d  i n  P i c b i c  
A c i d ,  x  1 ,2 0 0 .

presents a  num ber of in te resting  features. The 
procedure followed in  th e  prepara tion  of speci
mens for m icro-exam ination is sim ilar to  th a t  for 
th e  hardness determ ination  in which a num ber of 
grains a re  embedded in white m etal and polished 
suitably for e tching and exam ination. This pro
cedure affords the opportunity' of exam ining a 
num ber of g rains picked a t  random  from the 
same sample, th u s  providing a g rea te r oppor
tu n ity  of detec ting  th e  presence of any vari
ability  in character of th e  m aterial.
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I t  is, of course, weill known th a t  in  its  p repara - 
tion  m etallic shot and g r i t  is chilled, a n d t  e 
knowledge of th is, together w ith  th e  deta ils  of 
tne  chemical composition, lead one to  an tic ip a te  
s truc tu res  of th e  w hite iron type. A group of 
photographs of d ifferent m akes of shot a re  in 
cluded in F igs. 6 to  9. These show th e  etched 
s tru c tu res  etched w ith  picric acid a t  a m agnifica
tion  of 120 d iam eters, and have been chosen to

F i g .  1 2 .— G r i t  C. E t c h e d  i n  P i c r i c  
A c i d ,  x  1 ,2 0 0 .

illu stra te  the wide differences in  s tru c tu re  re 
vealed by g r i t  of different m anu factu re . A t th is  
magnification the  specimens, F igs. 6 and  7, show 
a  s tru c tu re  which appears to  be a  finely d iv ided 
eutectic stru c tu re , specimen 7 showing, if  any
th ing, a little  more of th e  d a rk e r e tch ing  solid 
solution background.

In  F igs. 8 and 9 much more of th e  d a rk e r e tch
ing background appears and in  F ig . 9 th is  back
ground may be regarded as predom inant. All the  
specimens show a t  least 1 per cen t, of phosphorus,
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and th e  w hite etching constituen t may be 
regarded as both the iron carbide and the phos
phide eutectics. I t  is quite  ra tional to  suggest 
th a t  a  lower proportion  of these constituents in 
the  s tru c tu re  would be accompanied by increased 
s tren g th  and toughness characteristics, and i t  
would n o t cause any surprise to  know th a t  the 
photograph, F ig . 9, is typical of the struc tu re  
o f  th e  m ateria l which gave resu lt No. 1 in Table 
I , th e  best resu lt of these tests.

F i g .  1 3 .— G k i t  D . E t c h e d  i n  P i c r i c  
A c i d ,  x  1 ,2 0 0 .

The s tru c tu re  of the  solid solution ground mass, 
dark  etching, generally requires a high magnifica
tion  to  resolve it, and th e  photographs, Figs. 
1 0  to  1 3 , a re  th e  corresponding photographs taken 
a t  a m agnification of 1,200 diam eters. A ll  these 
show the  ground mass to  be m artensitic  in char
acter, and in some th e  quenching has been so 
severe as to  re ta in  some austen ite . The specimen, 
F ig . 12, showed portions of the  ground mass 
tu re  which readily  etched dark  and was ap p ar
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ently unresolvable a t  1,200 d iam eters, suggesting 
th a t  the s tru c tu re  may be regarded  as tro o stite  
and possibly ind ica ting  n o t nearly  so effective 
chilling and quenching as has been received by 
the o ther specimens.

The m artensitic  character of the  solid solution 
portion of th e  s tru c tu re  is probably the  reason 
for the g rea te r hardness of th is  m a te ria l than  
th a t  of o rd inary  w hite cast iron, which in  the  
sand cast condition has th e  solid solution portion  
of the  s tru c tu re  in  the p earlitic  condition . The 
general charac te r of th e  s tru c tu re  shown in 
Figs. 9 and 13 is of special in te re s t in view of 
the  fa c t th a t  th is  rep resen ts a  sam ple which has 
given very good resu lts in  service. This consists 
of approxim ately  half eu tec tic  and  ha lf solid 
solution, th is  la t te r  being predom inantly  m a rten 
sitic. As already ind icated , i t  is unreasonable  
to  suppose th a t  in m a te ria l of th is  general com
position, th e  ad ju s tm en t of th e  ac tu a l composi
tion , th e  quenching and  th e rm a l tre a tm e n t 
conditions to  yield a  s tru c tu re  of th is  cha rac te r 
would be accom panied by th e  h ighes t degree of 
toughness and s tren g th  sim ultaneously w ith  the  
highest degree of hardness. I t  is also clear th a t  
the  m icro-exam ination of chilled shot and  g r i t  
may be usefully  employed in  th e  s tudy  of th is  
class of m ate ria l w ith  th e  object of fu r th e r  
im proving its  p roperties and  characteristics.

Grading
The g rad ing  of both  shot and g r i t  has been 

referred  to a lready as a fa c to r of considerable 
im portance in  determ in ing  th e  perform ance of 
th is m ateria l in  any p a rticu la r se t of circum 
stances. In  add ition  to  th e  ac tua l partic le  size, 
g rad ing  can be considered to  include th e  p artic le  
shape, and i t  will be obvious th a t  both  partic le  
size and partic le  shape will be governed largely 
by the m ethods used in  m anu factu re . The re 
quirem ents both as to  shape and size vary  to  a 
large ex ten t according to  the  purpose fo r which 
the  m ateria l is to  be used, and  i t  canno t be too 
strongly emphasised th a t  the  selection of the  m ost 
suitable quality  from  th is  point of view is largely
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in  the  hands of th e  user himself. The shot and 
g r it  m anu fac tu re r produces a range of sizes and 
characters, and in general places himself in a 
position to  m atch th e  requirem ents of the user.

In  the  case of round shot, for example, the 
degree of approach of the particles to  the tru ly  
spherical and also the un iform ity  of size is de
finitely more im p o rtan t in  some applications than  
others. In  the  case of some of the  stone-cutting 
and polishing operations, a g rea te r degree of 
precision in these respects is required than  in 
some of the  applications of th is class of m aterial 
to  rough cleaning operations in sand blasting. 
In  th e  case of g r it th ere  are some operations, 
such as the  cleaning of castings for enamelling 
purposes, where the  m axim um  degree of 
an g u la rity  is required , and the presence of 
rounded surfaces is regarded as undesirable. On 
the o ther hand, th ere  a re  users who prefer 
angu lar g r i t  to show a certa in  ex ten t of rounded 
surfaces.

I t  will be readily  understood th a t  owing to 
the wide varie ty  of uses and requirem ents there  
are no hard  and fas t standards e ither as to  size 
or shape. In  general all m anufacturers of shot 
and g r i t  iden tify  th e ir grades by numbers, the 
lower num bers ind ica ting  the larger sizes and 
vice versa , to  th is ex ten t following the  system of 
num bering wire-mesh screens based upon the 
num ber of meshes per inch length. Even 
although there  are  no standards of g r it  size i t  is 
of some general in te rest to  study a standard  
system of g rad ing  which has been drawn up in 
th e  U .S.A . for application to  non-metallic 
abrasive grains. This system is evidently de
signed to  exercise some degree of control over 
the  ex ten t of th e  spread of sizes which always 
occurs in the  g rad ing  of m aterial consisting of 
irreg u la r shaped particles. (Table V I.)

For the  m ajo rity  of sizes control is exercised 
th rough  five consecutive s tandard  screens, and 
the  spread of the  sizes is over four screens. 
The m ajority  of th e  m ateria l in a given size is 
th a t  re ta in ed  on two screen sizes, and th is  is a t 
a m aximum in  the coarser grades a t  slightly
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over 80 per cent., a  m axim um  lim it being placed 
on the  oversize and fines. I t  is of im portance to  
note th a t  the  sieving conditions, using a 
“ Bo ta p  ”  machine, require  to  be s tandard ised  
also. This s tan d a rd  system of g rad in g  does n o t 
apply to  m etallic abrasives—chilled shot and 
g rit— and i t  is included in  th is  P ap e r pu re ly  as 
an illu s tra tio n  of a system of g rad ing  as applied 
to non-m etallic abrasives which in  m any respects 
are akin. The im portance of th is  lies in  the 
recognition of the  spread in screen g rad ing  of 
m ateria l of th is  ch arac te r m ade up  of ir reg u la r 
sized and shaped particles.

W ith  th e  increasing im portance of both 
metallic shot and g r i t  in  foundry  cleaning opera
tions i t  becomes more and more desirable to  
study  th e  cha rac te r and p roperties of th is  
m ateria l w ith the  ob ject of im proving  its  
efficiency in  operation . V ery li tt le  in form ation  
on th is subject has found its way in  th e  technical 
Press, and i t  is hoped th a t  th is  sh o rt s tudy  will 
correct th is  deficiency and serve as a k ind  of 
basis and also incentive for fu r th e r  work in  the  
development of the properties of th is  m ateria l.

The au thors wish to  take  th is o p p o rtu n ity  of 
thank ing  th e  D irectors of B radley  & F oster, 
L im ited, D arlaston , for perm ission to  u tilise  th e  
d a ta  presented in th is P aper, most of which has 
been obtained in th e ir research laboratories.

D IS C U SS IO N  

C h an g in g  C o n d i t io n s
T h e  B r a n c h - P r e s i d e n t  (M r. J .  B. A llan), 

said he was p articu la rly  in terested  in th e  com para
tive results from  th e  a ir-p ro jected  sh o t and  
the m echanically-projected shot. The la t te r  
was a modern developm ent w ith in  th e  la s t few 
years. A nother point was th a t  of th e  em
bedding of the  shot in a  w hite-m etal m a tr ix  fo r 
use in determ ining the hardness. All th e  very 
high degrees of hardness probably m ean t th a t  
in the w hite m etal th ere  was some sligh t give, 
and the  actua l hardness m igh t be even h igher
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th an  the  one shown. Perhaps Mr. H u rs t would 
give them  some inform ation  on th a t  point.

C o m p o s i t io n a l  Influences

Mu. J .  R o x b u r g h  rem arked th a t , as usual, 
the mem bers had le a rn t som ething of in terest 
from  the  authors, and, as was also usual, they 
had been given details of investigational work 
th a t  pointed th e  way along which fu rth e r re
search could be done, and from which som ething 
very useful could be obtained. The question of 
the  composition of the m etal of the  chilled 
m etallic shot appealed to the  speaker as being 
in teresting . A pparently  the  properties depended 
on low m anganese, high sulphur and high phos
phorus contents. As one who made chilled cast
ings, and re fe rring  to  hardness figures, M r. 
R oxburgh said he had more or less to make 
comparisons w ith a Shore number. The figures 
m entioned seemed to  him  very high, and he 
wondered if th e  au thors had m ade any investi
gations w ith o ther m aterials, for instance, a 
high-m anganese iron w ith low sulphur-—say a 
m anganese conten t of 1.5 per cent, or there 
abouts. H e th o u g h t the au thors would in th a t  
way get stren g th  and hardness as well. H e 
wondered if there  would be any objections to 
an iron of th a t  composition.

H e was also in terested  in the  question of the 
solidity of the litt le  chilled shots, and wondered 
if there  were any m eans of overcoming th is 
phenomenon. H e would like the authors to de
scribe how th e  shot was made. A pparently  the 
m etal was quenched in w ater, and he wondered, 
if the  m etal was subm itted  to  so m e  pressure or 
o ther process before being ejected in to  the  w ater, 
w hether th a t  would make any difference. An
o ther point to  which the authors had referred  
was in  connection w ith the  comparison between 
a m etallic shot and a  silica g rit, where i t  was 
claimed th a t  the  w ear of nozzles w ith th e  m etal
lic shot was much less th an  th a t  w ith the  sand. 
H e wondered in  th a t  instance of w hat m ateria l



the  nozzles were m ade. H e also wished to  know 
if the  a u th o rs’ investiga tions as regards iion  
castings had  been carried  o u t on th e  various 
typeg of m ateria l. F o r instance one could get 
a hem atite  casting  of very soft m a te ria l, o r on 
the  o ther hand , one of h igh  hardness value, 
and he wondered if th e  life th e  au thors obtained 
w ith th e ir  m etallic shot varied  on th a t  account.

H a rd n e s s  D e t e r m in a t io n s
M r . H urst first d ea lt w ith  th e  B ranch-P resi- 

d en t’s sugestión th a t ,  perhaps, had  th e  speci
mens been embedded in  som ething h a rd e r  th a n  
w hite m etal, they  m igh t have shown a  still 
h igher hardness. H e po in ted  ou t, however, th a t  
in investiga ting  th e  hardness v a ria tio n s  of a 
shot they  used a very low load. The pressure 
was only a  10 kilogram m e load. W ith  th a t  load 
on th e  partic le  size of shot they  had  investiga ted  
they d id  no t an tic ip a te  th a t  th e re  had  been 
any deficiency in troduced  in to  th e  determ ination  
due to  th e  m etal in  which i t  had  been em bedded. 
W ith  sm aller g ra in  they  would find i t  necessary 
to  use a still lower load. The figures given could 
be regarded  as reasonably accurate . In ' reg ard  
to M r. R oxburgh’s question of com position and 
streng th , M r. Bradshaw , in  his notes, h ad  sug
gested th a t  some of th e  experim en ta l w ork they  
had done so fa r  w ith  h igh m anganese tended  
to give a shot of a b r ittle  ch arac te r, and  conse
quently  a short life. H e d id  n o t th in k  th a t  M r. 
R oxburgh’s suggestion of subm itting  th e  m etal 
to  some pressure before i t  was ejected in to  th e  
w ater would overcome th e  question of solidity. 
Surely i t  was inevitable th a t  th e  g ra in s of shot, 
like steel ingots, m ust s ta r t  to  solidify from  th e  
outside surfaces first, th e  la s t po rtion  of the  
m ateria l to  solidify being in  th e  cen tre . This 
resulted in  an openness of cha rac te r in  th e  g ra in  
which was equ ivalen t to  th e  am oun t of sh rink 
age in  the  small volume of th e  shot. R especting  
the type of nozzles used, they  had  no  inform a^ 
tion  beyond the  fac t th a t  they  were h a rd  w hite- 
iron nozzles. I t  was custom ary to  use h a rd
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w hite-iron nozzles such as were made by the 
m alleable ironfounder ; i t  was presumed th a t  the 
nozzles used in  the  experim ents were of th a t  
type.

N o z z le  Life
M e , B radshaw said th a t , since the  com

pilation  of th e  P ap er, he had come across a 
concrete exam ple in  regard  to  the  com parative 
life of nozzles. The experim ents were carried  
ou t w ith hard  w hite cast-iron nozzles of 9-mm. 
d iam eter w orking a t  a pressure of 35 lbs.
W hen using sand the  average life of a  nozzle
was 16 hours, b u t when using flin t the  life 
was reduced to  7 or 8 hours u nder the  same 
conditions ; y e t when they changed over to 
chilled iron g r i t  th e  life was then  of th e  order 
of th ree  weeks. I t  really made a  serious
difference to  th e  life of the  nozzle.

Elastic  L im i t  a n d  A bras ive  Q u a l i t ie s
P r o f e s s  o k  J .  H . A n d r e w  said th a t  the  possi

b ility  of th e  hard  particles being pushed into 
the  w hite m etal du ring  hardness testing  had 
struck  him also, as i t  required  very little  pres
sure to  do so. D id M r. H u rs t find any differ
ence between the hardness of the  large and small 
particles of shot? I f  not, th is  supported  his 
contention  th a t  his method was sound.

The m icrographs were m ost in teresting . One 
which was shown on the  screen suggested th a t 
the m etal had been cast a t  a high tem pera tu re  
as compared w ith the  others. The s tru c tu re  of 
the shot described by M r. H u rs t as being par
ticularly  good ind icated  th a t  a considerable 
am ount of austen ite  p resen t acted as a  re in 
forcem ent for th e  h a rd  carbide and m artensite. 
Was i t  a  fa c t th a t , in  using spherical shot, 
a f te r  a ce rta in  am ount of use th e  shot became 
of the  an g u la r type and therefore  b e tte r  for 
its  purpose?

Could th e  au thors tell him  w hether a high 
elastic lim it was a valuable p roperty  to  be 
sought in  th e  m ateria l for shot? One would 
expect th a t  a high value for the  elastic lim it
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would be associated w ith  b e tte r  abrasive 
qualities.

Round and  A n g u la r  S h o t
M r. B r a d s h a w , dealing  w ith  Professor 

Andrew’s question concerning th e  efficiency of 
the m aterial, said th a t  th e  round  shot as 
described in the P ap e r was in  con trad istin c tio n  
to the g rit. The shot was less efficient th a n  a 
g rit, and in use i t  often broke up  and  became 
irregular. IVhen i t  did th a t  i t  v ir tu a lly  be
came more efficient th a n  i t  was in  th e  first 
place. W ithou t going back to  th e  genesis of th e  
m anufacture of g r it  or shot, i t  was, of course, 
known th a t  in  the  beginning the  first experi
ments were made 0 11 a  round m ateria l, which 
was essentially a shot. I t  was then  th o u g h t 
th a t th a t  m aterial was quite  efficient, b u t as 
the m ajority  of people who used th a t  m a te ria l 
did so w ith the object of covering th e  work 
trea ted  w ith some other substance, o r coating  
i t  according to  some o ther process such as 
enamelling or pain ting  or even galvanising, i t  
was found in  those days th a t  the  shot was n o t 
as efficient as th e  sand then  used, th e  reason 
being th a t  the shot in use gave w hat was called 
in the  trad e  a  “  peened ”  surface—th a t  was to  
say th a t  if one examined the  surface of th e  
work trea ted  one would find i t  was qu ite  smooth. 
Prom those days the tendency in  th e  tr a d e  had 
been to move away from  shot and now people 
liked to use w hat was called g ri t, which was 
actually a form of crushed shot. The g r i t  was 
essentially a m aterial th a t  contained a num ber 
of irregula r pieces. These caused i t  to  have a 
very rapid action, in  add ition  to  which a 
furrowed surface was produced. The g rea te r 
p a rt of the production of m ateria l m ade to 
day and sold in th is  country  was w h a t was 
called the angular or g r i t  type. R ound  shot 
was not so much used.

N a tu r e  of W o r k in g  C o n d i t io n s
M r. H u r s t , speaking of casting  tem p era tu re , 

said th a t th is was found to  be a very im p o rta n t



m atte r , n o t only from  th e  s tru c tu ra l po in t of 
view, b u t also as i t  affected shape. H e hoped 
th a t  th e  tim e would come when th is  would be in 
vestigated  fu rth e r. H e was in  agreem ent w ith 
P ro f. A ndrew  in  his in te rp re ta tio n  o f  th e  effect 
of m icrostructure  on the  behaviour of the  shot. 
In  regard  to  th e  qualities of th e  round shot, 
there  was probably an optim um  period in  its  l i f e ; 
th a t  was to  say, its efficiency varied  along a sort 
of curve. I t  passed th rough  an  optim um  period 
in  use and  finally wore away and  was useless. 
As M r. B radshaw  had sta ted , round shot seemed 
to be o u t of favour in th e  castings’ cleaning de
p artm en t. The largest use of round shot to-day 
was in stone-cu tting  and polishing. H e believed 
th a t  in  th is  case, also, th ere  was an  optim um  
period, and th a t  i t  was no t necessarily a t  its 
best when i t  was new. A fte r some use i t  g radu 
ally go t b e tte r  and  th en  fell off. The elasticity  
of the  m ate ria l was very im p o rtan t as d is tinc t 
from p lasticity .

R eplying to  fu r th e r  points raised in  the  discus
sion, M r. H u rs t said th a t  in  th e  range of sizes 
they were able to  deal w ith, under a 10-kilogramme 
load they  did no t find any difference in hardness 
when investiga ting  the  hardness of samples of 
shot of different partic le  sizes. In  pressing the 
particles in to  the  m etal, they  used a specific pres
sure. A pressure of several hundreds of pounds 
was required  to press and hold them  in  position. 
H e only m entioned th is to  give some idea of the 
fac t th a t  th e  particles were really firmly sup
ported in  the  m etal. The only difficulty they 
had was th a t  sometimes they  came to  a size of 
partic le  th a t , w ith  a 10-kilogramme load, simply 
did no th ing  else h u t sp lit up. They regarded 
th a t  as th e  criterion . I f  they  could ge t a firm 
uniform  im pression, they  were satisfied. Over a 
range of sizes below about 18’s, they  could not 
te s t a t  all w ith  th e ir  p resen t ap p ara tu s , because 
th is was lim ited to  the  10-kilogramme load. One 
of the  lan te rn  slides exhib ited  showed fragm ents 
of shot broken by being pressed in.
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N o z z le  W e a r  a n d  Efficiency
M r . H. W h a r t o n  said th a t  users of m ate ria l 

could no t fail to  be in terested  in  th e  experim ents 
th a t  had been b rough t to  th e ir  notice. In  toi- 
lowing these experim ents, i t  had  s tru ck  him  th a  
more of them  would have to  be u n d ertak en  if 
any th ing  like reasonable resu lts were going to  
be obtained to  help M r. H u rs t and M r. B ra d 
shaw in  th e ir  conclusions on th e  m erits  of an g u 
la r g r i t  o r any  o ther abrasive. The velocity a t 
the nozzle was certa in ly  one of th e  th in g s  chiefly 
to be considered. The velocity was governed by 
the power behind th e  a ir. Once th e  nozzle 
s ta rted  to  w ear away, th e  b lasting  efficiency 
dim inished very quickly. A nother p o in t was th a t  
the abrasive, when i t  was new, w orked quicker 
th an  when i t  had  been in  opera tion  fo r some 
tim e, not only because of i t  ten d in g  to  break  
down, h u t because i t  go t d irty . They th e n  got 
d u st which was n o t carried  away by th e  dust 
exhaust system, and i t  became embedded in  the  
surface cf the  abrasive. A nother th in g  th a t  had 
to  he w atched was th e  fac t th a t  in  compressor 
plants condensation was a bugbear, as a fru itfu l 
cause of stoppages. These stoppages took up  th e  
tim e of th e  foundrym an who always m easured 
the  value of abrasives by th e  tons of m eta l cas t
ings cleaned in  a specified tim e. Thus stoppages 
were som ething th a t  m ust be tak en  in to  : on- 
sideration. The opera to r had  always to  he con
sidered. W hen the  operator was p ly ing  the  
nozzle to  a casting, he m ust strike  a t  th e  r ig h t 
angle in order to  get the  most efficient cu ttin g  
angle. This depended to  some e x te n t on the  
skill of the  operator him self. Some operators 
were much b e tte r th a n  others. Thus, in  m aking  
com parative tests, i t  was advisable to  have th e  
same operator all th e  tim e.

M echanical P ro je c t io n  S u g g e s te d
M r . H urst said he appreciated  M r. W h a rto n ’s 

rem arks and the significance of controlled condi
tions. H e (Mr. H u rs t) ought to  have tak en  the  
opportunity  of paying tr ib u te  to  th e  w ork done
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by Mr. Neville. Perhaps the  only comprehensive 
investigations done on sand-blasting were those 
done by M r. Neville. H e carried  out very com
prehensive tes ts  on th e  question of nozzle size, 
nozzle velocity and angle m anagem ent of the 
shot, and showed the  very g re a t im portance th a t 
these factors had in economical sand-blasting. 
Since th a t  tim e very little  fu r th e r  work had 
been done, and M r. B radshaw  and he (Mr. 
H urst) took the  view th a t  th e re  was considerable 
room for fu r th e r  im provem ent, bo th  in  th e  direc
tion  of the  quality  of th e  m ateria l itself as 
used for the  abrasive and in p lan t design. A 
lot of w hat M r. W harton  had said m igh t be 
used to  suppo rt the  m echanical sand-blasting 
m achine in  con trast to  w hat he would call the 
pneum atic sand-blasting  machine. They all 
appreciated  the  significance of nozzle w ear. N ot 
only did nozzle w ear have th e  effect of reducing 
the  efficiency of each operation  b u t i t  p u t up 
the  cost. I t  was in  th a t  way a sort of double- 
edged weapon.

R u b b e r  N o zz le s
M r. S. L e s t c h  said i t  was very g ra tify in g  to 

those who had to  make steel castings to  know 
th a t people like M r. H u rs t and M r. Bradshaw  
were going thoroughly and  scientifically in to  the 
question of the  best type  of shot to  u s e ; frankly , 
i t  was am azingly difficult to  get adequate 
m ateria l in  th is connection for steel castings. 
I t  was very difficult also to  m ake a non-smooth 
surface against a  runner. I f  they could g e t a 
shot th a t  was satisfactory  from  those two stand 
points alone a big step forw ard would be made. 
On the  question of the  m erits of angu la r shot 
and round shot he always fe lt th a t  th e  advan
tage to  be obtained from  the  form er was th a t  
they were able to g e t a la rg er area in contact. 
W ith  a spherical shot they  ju s t got the  im pact 
a t one point, whereas w ith  an angu la r shot they 
were able to  h it  e ith e r th e  edge or th e  face. H e 
fe lt th a t  sand had  a more purely abrasive 
action, whereas w ith the  shot they  got an im pact
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action and perhaps a cu ttin g  action . M ost of 
the  points had  been m entioned, b u t i t  would 
appear th a t  if  they  could ge t a  shot th a t  would 
w ork-harden on contac t they  would be m aking  
a  fu r th e r  saving of money. So fa r  as nozzles 
were concerned he had a feeling th a t  th e  troub le  
caused by w earing m igh t be overcome by th e  use 
of rubber. H e fe lt th a t  th e  use of ru bber for 
the resistance of abrasion was som ething th a t  
was likely to  develop more and  more.

M r . H u r s t  said he knew from  experience th a t  
steel pipes conveying shot from  screens in to  
bunkers wore o u t very rap id ly . I t  was no un- 
iommon th in g  for a pipe to  w ear o u t com pletely 
in  seven days. R ubber pipes would ap p ea r to  
stand  up very m uch b e tte r. H e was to ld  th a t  
rubber nozzles had  been tr ie d , b u t th a t  th e  diffi
culty  was to  keep them  cool. I f  some m eans could 
be devised to  keep them  cool, ru bber nozzles 
would, he though t, be very sa tisfac to ry .

Sca le  R em ova l
A M ember said he had found th a t  an g u la r shot 

removed scale from  castings quicker th a n  round  
shot, b u t his experience was th a t  th e  loss of 
angu lar shot was much g rea te r th a n  th e  loss of 
round shot. A ngular shot cost ab o u t £ 2  a  to n  
more th an  round shot, and th is  was an item  th a t  
had to  be taken  in to  consideration.

Speaking in  regard  to  the  question  of th e  size 
of shot and  its  effect on scale rem oval, Mr . 
H u r s t  said he im agined th a t  a g re a t deal would 
depend on th e  type  of scale. I t  was, of course, 
difficult to  compare experim ents in  one works 
w ith those carried  ou t in  o ther works, because 
conditions varied  so much. H e was in te re s ted  to  
hear of the m em ber’s experience on th e  advan 
tage  of angu lar shot over round. T here was cer
ta in ly  a difference in  price, the  round  shot being 
cheaper, b u t he though t, from  his own experi
ence, th a t  the  am ount of round  shot used in  
cleaning was substan tia lly  less th a n  i t  was a few 
years ago. M r. B radshaw  and  he (M r. H u rs t)  
were anxious to  know w hether th e re  was any real
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in trin sic  value in  th e  an g u la r shot as d is tinc t 
from  th e  round. I t  certa in ly  seemed th a t  the re  
was.

Speaking again  in  the  discussion, th e  M e m b e r  
said he was no t sure in  his own m ind th a t  tough
ness of shot was an  advantage. On the  contrary , 
he fe lt th a t  i t  required to  be fa irly  b rittle . I f  
they had a shot w ith sharp edges, they  were going 
to get less effect from  i t  as tim e w ent on.

Mr . H urst said there  m ight be some confusion 
of th o u g h t as to  w hat toughness was. W hat he 
visualised by toughness was m easured in  term s 
of energy to  break  the  m ateria l, d is ru p t i t  and 
d is in teg ra te  it . I t  was qu ite  possible to  have a 
hard  and tough m ateria l th a t  would yet no t have 
a tendency to  bind over a t  th e  edges. H e 
im agined th a t  if they  used diam onds, probably 
the hardest th in g  th a t  could he im agined, they 
would no t have much success, because of th e ir  
brittleness.
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Sheffield Branch

P a p e r N o 65. TIME A N D  M O TIO N  S T U D Y  IN T H E
FO U N D R Y *

By C. D. PO LLARD ( M e m b e r )

There are many and varied  systems fo r w ork
ing tim e and motion study  schemes in  th e  fac
tories and works in the  country, and  th e  au th o r 
will not make any a ttem p t to  com pare th e  ad 
vantages or disadvantages of one scheme aga in s t 
another, bu t will confine himself to  th e  w orking 
of the one w ith which he is in  daily  con tac t.

The work commences w ith  the  usual rou tine  
office work of en tering  the  receip t of an  inqu iry  
for the price of castings, and the sales d e p a r t
ment make out an estim ate sheet, which, along 
with the draw ing and inquiry, passes to  th e  
drawing office for the  p repara tion  of w hat is 
called a layout sheet. The d raughtsm en cal
culate the weight of the proposed castings and  
discuss w ith the foundry m anager th e  suggested 
methods of coring, jo in ting , etc.

The tim e and motion study men a re  th en  
drawn in to  the  discussion regard ing  those 
features of the  job which affect th e  cost of 
production, such as how m any p a tte rn s  per box, 
type of moulding machine, flasks or m oulding 
boxes, etc., and a rough layout of th e  job is 
prepared.

Fig. 1 shows a typ ical layout g iv ing  all th e  
details which govern th e  w orking-up of th e  
moulds for the job. Sizes of boxes o r flasks, 
weight of core m ateria l requ ired  per casting , 
etc., are always given. This layou t is subm itted  
to the foundry m anager fo r approval, and  unless 
he wishes to make some a lte ra tio n  to  the  in s tru c 
tions shown thereon, he signs and accepts i t

* Slightly abridged.
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as the most economical and  efficient m ethod of 
producing the castings in  question.

A t th is ju n c tu re  i t  is germ ane to  m ention 
and to  emphasise th a t  th e  figures used in  th e  
P aper to  illu s tra te  estim ating  and  cost of p ro
duction are fictitious, and a re  useless fo r com
parison w ith any foundry’s own figures.

I t  often happens th a t , a t  th is  stage , p re
lim inary estim ates are p repared  fo r com parison 
in costs of more th a n  one suggested m ethod of 
m anufacture. P ig . 2 illu stra tes exam ples of the  
advisability of th is action, when m ore th a n  one 
obvious method presents itself. I t  shows th ree  
a lternative methods of production  of m oulds 
from norm al p a tte rn  p lan t. On th e  le f t th e  
job is laid out and estim ated fo r on tw o hand- 
press machines, the operators being one m an  
and a boy. In  th is case one completed m ould 
is made in  541.4 seconds. The piecework price 
is 28s. per 100 castings, and the  piecework s ta n 
dard per day is 46.5 moulds. Included in  the  
figure, the  same job is laid  ou t an d  estim ated  
for production on two ja r  rollover m achines, 
involving as operators one m an and a boy. One 
complete mould requires 530.9 seconds, and  the  
piecework price is 27s. 6d. per 100 castings, 
and the standard  per day is 46.6 moulds.

There is also included the  job as la id  ou t 
and estim ated for production on tw o j a r  rollover 
machines. This involves the  em ploym ent of two 
men, one machine m aking copes, and th e  o th e r 
drags. The tim e per complete mould is 467 
seconds, the  standard  per day is 55.41, and  th e  
piecework price 38s. 6d. per 100 castings.

This is a splendid example of th e  adv isab ility  
in the early stages of estim ating  of w eighing 
np the cost of different m ethods of production , 
as i t  shows how variables can influence figures 
to a fa r g rea ter ex ten t th a n  is som etimes 
realised. I t  m ight be reasonable to  assume th a t  
a man and boy w ith two power m achines should 
get more production th an  they  could g e t w ith 
two hand-ram  machines, b u t th e re  is evidence 
here th a t th is assum ption would be wrong.
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r&¿tC*+t ćefie /ArtcrrcAc/ 
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4- S' 
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/Ó  O
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¿A3 S
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/2  9  
4  S
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x ( a € ¿  c ú f c y  s m / c .  crz/cs?  

¿ ¡L O a srr  o A ic ty  ¿ z zA G o  . 

t t c c o /  / c v i A  a ó t e y  
<2 ¿ S £ Z y  y tfó o e  tr rx  (¿ ¿ te * * * .)

C Z o c o A o  X  c^ C eC C iA sr ( y /  C t^ U  

(3¿c t J< c m  .

ćZozżo/- 4  <raA*y de/y*
¿laaxaV- ¿  x/Arrt/L 

/& ¿ é c * s? t^  A i / r r t / c -  
y^v€S Actfi*, czcAa*cc <7Z/ÍX

A 3ác.s¿¿60 A *  ertz*/.
/¿rz>

^ ¿ / a * x X r  - $ < /■

0 0 * 0 6 3 .

Ó tu  **i -7S 'x  / S ' X 6 ' x  6 '  Tf-O.

Q í/ias  C/i4cU*r

y(<rC/ a-tx/e. &t/tsz .
^&¿ea*t &*4y AaACo.

/cia/Z+ ty cćaay. 
Ó¿*<z*x V í̂«/- c¿acy ¿toe <y*x. 

Q/ÍAc//.yfczcćry QCZatcf cm 
**y¿¿¿ cAz ¿A
/f^ m  /ccCcxJ cAtcy 

Q&rtcX ̂ <xa*cc <m c/o ay 
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y<2/Z /iasrrt crrrtrtc/cX 
¿A rrt0t/c Aa^rtcXfzaerrtc
c f̂raS- /><zarr aCvcuy. 

<2/¿U£f£¿e c ^ ú fa x y  
eyffa /u  AXcX 9* xtc/ícrem  
y¿a*A CÔ7CZ/ //rtouAcC  
/ ¿ / ■ /(crts 02/cc? ¿zrac?cX <m. 

t¿2/aay z/. cmozc/cX >*yùzÆc> 
Â CrtX /mcnc/cS crz/CsT 
S & c O X  ć fr e z y ’ y ¿ 2 /¡ ji> 2 s? v < f. 

(2b2¿/? erd/Lb 9* ¿/y,< foAc

■¿fr cC/ay tyA& vu/ Á/yćro7 
/¿/ix c*yvc Saz/
¿ i/ta m  éfáay crnotx/cC 
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/&¿¿<3*c /z CtryU.
6 ćL<Z4a/  ćery*. YXZ&xxr

sAn ertx/cX

/Z/ / -O

ç è / 30/ fa  //<$<*

^>dX» ¿bcArdi*/*/.

✓20 ~y(aCC trzfeer / 2 0 .
20 O ÀeAeezm /'op/ ¿aXóo. 20 O.

4  5 ttccO / XarzXimy ¿Tefe 
¿ /efe ¿cac cm /cXeom')

4  s
25 O 25 O

6 5 O. Q/ifcXZ cm <*cfz . 55 O

f/A't c-Jc/X cm AC /cA- t

20  0 . /(ć tm  X/ctco c<4<c . 20 0
4  6 J2/amcX fczm tx  art Xdpf 4-6

Zt- 6 cfcXZ arc' y /Jj/ccXXoAt/ 

(foto AcZarr sTTTOCe/Ot

2 !  6
2 * o . 2 0  O

/ A t ^CerrroT/c cSctmeX^crmc 
<X/(izX y?czm* <?c£z

*A t

2 8  o 2 8  O

/ 2  y -Q/itocxAxc f y  cafe. /z  r
26 L yim X ćctpe srrt<rccXa¿ 2 0  O

J A  o ¿ccX J  oAncccyo. tq-O

6- O /¡tee/- 2 /Sczocaio 2 6  b

to  o VecS- / (  0. ¿zrzrtoeX am 6 0.
t z • o. ¿Xczsm/L ezrrcccXcX ?faA<? /O 0
t s  o çtfriX "XTToacXcX oT/ixX /2 O
✓oto /((eoóz ¿ZX/Áy Xa4£? - /S ' 0
H ■ 2  

5 /
crr/ozcXoC. 

ÇxaXA ¿Xtoczy VXayeey
to  0
2 0  2

ft-  6 -dí¿éc*yrr A  ćctfLc 4  6.
/ z q tAfacAc /PcmA- s o
4  6 ¿tXzczm Xc/Zc 4 3  S

/q -O '¿a/itoxf <?cpU. y-XS<x>c / 9 0
/ o  Z A0Ae*-**A s7r*c/t*AcX / o  z

*A '5 A(cAcc*srx. CA S

4 -2. $ .  $ U b  7  t

/Ć } ^ 3  ¿ ¿ A  '* * >  c f ic x < x /* y

3&/é> ¿s»^o $ S - / f- f .y i /s  ¿/ay.

r ¿ z/c* x X  A trcć/C . a m x tZ A c X

A iy /T y  .'A Z X X C X /sí/ex x c t/ xeS crctC cX

o -y
/Ce*- /» a3 ¿ y  i ¿>^0

O A i f  2 / - y  / t t X a y

E stim ated  
Custom ers R ejects E S T I M A T E  S H E E T

Estimate No

/ C / M O

Blue P r in t No.

N am e a n d  A ddress 
of C ustom er. X /iS t ' t S '  ^ f .

D escrip tion  of Castint

Core Cost.
P e r  100. P e r  cwt. 

5. d. s. d.

Moulding Cost. 
P e r  100. P e r  cwt. 

s. d. s. d

Wages . .  

W a it ./¿ %

B onu^¿J %

D .0 .» í> %

J 9 0 2 - é f
à*

j o ¿
2 / 2
S  t 5  
7 7 3

/ - 0 1%
Dressing.

P e r  100. P e r cwt.

M oulding W ages 

P ouring  do. 

L abouring  do. 

W aste  . . / q

Bonus ■ / o x

D .O .H . J tS o  %

G.O.H. S O  %

G rinders W ages 

B onus "J6  %

s.

u
d.

H
S. 4

yet
16i

D .0 .H ./J i> % ?i(
F ile rs’ W ages 
Bonus ̂ 0  %  
E x tra s

r 6-d /■ef>
■g#

r- S. 77

7 5 3  0 P er cw t. I 
Pig I r o m ^ - X - -

2 £  C Core M ixture

3 < / 5

*4
Dressing

Cores

V a  r i

r

S S Í

o - s r

Moulding

A

3

/

s t q

g » q

X 9 t

¿ c u /A tm c a J  *■ 
A y a c X á  -2 ?

7 S U

No. of 

Castings.

W eight per 

Casting.
T o tal W eight.

//T IT O  \ / £

r  I -

lbs.

f / s

’r^ S 7 / o e  A *  J é x / u x é  X é  

y C r  o »  K * é — « /

Cost por each

No. of Cores p e r  C asting :- 

•No. o f Boxes p e r  d ay  : - ^ ^ * ^  * 

. ̂ L a y o u t  No.

Actual W eight lbs. 1 ozs.

Casting 

S e t o f Cores

Actual Piece Rates per 100

Total Estimated Cost at Works / ¿ 3  é  8

T otal Cost o f P a tte rn s L abour %  
/T /tU A »  .

Ł
/ 2

/

/ O  . O

/ o  . o

/ * /  -  o  -

Fre igh t

P e r  each 

A nnealed  per each

Cost per cwt.

I  s. d.
/ 2  g

/  y

2 -  / 0 - 7 2

O per cw t. ■=>

to %

£ s. d.
/  - O 6 i -

t •  Y
/  -- J / ¿

--- d cL ll-?

y ^ / ’ i  per each  - J J é -

M oulders 

P ourers 

L abourers 

Cores . .  

G rinders 

F ile rs . .

S igned

J o b  No. Actual, 
s. d.

p I G  2.  T h r e e  P r e l i m i n a r y  E s t i m a t e s  s h o w i n g  A l t e r n a t i v e  M e t h o d s  o f  P r o d u c t i o n .

D ate . P rice Q uoted. R em arks. D elivery  Q uoted. .

F i g .  3 . — S p e c i m e n  o p  E s t i m a t e  S h e e t .
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U 4 0 7  A  S o ? íe  " X rrcZ cA em X  
A r¿xS- ¿? < 3 /o z c e c J
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/(¿ * A  é x f *  /(¿ 2 ¿ to c » m < 3 .
/(Ć 20O Ć  S o fÁ o  y / z r  o z c /c A

¥  /¿ S ć ł /Z  c m . x f /á m o C  c m  d c A y z
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M íttS - c c z tc X a ?  / r r te r te ć * '  y / z te z A - ó r r y  807 9  M cocX a.

S /c A T T tf  y /T ie n c /c X  / e m e  X e e X c  c m X y )  

f y X o e y iy r t  A  ¿ A o e z y  s z r r e z e r /c m x .

l i l i  ^ I f í
~ J S .  * ü !  : 3 I

\ u  i  *  i \ \ ú  '

I B I S

■ I T  H í i  T ' H i  l l i l  - s 
I  !  M i

E i g .

. <

5 . — S p e c i m e n  A n a l y s i s  S h e e t ,  s h o w i n g  M e t h o d  o p  T a b u l a t i n g  T i m e  S t u d y .

QUALCAST LTD., DERBY 
Lay O u t w 6  XàS  INSTRUCTION c a rd .
7 . o r s « « e , I > e ^ ,  H A S * *  C & m  e t ^ b t .

C m  j s t f iu u  C a tq * . O x *  y c  je /U i*

b u te r  i
//A X 'S  Q P eX fcnoiys o /y ty  
&££ S //z e r  2  c o *  s o / ' s

J o b  H9

<& rte A / '  fc tX A A t 
c X fy o  / f c y  j  /& e X c * ty . O n e  / / '  A r tS  ¿¡cfao
oXe/o Qm<Xc ofaA cto . 6»to /if-' A+%/- ccùu
c S o C  /u c X )  X fcC /crtcS . /—& T ? d A /a t/z to .

'  * X ? 0 2 ? ii4  ~ /c z m  &C/Zs a A X ,A

2 -
3 .
4. 
£  
6 .
7
8 
9  
to  
/ /  
n .  

/3  
/ 4

/£ .
t6 .
17
/? .

• 9
20
2 t
2 2

23
2 4
25 
26 . 
1 7  
28  
29 
Jo.
&32
J3.
3 4
3$
3 b

DESCRIPTION
Z 6 9 9 4

o f x e /c Z é â r y  a n  <XZćcX> & k * « a C  

-sZ zc J tf aX /ćzoA Ć rec< f a

2 5 - X  /g 'X  6 ' x  6 ’, ¿ a te
• ¿ ¿ y c e /A c c C  S .B  f O € 3 .

p iE c q
w o r k !

efctsotA 6 - 4" tef/ítéyj cat otoccy / "one to* cezeX / W )  

S cc¿  6  AbCłżyd 
rXecA' ćtoay' ̂ zAtonatC
fyXaXc eme tJXcx/cy/ïcA cS/tzo/stezatot o** ctoccy 
°X¿¿¿ 3  0A(X/¿4y4z¿ f/S /ízoA faateX  zm  otoczy 
Xaayz siouatec tfiecCeí t4tzzy ccotozo c/Xcn/cA xdcA¿Af. 
X/fcc/r xCdTC /z )  f  ¿ztoczy /&ac 
aXÍ¿/ A  kJAc7/c¿84cA y /  y/f/ízcAcezazct cat otocy
A c y r t  /to z c a r c x  ¿5/<X có 9* o X e ~"--------  y  "
(¿)úAAf / á  /Tefe a/rczcXaztc 
•&7l¿/OtA 6 - 4  ' S ł/fa żyj C7t A efí /cvec cát octcX A<rX 0  
x/tc¿/? 6  sJ/íccyJ 
r/lcć/z Xc¿c AzzAtomtd.
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A gain, one m ight assume th a t  two men w ith 

two power machines would give vastly improved 
production  over e ither of the  o ther two methods. 
One can certa in ly  ge t n ine more moulds per day, 
b u t a t  w hat a cost? The piecework price is 
high, on account of being based on high day
work ra tes, the  machine ra tes per hour would 
also be high, and the  u ltim ate  price of th e  cast
ings would probably be ou t of p roportion  to  th e ir  
value, a t  any ra te  too high to  give a chance of 
g e ttin g  an order for them .

H aving  obtained the  foundry  m anager’s sig
n a tu re  for acceptance of the  layout of th e  job, 
the inquiry , draw ing, estim ate  sheet and layout 
sheet go to  the  tim e and m otion study  d ep a rt
m ent, where the  labour costs for all operations 
except p a tte rnm ak ing  are  calculated and p u t on 
th e  estim ate sheet.

In  th is departm en t a survey of the job is made 
and the  operations considered necessary for doing 
the  work are  tabu la ted . D oubt sometimes arises, 
of course, as to  w hether some specific operation 
is necessary, and in  such a case queries are  sent 
or s ta ted  to  the  foundry  m anager, who decides 
w hether or n o t he wishes to  include the pa rticu la r 
operation  in question. F o r instance, the  man 
who is estim ating  may be uncerta in  as to  w hether 
a mould should be vented or not, or w hether 
a sprue should be cu t or ram m ed u p ; these are 
only m inor points probably, b u t if not cleared 
up and  settled , they  leave doubts as to  pro
cedure if  the  order comes along a t  a la te r  date. 
H aving  decided on th e  necessary operations, 
times are allocated to  each one from  the  tim e 
and motion study records. S tandard  tim es may 
not be available for every operation, b u t 
usually, even on non-standard  operations, some 
com parable records for sim ilar work can be 
tu rn ed  up. The job is then  investigated  to  see 
w hat labour is most economical, i .e . ,  a m an only, 
a m an and boy, or a m an and two boys, and 
so on, th e  decision being influenced to  a large 
ex ten t by the num ber of, and ra tes for, skilled 
and unskilled operations on th e  job. W hen



th is has been done th e  ac tua l tim e per mould 
is obtained, and  th e  costs p er casting  or per 
100 castings are  calculated and  recorded on the  
estim ate  sheet.

The chief chem ist gives in fo rm ation  regard ing  
the  m etal to be used.

The patternshop  a t  th is  stage do  th e ir  esti
m ating , and  i t  will be realised  th a t  as th e  m ethod 
of p roduction  is definitely la id  down on th e  lay
o u t sheet, th e  pa tte rn shop  know exactly  how the  
p a tte rn  p lan t is to  be p repared . Thus variables 
in th is  d irection  are  e lim inated .

Passing from  th e  pa tte rn shop  to  th e  costs 
departm en t, where th e  overheads, fre igh ts , etc., 
are  given, the  inquiry  finally is re tu rn ed  to  th e  
sales d ep a rtm en t w ith  th e  complete estim ate . 
All th is  sounds as though  th e  e s tim ating  will 
tak e  an  alarm ing  leng th  of tim e, and  th e  chance 
of g e ttin g  an  o rder is lost before th e  quo ta tion  
is ready , b u t such is not the  case, fo r w ith  very 
few exceptions th e  quotations a re  posted w ith in  
scheduled tim e.

F ig . 3 shows an estim ate sheet specimen, which 
is alm ost self-explanatory . Spaces a re  provided 
for ac tua l p roduction  figures to  be in serted  im m e
diately  the  piecework ra te s  a re  fixed, th u s  giving 
the sales office com parative figures w hilst the  
job is in  production.

This is a hu rried  survey of the  process of 
estim ating , and i t  will probably be agreed th a t  
variables are  alm ost e lim inated  because th e  
m ajo rity  of th e  labour figures placed on th e  
estim ate  sheet rep resen t s tan d a rd  tim e allowances 
for th e  operations. The fac t th a t  th e  labour 
costs a re  analysed to  such fine lim its as quoting  
the num ber of shovels fu ll of sand requ ired  per 
mould, and how m any seconds i t  will tak e  to  
handle th a t  sand, o ther operations being covered 
in th e  sam e m anner, assures th a t  variab les can
not easily find a  way in  a t  th e  estim a tin g  stage.

The only serious variab le  th a t  exists is the  
choice of th e  m ethod of m aking th e  job, b u t 
even in  th is, as a lready s ta ted , when doubts
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and differences of opinion do arise, t r ia l  esti
m ates are  tak en  ou t to  satisfy  all concerned 
th a t  the most economical and efficient method 
of m anu factu re  is adopted from  the  various 
suggestions under consideration.

Dealing  w i th  O r d e r s
Passing from  estim ating  to  the  receip t of an 

order, the  sales departm en t issue to  th e  works 
the  necessary order-sheets, each p a tte rn  being 
given a  separate  works order num ber, which is 
used th roughou t the  works and offices for book
ing and  costing purposes. The layout sheet 
which was filed when th e  estim ate was completed 
is now issued to  the  patternshop , and m ust be 
regarded as a d irect and definite indication  as 
to  procedure in the  p a tte rn -p lan t p repara tion  
and m oulding methods. The patternshop  in  due 
course issue the  p a tte rn  p lan t to  the  foundry.

W hen a new job is going in to  production, 
the inform ation  is passed on to  the foundry 
m anager and the  tim e and m otion study d ep a rt
m ent from  th e  p lanning or progress departm ent, 
who schedule the  work in  the  foundry  some days 
in advance. I t  is the  du ty  of the tim e and 
m otion study departm en t to advise the  foundry 
m anager (or one of his assistants) w hat labour 
is required  for the p a rticu la r job, and w hether 
the  layout calls for one m an only, one m an and 
one boy, two men, and so on. Thus the  foundry 
foremen, in conjunction w ith the  progress de
partm en t, can allocate th e ir  labour fo r any job, 
before the  ac tua l day on "which i t  goes in to  pro
duction. As soon as the job is in  work, an investi
g a to r from  th e  tim e and m otion study d ep a rt
m ent goes in to  the  shops to  make a  survey to  
ensure th a t  all tools, etc., which are known to 
be necessary, are  available, and easily accessible 
to  the  operators, in  order to  elim inate any w aste 
of tim e or energy on th e ir  p a r t  w hilst they are 
a t  work.

The investigato r then  discusses th e  various 
operations w ith th e  m anager or forem an and 
th e  operators, w ith  a view to  elim inating  un-
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necessary work, and tr ia ls  a re  carried  o u t to  
prove th a t ,  by the m ethods adopted , sa tisfac to ry  
moulds can he m ade from  th e  p a tte rn  p la n t in  
use. The investiga to r now m akes a m ore de
ta iled  m otion study  w hilst th e  work is going 
on, and allocates th e  less skilled operations to  
th e  a ss is ta n t opera to r (except, of course, in  
cases where one m an is m aking  com plete moulds) 
in  such a m anner as to  synchronise th e  move
m ents on cope and  d rag  p a rts .

This is n o t exactly  a  m a tte r  of t r ia l  and 
e rro r, as th e  d a ta  in  th e  files of th e  tim e  and 
m otion study  dep artm en t give sufficient in form a- 
tio n  to  control these allocations, b u t i t  is to  
th e  advan tage  of th e  operators and  th e  investi
g a to r to  prove th e  allocations, and  a d ju s t them  
w here advisable on every job, because w here 
two o r m ore operators a re  w orking together, 
they  m ust a tta in  a balance of m ovem ent which 
am ounts to  rhy thm  and  resu lts  in  100 per cent, 
efficiency

F rom  th e  tim e  th e  job is p u t in to  production  
u n til th is  stage is reached, th e  v ita l work of the  
investiga to r is ca rried  out, and  in  th e  m ajo rity  
of cases i t  occupies fa r  longer th a n  th e  ac tu a l 
tim e study. W hen th e  opera to rs have se ttled  
down and  a re  w orking sm oothly, th e  investi
g a to r proceeds w ith  th e  tim e  study.

T im e  S tu d y  in P ro g re s s

To im agine th a t  th e  inves tiga to r from  th e  
tim e and  m otion study  d ep artm en t has a  police
m an’s so rt of job is erroneous. This investiga to r 
has, by m eans of th e  m otion study , m ade an 
endeavour to  help th e  w orkm an to  m ake moulds 
off th e  p a tte rn  p lan t by a series of operations 
which should he carried  o u t w ith  rhy thm  and  th e  
m inim um  of expended energy. I t  is by tim e 
study  and  observation, d u ring  ac tua l production , 
th a t  proof can be obtained  as to  w hether o r no t 
th e  resu lts of th e  m otion study  a re  satisfac to ry . 
Of course, i t  is essen tial to  record th e  tim e  
taken , in  o rder to  fix piecework prices.
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F ig . 4 shows a  specimen of th e  observation 
sheets on which th e  investiga to r makes a  record 
of th e  tim e study . In  th is  case th e  study on a 
pa rticu la r mould commenced a t  23 m in. 21 sea , 
the  mould being completed a t  32 m in. 29 sec., 
and i t  will be seen th a t  th e  investiga to r has 
accounted for every second of the  tim e between 
these figures. Each operation  is clearly picked 
ou t and the  actua l tim e taken  to  com plete i t  is 
recorded. Even a t  th is  stage th e  operator may 
be doing some unnecessary work and w asting 
energy, and should be corrected.

F o r instance, the  p a tte rn  p la te  m ust be rapped 
w ith a  m allet on completion of the ram m ing and 
before th e  flask or box is lifted , in  order to facili
ta te  an easy draw  or lift. Years of experience 
and innum erable tim e studies have shown th a t  a 
certa in  type of p la te  requires 12 to 13 sec. to ta l 
tim e fo r th is operation , including picking up and 
p u ttin g  down the  m allet. I f  th a t  has been 
proved satisfactory , why waste energy by rapp ing  
the  p la te  for a longer period? The tim e study 
will resu lt in  guidance for the  operator in  th is 
and o ther directions.

F u rth e r  th a n  th is , the  investigato r will tako 
care th a t  there  is a convenient spot on which to 
pu t th e  m allet w ithout causing the  operator to 
reach over or bend down in  the  operation, or find 
i t  necessary to  m ake aw kward movements which 
tak e  the  rhy thm  o u t of th e  sequence of opera
tions. This is observation No. 4, and on opera
tion  No. 27 an abnorm al tim e is recorded. This 
point should he noted, as i t  will be referred  to 
in F ig . 5. The to ta l num ber of operations on 
th is mould is 37.

The actua l num ber of observations made for 
each tim e study  (i.e ., th e  to ta l num ber of 
moulds on which tim e  is taken) is a t  the  dis
cretion  of the  investigator, and depends to  a 
large ex ten t on th e  n a tu re  of the  job and on the  
com parable d a ta  in existence. F o r instance, the 
whole of the  operations on some moulds would be 
s tandard  for th e  p a rticu la r size of m oulding 
boxes in  use, and  in consequence the investigator

Specimen O bservat ion  Sheet
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would not find i t  necessary to extend his tim e 
study.

On the  o ther hand , there  are  new jobs on which 
the  operations are no t all s tandard , and the 
investiga to r m ust take  tim e studies over an ex
tended  period of production, in order to  arrive  
a t  a sa tisfactory  tim e for th e  non-standard  
operations. I t  will he understood th a t  some jobs 
call for more sand tuck ing  th a n  others, some 
need more facing sand, and so on,. Thus, the 
stan d ard  tim e  allowed fo r such operations will 
vary on different types of moulds, despite the 
fa c t th a t  the  same size of moulding boxes is 
used.

W hilst the tim e study is proceeding, the 
operators carry  on in  the  usual m anner of pro
duction, and the investiga to r notes incidental 
happenings, such as c ig a re tte  ligh ting , ta lk ing  
to  w orkm ates, or maybe th e  rem oval of pieces 
of m etal scrap from the  backing sand, etc., which 
cause varying tim es to  be recorded against 
ce rta in  operations in  succeeding observations.

Analysis S h e e t
Fig . 5 shows a, specimen analysis sheet, and 

indicates th e  method of tab u la tin g  the  tim e 
study figurés. On com pletion of th e  tim e study 
on a job, th e  figures are  copied ' on th is sheet 
from  th e  observation sheets, and  th e  actual 
tim e aga in s t each operation , on each succeed
ing m ould, is shown in  columns, w ith  a view to 
w orking o u t th e  average tim es taken.

In  th is case ten  m oulds have been made on 
which tim e study  was carried  out and are  shown 
as Nos. 1 to  10. As ind icated  in  F ig . 4, there  
a re  37 operations in  m aking up  each mould, and 
these are shown as Nos. 1 to  37. The investi
ga to r m akes a n  analysis of th e  figures and 
strikes o u t any abnorm al tim e, where obviously 
som ething has happened to  break th e  sequence 
of production. F o r instance, th e re  is the 
rap p in g  of th e  p a tte rn  p late, a s  already re 
m arked upon. I t  is ap p a ren t th a t  on the  first 
th ree  moulds th e  rapp ing  of the  p la te  (opera
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tions Nos. 21 an d  29) took 18 to  20 seconds, 
b u t a f te r  a  ta lk  on th e  m a tte r , a round  12 
seconds were proved to  be sa tisfac to ry . On 
mould 5, operation  18 was struck  ou t, a s  th e  
tim e tak en  was abnorm al, an d  on m ould 4, 
operation  27 was also stru ck  ou t.

P rov ided  all tim es were considered to  be 
norm al and  no s tr ik in g  o u t was necessary, th e  
average would be tak en  on all te n  moulds, b u t 
in cases where s tr ik in g  o u t has occurred, the  
average is tak en  on those figures which are  
left. In  th is  exam ple th e  average tim e  for 
operations 18, 21, 27 and 29 is ta k e n  on 9, 7, 
9 and 7 moulds .respectively, and fo r th e  rem ain 
ing 33 operations th e  average is ta k e n  on 10 
moulds.

The average tim es fo r each opera tion  would 
th en  be com pared w ith  ex is ting  d a ta , an d  
stan d ard  tim es allowed on  s ta n d a rd  operations, 
irrespective of th e  tim e  tak en  hy th e  operators 
during  th e  tim e study . On non-s tandard  opera
tions th e  average tim e shown on the  analysis 
sheet is .allowed.

I n  th e  exam ple given in  P ig . 5 th e re  a re  
four non-standard  operations on which non
stan d ard  tim es would be allowed, and  th ey  a re  
ind icated  by th e  num bers in  th e  left-hand  
column. Such non-standards are  logged, filed 
and indexed, and m ay eventually  become one 
of thousands of references which m ake up  
standards fo r c e r ta in  operations.

The essence of th is  inves tiga tion  and  tim e 
study is th e  de te rm ina tion  of how m any tim es 
in a  w orking day an opera to r can  rep ea t a 
ce rta in  process (for exam ple, m aking  moulds 
or cores, or th e  process of g rin d in g  castings, 
e tc .), providing he o r she has every  fac ility  
offered in respect of tools, equ ipm en t and 
m ateria ls, an d  th e  work is so organised  as to  
prevent unnecessary w aste of energy.

W hen th a t  de term ination  has been m ade, i t  
is regarded as th e  possible daily s tan d ard  of 
production, b u t i t  is apprecia ted  and  acknow 
ledged th a t  inciden tal delays, w hich in te rfe re



w ith continuous work, m ust be allowed for in 
th e  determ ination  of th e  accepted s tandard  ou t
pu t. Therefore, an  allowance of 10 per cent, 
is m ade off th e  possible standard , which gives 
the  piecework s tandard , on which th e  piece
work ra te s  are calculated. Thus, if the possible 
s tan d ard  is 100 per day, the  actual standard  
on which all calculations are based for piece
work prices and bonus would be 90 p e r day, 
and 90 per day or more is w hat is expected from 
the operator.

In s t ru c t io n  C a rd s
Piecework ra tes are  now worked out, and  the 

investigator makes o u t an in s tru c tio n  card, 
shown in F ig . 6. This is a  typical card  (or 
in th is case a dual card) covering one man and 
one boy w orking on two hand-press m oulding 
machines. As m uch detail as can be p u t into 
w riting  is shown on  these cards.

In  the  first place, the  tools to  be supplied to 
the operators are enum erated , and the type of 
moulding m achine, size of boxes, etc., a re  shown. 
D etails are  also given of the  piecework price, 
the  bonus to  be paid , to ta l tim e per box, possible 
standard , percentage allowances for even tuali
ties, and the daily piecework standards. The 
whole of th e  operations which were recorded 
during  th e  tim e study, and the  s tandard  tim e 
for each of those operations, a re  given, and in 
the righ t-hand  column is the  index num ber of 
the reference card  which gives the  s tandard  for 
th a t  p a rticu la r operation.

The operators may a t  any tim e ask to  see 
those reference cards; in fac t, th e  investigators 
are  always ready to tu rn  up references and con
firm any figures regard ing  tim e allowances, in 
order to satisfy  the  operators th a t  the piecework 
prices a re  based on facts, as they  are represented 
by figures in  the  files of the tim e and motion 
study departm ent.

A copy of the  in s truc tion  card  for any process 
on which they are  working is available for the 
operators, and  they  may have one in th e ir  pos-



session for guidance and in fo rm ation  w hilst they  
are  on th e  job to  which a p a rtic u la r  card  refers.

W hen rep ea t orders are  received, th e  sales 
d epartm en t usually  call for a re-estim ate of the  
job in  o rder to  check th e  price, and la te r  issue 
to  th e  works th e  order sheets g iv ing  all th e  de
ta ils  requ ired  fo r th e  in te rn a l booking in  the  
works and offices.

The p lann ing  dep artm en t give consideration  to  
delivery requirem ents, and in  due course th e  job 
is scheduled for p roduction . The foundry  m ana
ger and  tim e and  m otion study  d ep artm en t tak e  
note of th is , and  th e  la t te r  issue a copy of the  
in s tru c tio n  card  for th e  job to  th e  foundry  fo re
m an, whose d u ty  i t  is to  see th a t  th e  required  
tools, e tc ., a re  ready  fo r th e  opera to rs a t  the  
tim e the  p a tte rn  actually" goes in to  work. This 
in struction  card , by th e  way, would be the  
o rig inal one prepared  when the  job first w ent in to  
work, and  is m ade up  from  th e  o rig inal tim e 
study  figures.

The forem an m ust also sa tisfy  him self th a t  the  
operators und ers tan d  th e  whole of th e  operations 
as la id  down on th e  in s tru c tio n  card . As w ith  a 
new job, so w ith  a rep ea t order—th e  operators 
may a t  any  tim e re ta in  a copy of th e  in s tru c 
tion  card  for th e  work on which they  m ay be en 
gaged. Thus, th e  operators m ake a positive s ta r t  
on any job which comes in  as a rep ea t order, 
w hether they  had actually  worked on i t  or n o t 
when i t  had been in  work previously.

The variables which usually  creep in  a t  the  
s ta r t  of work on rep ea t orders a re  p ractically  
elim inated , as th e  in s tru c tio n  card  and  layou t 
sheets give in m inu te  de ta il all th a t  was done 
previously and leave no doubt as to  w hat labour, 
tools and m ateria ls are  requ ired , and  w ith  few 
exceptions production  re-commences where i t  was 
left off on the  previous order.

1922 In s t r u c t io n  C a r d

An example of ac tua l experience is shown in 
F ig . 7, which is a rep roduction  of an  o rig inal 
in struction  card  dated  Septem ber, 1922, which
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was issued to  the  foundry  a few weeks ago upon 
receip t of a rep ea t order. The au tho r had seen 
n e ith er th e  p a tte rn  p lan t, in s truc tion  card , nor 
draw ing, p rio r to  th e  job being scheduled for 
work, b u t w ith  a copy of th is  in s truc tion  card  as 
a guide, no difficulty in  s ta r tin g  up the  job was 
found, and  the  operator was able to  exceed s tan 
d a rd  production  on his first day ’s work, thus 
earn in g  a fa irly  high efficiency bonus.

Fixing of P i e c e w o rk  R a tes
T urning  now to  the  fixing of piecework prices 

and paym ent of wages, i t  m ust be borne in  mind 
th a t  the m anagem ent’s energies should be ex
pended on producing first-class castings a t 
com petitive prices. W hatever the  system of con
tro l, th a t  object will n o t be achieved unless the  
operators are  satisfied, and the  m ost appealing 
fac to r in  th is  direction  is to  offer every oppor
tu n ity  fo r them  to  earn  good wages.

Some workers are  satisfied w ith earn ings some
w hat in  keeping w ith  the  stan d ard  day ra te , 
and show no am bition  to  earn  more, and 
although th e ir  low production may no t reach 
such a po in t th a t  the  overhead charges on the 
u n it being produced are  no t covered, the m inor 
absorption of the  overheads by v irtue  of low 
o u tp u t will have an adverse effect on the  profit 
and loss account. On th e  o ther hand , there  are 
workers who will ge t the  maxim um  production 
and consequently absorb or over-absorb the esti
m ated overheads. Thus the  ideal system of 
paym ent is one which makes i t  necessary for the 
average workers to  m ain ta in  a certa in  o u tp u t 
or suffer a corresponding reduction in earnings, 
and a t  th e  same tim e increases the  opportun i
ties of th e  fas te r workers to  reap a full rew ard 
for th e ir  efforts.

A d ifferential system of paym ent was adopted 
m any years ago, and p u t in to  operation  for th is 
purpose. In  th is  system of paym ent the  opera
tors are  given piecework ra tes of so much per 
artic le  or so much per 100 articles, plus a per-
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eentage bonus of all earned  over a ce rta in  sum 
per hour.

F o r  exam ple, if an o p e ra to r’s basic ra te  is Is. 
per hour, the  basic piecework ra te  is based on 
th a t  figure plus 33y per c e n t . ; th u s  th e  basic 
piecework ra te  would be equal to  Is . 4d. per 
hour, and in such a  case an efficiency bonus of, 
say, 50 per cent, of all earn ings over app rox i
m ately  Is . per hour would be paid . I n  th e  fixing 
of th e  basic piecework ra te , every encouragem ent 
is given to  the  operators by th e  liberal in te r
p re ta tio n  of th e  usual tra d e  agreem ents which 
are  to  the  effect “ th a t  piecework prices should 
be fixed to allow operators of average ab ility  to 
ea rn  day ra te  plus 25 per c e n t.”

In  add ition  to  the  liberal in te rp re ta tio n  of th is 
by g iving a high piecework ra te , th e re  is the 
added incentive of th e  efficiency bonus, which is 
paid  on earn ings exceeding a sum approxim ately  
equal to  day work.

P iecew ork  E arnings
F ig . 8 illu stra tes w hat is m ean t by d ifferential 

paym ent of wages, and  shows by com parison the  
advan tage  derived when an  o pera to r m ain ta in s 
or exceeds s tan d a rd  ou tp u t. In  these exam ples 
94 castings rep resen t s tan d a rd  o u tp u t in  a  week 
of 47 hours, i .e .,  one casting  per half-hour. The 
piecework price is based on day ra te  of Is . per 
h o u r ; therefo re  th e  piecework price per casting  
is 8d., equal to  Is. 4d. per hour. F rom  th e  figures 
given i t  is seen th a t  an  opera to r w orking exactly 
to  s tan d a rd  earns a bonus of 7s. lOd. in  47 
hours, and the to ta l wages earned a re  equivalent 
to  9d. each for the  94 castings.

The second set of figures shows th e  resu lts of 
an operator w orking under s tan d a rd  to  the  
e x ten t of 10 castings per week. H e ea rn s a 
bonus of 4s. 6d. and  th e  price per casting  is 
down to  8.64d. for the  84 castings produced.

The th ird  exam ple shows an o p e ra to r’s e a rn 
ings on 104 castings, or 10 over s tan d a rd  in  th e  
week. In  th is  case the  bonus earned  is 11s. 2d., 
and the  price per casting  is lifted  up to  9.29d.
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each for 104 produced. Therefore, there  is every 
incentive for the operators to m ain ta in  or exceed 
stan d ard , because w ith each succeeding casting 
m ade there  is the  knowledge th a t  the price is 
increased on those already made during  the 
cu rren t working week.
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F i g . 8 . — E x a m p l e  o f  D i f f e r e n t i a l  P a y m e n t  
o f  W a g e s .

U n d e r ly in g  Princ ip les

There are no p rin ted  rules and regulations 
posted abou t the  works concerning the working 
of the  schem e; th e  necessity for th is  course to 
be adopted  has never occurred, as both sides 
work to  th e  sp irit of the  arrangem ent w ith 
a p p aren t satisfaction .

There is one un w ritten  law, howeyer, which is 
stric tly  adhered to  and observed to  the  le tte r. 
I t  is th a t , once a piecework price is fixed, i t



m ust rem ain  unaltered , unless th e  p a tte rn  p la n t 
is modified, o r an  a lte rn a tiv e  m ethod of p ro
duction  is adopted.

N a tu ra lly , th ere  a re  tim es when changes in  | 
th e  m ethod of ru n n in g  o r feeding, o r o ther 
a ltera tions, a re  considered advisable a f te r  a p a t
te rn  has gone in to  p roduction , and  in  such cases 
the foundry  m anager discusses th e  m a tte r  w ith  
the  tim e and m otion study  dep artm en t, who 
p repare  a  new estim ate  covering th e  suggested 
a lte ra tio n  to procedure. P rov id ing  th e  modi
fication does n o t increase th e  cost of produc
tion , all is well, and  the  people concerned are 
notified of th e  change; if th e  m odification in 
creases p roduction  cost, however, th e  foundry  
m anager m ust decide w hether the  contem plated  
im provem ent of the  castings, o r saving in  re 
jects, is sufficient to  ju s tify  th e  suggested m odi
fication to procedure.

I f  he considers i t  policy to  m ake the  a lte ra 
tion  despite th e  added cost, th e  necessary re 
tim ing  of th e  job  is ca rried  o u t by th e  investi
ga to rs from  th e  tim e and  m otion study  d e p a rt
m ent, th e  piecework prices a re  ad ju s ted , an d  all 
record cards are  am ended to  th e  new figures.

The stage has now been reached w here a  job 
is in  production, sa tisfac to ry  prices have been 
fixed, and  th e  investigato rs have checked every 
operation , second fo r second ag a in s t estim ate , 
to  prove th a t  ac tua l labour cost does n o t exceed 
the  estim ated  cost on each separa te  operation . 
If  i t  should happen th a t  there  is a discrepancy 
in  any one operation , th e  costs dep a rtm en t,
w ith all th e  facts la id  before them  by th e  tim e
and m otion study  d ep artm en t, p repare  a  cost 
per u n it , and the  foundry  m anager is advised 
as to  w hat ex ten t th e  production  cost is affected. 
A t the  same tim e i t  is th e  d u ty  of the  investi
ga to r, and in  th e  in terests  of th e  foundry  m ana
ger, to  investiga te  th e  circum stances and  re 
organise the  labour and the use of m ate ria ls  if
a t  all practicable, to  b ring  the  cost w ith in  esti
m ate figures. The positive n a tu re  of th e  figures



presented  by the  investigator leaves no doubt as 
to  w hether production  costs are  on th e  r ig h t 
side or  no t, and  also leaves no doubt th a t  the 
overheads on any p a rticu la r u n it will be ab
sorbed, provided the  stan d ard  o u tp u t is m ain
ta ined .

These are , in  the  au th o r’s opinion, the most 
im p o rtan t phases of the  system, because i t  is 
a t  th is  stage th a t  one w ants to  know how actual 
costs and estim ates compare.

To m ake any a ttem p t in  th e  space available 
to show reproductions of each type of reference 
or index cards in  use by th e  tim e and m otion 
study dep a rtm en t would be impossible. B u t it  
is desirable to  give sufficient evidence to  ju stify  
th e  s ta tem en t th a t  the investigators give posi
tive  figures when estim ating  or se tting  standard  
tim es for various operations in  the foundry.

1916 an d  1919 R e fe ren ce  C a rds
Fig . 9 is a reproduction  of four s tandard  re 

ference cards which have been in  constan t use 
since the respective dates shown upon th e m ; 
they are  rep resen ta tive  of thousands of such re 
ference cards in  the  files, which comprise th a t  
centralised  and perm anently-recorded knowledge 
to which reference was made earlier. T aking the 
oldest card reproduced on F ig . 9, i t  is shown th a t  
th is  s tan d ard  was established in 1916, and i t  is 
referred  to  to-day as the  recognised and  accepted 
s tan d ard  for th a t  p a rticu la r operation.

Looking a t  the  two lower cards, Nos. 137 and 
139, is i t  possible to  estim ate the  q u an tity  of 
sand th a t  has been handled in  th is foundry, or 
the  num ber of operators who have lifted  shovels 
for the  purpose of shovelling th a t  sand, during 
the period which has elapsed since October, 
1919? Obviously i t  is not, b u t i t  should be 
realised th a t  all the  wages for doing th a t  work 
have been paid  a t  the  ra te  of 6.6 seconds for 
one shovelful, and 2.5 seconds for each rem aining 
shovelful required  to fill each mould th a t  has 
been made.
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S an d  Shovelling  T im e s

I t  can also be taken  for g ran ted  th a t  a num ber 
of operators have doubted these standards, and 
have been re-tim ed  a t  th e ir  own request, b u t the 
s tandards set up in 1919 still s tand  as satisfac
to ry  to all concerned. F o r instance, in  F ig . 10 
is a reproduction  of a card  taken  from  th e  files 
a t  random , showing th e  s tandard  for filling a 
m oulding box w ith  16 shovelfuls of sand, on a 
job which was tim ed  in  1936. I t  shows a to ta l 
tim e of 44.1 seconds. This s tan d ard  was made 
up from  th e  cards 137 and 139 shown in  F ig . 9 ; 
th u s one shovelful a t  6.6 seconds and  15 a t  2.5 
seconds each give a to ta l of 44.1 seconds for the 
16 shovelfuls. This exam ple is typical of 
thousands of o thers which are  governing the 
estim ating  and production costs every day.

A tten tion  has principally  been d irected  to  the 
w orking of the  scheme in  the  moulding shops, 
simply because there  is n o t sufficient tim e to 
cover all th e  sections of the  foundry, and mould
ing is the  most im p o rtan t process. The estim at
ing  and control of costs for corem aking, knock - 
ing-out th e  castings, g rind ing  and  fe ttlin g , and 
the  p rep a ra tio n  of backing sand, are  carried  out 
by investigators on exactly  the  same principles, 
and rem arks regard ing  procedure in tim e and 
motion study of m oulding operations would apply 
to  th e  o ther processes. F igs. 11 to  13 will serve 
to  illu s tra te  th is point w ithout going in to  too 
m uch detail.

Jo b  C a rd s
Fig . 11 shows specimen job cards fo r th e  easy 

reference to  piecework prices and standards for 
any p a rticu la r process on any p a rticu la r p a tte rn . 
The job num ber as such on these cards is actually 
the  reference num ber of the  in struction  cards 
which would be m ade out and issued to  the 
works when the  job was in  work. T aking these 
cards in  ro ta tion , No. 12909 is the  reference 
card  to  the  m oulding of th e  job, and 12910 the 
pouring of th e  moulds, which in th is case would 
be done from  hand  ladles and not d irect from
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th e  crane ladle. Nos. 12911 and  12912 cover 
the  knocking-out of th e  moulds, ta k in g  th e  cast
ings and  scrap from  th e  casting  floor, and  
m ixing th e  backing sand ready  for use th e  n ex t 
day.

W here more th a n  one type  of core is re 
quired  per casting , corresponding reference cards 
(F ig . 12) are m ade o u t and  filed. In  th is  case 
four d ifferent types a re  used and  th e  in fo rm a
tion  regard ing  th e ir  p roduction  is fa irly  well 
covered by these cards. They show th a t  seven 
cores in all a re  requ ired  for each casting  off

Q U A L C A S T  L IM IT E D

Drawn Checked Approved

>  7  ^  bv ~ ~ ^

F i g . 10.— S t a n d a r d  T i m e  C a r d  f o r  O p e r a t i o n  o f  
F i l l i n g  M o u l d i n g  B o x .

P a tte rn  No. 5396B, w hat sand  m ix tu re  is to  be 
used, how m any d riers are  required , th e  piece
work prices, standards, etc.

An inciden tal benefit the  p lann ing  d ep a rtm en t 
m ay derive from  the  in fo rm ation  on these cards 
is ind icated  by reference to  C ard No. 12909 (F ig. 
11) which showed th a t  35.4 castings was the  
daily s tan d a rd  ou tp u t, and  on th e  corem aking 
cards i t  is shown th a t  th e  s tan d a rd  production  
of th e  body cores fo r th is  job is 218.6 per day, 
so th a t  one day ’s work on these cores will give 
sufficient body cores for 6 days’ m oulding o u t
pu t, b u t one day on cen tre  cores w ill n o t be 
quite  sufficient for 2 days’ m oulding, and  so on.



These and  o ther index reference cards obviously 
sim plify the  p lanning  of the  work.

S p ec im en  C a rd s  fo r  Dress ing
Typical job cards are  shown in  F ig . 13. I t  

will he noticed th a t  on these, as well as on those 
illu s tra tin g  th e  corem aking and m oulding, is the 
p a tte rn  num ber 5396B, w hilst F ig . 14 shows the 
m aste r index card . Should i t  he necessary to  
re-estim ate for, or seek reference to , the  m anu
fac tu re  of castings from  P a tte rn  No. 5396B, a 
glance a t  th is  card  shows th e  avenue to  the 
cards on which the  necessary in form ation will 
be found.

One of th e  incidentals to  the  scheme which 
is w orthy  of m ention, on account of its  im
portance in  its effect on production, is the  ex
perim ental work carried  o u t on all new jobs 
prio r to  the  pattern , p lan t being issued to  th e  
foundry . This experim ental section is con
tro lled  by the  forem an patte rnm aker, who 
supervises th e  m aking of tr ia l moulds and 
cores, th e  closing of such moulds, e tc ., in  OTder 
to  e lim in a te , such variables as core filing, bad 
lifts , m ism atch, etc. The moulders in  th is 
section, by th e  way, are skilled men.

W hen th e  tr ia l  casts a re  m ade, th e  re su ltan t 
castings a re  tak en  to  marking-off tables in  th e  
patternshop , and  when th e  samples are  n o t 
correct to  draw ing, o r are  flashed, or o ther
wise unsatisfac to ry , the p a tte rn  p lan t is 
rectified o r touched up  where necessary. Such 
tr ia ls  and  re -tria ls  are carried  ou t a t  th e  dis
cretion  of th e  forem an p a tte rnm aker, and  he 
does n o t issue th e  p lan t to  th e  foundry  u n til 
he knows i t  is satisfactory  in  all respects.

I t  will be appreciated  th a t  th is  procedure 
is a necessity, because the  object of m achine 
m oulding, a p a r t  from speed and  cheapness, is 
to  g e t perfec t moulds on th e  floor, if  such a re  
a t  all practicable. M uch money is spent on 
p a tte rn  p lan t in  order to  make th is  possible, 
and any  necessity fo r tooling on th e  moulds, 
o r core filing, o r rubbing , is considered bad
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practice. In  fact, th e  tim e  study  investigato rs 
have no au th o rity  fo r allowing tim e  on  such 
operations.

C onc lus ion
An endeavour has been m ade to  exp la in  the  

system  of control in  as b rief a m anner as

D ressing s? Job N o. G. / O S 9 ---------
m t ----

£ .    -

S ta n d a rd  I u « _  *f-OX'3  5 t =  R n m a r t» -------
Daily P.W. Standard- 6  S  '  i f

 Op—■9 / t*
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G rade____________ ^OpCTaior------------- ----------

Picc* Work K . . . __________ /¿ /9   Par ̂ C « x l  C asdnp

Works Bonus. 5 0 °y o f all earned over /O -* ----------P a  HouI-

caicuiÿsèà**4b-j£ /o-?7-
Approved by _

Dressing _ Job N o . / T / 0  9 0
    _

Standard Tune —Secs.

Daily P.W. Standard _  _ y /J l ■ ¿ A  

Grade_____________   Operaior

F i g .  13.— C a h d s  f o r  D r e s s i n g  O p e r a t i o n s  o n  
C a s t i n g s  f r o m  P a t t e r n  N o . 5396 B.

possible, w ithout in troducing  too  m any figures. 
The au tho r has tr ied  to  convey th e  co rrec t 
atm osphere created  in  the  foundry  an d  to  afford 
readers th e  o p po rtun ity  of fo rm ing  some idea, 
if only vaguely, of w hat i t  m eans to  w ork
people and staff where such a  system  is  em
ployed. There a re  m any ram ifications e ith e r 
directly  o r ind irec tly  connected w ith  th e
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system, m any of which would form  th e  hasis 
of long discussion, and i t  would be fa r  too big 
a  ta sk  to  a ttem p t to  cover all th e  im portan t 
fea tu res surrounding  the  application of the 
scheme. Therefore, qu ite  a  num ber of inci
den ta ls  to  the  system  have mot been mentioned, 
b u t by th is  omission i t  m ust not be deduced 
th a t  they  are u n im portan t. To do justice to  the 
costing system, fo r instance, one would resort to 
innum erable figures, to such an e x te n t th a t  no 
tim e would be le ft fo r a tten tio n  to o ther 
phases. An exp lana tion  of th e  in te rn a l working

Moulduf Pounng LABO RING DRESS1NC
CWing Mi«ing Grinding lmp-ct

aqoq /zq/o /zq// /&/* ZSbo!
ZSboZ
ZSêol
2ï6o4

£ /o tf t/oqo - /

F i g . 1 4 .— T h e  M a s t e r  I n d e x  C a r d  f o r  P a t t e r n  
No. 5396 B.

of th e  index  systems an d  in terchange rou tine 
betw een the  tim e and m otion study  and  costs 
departm en ts has been le ft o u t fo r th e  same 
reason.

To a  c e rta in  ex ten t i t  was n o t in tended  th a t 
such fea tu res  should come w ith in  th e  scope of 
th is P ap er, fo r as was indicated  in itia lly , the 
object was to  give some idea  of how th e  pro
duction of castings was affected by th e  applica
tion  of tim e and motion study  methods of 
control.

One hears a t tim es th a t  such schemes as the 
one u nder consideration remove the  encourage
m ent of, and the  necessity for, scientific tra in -
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ing, in itia tiv e  and personality  in  th e  foun ry. 
Such views a re  un tenable. The production  o 
castings in any m etal from  m oulds m ade on 
m achines, or by o ther rep e titio n  m ethods, calls 
for m uch common sense and  organ ising  ab ility  
on the  p a r t  of th e  executive staff in  th e  foundry , 
b u t th e  basis of th a t  production  m ust be sound 
and scientific knowledge of th e  sub ject, as 
a resu lt of technical tra in in g  and  prac tica l 
experience.

The evolution in  the  foundry  tra d e  which has 
led, th ro u g h  keen com petition  from  abroad  and 
in  o ther d irections, to  th e  necessity for so much 
m achine-m oulded production , has resu lted  in 
lim ited  o p p o rtun ities  fo r tra in in g  th e  m ajo rity  
of th e  boys who e n te r th e  foundries to  become 
skilled craftsm en .

T he only personal observation  called fo r is 
th a t  if one analysed th e  o p p o rtu n itie s  fo r tr a in 
ing boys in  tw o foundries w here th e  whole of 
th e  p roduction  was from  m oulding machines, 
one foundry  being controlled by tim e  and  m otion 
study  and  th e  o ther n o t so controlled, one 
would n o t find th e  la t te r  offering b e tte r  facili
ties  fo r tra in in g  th e  boys th a n  th e  form er. This 
is a  very controversial sub ject and  does n o t come 
w ith in  th e  scope of th e  P ap e r, and  i t  is hoped 
th a t  no one will tr y  to  draw  th e  a u th o r in to  a 
discussion on th is  m a tte r , n o r on th e  m erits 
of m achine m oulding by unskilled  o r semi
skilled opera to rs and  boys as a g a in s t th e  work 
being done by skilled labour. M achine m oulding 
and m echanisation  of foundries have come to 
stay, regardless of th e  system  of con tro l the  
foundries m ay adopt.

In  conclusion, th e  au th o r wishes to  express 
his sincere th an k s to  M r. V. Jobson, m anaging  
d irector, and M r. 0 . W . B igg, a ss is tan t m an
aging d irector, of Q ualcast, L im ited , fo r perm is
sion to  read  th is  P ap er, and  to  express his 
appreciation  to  those of his colleagues who 
assisted in  the  p rep ara tio n  of th e  P a p e r  and 
the necessary slides.



D IS C U SS IO N
The B r a n c h - P r e s i d e n t  (M r. J . B .  A llan), open

ing the  discussion, said th a t  the  system of which 
Mr. Pollard  had given a detailed  description 
appeared  very com plicated, h u t i t  was probable, 
when one knew more about it , th a t  i t  would 
prove much sim pler. H e was particu larly  in
terested  to  learn  th a t  the  system, or a large p a rt 
of it , had  been in  operation  for such a long tim e. 
H e though t th a t  was ra th e r  u n u su a l; i t  had 
s ta rted  from  th e  very basis, w ith th e  tim e i t  took 
to l i f t  a shovel and  p u t i t  back again , as long 
ago as 1916. P robably  th a t fac t had  much to 
do w ith the  success of the  Q ualcast concern. He 
asked w hat type  of people the  investigators were 
—w hether skilled m oulders or clerks. Obviously, 
as th e  figures they  produced were the  very basis, 
they m ust be very tru stw orthy  and reliable.

T h e  C ase  o f  t h e  Jo b b in g  F o u n d ry
M r . J .  R o x b u r g h  said th e  au th o r’s outline of 

the  system he had for tack ling  sales from  the 
estim ates to  the orders was very much on the 
lines th a t  others p ractised  in the  industry . M r. 
Po lla rd ’s ideas w ith regard  to  the se ttling  of 
prices and the  creation  of confidence between 
m anagem ent and men were very praisew orthy, as 
was the realisa tion  th a t  they were in  business to 
produce first-class castings a t an economic price. 
The figures and o ther inform ation disclosed 
apparen tly  d ea lt in  the  m ain w ith repetition  
work in  a mechanised p la n t ; na tu ra lly , under 
those conditions both scientific control and the 
ob tain ing  of s ta tistics were very much easier than  
in o ther types of foundries. Actually, they repre
sented the  ideal conditions under which one could 
obtain  those sta tistics. Probably the  members 
had all had experience of repetition  work, and 
from th a t  s tandpo in t investigations such as the 
one described were both necessary and useful. 
In  a jobbing foundry  craftsm anship was of the 
h ighest im portance, and in dealing w ith the 
hum an elem ent a trem endous difference was 
found in th e  speed of working of the  various

2 a
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th a t  i t  took 
a re a l effort 
an o th e r set 

n  such cases 
t i m S 'L d 't o  be based on th e  “  average m oulder,” 
and th a t  was difficult to  do a t  tim es, because 
the  men all asserted they  were average m oulders.

Y et even in  a jobbing foundry  th e  m anage
m en t w ent in to  each d e ta il as fa r  as was p rac 
ticable a t  th e  e s tim ating  stage, and  again  a t  th e  
stage of se ttin g  the  price. They estim ated  so 
m any hours for ram m ing, jo in tin g , ram m ing  th e  
top , finishing and  closing, and  th ey  based the  
piecework price accordingly. The ra te  fixer, for 
his own and  for th e  firm ’s benefit, n a tu ra lly  took 
as m any records as possible for reference, so th a t  
when an en tire ly  new job came along, he was 
able, from  his experience, records and references, 
to  m ake a fa irly  accu ra te  estim ate  of how long 
the  job would take .

E s t im a te s
W hen an inqu iry  was received, n a tu ra lly  i t  

first w ent th rough  th e  channels in  th e  office and 
then  was sen t to  the  foundry  m anager. P a r t i 
cularly  in  a jobbing foundry , w here i t  was pos
sible to  m ake a job fou r or five d ifferen t ways, i t  
was th e  d u ty  of the  foundry  m anager and  his 
staff to  devise th e  best and  cheapest way of doing 
th a t  job, and  th en  to  co-operate w ith  th e  p a tte rn -  
shop in  th e  m aking  of th e  tack le  an d  deciding 
on th e  m ethod which was to  be employed, so th a t  
when the  order came along, i t  was processed in  
th e  same m anner and  a  definite m ethod was de
vised for doing th e  job. In  ad d itio n , when th e  
job had been m ade, records were k e p t of th e  
method employed and  any  p a rticu la rs  which 
would be of use for th e  fu tu re . The n a tu re , sizes 
and  position of th e  run n ers  and  risers, th e  m ix
tu re  of th e  m etal, and  various opera tions on th e  
job were obviously recorded. F rom  th a t  s tan d 
poin t, a jobbing foundry  to  a c e rta in  e x te n t k ep t 
p articu la rs  of th e  various operations. W here 
mechanised p lan t was used in  a  jobbing foundry ,

o p e ra to rs ; he knew from  experience 
one set of men on a p a rticu la r job 
to  m ake tim e and  a q u a rte r , w hilst 

u r i- v t i lr l  m o l r o  f l n n h l p  tim e. J-



n a tu ra lly  they  were able to  ge t n eare r to  the ir 
figures where they used a moulding m achine 
of some sort, and in  th a t  way as many 
records were kep t as possible because, in  addi
tion to experience, they  had got those facts and 
figures before them  to  guide them  on any p a r t i
cu lar job which m ight come in.

M r . C. D. P o l l a r d  said i t  wtas probably sur
prising  to  people who had no t come in to  contact 
w ith the works to know the system had been 
working so long. I t  was s ta rte d  by six people 
more th a n  17 years ago, and to-day the  system 
was operated  by th e  righ t-hand  m an of the 
crea to r (M ajor Briggs) of the scheme, together 
w ith an  assistan t, a youth, and a typ ist. Since 
the  production of Q ualcast was of the order of 
65 tons of cupola m etal daily, and the  largest 
casting  would go in a box which two men could 
lift, i t  would be seen the system was no t over
loaded by staff. Those operating  th e  system were 
not skilled moulders, and they m ight no t know 
w hether a ce rta in  ru n n er would give a good 
casting , bu t they knew from th e ir  experience 
and references and knowledge th a t  so many 
p a tte rn s  in  a  box w ith certa in  types of runners 
would do the job. I t  was th e  foundry m anager’s 
job to  decide, b u t they gave the  lead in the 
direction  of th ink ing  ou t the  cheapest way of 
doing the job.

M r. R oxburgh had said i t  m ight be easier to 
work the scheme in  conjunction w ith repetition  
work. H e (the author) would say th a t  repetition  
work len t itself to  the system, b u t the  possi
bilities of such control extended into the realms 
of a fa r  w ider field, and i t  was for the  executive 
of a  foundry  e ither to re-organise or redesign 
the  foundry , knowing w hat i t  m eant to apply 
tim e and m otion study methods. H e had seen 
in  his short contac t w ith the  scheme the  possi
bilities of jobbing foundries controlling the 
sm aller and some of the medium-sized castings 
produced from th e ir  moulding machines fa r  more 
economically. I t  was obvious th a t  foundryinen 
in estim ating  got as much detail as they could,

2 a  2
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b u t th e  more positive figures they  secured fiom  
such a scheme where the  analysis of th e  opera
tions brought them  down to  operations which 
took two or th ree  seconds was very m uch m ore 
satisfacto ry  from  a price-controlling pointy of 
view, and coupling up production  costs aga in s t 
estim ate  when they  em braced so m uch deta il. I t  
d id give th e  foundry  m anager a  confident feel
ing w hilst he was in production.

O v e r h e a d  A d j u s t m e n t  F ig u re s
M e . T. R . W a lk e r  said he noticed th a t  the 

charts  of operations were m ost carefu lly  tim ed 
to  frac tions of seconds, b u t on th e  estim ates 
th ere  were some figures of bonus of 50 per cent, 
of som ething. W ere those com parable in  
accuracy w ith  th e  frac tions of seconds, and 
where did they  come from ? W as i t  th e  foundry 
m anager’s business to  fix these, o r w ere they  
from  th e  investiga to r or from  th e  costs office? 
H e presum ed some of them  re fe rred  to  over
heads. W ere they  sub ject to  a lte ra tio n s?

M e . P o lia e d  said he had  explained  th a t  all 
the  figures were fictitious, and  n a tu ra lly  when 
they were p u tt in g  rep resen ta tive  figures down 
for bonus and overheads th ey  p u t down round 
figures. The system  allowed th e  accoun tan t to 
tak e  out his costs weekly. The overheads, if the  
.accountant th o u g h t fit, did  fluc tua te  weekly. 
The foundry  m anager took th e  figures from  th e  
operation  sheet as given d u rin g  th e  day ’s work, 
so they  knew from  every  job w hether the  
stan d ard  was 100 per cent, o r 110 per cent. 
F rom  th e  records of daily  production  th e  
accoun tan t got ou t his figures of production , and 
the  necessary knowledge was ready  fo r him  as to 
w hether his overheads were being absorbed, over- 
absorbed, or under-absorbed, th u s  g iv ing  him  an 
oppo rtun ity  of ad ju s tin g  his overhead figures 
weekly. H e did not say th ey  were done weekly, 
bu t they  were certa in ly  done m onthly.

M e . W alker th o u g h t th a t if  th e  overheads 
were to vary week by week it  m ust be difficult 
fo g et out an ex a ct estim ate.
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Mb. P o l l a r d  pointed ou t th a t  he did no t say 

they varied  weekly, b u t “  if they  d id .”

N o  D i r e c t  In te r f e r e n c e

M r. H a r r i s o n  asked if the  investigator dealt 
d irectly  w ith  the  m an, in case of discrepancy, 
or th rough  th e  forem an.

M r . P o l l a r d  replied th a t  there  was always a 
trio . The foundry  m anager, the  investigator, 
and the operator were always in the  discussion. 
There was no such th ing  as an investigator going 
to  a m achine and in te rfe ring  w ith an operator 
w ithout th e  foundry m anager or one of his 
assistants being on the job. An operator could 
complain about any operation in s tandard  tim e or 
any th ing  in connection w ith piecework prices 
th rough  his forem an, and through the foreman 
the piecework investigator w ent on to  the job.

U n l im i te d  P ro d u c t io n

M r. F . S m i t h  said th a t  one card showed th a t 
the cost of m oulding was highest in the case of 
the m an who worked the quickest. The ex tra  
cost m ight be only a penny, b u t a penny on 
hundreds of castings m ounted up. Was not there 
a lim it to  the procedure whereby it  paid the 
firm to  le t a man make his work dearer because 
he m ade more?

M r . P o l l a r d  replied th a t  no lim its were p u t 
on anything. I t  would be realised th a t , w ith 
the very careful analysis th a t  was taken  during 
tim e study, the n e t tim e for all th e  operations 
in the aggregate  did give a fairly  accurate tim e 
th a t  i t  would tak e  to  make th e  mould. I t  
could fluctuate slightly, b u t the  system was such 
th a t  a m an could work continuously and earn  
proportionately , and everybody was satisfied. 
There was no lim it a t  a l l ; th e  more the men 
did, th e  more th e  firm were satisfied. The 
price per artic le  w ent up, b u t th a t  did not 
influence th e ir  cost, because they  had to  balance 
the piecework price and the  quan tity  made and 
the overheads, and they  balanced one another.
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M anua l  D e x t e r i t y  E l im in a t e d

M r . F .  W i l l i a m s  said th e  object of using 
piecework, as he saw it, was to  tak e  advan tage  
of the difference in  the  m anual d ex te r ity  of 
the  operators. I f  th e  tim e study  system  was 
properly and logically applied i t  seemed to  him 
th a t  m anual dex te rity  w ent by th e  board and 
there should be no need fo r a piecework system. 
I f  they  ever had need for a piecework system  
how fa r  did they  apply  s tan d a rd  costs as opposed 
to the  detailed  job? W ith  regard  to  bonus ea rn 
ings, the  cost of 104 castings produced by the  
m an who m ade most was 9.29d., w hilst th e  cost 
of 94 was 9d. each. How were th e  overheads 
applied in  th a t  case?

Mr . P o l l a r d  re ite ra ted  th a t  it  had no t been 
his in ten tion  to approach the  sub ject purely  as 
a costing system, and i t  would be folly fo r him  
to a ttem p t to de ta il how th e  overheads were 
d is tribu ted  and allocated day by day, b u t the  
knowledge of the  accountancy side of th e  system 
was equal to  the  knowledge of th e  app lica tion  of 
it in the  shops, and they had sufficient confidence 
in the  accoun tan t to  ad ju s t those figures in  order 
to satisfy  whoever was in control of th e  works. 
R egarding the m en’s dex terity , if they  tim ed  
all the  good men and then  p u t second-rate men 
on, and the  production  fell, they  would m eet 
the serious problem of the  overheads no t being 
absorbed. They had specialist jobs on which 
they had to p u t fa irly  skilled men. Once the  
jobs were tim ed w ith men of th a t  class they  
were not given to  second-rate men ; th ey  had 
to make good castings.

G r o u p  S y s te m
M r . R o x b u r g h  said his firm had  piecework for 

moulders and  corem akers. In  th e ir  system , if 
the  job was made by one m an so m uch quicker 
th an  by ano ther m an, they  go t th e  benefit of th a t  
and th e ir  overheads were based on th e  ac tu a l 
working hours. I f  one set of men m ade a job 
in  50 hours and ano ther set of men m ade i t  in  
75 hours, the overheads were based on th e  ac tua l
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hours tak en , and  th e  bonus earned  was added on. 
Therefore, i t  paid  the  firm for a m an to  make 
tim e and  a ha lf on a job ra th e r  th a n  tim e and a 
q u a rte r . I f  they  produced more, th e  firm were 
producing cheaper.

“  P a p e r  C o s t s  ”
Db. C. J .  D a d s w e l l  said th a t  if the  piecework 

price appeared  h igh, the  paper cost of th e  job 
would be more, because i t  was based on the  over
head charge which had  been established for a 
week, m onth, or six m onths. The actua l costs 
of jobs were n o t paper co sts; the paper costs were 
only to  get some idea. The actua l cost depended 
on the  num ber of th e  castings which were pro
duced in  an hour, or in  a week, as against the 
in d irec t charges of cap ita l cost of machines, the 
ind irec t charges of the m an’s sand handling, and 
so fo rth , which one did no t change in to  an over
head figure vary ing  from  week to  week. They in 
Sheffield were n o t mass producers of castings. 
They had  probably a ttem p ted  in  a very prim i
tive  m anner some sort of tim e studies, b u t the}' 
had not been fam iliar w ith the  systems or pro
cesses by which they  had been applied in  real 
quan tity -production  foundries such as the  one 
w ith which M r. P o llard  was connected. He 
though t they  had all le a rn t som ething in  th a t  
respect, and  th a t  was th e  m anner in  which i t  
could be simply applied w ith a small staff. I f  i t  
was applied a t  places where there  was a bigger 
varie ty  of work, i t  would be necessary to  have a 
much la rg er staff. In  jobbing foundries where 
they  had litt le  b its of production going on to 
some ex ten t, he did no t see why a system like 
the one described could not be applied. I t  m ight 
no t be w orth  the  cost of p u ttin g  i t  in  qu ite  the 
de ta il th a t  was shown, b u t even if  one tim ed the 
la rger groups of operation , one would obtain  some 
sort of economy and g rea te r efficiency. He 
noticed one or two smiles a t  th e  m ention of 
shovelling. H e though t th a t  the  tim ing  of 
shovelling was one of the  very first th ings th a t  
was applied, which really was the fore-runner.
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Mr. Tabor in  A m erica was the first m an to  study 
the  tim e of shovelling, and  also th e  size of th e  
shovel which gave the  m ost efficient shovelling. 
The D erby foundry  had  app aren tly  s ta r te d  from  
the basis and  worked upw ards, because shovelling 
in  the  foundry  was, perhaps, one of th e  most 
common m anual operations.

M b . P o l l a r d  said he was pleased to  h ea r those 
rem arks, because when one began to  p repare  a 
P ap e r such as he had  done, one could only hope 
it  would lead somebody in to  a  new line of 
th o u g h t or help him  to  develop some ideas he 
m igh t have. As m ost of them  knew, he had 
sp en t m uch tim e in  Sheffield and  probably w ith 
m any people saw the  difficulties of applying such 
a  scheme, bu t i t  was astound ing  when one was in 
con tac t w ith  i t  how easy one could find help 
w hilst he was doing h is job in  th e  shop. W ith  
regard  to  shovelling, he had ¡picked o u t some
th in g  which was easy to  speak about. There 
m igh t be 200,000 reference cards, and  about 17 
years ago there  were 70,000, he though t. They 
were so easily indexed and  filed and  logged th a t  
they  could have all th e  in form ation  they  w anted 
alm ost instan taneously . T h a t m igh t sound a 
li t t le  exaggerated , b u t i t  was a  fac t, and  i t  was 
because people had  s ta r te d  a t  th e  bottom  and 
developed th e  scheme step by step.

P a t t e r n s h o p  O r g a n i s a t io n
M b. G. O f f i l e r  asked if  th e  card  index 

system  was in  vogue in  th e  p a tte rn shop  to  any 
ex ten t. W as th e re  a n  inves tiga to r in  the  
pa tte rn shop  and , if so, w hat ty p e  of m an  was he?

M b. P o l l a r d  replied  th a t  th e  p a tte rn sh o p  was 
never tim e-stud ied  a t  all. The in s tru c tio n s were 
so definite on th e  lay-ou t sheet. The p a tte rn 
m aker knew exactly  w hat to  do, an d  th e  question 
of tim ing  him  was never en te red  in to  a t  all.

P e r fe c t  P a t t e r n s
M r. W h a r t o n  asked if the  system  could be 

re la ted  to  th e  firm th a t  worked only to  the  
finest p a tte rn s  i t  was possible to  m ake. M r



P o lla rd  had  said  i t  could be extended to  job
bing foundries. D id  he see th e  possibility of 
w orking w ith  any so rt of p a tte rn  o r p a tte rn s  
which were n o t qu ite  as good as he worked w ith 
him self?

M e. P olt-abb  said  th e  ob ject of m achine mould
ing, a p a r t from  speed and  cheapness, was to  get 
perfect moulds. I f  an  operator had  a  p a tte rn  
p la n t which caused him difficulty he could refuse 
to  m ake ano ther mould. I t  would be realised, 
therefo re , t ha t  th ey  did p u t good p a tte rn  p lan t 
in . I f  th ey  se t a s tan d a rd  of so m any a  day, it  
was set on th e  assum ption th a t  th e  m an could get 
on w ith  th e  job. I f  th e  opera to r h ad  any cause 
to  com plain abou t h is p a tte rn  p la n t he definitely 
was en titled  to  refuse to  work, and  th e  m anager 
decided w hether i t  was justified.

A M ew bes asked if  there  was any allowance 
on th e  estim ated  tim e fo r bad castings. A t the 
conclusion of th e  day 's  work, who had to  decide 
who was a t  fa u l t  fo r bad castings ? W as th e  m an 
paid for bad castings, and had  he to  replace them  
a t  th e  orig inal ra te ?

Mb . P oixabd said th e re  was always an  estim ate 
fo r custom ers’ re je c ts ; i t  was always definitely 
p u t on th e  estim ate  sheets. The shop w aste was 
also estim ated  by everybody concerned. N a tu r
ally, th e  foundry  m anager was th e  m an who had 
th e  responsibility  and  au tho rity  for p u ttin g  those 
figures, b u t those two item s, th e ir  own scrap and 
custom ers’ re jec ts , were always tak en  care of in 
estim ating . As th e  castings were knocked out 
thev  w en t th rough  to  th e  fe ttlin g  shop, and  the  
doubtful castings were picked ou t fo r inspection 
bv th e  foundry  m anager. I t  was definitely his 
d u ty  to  say which castings were to  be pa id  for 
and  which were not.

A c cu ra c y  o f  E s t im a te s
M r. F . W h i t e h o u s e  said he was in te rested  in 

scientific p roduction . H e had  not qu ite  got the 
point of the  motion study, w hether i t  m eant th a t  
th e  production  was scientific or w hether i t  was 
a scientific m eans of g e ttin g  more o u t of a m an.
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W ere thev  increasing the  skill of a m an by c u t
tin g  out unnecessary operations, or were they  
hu rry ing  him along in th e  operations he d id?  
Could Mr. Po llard  ind ica te  to  w hat degree of 
accuracy th e  estim ating  was done? Could th e  
estim ating  dep artm en t give a very close figure to  
ac tua l costs, even in  the  estim ating  stage , or 
were they  ra th e r  like foundry  m anagers who said, 
“  W e ra th e r  th in k  th e re  will be 80 boxes p ro 
duced to-day, b u t we will reckon on 70 ” ? To 
how fine a degree of accuracy could th e  e stim at
in g  departm en t w ork?

Mr . P o lla r d  recalled th a t  he had  said, “  I t  
m ust be the  du ty  of th e  tim e  and  m otion study  
men to  feed the  foundry  m anager and  his assis
ta n ts  w ith all th e  available in fo rm ation  reg a rd 
ing the cheapest- m ethod of doing any job or 
operation, b u t a t  th e  comm encement, i.e ., a t  th e  
estim ating  stage, th is  fac to r m ust no t be allowed 
to  jeopardise th e  production  of good castings.”  
The tim e and m otion study  m an, because of th e  
inform ation  he had tab u la ted  and recorded, could 
say th a t  so m any p a tte rn s  would go in  a ce rta in  
sized box, w ith  a ce rta in  sized ru n n e r , etc. I f  
th e  foundry  m anager objected to  th e  figures, th en  
th e  tim e and m otion study m an said, “  The nex t 
cheapest is so and so.” None of th e  fac to rs  of 
tim e study m ust in te rfe re  w ith or jeopard ise  the  
production of good castings.

Mr . W h iteh otjse  asked in w hat w ay was the  
firm tra in in g  better men by th e  tim e and m otion  
study m ethod than  were being tra in ed  else
where.

M r . P o lla r d  replied  th a t  scientific p roduction  
was always tak en  care of by th e  foundry  m ana
ger. I t  was his responsibility  to  m ake castings, 
w hatever h in ts  he m igh t g e t from  th e  tim e  and 
m otion study people. H e had  always to  keep in  
m ind th a t  he had  to  produce good castings. 
Scientific production  hand  in  hand  w ith th e  scien
tific investigato r made i t  easy fo r th e  m an to  do 
the job for which he was employed. The investi
g a to r was no t there  to  h u rry  the  m en ; if  a m an



was m aking a mould, he carried  on in  a norm al 
way. The investiga to r’s work was to stand  on the 
job and investigate  those th ings which he thought 
were preven ting  quick production, b u t no t to 
in te rfe re  w ith  a m an ’s speed of work. H e was 
there  to  offer facilities by the  removal of u n 
necessary work and offer facilities for easy move
m ent.

M r. P o llard , continuing, said he could not 
il lu s tra te  th e  question of accuracy of estim ating 
b e tte r  th an  by re fe rring  to  the  fine analysis to 
which estim ating  was taken . In  beginning an 
estim ate , the  investigators made a survey and 
p u t down the  sequence of operations which they 
knew from  th e ir  records should be necessary for 
m aking up th a t  type  of mould. The foundry 
m anager w ent th rough  the  operations, and if he 
th o u g h t th e re  were any missing or any redun
d an t, he added or took away, which m eant th a t  
the  estim ating , by v irtu e  of such fine analysis, 
was as fine as i t  could be. T hat analysis of the 
estim ating  was p u t down on the observation sheet 
and was tran sfe rred  to the in s truction  card, 
which w ent in  when the  job w ent in to  work, and 
the  m an ’s and th e  in ves tiga to r’s work gave on the 
in struction  card  operation  for operation as i t  was 
la id  down in  estim ating . Thus they  got a 
parallel between production and estim ating.

M b . B .  G h a t  said he th o u g h t th e  la s t question 
could be answered by the  case of the  rap id  p ro 
duction of m achine tools. P rom  a  study of the 
quick w orker and  th e  slow worker i t  was found 
th a t  the  loss of tim e by the slow w orker was 
alm ost en tire ly  due to  inefficient and w asteful 
actions. I t  could be tru ly  said th a t  the  scien
tific m ethod could im prove an indifferent worker. 
They could see him  m ake all sorts of actions 
which d issipated  his s treng th  and slowed him 
up. M r. G ray observed how refreshing i t  was 
to hear a detailed  description of a foundry which 
was being ru n  on those lines. I t  was quite 
evident th a t  Q ualcast had som ething to  teach 
all of them  on th e  subject. H e could n o t help 
asking the  question w hether M ajor Briggs



stud ied  policy very ingeniously when he used 
a 14-in. shovel in stead  of a 1 2 -in. shovel, which 
was bound to increase o u tp u t by 2 0  per cent.

M r . P o lla r d  said he was a fra id  he was one of 
the neophytes a t  Q ualcast, b u t no doub t the  
commencement of th e  scheme was based on such 
study. The shovels a t  Q ualcast were of s tan d a rd  
size, except when they  came to  cupolas, when 
they  could have w hat size they  liked.

M r . W hitehouse asked w hether Q ualcast tr ied  
to  govern where a m an should move h is shovel, 
the  place where i t  stood, and  th e  exac t he igh t of 
the  box he was filling.

M r . P o lla r d  replied  th a t  th a t  was p a r t  of 
the o rganisation  ; i t  definitely was th e  basis of 
the  scheme. I f  they  did n o t standard ise  and 
pay very carefu l a tte n tio n  to  such deta ils i t  was 
useless keeping an  investiga to r.

Sand Standardisation

M r . T. R . W a lk e r  said th a t ,  if everything 
was standard ised  in  a standard ised  foundry , he 
presum ed th e  sand was standard ised . D id  the 
au th o r have reg u la r exam inations of th e  sand 
to ensure i t  was th e  same alw ays? H e would 
have to  s tandard ise  th e  core com pound and  the 
core sand to  give th e  sam e degree of work
ab ility , and  every th ing  correspondingly.

M r . P o lla r d  replied  th a t  sand control was 
carefully  handled , b u t no t to  th e  sam e ex ten t 
as in some foundries. The fac ing  sand was very 
carefully  handled  and  m ixed, and  so was the  
core compound. R eg ard in g  th e  backing sand, 
the  n ig h t men who did th e  knocking o u t of 
the castings were paid  approx im ate ly  so much 
per cubic foot of sand. They had so m any moulds 
of a ce rta in  size from  a m achine and  they  knew 
w ith in  very fine lim its th a t  the  same q u an tity  
of sand would come off th a t  m achine every day. 
The m oistening was n o t done in a scientific way, 
b u t i t  was controlled by the  q u a n tity  of w ater 
added to  so much sand per n igh t.
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Replacement Problems
M r . J . C. J ones asked if  the system tended 

to  segregate workmen in to  first-class skilled 
operators. W hen th e  supply of first-class skilled 
men ran  out, would the  second class of operators 
en te r, o r would they  have to  ad ju s t the ir 
standards to  th e  second-class scale?

Mr . P ollard said i t  would be realised th a t  
when they  had upw ards of 2 0 0  machines work
ing every day they had quite  a num ber of first- 
class m achine moulders. They were skilled in 
th e ir  own pa rticu la r sphere. There was no 
difficulty in replacing one or half a dozen men 
w ith such a num ber of machines. I f  they  had 
only 30 machines, then  the  problem m ight 
present itself.

Advantages Summarised
M r . J .  B. Allan said i t  was perfectly certa in  

th a t  even in  a purely jobbing foundry the 
regu lar and scientific collection of d a ta  and the 
proper analysis of th a t  da ta  m ust, in the  end, 
assist very much in  the efficient running  of a 
foundry. G enerally, he was ra th e r  afra id , there  
was a tendency fo r those in  the jobbing shop to 
take  th e  view th a t  the  collection of d a ta  was 
unnecessary, and th a t  they could not make use 
of i t  if they  had it. H e did no t th ink  th a t  was 
tru e  a t all, because over a period of months or 
years they  were certa in  to  come across jobs which 
had m any points of sim ilarity , and the  points 
of one they  could apply to  some ex ten t to 
another. Probably M r. P o lla rd ’s P aper had  made 
them  th ink of the  possibility of applying some
th ing  even in  a very small way to  runn ing  a 
particu la r job, and he was p re tty  sure i t  could 
be applied to alm ost any. One very happy 
result of the arrangem ent, certain ly  to Mr. 
Pollard , m ust be the  availability  of costs in  a 
day. I f  they  could g e t th e  costs of work of the 
previous day on the  following m orning they 
could make very good use of them . M r. W hite- 
house had asked some very in teresting  questions, 
he though t. Surely if they  w anted to  get the
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best ou t of the m en they  w anted  to m ake i t  as 
easy as possible fo r them  to  do th e ir  work, and 
the shovel business was the  best way to  do it. 
For any skilled m an, w hether he was skilled in 
the  term  th a t  was generally  used or a skilled 
m an such as applied to  M r. P o lla rd ’s establish
m ent, the  less shovelling he had to  do, and  the 
less stooping and tu rn in g  round  he had  to  do, 
obviously were going to  im prove o u tp u t and 
production. C ertain ly , carefu l th o u g h t and 
m otion study, because th a t  was w hat i t  was, 
m ust help enormously.

Vote of Thanks
M e. R o x b u r g h  said i t  gave him g re a t pleasure 

to  propose a h earty  vote of th an k s  to  M r. 
Pollard for g iving them  such an  in te res tin g  
lecture and one which had  given rise  to  one of 
the most in te restin g  discussions they  had  had  a t  
th a t  B ranch. H e thought, too, th a t  th e  a tte n d 
ance was splendid, and i t  was a  tr ib u te  to  M r. 
Pollard , and he was sure none of them  had  been 
d isappointed. H e had  had experience of re p e ti
tion  and sem i-repetition  work, and  in  th e  job
bing foundry they m ade a p o in t of collecting 
d a ta  and keeping as m any records as possible. 
B ut, as M r. Pollard  had adm itted , th e ir  es ti
m ates were very accurate  indeed and  they 
accorded with the  tim e taken . W hen they  came 
to a  jobbing foundry, com peting on th e  open 
m arket, he was a  good m an who could g e t w ith in  
a few hours of his estim ating . W hen they  m an u 
factured  jobs tak in g  2 ,0 0 0  hrs. he was a  very 
good m an, despite all th e  records he had , if he 
could g e t to a  degree of accuracy com m ensurate 
w ith w hat Mr. P o llard  had  shown them . B u t 
w ith experience and th e  collection of d a ta  they 
were gradually  im proving in  the  jobbing foundry .

M r. W harton seconded the vote  of than ks, 
which was carried.

Mr . P ollard, in  acknow ledgm ent, said th a t  
if his address had given them  p leasure and 
created  any thoughts of g iving a tte n tio n  to  some 
of th e ir costs, he was very well recom pensed.
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USE OF PLYW O O D FOR PATTERNM AKING P a p e r  N o  652

By Lieut.-Col. W . J. GROSE (Member)

I t  would be difficult to  find a m ateria l more 
useful for pa tte rnm ak ing  purposes th an  plywood, 
ye t how seldom i t  is used in  th e  patternshop. 
U nfo rtunate ly , th e re  are  still m any sound prac
tical pa tternm akers and m oulders who are  p re ju 
diced ag a in s t the use of plywood.

The objections raised  a re  u su a lly :— (a) 
P a tte rn s  are  n o t strong enough for heavy ram 
m ing ; (b) invariably  the pa tte rn s draw  badly, 
and  (c) m oisture affects the  skin or surface of 
th e  p a tte rn . These difficulties may be overcome 
in  most cases by the  p a tte rnm aker w ith practical 
experience and  a will to  im prove the general con
struction  of his p a ttem s .

W ith  th is end in view, i t  is in tended in  th is 
P a p e r to  explain  a few of th e  principal methods 
which can be applied to patternm ak ing , using 
plywood. The P ap e r does n o t cover the  whole 
fieid of operations, b u t is a guide to those who 
have not m ade a study of it. Plywood is not 
suggested for use on all p a tte rn s , b u t only where 
an im provem ent in  tim e and  labour can be 
accomplished. Only tr ia l  and practical experi
ence can show the  g rea t advantages of plywood 
com pared to o ther m ateria ls, which is why a more 
sym pathetic  use of plywood is suggested for the

to’ fu tu re .
The chief factors to  be considered when design

ing and constructing  plywood pa tte rn s are the 
b, fo llow ing:— (1) The p a tte rn  m ust be entirely

sa tisfactory  from the foundry poin t of view ; (2 ) 
a( th e  saving of tim e on previous sim ilar pa tte rn s
,d made, and (3) saving in cost of m ateria l used
Bf compared to  o ther m aterials.



The following types of p a tte rn s  which have 
been made from plywood will give some idea of 
the ex ten t to which i t  can  be used : —

Jig s for se tting  m ultip le , irregu la r-shaped  p a t
te rn s on boards, fo r m oulding m ach ine; tem 
plates, small bend pipes, tees, etc., m ade w ith  
J-in. plywood p late  to  p rev en t w arp ing , th e  
bodies shaped w ith solid w ood; cen tre  p lates or 
arm s for spur wheels and  pulleys u p  to  3 
or 4  f t . in d ia m e te r; a  tap e red  colum n 18 to 
24 in. in  diam eter, 24 f t . long ; bushes, a ll sizes 
from 6  in. to  5 f t .  in d iam e te r; s tra ig h t or 
tapered  bushes, collapsible, w ith  corebox to  s u i t ;  
conical liner segm ents; cones; cylinder bodies, 
w ith circu lar w ater jacke t corebox m ade in sec
tions ; curved caps for gear boxes, large and 
small, w ith coreboxes to  su it, and valves and 
coreboxes.

A Tapered Bush Pattern
The following is the  m ethod of construction  of 

a tapered  bush p a tte rn  having a  la rge  d iam eter 
of 48 in ., a  small d iam eter of 36 in. by 24 in. 
long, the  method being sim ilar for e ith e r large 
or small s tra ig h t o r tapered  bushes. F ir s t,  th e  
rec tangu lar tapered  body is constructed , since i t  
is easily made rig id , thus g u a ran tee ing  th a t  th e  
top and bottom  rings a re  concentric. This box or 
body may be b u ilt u p  of |- in .  shelving, which is 
cheap, and w ith su itable l | - in .  batons placed 
inside a t the corners and centres. The size of the 
body across th e  corners is m ade to  th e  inside of 
the  ply shell, allowing flats wide enough to  tak e  
two rows of nails for the  b u t t  jo in tin g  of th e  ply
wood la te r  on.

The length  of the body is less th a n  th e  th ick 
ness of th e  tw o rings which are  screwed to  the  
top and bottom  of th e  body. These rings m ay be 
b u ilt of two thicknesses of f-in . segm ents, 4  or 
5 in. wide, screwed and glued. As th e  d istance 
between these rings is too g rea t, i t  is necessary 
to place bridges 4 o r 5 in. a p a r t  to  reinforce the 
plywood shell. The plywood can th en  be cu t
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to su it two or four sections of tho cone. To mark 
the  sheets of plywood, all th a t  is necessary is to 
roll the  skeleton p a tte rn  over the  sheet and m ark 
i t  w ith  a pencil, allowing J  in. top and bottom 
for finishing off a f te r  nailing .

I t  is very im p o rtan t to  nail radially , begin
n ing  a t  the  le ft edge and from  the centre work
ing equally to  th e  top and bottom . This over
comes any tendency to w arp the  plywood. If 
ex tra  layers are  required, rep ea t w ith overlap
ping jo in ts . W etting  the  faces of th e  plywood 
w ith ho t w ater before glueing is essential, the 
glue being applied ju s t ahead of the  nailing  to 
p reven t chilling. Assuming a g rinder has been 
used, th e  approxim ate tim e taken  to  make th is 
p a tte rn  is about 16 hrs., while th e  m ateria l cost 
is abou t £2 6 s.* An old-style lagged p a tte rn  
would have taken  about 48 h rs ., the m aterial 
costing about £5. Thus there  is a saving of 
32 hrs. and £2  14s. in  m aterial.

One H alf of a Cone Pulley
This is a somewhat different type from the 

previous p a tte rn . I t  is 2 3 | in. d iam eter to 
4 in. d iam eter, 4 |  in. deep, f  in. m etal with 
1 > in . m etal a t  the  top.

B ody  F o rm .—The p late  can be made of |  in. 
shelving. On th is are  screwed rad ially  twelve 
ribs, form ing th e  inside skeleton cone.

M a rk in g .■—The plywood is cu t in  one circular 
piece, less th e  gap, to  form th e  cone.

Glueing and  N a i l in g .—Place th e  3 mm. ply
wood on to  the  form, tak in g  p a rticu la r care th a t  
the  b u tt- jo in t is rad ial, th en  nailing  to  the  ribs 
and baseplate in  a sim ilar m anner as was de
scribed for th e  tapered  bush. The layers of ply
wood are  nailed  and  glued overlapping the  jo in ts, 
con tinu ing  u n til the  required  thickness is 
obtained. W hen dry, tr im  the large d iam eter to 
size w ith  th e  band saw, and finish off the  edge 
w ith  the  g rinder. To remove the  inside form, 
unscrew the  baseplate from the ribs, then  pull

* Sou th  A frican  cost3 are n o t n ecessarily  th e  sam e as those 
o b ta in in g  in  th e  T J . K . — E d i t o r .
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each rib  separately  off the  nails. The nails are  
removed from the  cone by cu ttin g  them  off flush 
w ith the  face, w ith  the  hacksaw , finishing by 
filing.

V arn ishing  and  W a x in g .—To p reven t the  edge 
of the  cone from  opening o u t th rough  m oisture 
in  th e  sand, lead r ive ts  m ade from  -¡% in. 
round  lead w ire a re  used. These riv e ts  are  
spaced w ith a p itch  of 3 in ., ^ in. from  the  
edge. The small end is now filled in  w ith  a 
piece of clear pine, nailed  or screwed, filling in 
the  corners w ith lea th e r fillets. W ax is well 
rubbed in to  the  edge w ith  a heated  tool and  then  
the  whole well varn ished  or “  ducoed.” Every 
p recau tion  should be tak en  to  p rev en t m oisture 
opening th e  layers of plywood, for once th is 
happens, very li tt le  can be done to  rep a ir  the 
dam age.

This yields a p a tte rn  th a t  is accura te , service
able, easily m ade and  inexpensive, and  should 
s tan d  up to  several hundreds of moulds being 
m ade from  it . The tim e i t  requ ired  was 9 f h rs ., 
and  th e  cost of th e  tim ber 10s. 6 d. Allowing 
for p a r t  of the  tim ber of th e  form  to  be used 
again  for o ther purposes, the  cost of th e  p a tte rn  
would be 7s.

Making a Cone Flange w ith 3 mm. Plywood
A s ta r t  is m ade by d raw ing  a section of the  

steel p late  cone and showing the  position of the 
flange on the  side.

«Sizes.— The d iam eter of the  flange is 24 in . by 
1 | in. th ick . F rom  th is , p ro jec t th e  plan  and 
show the  plywood a t  least 2  in . w ider th a n  th e  
flange on each of the  fou r jo in ts . This ex tra  
w idth is th e  allowance for na iling  th e  ply to  the  
form, also to  give sufficient room to  cu t o u t the  
flange, m issing the  nails. Now draw  th e  end 
elevation showing the  th ree  curves, the  rad iu s of 
each being taken  from  th e  section. M ark ing  off 
the  w idth, the  dep th  of th e  form , allowing suffi
c ient wood for the  nails a t  each side, can th en  be 
decided. I t  is now necessary to  m ark  in the  
baseplate w ith the  required  num ber of bridges,
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which are  spaced about 5 in. ap a rt. The depth 
of th is  form reduces the  am ount of tim ber to a 
m inim um  as compared to  the  form  if made from 
the centre-line.

F o rm .—One first makes a baseplate of § in. 
shelving about 28 in. square. Across th is will 
be screwed the bridges, form ing a complete sec
tion  of th e  cone. Along the  ends of the  bridges 
a re  fastened two s t r ip s ; these a re  for the  p u r
pose of na iling  th e  two edges of the  ply.

F lange .—-The method of glueing is lightly  to 
w et both faces of th e  ply with hot w ater before 
applying the  glue. The glueing and nailing  
m ust be done as rap id ly  as possible, as the glue 
sets very quickly. C ontinue u n til the required 
thickness of in. is reached. The tim e taken  
for the  glue to  set is regu lated  by atm ospheric 
conditions, so allow sufficient tim e to  set before 
cu tting .

F inish ing .—A fter th is i t  is only necessary to  
m ark off the  flange with a ply tem plate, cu tting  
o u t th e  flange w ith the  band saw and finishing 
the  edge w ith  th e  grinder. Then remove the 
form, riv e t, and varnish.

I t  has been found th a t  a ply p a tte rn  is fa r  
superior to  th e  clear pine p a tte rn  in  th a t  i t  
does no t shrink  or w arp, and rem ains tru e  to 
form , being easier to  construct and tak ing  less 
tim e to  m ake. The following is the approxim ate 
difference in  tim e and t im b e r :—Plywood p a t
te rn  : Time, 8  h r s . ; tim ber, 16s. Clear pine p a t
te rn  : Time, 24 hrs. ; tim ber, 30s. Thus there  is 
a saving of 16 hrs. and 14s. tim ber.

Kiln Feeder Bucket
Size s .—The bucket is 9 in. long, 7 in. wide 

and  7 in. deep. H ere again  plywood forms an 
ideal foundation . The ends are  £ in. th ick , the 
sides |  in. th ick , the  bottom  round, having a 
2 in. rad ius. The top is cu t away a t  an angle.

B o d y .—The p a tte rn  is required  to  leave its 
own core. I f  th is  p a tte rn  were made of clear 
pine, most likely i t  would not stand  up to  heavy 
usage. By m aking i t  of plywood, the  p a tte rn  is
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strong, rig id  and serviceable, stan d in g  up to  
several hundreds of moulds.

F o rm .—As w ith th e  previous exam ples, the 
form, made to  the inside dim ensions, b u t w ith  
the ex tra  length  and dep th  for na iling , will be 
s ta rted  w ith  th e  baseplate, screwing th ree  
bridges— one in th e  cen tre  |  in. th ick , one each 
end 1{ in. th ick . This allows sufficient space 
to saw -cut between th e  nails, and leaves a th ick 
ness of £ in . on th e  ends of th e  p a tte rn . The 
ends can th en  be ground  by th e  g rin d e r, allow
ing th e  necessary tap e r . The ta p e r  fo r th e  in
side was allowed for before th e  end bridges were 
secured to  th e  baseplate.

C u t t in g .—F o r cu ttin g  th e  top  a t  an angle, 
place the  p a tte rn  on its  fla t side, cu t w ith  the  
band saw and finish w ith  th e  g rinder.

Glueing a n d  N a i l in g .—The fa s ten ing  of the 
3 mm. plywood to the  form  should be carried  ou t 
as follow s: S ta r t  by na ilin g  along th e  baseplate, 
th en  up evenly a t  both  edges on th e  one side, 
g radually  bending and  nailing , finishing on the  
o ther side a t  th e  baseplate. The first layer of 
plywood should be glued to  th e  ends, b u t n o t to 
the  cen tre  bridge. All th a t  is now necessary is 
to  na il or screw th e  th ree  layers of plywood to  
the  |  in. th ick  ends before c u ttin g , and to  allow 
sufficient tim e to  elapse for th e  glue to  set.

Finish .—R ivet, wax and  varnish .
F or the  construction  of th is p a tte rn  the  tim e 

was 7 \  h rs ., and  th e  m a te ria l cost 3s. 3d.

Plywood Jig for Setting Patterns on 
Moulding-Machine Boards

F ram e S ize s .—The boards for se ttin g  th e  p a t
te rn s  are  m ade to  su it rectangu lar-shaped  alum i
nium fram es. F or th is  p a rtic u la r  fram e the  
outside dim ensions a re  16 in. by 1 9 | in ., 
accurately  m achined all over. They a re  used in  
most cases in pairs, for cope and  d rag  boxes. 
A t each end a re  placed pins to  su it th e  m ould
ing boxes, one f  in. d iam eter and  th e  o ther 
f  in. d iam eter.



J ig  M a rk in g  and  C u t t in g .—For the jig  the 
most convenient thickness is 3 or 4 mm. plywood. 
This is cu t accurately  to the outside dimensions 
of th e  fram e. P lace the e igh t half-grenade p a t
te rn s  in two rows of four, w ith sufficient length 
of p r in t  between for supporting  the  double core, 
m ark  carefully  and cu t ou t the shape of the 
p a tte rn  w ith th e  jig  saw machine. F o u r edges 
are  cu t for se tting  the  p rin ts . The jig  is now 
nailed tem porarily  to  the  board, se tting  the 
edges carefully  to  the  outside edges of the fram e.

P a t t e r n  S e t t i n g .—The p a tte rn s  are  now set in 
the jig  and fastened to  the board. Remove the 
jig , tu rn  over and  fasten  to the  second board and 
set p a tte rn . This method of se tting  has been 
found very accurate  and the  jig  is simple to 
make. As the  shape of the  grenade p a tte rn  is 
irreg u la r, to  set i t  by m easurem ent is very diffi
cu lt and inaccurate . The principle of th is jig  
can be applied to  num erous o ther p a tte rn s , such 
as bend pipes placed diagonally on the boards, 
etc.

Cylinder Liner
F ig . 1 shows a gas engine cylinder liner p a t

te rn , 7 f t . long, barre l 24 in. d iam eter, and a 
valve cham ber of 36 in. diam eter. The job was 
cast vertically.

B o d y .—I t  is an excellent example in which 
plywood can be used to  advantage. In  th e  centre 
is seen one outside half of the  p a tte rn  covered 
en tirely  w ith  4 mm. plywood. On the r ig h t is 
shown the  o ther half of the p a tte rn  a t the  jo in t, 
w ith the  p la te  and bu ilt-up  bridges which sup
port the  plywood. On th e  le f t hand is the  core
box. This is of simple construction, having 
boxed-up sides and ends, w ith  crossed ribs covered 
w ith plywood. In  nailing  on the  plywood of th is 
p a tte rn , extrem e care m ust be taken , for o ther
wise a tw is t of f  in. to  |  in. may occur.

Fram e Inside E n d s .—By having a solid p a t
te rn  and  corebox, i t  can readily  be appreciated 
th a t  a considerable saving of tim e in the foundry 
results. N ot only in tim e does one score, b u t a
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b e tte r quality  casting  is assured by hav ing  a 
first-class mould and core. The finish of the  
mould and core from  a first-class p a tte rn  and 
corebox, and its effect on the  qua lity  of th e  cast
ing, and also its stresses, a re  no t always ap p re 
ciated  as they  should be. The e x tra  cost of the  
work on the  p a tte rn  is more th an  com pensated 
by the  saving in  tim e by the  foundry .

F ig . 1.— Gas-E ngine Cylinher L iner P attern.

Cylinder W ater-Jacket Corebox
Sizes (O u ter).—In  F ig . 2 is shown a cylinder 

w ater-jacket corebox. The sizes a re  roughly 
26 in. diam eter, 1J in. th ick , and 24 in . long. 
On the  r ig h t will be seen one half of th e  box, 
w ith the  collapsible bush to  form  the  inside of 
the core. This bush is m ade up  of fou r seg
m ents, each fitting  aga in s t a fla t of th e  square 
box or body. The segm ents a re  m ade w ith  a  |  in.
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plate  w ith  bridges, 'th e  outer side covered with 
3 mm. plywood. This method overcomes w arping 
and  sh rink ing , is quickly made, and cheaper m  
m ateria l com pared to  solid tim ber. The le ft of 
F ig . 2 shows the  o ther half of th e  box outside. 
I t  will be seen to  be constructed  of four layers, 
6  in. deep, th e  whole set, when together, having 
a d iam etrical jo in t. Each piece is of skeleton

F i g .  2.—C y i ,i n d e :r  W a t e r - J a c k e t  C o r e b o x .

construction  covered on th e  inside w ith plywood. 
The whole is a stra igh tfo rw ard  band saw and 
g rin d e r job.

Gearbox
A typical exam ple of the employment of ply

wood in  a gearbox p a tte rn  is illu s tra ted  in 
F ig . 3. This represen ts the  general construction 
of the p a tte rn , which is 25f in. long, 22 in. high,



w ith 6  in. from  face of flange to  back of body. 
The flange and footstep, back and walls are  
made en tire ly  of plywood. The body was first 
s ta rte d  by m aking a form  of f  in . shelving to  
the  inside dim ensions, allowing for th e  necessary 
tap e r , the  dep th  being J  in. from  th e  face of the  
flange to th e  outside of the  back, a to ta l of 5J in. 
This is done so as to  u tilise  th e  piece cu t from  
the  inside of th e  flange to  be used as the  back, 
which is |  in. thick.
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F ig . 3.— P attern for a Gearbox.

E x tra  segm ents 1J in. th ick  a re  then  screwed, 
but no t glued, round  th e  edges on bo th  faces. 
These segm ents are  for na iling  the  plywood to  
the form. A fte r glueing th e  plywood and  n a il
ing  to  th e  form , the  segm ents a re  rem oved by 
pulling each separately  from  th e  nails. The 
edges w ith nails th rough  are  c u t off w ith  the  saw 
and the wall ground to  th e  dep th  of th e  form .

The flange, which is b u ilt u p  to  i  in. th ick , is 
now m arked off to  th e  ou tside and  inside dim en-



sions, th e  inside is  cu t o u t w ith a  jig  saw and 
g round to  size. I t  is now nailed to  the  walls of 
the  p a tte rn , th en  h u ilt up round  the  body to 
the thickness of 1  h including the fro n t of the 
footstep in  one piece. The inside piece of the 
flange is now used for the back, glued and nailed 
in to  place. The fac t th a t  plywood is constructed 
of a num ber of th in  layers of wood calls for very 
g re a t care, when nailing  into the  edges, th a t  the 
nails do not ac t as a wedge and force the layers 
a p a rt. This difficulty is overcome by drilling  
w ith  a  small hand  d rill to  the  size of the  nails.

A p a tte rn  is essentially a m oulding tool. As 
a tool, i ts  serviceability  m ust always take  prece
dence over its ran k  as a “ work of a r t .” In  
th is  p a tte rn  of a gearbox, one m ust agree th a t  as 
a “ work of a r t  ” i t  has g rea t serviceability, 
obviating  the  necessity of building a corebox. 
I t  leaves its  own core and results in g reater 
accuracy in  th e  bosses as compared w ith the set
tin g  of a loose core. This has been proved by 
experience. No m ention of the cover is 
necessary, as th is  is con tracted  on a jo in t plate.
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West Riding of Yorkshire Branch

Paper N o. 653 FEED IN G  OF C A S T I N G S  W IT H  S P E C IA L  
R E F E R E N C E  TO T H E  ST E A M  - P R E S S U R E  

M ETHOD

By BEN H IRD (M em ber)

W h at is th e  purpose of feed ing  ce rta in  cast
ings? F eed ing  is an  endeavour to  overcome 
th e  defects caused by liqu id  shrinkage. All 
foundrym en and  m eta llu rg ists  have to  face these 
defects, and  strive  to  overcome them  by various 
methods. They have always been one of the  
w orst troubles experienced in  foundry  practice. 
I t  is probable th a t  m ore th o u g h t, s tudy  and 
ingenu ity  have been concen tra ted  on th is  sub
jec t th a n  on any o ther connected w ith  cas t iron . 
R ig h t back th rough  th e  files of The F oundry 
Trade J ournal, and from  th e  first published 
Proceedings of th e  In s ti tu te  of B ritish  F ound ry 
men th e  subject has been studied  and  discussed. 
A lthough i t  has been so thoroughly  v en tila ted , 
and  m uch ligh t th row n upon  i t ,  i t  s till rem ains 
a problem, especially w ith  castings of ce rta in  
design.

In  1912 R . C arrick  gave a P ap e r on “  The 
Use of Chills to  Overcome L iqu id  C o n trac tio n .” 
L a te r E . Longden d ea lt a t  leng th  w ith  th is  sub
jec t, also w ith  th e  effects of gases causing these 
defects. B uchanan  p u t fo rw ard  his “  box 
theory ” in  abou t 1910 or 1911, when he pointed  
ou t th a t  liquid con trac tion  in  one p a r t  of a 
casting  was due to  expansion in  an o th er p a rt, 
and  in  1923 he gave a P a p e r , “  Some N otes on 
L iquid C on trac tion ,”  when he fu r th e r  developed 
th is theory . In  th e  same y ea r th e  R onceray 
“ pencil ru n n e r ” theory  was described and  dis
cussed, and Smalley compiled a sp lendid  P a p e r 
on “  Volume Changes of C ast Iro n  on Solidi
fication,” in  which he s ta ted  th a t  “  Cupola
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m elted grey cast iron, of norm al chemical com
position, does no t shrink  on solidification, i f  
poured w ith a sufficient degree of superheat and 
i f  cooled fa s te r th a n  a  ce rta in  critica l r a te .” 
The following year J .  Longden gave an excel
len t practical P ap er on “  Some Considerations 
of Liquid Shrinkage in  C ast I ro n ,” and statpd 
in one of his conclusions th a t  “  Grey iron shrinks 
about 4.5 per cent, of its liquid volume on cry
sta llis ing .”

M any o ther excellent P apers and discussions 
have been published on th is  subject. Those m en
tioned have been taken  a t  random  to  show p a rt 
of the  range explored. Although many theories 
have been expounded, and useful remedies sug
gested, the  defects still persist, and i t  is not 
claimed th a t  the  m ethod of pressure feeding to 
be p u t forw ard in  th is  P ap er is a positive cure 
for all liquid shrinkage defects.

Rod Feeding

Before in troducing  steam -pressure feeding, it  
is proposed, a t  th e  risk  of being elem entary, to 
deal briefly w ith  rod feeding, probably the 
oldest m ethod of feeding, and one which is com
mon p ractice in m any foundries.

In  sp ite  of its  u tility , the feeding rod has 
m any failings, and some moulders appear to  have 
a very hazy idea of its functions, w hilst others 
sh irk  doing th e  job thoroughly because of the 
h ea t, w ith  the  resu lt th a t  th e  casting  would have 
been b e tte r  if  th e  rod had not been used. Some
tim es th e re  is difficulty in placing the riser cor
rectly  over th e  th ick  p a r t  requ iring  feeding, and. 
consequently the  mould or cores are  in danger of 
being struck  w ith the  rod, dispersing a q u an tity  
of sand and crea ting  an unsigh tly  lum p on the 
casting. Some m en move the  rod up and down 
in  th e  riser pum p fashion, and th in k  th a t  they 
are  feeding the  casting  in  spite of the fac t th a t  
they  are  pulling  m etal ou t of the  mould as i t  
sets around the  ro d ; th is they  usually knock off 
w ith a short piece of iron bar. A ctually they
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are  crea ting  a cavity  in stead  of p reven ting  one. 
Feeding w ith  a rod is useless unless i t  is done 
efficiently, and  correct rod feeding requires con
cen tra tion  of effort to  p reven t the  m eta l in  the  
riser se tting  sooner th an  th e  m etal in the  mould,

F ig . 1.—S ection of A ssembly fob S team- 
P ressube F eeding of a Casting .

COVER PLATE

\

R/SER&

and thus to  allow th e  casting  to feed itself from  
the  liquid m etal in  the riser.

Practical Hints
The following procedure is recom m ended. The 

d iam eter of the  feeding-rod should he su itab le  to  
the size of job and the  riser, and  will vary  from  
a 4 in. rod for an 1  in. to  in. d ia . riser, to 
i  in. or |  in. for 2  in. to 3 in. risers. The rod



should be well warm ed before in serting  i t  in to  
the  m olten m etal in  the  riser, then  lowered 
gen tly  u n ti l i t  touches the  bottom  of the  mould, 
or any obstruction , then  raised a t  least one inch, 
and  th e  position noted  carefully . The rod is then 
moved round  the  circum ference of the  riser w ith 
a gen tle  up  and down movement, tak in g  care not 
to  go below the  po in t noted. The rod should be 
revolved by the  fingers as the  feeding proceeds; 
th is  action  keeps the  rod clean by the  rubbing 
action  on th e  circum ference of the riser, pre
v en tin g  th e  m etal se tting  on the  rod. The feel 
of the  rod will indicate the  solidification tak ing  
place in  th e  mould, and coinciding w ith  the  set
tin g  of the  m etal th e  rod m ust be gradually 
lifted , and be taken  from  th e  mould before the 
final solidification takes place. I f  the  m etal in 
the  rise r shows signs of se tting  first, fresh hot 
m etal m ust be poured in to  the  riser-bush to 
enable the  feeding to  proceed u n til the  mould has 
solidified.

This m ethod of feeding occupies a  considerable 
am ount of tim e and labour, and is no t a pleasant 
task . I f  a num ber of moulds have to  be fed a t 
the  same tim e, i t  is often difficult to  spare suffi
c ien t m en from  the  shop to  do th e  job, or spend 
th e  tim e doing i t  thoroughly.

Pressure Feeding
P ressu re  feeding is a m ethod th a t  can be 

recommended for m ost jobs. I t  elim inates the 
use of th e  rod, provides m etal for the  loss due to 
expansion of the  mould, as m entioned in 
B uchanan’s “  box th eo ry ,”  and also for the  
shrinkage due to  crystallisation  dealt w ith by J . 
Longden. I t  re ta rd s  the  form ation  of cavities 
an d  porous places caused by gases, and assists 
th e  mould and core gases to  escape in to  the  open 
a ir  th rough  th e ir  proper channels, th e  vents. 
M ost foundrvm en will agree th a t  iron is usually 
more dense and homogeneous in the  lower parts  
of th e  mould due to  th e  pressure exerted  th erea t.

The usual m ethod of applying pressure feeding 
is by build ing up  the  ru n n e r and riser bushes (or
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in some cases the  ru n n e r bush only) to  more 
th an  the  usual h e igh t above th e  m oulding box 
top, in some cases heights of 12 to  24 in . being 
necessary to  produce a sound casting , dependent 
on the  am ount of feeding th e  job requ ires. The 
objection to  th is m ethod of feeding is th e  Lime 
tak en  to make up the  ru n n e r and  rise r bushes,

F ig . 2.— F lywheel M ould Arranged for S team- 
P ressure F eeding .

and th e  cost of m elting  and  hand ling  th e  ex tra  
m etal requ ired  to  fill them  to  g e t th e  head 
pressure.

Steam-Pressure Feeding
The steam -pressure m ethod was in troduced  to 

ob tain  the  benefits of p ressure feeding w ithou t 
th e  expense in  labour and m a te ria l involved in  
m aking up high ru n n e r  and  rise r heads. Over 
a long period of application  the  m ethod has given 
satisfactory  resu lts on various types of castings. 
The method of application  is very simple. 
Special cast-iron p lates in  th e  form  of a shallow 
dish are m ade to  su it th e  various sizes of bushes 
used. These p lates should be sufficiently strong



to be rig id  w ithout being too heavy to handle 
e a s ily ; from  § to  ^ in. section is suitable for most 
cases, and the  dish is formed by a beading about 
^ in. high around the  edges of the  plate. I t  is 
im p o rtan t th a t  th e  inside sizes of the  dish should 
be a t  least an inch to  two inches larger th an  the 
outside sizes of th e  bush.

The dish is filled level w ith w et sand, or, b e tte r 
still, loam. I t  is most im portan t th a t  the  sand 
be really  wet. R unner and riser bushes are made

F IG. 3 .—R iser  H eads for H eavy 
F lywheels, showing E ffect of
S team-P ressure F eeding.

up in  th e  usual way, b u t care m ust be taken  to 
ensure th a t  the  top edges of the m etal bushes 
a re  fla t and  tru e , and if a surface g rinder is 
available i t  is well w orth g rind ing  one edge of 
the bush. The w et loam plates m ust be p re
pared and placed conveniently near th e  moulds 
before the  m etal for casting arrives, together 
w ith a su itable num ber of box w eights, 56-lb. 
w eights being very convenient.

Im m ediately  the  mould is poured, the plates, 
loam side down, a re  placed on the  ru n n er and
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riser bushes, and  th e  w eights quickly dropped 
on to the  p lates, sim ultaneously if possible, or 
the m etal may be pushed up in to  the  unw eighted 
bush and  d is tu rb  the plate.

As soon as the  w eight is dropped on to  the  
p late, the  w et loam m akes a seal betw een th e  
p late  and  th e  bush edges, and steam  is genera ted  
a t  once from  th e  w et loam by th e  h ea t of the  
m etal, and a pressure app rox im ating  th a t  of the  
w eight placed on the  p la te  is produced. F eeding  
risers should be of a w ell-tapered funnel shape, 
having the  neck connecting the  rise r to  th e  cast
ing as short as possible, th u s  ensuring  a  m ax i
mum tim e before the  m etal sets in  the  neck.

A poin t th a t  m ust n o t be overlooked when 
pressure feeding is th a t ,  when e x tra  p ressure is 
applied to  the  liquid m etal, th e  mould m ust be 
strong enough to w ithstand  i t  ; therefo re , i t  m ust 
be w eighted, or clamped very securely. Also p re 
cautions m ust be taken  against b u rs tin g  th rough , 
if portions of the casting  ex tend  up in to  th e  top 
p a r t w ith only a small section of sand  above 
them.

Fig. 1 shows diagram m atically  a section of a 
steam -pressure-fed riser, and th e  o ther il lu s tra 
tions ind icate  some of th e  m any applications of 
steam -pressure feeding. The m ethod has proved 
very successful on heavy flywheels which are 
machined all over ; they  have tu rn e d  o u t very 
free from  porosity, and are  much im proved in 
balance. Cylinder heads which are  subjected  to 
w ater pressure have definitely benefited by steam - 
ipressure feeding.

D IS C U S S IO N
The discussion which followed the  P ap e r began 

with a num ber of questions on points of de ta il 
concerning various jobs th e  lec tu re r had 
described, and g radually  developed in to  a 
friendly  argum ent betw een M r. H ird  and  some 
of th e  B ranch mem bers as to  th e  ex te n t to  which 
gases may, or may no t, be found escaping from  
metals.
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In  answ er to  a  query by M r . E . I l l in g w o r t h ,  
Mr . H ird  said i t  was obviously desirable no t to 
fill a  rise r to  th e  level a t  which the  seal p late 
would be fitted  on. I t  was qu ite  simple to  stop 
f  in. or so from  the  t o p ; otherwise, the  m an 
hand ling  th e  p late  m igh t be burned by a splash 
of m etal.

M r . H . B radbu ry  questioned w hether the  use 
of a  c ran e  w eight or o ther w eights on top  of a 
ru n n e r—as in  one of th e  au th o r’s photographs— 
m igh t be liable to  cause uneven pressure, w ith 
consequent ill results.

M r . H ird  replied th a t the pressure was 
exerted  on th e  whole area.

Mr . A. S. W o r c e s te r  asked was the re  any sub
s ta n tia l  difference between th e  m etal th a t  le ft 
th e  bushes from  th e  n earest to  th e  ru n n e r and 
t h a t  which was fa r th e s t  away from  it?

M r . H ird  pointed o u t there  was not a  g rea t 
deal of room there, ne ither was th ere  any quan
t i ty  of w a te r for genera ting  steam . In  
any case one found a  q u an tity  of m oisture 
behind th e  p late. The pressure persisted 
fo r qu ite  a  period. I t  was, he thought, 
th e  in itia l pressure for th e  first half-m inute or 
so on a  lig h t job or for two to  th ree  m inutes on 
a heavier job, th a t  exercised the influence, ra th e r 
th a n  th a t  over a  period. H e agreed th a t  possibly 
in  some risers th e  la te r  m eta l m igh t have cooled 
off somewhat*. The loss of tem pera tu re  between 
th e  tim e of pouring the  m etal in to  the  runner 
and  th e  tim e i t  came o u t of the  riser was cer
ta in ly  a  po in t th a t  was n o t always given the 
consideration  i t  deserved.

Application to Small Moulds
Mr . D. W. H ammond inqu ired  w hether M r. 

H ird  had found the m ethod sim ilarly beneficial 
in  sm all castings, opera ting  on the  lower pres
sures, as com pared w ith th e  la rg e r castings. 
M igh t one assume th a t  in  small jobs a' 56-lb. 
w eight would produce a  sim ilar action in the 
mould ? M r. Ham m ond asked also w hat type  of 
m etal was used, and w hether i t  had  a  long or 
short solidification range.

2 b
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M r . H ird  replied  th a t  he had used th e  steam - 
pressure m ethod on some qu ite  sm all jobs, and  
instanced the  case of some cylinder heads which 
had given successful results. I n  some cases it 
was unsu itab le , and  he did not advocate i t  as a 
panacea. I t  was desirable in  some eases to  give 
it  a tr ia l ,  b u t if th e  m etal ac tua lly  rose in to  
the  bush i t  would be obvious as to  w hether the  
m ethod was w orth while.

The m etals used in  the  jobs described (con
tinued  M r. H ird ) were all of a low phosphorus 
content, most of them  w ith  about 0.4 p er cent. 
P  and  about 1.5 to  1.8 per cent. Si. The first 
job he tr ied  on th is  work was a small engine 
casing, and the  experim en t was very successful. 
They did no t get 1 per cent, scrap now, w hereas 
they had been g e ttin g  up to  75 per cen t, before 
pressure feed ing ; and they  had no chills or the 
like.

Tem perature Measurement
M r . H . A. M acColl raised  a question on a 

tem p era tu re  drop m entioned by the  lec tu re r, and 
inquired  w hat type  of pyrom eter had been used. 
Being inform ed th a t  i t  was an op tical pyrom eter, 
M r. MaeColl said th ere  was liable to  be a big 
divergence of resu lts  betw een differen t types of 
optical pyrom eters, and  he did n o t consider 
resu lts w ith  th a t  in s tru m en t could be tak en  as 
reliable except as a m a tte r  of com parison if th e  
use of the  sam e pyrom eter was continued. To 
his m ind, th e  d isappearing  filam ent pyrom eter 
was more stric tly  accurate .

M r. S. W. H anson considered th e  optical 
pyrom eter a good in s tru m en t as a gu ide foi- 
com parative purposes. H e expressed surprise 
th a t  M r. H ird  should need steam -pressure feed
ing for flywheels. H e  (M r. H anson) had  had 
sim ilar experience in  th is m a tte r , and found a 
satisfactory  m ethod was to  e lim inate  th e  riser 
and take , say, J  in. or so increased dep th  of 
pa tte rn -p la te , and cast a t  a te m p e ra tu re , 
m easured by optical pyrom eter, of about 1,300 
deg C.
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M r . H i r d  said lie believed th a t  w ith  the 

p ressure on the  mould ind icated  it  was definitely 
am eliorative. I f  for no o ther reason, i t  was 
w orth while in  the  m a tte r  of separation  of gases 
th a t  en te red  th e  m etal and the rem oval of gas 
cavities. The more pressure one exerted  on a 
m ould, the  less were the  losses due to  these 
escaping gases. A gain, if one could ex e rt a 
pressure on a mould one m ust be assisting the 
opera tion  of the  core vents, and i t  would help 
to  drive the gases th rough  th e  vents provided. 
H e agreed th a t  w ith m any types of castings 
adequate  self-feeding was possible.

Mr . H anson said he fe lt th a t  M r. H ird ’s ex
p lanation  in  regard  to  the  gases fully justified 
his case fo r steam -pressure feeding. All 
founders had  to  deal w ith th is  trouble  due to 
gases, and any th in g  th a t would help was well 
w orth consideration.

Gas in Steel
M r . M acC'oll recalled th a t  in  the case of steel 

casting  th e  more gas there  was in  the  steel the 
less was th e  re su ltan t shrinkage. T hat was ju s t 
th e  opposite to  the  experience in  cast iron.

M r. H i r d  said th a t  th a t  was one cause of some 
foundry  troubles. There was gas in  steel, and 
when ironfounders used m oulders’ sprigs made of 
steel, th e  iron received th e  "ases from  the 
sp r ig s ! I t  would cause trouble in  m achining, 
and  they  should, whenever possible, be avoided.

M r. A. W . W a l k e r  doubted the  possibility of 
gas being evolved from  steel, and suggested th a t 
it  was more a m a tte r  of the  oxide.

M r . H ird insisted th a t  gas could come ou t of 
th e  steel, and he had  tested  and  proved i t  to  be 
correct. A t one tim e he did much research 
work in  ca lcu lating  gases coming from  steel and 
iron  an d  tin n ed  chaplets, and  as a resu lt he 
would s ta te  definitely  th a t  w ith  m any tinned  
chaplets one was likely to  find th a t  m ore th an  
25 per cent, had blowholes.

M r . W alker objected th a t  th a t  was n o t th e  
case if pure t in  were used as a coating.

?b 2
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West Riding of Yorkshire Branch

Paper N o  654 CO P PE R  IN C A S T  IRON A N D  M A L L E A B L E  
P IRON

By W . B. S A L L I T T  (M em ber)

I.—C O P P E R  IN C A S T  IRON

D uring  th e  las t decade, iron foundry  technique 
has developed very rap id ly , both in  respect of 
moulding and m elting  practice, and  m uch ex
perience has been gained regard ing  th e  effect of 
alloy additions upon the  properties of c a s t iron. 
As a resu lt, cast irons of g rea tly  im proved 
streng th  and un iform ity  have been developed. 
In  the  p ast engineers have regarded  cast iron 
with a  certa in  am ount of suspicion, b u t in  the  
face of these im provem ents th e ir  a t t i tu d e  has 
been modified considerably and th e  field of 
application of cast iron has, in consequence, 
been g reatly  extended. The use of alloy cast 
irons for such highly stressed p a rts  as autom o
bile crankshafts , cam shafts and valve push-rods 
may be quoted as typ ical examples. I t  is signifi
can t of th e  changing a tt itu d e  of th e  eng ineer 
tow ards cast iron th a t  the  In s titu tio n  of 
M echanical E ngineers is now sponsoring a  com
prehensive research  in to  the  p roperties of a 
wide range of alloy cast irons.

Copper has played no small p a r t  in  th is  
“ ren a issan ce”  in  th e  fo u n d ry : for exam ple,
the first cast c rankshafts  to  be p u t in to  produc
tion contained 2  per cent, copper, and  th e  first 
cam shafts 3 per cent. As th e  work of research  
has proceeded, new properties of copper as an  
alloying elem ent have been revealed, w hich a re  
now being p u t to  p rac tica l use in  th e  foundry .

Although th e  use of copper add itions in  cast 
iron is of com paratively recen t developm ent,
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i t  is in te resting  to find th a t  about 1 0 0  years ago, 
in th e  B irm ingham  d is tric t, i t  was th e  practice 
to  add a couple of “  Boulton pennies ” to a 
handshank  of malleable iron when specially good 
m eta l was required . These “  Boulton pennies ”  
weighed about 2  ozs. and contained over 9 9  per 
cen t, copper.

Copper Additions
C opper is very easily alloyed w ith  cast iron. 

As i t  is less prone to  oxidation loss th a n  any of

T.C (per cen t.) 3 .2 3  3 .1 3  3 .1 3  3 .0 9Si (per cent.) 1 .2 5  —  —  1 .1 7Mn (per cent.) 0 .5 1  —• —  0 .4 6P  (per cent.) 0 .3 3  —  —  0 .3 2Cu (per cent.) 0 .0 0  0 .8 2  1 -7 8  2 .4 3
F i g . 1 .— C h i l l  B a r s  s h o w i n g  P r o g r e s s i v e  R e d u c t i o n  o f  C h i l l  w i x e  

I n c r e a s i n g  C o p p e r  A d d i t i o n . S c a l e  a p p r o x i m a t e l y  £ f u l l  s i z e  
(B-.C.I.R.A.).

th e  common alloying elem ents except nickel, full 
c red it m ay be given for the copper con ten t of 
back scrap and  no allowance fo r oxidation need 
be m ade in  calcu lating  additions. A lthough its 
m elting  p o in t is relatively  high (1,083 deg. C.), 
copper goes in to  solution very readily, p a rticu 
larly  as its  density  is g rea te r th an  th a t  of molten 
iron. A dditions of up to 3 per cent, may be added
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i o  the  ladle, but copper may be also in troduced  as 
p a rt of th e  charge in  cupola o r o ther fu rnace  
practice, although in  th e  la t te r  instance i t  is 
usual to make additions ju s t  before tap p in g . 
Scrap copper in any size or shape is su itab le  for 
furnace additions, provided th a t  i t  is reasonably 
free from  im p u rities; fo r ladle add itions, copper 
shot, i .e .,  g ranu la ted  copper, copper w ire, tu r n 
ings or small pieces of scrap such as fire-box stay 
bolts, cu t in to  lengths of abou t 3 in ., a re  su it
able. The ladle should be well s t ir re d  before 
pouring.

Cost
Cost is an  im p o rtan t fac to r where alloy irons 

are concerned. Table I  shows th e  cost (per ton  
of m etal m elted) of a 1  per cen t, add ition  of the  
more common alloying elem ents. I t  will be seen 
th a t the cost of copper is of the  same order as 
th a t  of the  cheaper m etals such as chrom ium  and  
m anganese.
T a b l e  I .—Cost of 1 per cent. Addition of Alloying Elements

Alloying
elements. Method of addition.

Cost of 
1  per cent, 

addition per 
ton of 
metal 

melted.

Manganese Ferro-manganese
s. d.
5 0

Chromium Ferro-chrome 7 0
Copper Light scrap copper . . 

Nickel “ F  ” shot . .
5 8

Nickel 33 0
Molybdenum Ferro-molybdenum 1 1 2  0

Influence of Copper on Structure of Cast Iron
The useful lim it of copper add itions in  o rd i

nary  cast iron is about 3 |  per cent. Up to  th is  
percentage the  influence of copper on th e  s t ru c 
tu re  of cast iron resembles th a t  of nickel : i t  
acts as a g raph itiser, and refines g rap h ite , and 
secondly i t  hardens and s tren g th en s th e  m a trix . 
The g raph itising  action of copper is illu s tra ted  
in Fig. 1, which shows four chill bars poured 
from the same hea t and hav ing  th e  sam e com
position except for copper con ten t. Chill is



progressively reduced as copper is added, ind i
ca ting  th a t  in  so fa r  as chill is concerned, copper 
behaves in  a  sim ilar m anner to  silicon. There 
a re , however, tw o very im p o rtan t differences be
tw een copper and  silicon ; th e  first is th a t  silicon 
coarsens g rap h ite , i .e . ,  causes open g ra in , 
w hereas copper refines g raph ite , and th u s  closes 
up the  g ra in . This difference has a very m ateria l 
bearing  on m echanical properties, because cast 
iron  invariab ly  frac tu res  along th e  g raph ite
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C O PP E R  %  0 07
Combined Carbon %

( 1 '  section) 1 '08

Analysis: Total Carbon %  2-87 
Silicon %  1 '54
Manganese %  0-46

0 9 0 0-90

Hardness figures:
j " and 1” section Brinell hardness 

and \"  section Vickers d.p. hardness

¡ 3  Grey 

03 Mottled 

□  White

F ig . 2 .— S tep-bar Castings  with  Inubeasing P ercentages of Copper 
( B y  Courtesy of S ir  W . G. Armstrong-W hitworth & Company 
L im ited .)

flakes and  therefore  its  s tren g th  is largely  depen
d en t on the  g rap h ite  size and shape.

The second difference is th a t  if, to  a casting 
w ith vary ing  sectional thickness, silicon is added 
to  reduce chill in  th in  sections, the s tru c tu re  
of th icker sections also becomes softer and 
coarser, because th e  combined carbon content 
in these sections is also reduced and free fe rrite  
is form ed. Copper, on th e  o ther hand , does
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not cause p earlitic  carbide to  b reak  down to  
fe rrite , and so, fa r  from  softening th e  m a trix  in 
th icker sections, i t  actually  hardens, toughens and 
streng thens i t ,  a t  th e  same tim e  as i t  is rem oving 
chill from  th in  sections.

The m a trix  of cast iron  is very sim ilar to  th a t  
of pearlitic  cast steel, and  th e  effect of 2.5 
per cent, copper on such a  steel is to  increase 
the  tensile s tren g th  by. as m uch as 16 tons 
per sc[. in. The effect on th e  cast-iron  m a trix  
is sim ilar, though th e  im provem ent in  s tren g th  
of the  iron as a  whole is, of course, less m arked, 
since i t  is largely dependent on th e  condition 
of the  g raph ite . These essential differences be
tween copper and  silicon are  illu s tra ted  in  F igs. 
2 to  5. F ig . 2 shows the  effect of increasing  th e  
copper con ten t in  step-bar c a s tin g s : chill is p ro
gressively reduced in  th e  th in n e r sections, b u t 
in the  th icker 1 -in. sections, once th e  free
carbides have been broken down, th e  hardness 
increases as copper is added. F igs. 3 and  4 
show th a t  additions of silicon to  an  iron  of
approxim ately “  cylinder ” com position causes 
open gra in  and even shrinkage defects a t  changes 
of section, w hilst copper add itions ten d  to  close 
up th e  g ra in . The hardness figures on th e  step- 
bars shown in F igs. 3 and 4 are  p lo tted  in
F ig . 5. I t  will be noticed th a t  copper tends to
render the  hardness more un iform  in  th e  th ick  
and th in  sections, w hilst th ere  is considerable 
“ s c a t te r ” in the bars con ta in ing  silicon add ; 
tions.

Figs. 2 to  5 illu s tra te  very clearly th e  value 
of copper for castings having th in  and th ick  
sections, such as cylinder blocks, heads and 
liners. F o r castings of th is  type, composition 
m ust be m ain ta ined  w ith in  accurate  lim its u  
hard  spots on th e  one hand, or sponginess on 
the  other, are to  be avoided. Clearly, if troub le 
be experienced w ith  h a rd  spots in  th in  sections, 
copper may safely be added w ithou t risk  of in 
creasing th e  tendency tow ards sponginess in 
th ick  sections; and  fu r th e r, by m aking  still 
la rger additions of copper and  sim ultaneous 
reductions in  the  silicon con ten t, an  iron  m ay be
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obtained  the  s tru c tu re  of which will be much 
less sensitive to  sm all changes in  composition.

I t  is also found th a t  when copper is added in 
substitu tion  fo r silicon, th e  v aria tio n  of chill 
du rin g  a day’s ru n  from  th e  cupola can he con-

N o. 1 N o. 2 N o . 3 N o. 4 N o . P
X .C . .  3 .2 0  3 .1 8  3 .2 4  3 .1 8  3 .2 4Si . .  2 .0 2  2 .1 3  2 .2 1  2 .3 2  2 .4 4C o . .  0 .0 4  0 .0 4  0 .0 4  0 .0 4  0 .0 4

F ig . 3.- - E f f e c t  o f  S i l ic o n  A d d itio n s  to  C y lin d e r  Iron . In  each  
CASE THE M n  IS 0.55 PER CENT. AND P  AND S LOW.

tro lled  w ith in  much narrow er lim its. The Ford 
M otor Company use no less th a n  3 per cent, 
copper m  th e ir  cast cam shafts, in  which the  sili
con con ten t is reduced to  0.5 per cent. For 
these castings, no artific ia l chills a re  used, but 
th e  composition is controlled so accurately th a t
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the  cam -tips chill w hite by v ir tu e  of th e ir  com
paratively  th in  section, w hilst the  bearings are  
grey and m achinable. The high copper con ten t 
is found to  m ain ta in  the  dep th  of chill w ithin 
very narrow  lim its d u rin g  the  day ’s run .

N o. 1 N o. 6 N o . 7 N o . 8 N o . 9
T .C . .  3 .2 0  3 .2 2  3 .2 0  3 .1 8  3 .1 8Si . .  2 .0 2  2 .0 9  2 .0 6  2 .0 3  2 .0 6
Cv . .  0 .0 4  0 .5 5  1 .0 3  1 .5 8  1 .6 9

F ig . 4 .—E f f e c t  o f  Copper A d d itio n s  to  C y lin d e r  Iro n . In  e a c h  
CASE THE M n IS  0.55 PEE CENT. AND P  AN D  S LOW.

The frac tu re  of th e  Ford  cam shaft is shown 
in Fig. 6 , w hilst th e  m icrostructu re  of th e  cam- 
tip  and core is shown in  F igs. 7 and  8  respec
tively.

I f  the copper con ten t in cast iron  exceeds about 
5 per cent., globules of copper ap p ear in  th e  
struc tu re , which (as will be noticed in F ig . 9)
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nearly  always contain particles of slag. N orbury 
has suggested th a t  slag particles, which are  solid 
a t  th e  tem p era tu re  a t  which the  eutectic freezes, 
form  the  nuclei upon which prim ary graph ite

7 4 7

F ig . 5.— H a rd n ess  F ig u r e s  on Step-bar C a stin g s sh o w n  in  F ig s .  3 
and 4. N o te  U n ifo r m ity  o f  H a rd n ess  o f  Copper B ars and 
In crea se  in  H a rd n ess  in  T h ick  S e c tio n s  due t o  Copper.

separates, and th a t  if such partic les have been 
removed, as fo r example by superheating , or 
have been coated w ith a low m elting-point film 
which is liquid  a t  th e  eu tectic tem pera tu re , no 
prim ary  g rap h ite  is form ed and the  iron super
cools, the  g raph ite  which separates a t  lower tern-
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p era tu res  being com pletely refined. In  irons 
contain ing  copper in  excess of th e  liquid  solu
b ility  lim it, th e  free copper is found  to  p re
c ip ita te  round  any solid inclusions in  th e  m elt, 
and since the  m elting  p o in t of th e  copper-rich 
constituen t (1,094 deg. C.) is lower th a n  th a t  a t  
which the  cast-iron eu tec tic  freezes, th e  solid 
inclusions become in effect liquid , and do not

F i g .  6.— F r a c t u r e  or F o r d  V-8 C a s t  
C a m s h a f t .  ( B y  C o u r t e s y  o f  F o r d  
M o t o r  C o m p a n y . )

therefore appear to  provide nuclei fo r th e  sepa
ra tio n  of coarse p rim ary  g ra p h ite ; consequentlv. 
the g raph ite , which separates a t  lower tem p era
tures, is in  a  very fine s ta te  of division, as is 
shown in  F ig . 9. F o r purposes of com parison, 
norm al g raph ite , such as would have been form ed 
in the  absence of p rim ary  copper, is shown in
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Fig . 10. I f  the  suppression of p rim ary  g raph ite  
is to  be complete, th e  copper content m ust be 
somewhat in  excess of th e  m olten solubility 
lim it, i .e . ,  6  to  8  per cent., in  order th a t  all 
th e  slag inclusions in  th e  m elt m ay become coated 
w ith copper.

Pearce  has suggested th a t  for castings such as 
ingot moulds, which m ust offer resistance to  
therm al shock and grow th, cast irons should pre
ferably have a h igh  carbon conten t w ith  a very

F ig . 7.— M icrostructure of Cam- 
Tip  of V-8 Cast Camshaft. 
E tched 5 per cent. N ital. 
x 100. (By Courtesy of F ord 
M otor Company.)

fine g rap h ite  stru c tu re , since th e  high carbon 
con ten t will confer resistance to  therm al shock, 
w hilst th e  fine g rap h ite  will p revent the en try  
of oxidising gases and  th u s  delay grow th. Such 
a com bination has in  th e  p ast been difficult, if 
not impossible to  achieve, because th e  effect of 
raising  th e  carbon con ten t is to  coarsen the 
g rap h ite . Refinem ent by m eans of prim ary  
copper may, however, provide a solution of th is 
difficulty.
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Since copper is a g raph itise r, i t  m ay be use
fully added in conjunction  w ith  hardeners such

Balanced Alloy Additions in Cast Iron

T a b l e  II .— Graphitising Value of Elements.

Element. Graphitising
value.

Silicon +  1.0
Copper—Carbon over 3.0 per cent. . . . +  0.30

Carbon below 3.0 per cent +  0.20
Nickel +  0.35
Manganese -  0.25
Molybdenum -  0.35*
Chromium -  1.20

* This value should be accepted with caution, as 
under certain conditions molybdenum appears to exert 
little or no influence on chill.

F i g .  8 . — M i c r o s t r u c t u r e  o f  C o r e  
o p  V - 8  C a s t  C a m s h a f t .  E t c h e d  
5  P E R  C E N T . N lT A L .  X 1 0 0 .  (By 
C o u r t e s y  o f  F o r d  M o t o r  C o m 
p a n y . )

as m anganese, chrom ium  and  m olybdenum . 
These th ree  elem ents can produce very m ateria l 
im provem ents in the  s tren g th  of cast iron , bu t



from  the  po in t of view of chill they act in  an 
opposite m anner to  silicon, i .e., they  increase 
chill. Therefore, if one of these elem ents he added 
to  cast iron, a balanced percentage of a g raph i
tise r  m ust also he added, or th e  iron will become 
b rittle  and  unm achinable. The d isadvantage of 
silicon has a lready been stressed ; i t  coarsens the  
g ra in  and therefore  prejudices th e  im provem ent 
in p roperties resu lting  from  th e  harden ing  alloy. 
Copper, on th e  o ther hand, contributes to  th is

F ig . 9.— M ic r o s tr u c tu r e  o f  C ast Iro n  
sh o w in g  G rap h ite  R e fin e m e n t pro
duced by P r im a ry  Copper. U n 
e tch ed . x  50. (B .C .I .R .A .)

im provem ent. Table I I  shows the  graph itising  
value of the  more common elem ents. I t  will be 
seen th a t , for a balanced addition , copper and 
m anganese or copper and molybdenum should be 
added in  approxim ately  equal proportions, w hilst 
the  copper-chromium ra tio  should be about 4 :1 .
Influence of Copper on Mechanical Properties 

of Grey Iron
Sim ple  Copper Additions .  — As is shown in 

F ig . 11, no very s trik ing  im provem ent in  the 
properties of cast iron results from a simple
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addition  of copper. I t  will be seen th a t  com
pressive s treng th , tensile s tren g th  and  B rinell 
hardness increase progressively as copper is 
added. This increase in B rinell hardness is not 
accom panied by any appreciable reduction  in 
m achinability , such as would resu lt from  a 
sim ilar increase in hardness produced by ra ising  
the  combined carbon content.

A curious fea tu re  of e ith e r copper or nickel 
additions to  cast iron  is th a t  th e  transverse  
s tren g th  is increased progressively in  irons

F i g . 10.—M i c r o s t r u c t t j r f . o f  C a s t  I r o n  s h o w 
i n g  N o r m a l  G r a p h i t e . U n e t c h e d , x  50. 
(B .C .I.R .A .)

having a B rinell hardness of u nder 200, b u t in 
harder irons th ere  is usually  an  im provem ent 
only w ith th e  first add ition , and  th e re a fte r  a 
sligh t falling-off. In  view of th e  sim ultaneous 
increase in both tensile and  compressive stren g th , 
th is  falling-off in  transverse  s tre n g th  m ay per
haps be regarded  as a  pecu liarity  ra th e r  of the  
te s t th an  of th e  p roperties of th e  iron.

I t  has been shown experim entally  th a t  ad d i
tions of copper alone, or nickel alone, or copper
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plus nickel up to  a to ta l alloy con ten t of 3  per 
cen t., have a very sim ilar effect on mechanical 
s treng th .

Tons/sq.

Copper per cent.
F ig . 11.— E f f e c t  o f  C o p p e r  A d d itio n s on M ech an ica l 

P r o p e r t ie s  o f  G rey C ast Iro n  (E astw ood , Boustj, 
and E ddy).

The toughness of cast iron, as judged by the 
repeated  im pact tes t, is considerably improved 
by additions of up to I f  per cent, copper, as is 
shown by the  following d a ta  obtained on inocu
la ted  cast iron contain ing  3.0 per cent, carbon,
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1.50 per cen t, silicon, 0.80 per cent, m anganese, 
0.106 per cent, phosphorus and  0 . 1 0 2  per cen t, 
su lphur.

1 2 3
Copper, per cent. . . — 1.02 1.60
Repeated impactblows to fracture 1,277 2 851 3,372

The im provem ent in  toughness resu ltin g  from  
copper additions is also noticeable in  w hite-iron 
castings which are  being increasingly  used even 
for highly stressed and  moving p a rts , an  ex
ample of which is th e  F o rd  die-cast valve push- 
rod shown in  F ig . 1 2 .

These valve push-rods a re  chill-cast in 
perm anent moulds w ith a sand core, and  are 
hea t-trea ted  to remove casting  s tra in s  and to 
soften th e  m atrix , h u t a re  n o t heated  hot 
enough nor long enough to  m ake th e  iron  grey, 
as w hite iron is essential to  give w ear resistance. 
This iron is very low in  silicon and  contains 
0.75 to  1.0 per cent, copper; the  action  of the  
copper is to  confer on th e  pearlitic  m a tr ix  the  
necessary toughness to co u n te rac t th e  in h eren t 
brittleness of the undecomposed cem entite  in  the  
chilled iron.

Balanced Additions
A strik ing  im provem ent in th e  p roperties of 

grey iron arises from  the  replacem ent of silicon 
by copper or from  balanced add itions of copper 
w ith m anganese, chrom ium  or m olybdenum .

Table I I I  gives typ ical exam ples of such add i
tions. The properties of the  first p a ir of irons 
illu s tra te  the  im provem ent ob tainab le  by rep lac
ing silicon by copper, while th e  second and  th ird  
pairs show the  effect of balanced add itions of 
copper and m anganese, and  copper an d  chro
mium respectively. In  th e  las t group, th e  first 
two irons show th e  im provem ent in  p roperties 
obtainable in an iron con ta in ing  \  per cent, 
molybdenum by the  add ition  of ab o u t l i  per 
cent, copper, w hilst a com parison betw een the  
first and  th ird  irons in  th is  group again  em pha
sises in a  strik in g  way the  effect of rep lacing  
silicon by copper.
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H igh-nickel au sten itio  cast irons such as 

“ N i-R esist ”  usually con ta in  abou t 7 p er cen t, 
copper,. Such irons offer a  m arked  resistance 
to  alm ost all types of corrosive m edia and  a re  
practically  im m une from  grow th a t  elevated

F i g . 1 2 . — D i e - C a s t  V a l v e  P u s h -  
R o d , h a v i n g  A n a l y s i s  : T.C,
3.65-3.90; S i, 0.30-0.65; M n, 
0.15-0.50; Cu, 0.75-1.0; P , 0.05 
( m a x . ) ,  a n d  S, 0.08 ( m a x . )  p e h
CENT.

tem pera tu res. Owing to  th e ir  surface work- 
harden ing  properties, they axe also w idely used 
for p lan t handling  liquids con ta in ing  abrasive 
solids, e.g .,  sand in  suspension.
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II.—COPPER IN MALLEABLE IRON

Copper has proved itself a  valuable add ition  
to b lackheart malleable iron, since i t  both 
accelerates annealing  and also im proves m echani
cal p roperties.

Effect on Annealing
Copper additions to  b lackheart malleable have- 

a m arked effect on the  ra te  of form ation of tem -

F i g . 13.— W h i t e  C a s t  I r o n  c o n 
t a i n i n g  1.2 p e r  c e n t .  S i a n d
1 PER CENT. CU, ANNEALED 2 H R S .
AT 925 D EG . C . ,  A IR  COOLED. 
E t c h e d  S o d i u m  P i c r a t e . x 200.
N o t e  F i n e  N o d u l e s  o f  T e m p e r  
C a r b o n . ( S m i t h  &  P a l m e r . )

per carbon, which increases progressively with- 
the  copper con ten t up to  the  lim it of solubility of 
copper a t  th e  annealing  tem pera tu re , i .e . ,  about 
3.5 per cent. The exp lana tion  appears to  lie in  
the  fa c t th a t  copper in  solution favours th e  fo r
m ation of a la rg e r num ber of carbon nuclei in 
th e  in itia l stages of breakdow n. Figs. 13 and 14 
show th e  s tru c tu re  of a  1  per cent, copper and at
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■copper-free iron respectively, a f te r  tw o hours 
soak a t  925 deg. C ., etched in  boiling sodium 
p icra te , which s ta in s  cem entite  brow n (photo
graphs black). I t  will be noticed th a t ,  a lthough  
the breakdow n has been more com plete in  the 
copper iron, th e  carbon nodules a re  appreciably  
sm aller. This refinem ent of tem per carbon is re-

F ig . 14.— W hite Cast I kon con
taining 1.2 per cent. S i  and no 
Copper, same treatment as in  
F ig . 13. E tched S odium  
P icrate. x 200. (S m ith  & 
P almer.)

"fleeted in th e  im proved m echanical p ropertie s of 
copper-bearing malleable iron  discussed la te r .

Table IV  shows the  tim e requ ired  u nder labora
tory  conditions for th e  two stages of g rap h itisa 
tion—th e  breakdow n of free carb ide and of pear- 
litic  carbide respectively—in an iron  con ta in ing  
2.4 per cen t, carbon, 1.01 per cen t, silicon, 0.31 
per cent, m anganese, 0.144 per cen t, phosphorus 
and 0.075 per cent, su lphur. E xperim en ts w ith
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higher carbon irons and varying soaking tem 
p era tu res  have given sim ilar results. The short-

T a b l e  IV .— Influence of Copper on Graphitising 
Malleable Iron.

Copper, per cent.
Time, at 925 deg. C. for first-stage graphitisation. 

Hrs.

Time, at 725 deg. C. for second-stage graphitisation. Hrs.

I .33 
I 73 
2.94

13.2
6.05.54.5

0 - 5  1 -0  I ‘5 2  0  2  5 3 ' »

C opper p e r cent

F ie . 15.—E f f e c t  o f  Copper A d d itio n s  on 
M ech a n ica l P r o p e r t ie s  o f  B la c k h e a r t  
M a lle a b le  Ir o n  c o n ta in in g  C 2.4, S i 1.01, 
M n  0.31, P  0.144 and S 0.075 per cen t.  
(L o r ig  & S m ith .)

nees of these annealing  tim es m ay come as some
th in g  of a shock to  those accustomed to  cycles of 
several days in batch type, and even tunnel
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furnaces, bu t low-carbon copper m alleable is to 
day being fully annealed in atm osphere-controlled 
continuous annealing  furnaces in as li tt le  as 
13 hrs.

Mechanical Properties of Copper Malleable Iron
F ig . 15 shows th e  effect of increasing  copper 

add itions on a malleable iron  which was annealed

C opper per cent.
F i g . 16.— E f f e c t  o f  C o p p e r  A d d i t i o n s  o n  

M e c h a n i c a l  P r o p e r t i e s  o f  B l a c k h e a r t  
M a l l e a b l e  I r o n  c o n t a i n i n g  C 2.8, S i 0.95, 
M n  0.27 AND P  0.12 PER  CENT. (L O R IG  &  
S m i t h . )

in  a commercial fu rnace to  give an all fe r r ite  
m atrix . An addition  of 1.4 per cen t, copper 
produces an  increase in tensile s tre n g th  of 31, 
tons per sq. in ., and in  yield p o in t of 5J tons per
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sq. in ., w hilst the  elongation is reduced from 14 
to  1 2  per cent.

I t  will be observed th a t  th e  base iron  is a 
low-carbon m alleable of fa irly  high streng th . I t  
m ay be seen from  F ig . 16, however, th a t  if 
copper additions are  made to  w eaker high-carbon

F i g .  17.—E f f e c t  o f  C o p p e r  o n  I m p a c t  
R e s i s t a n c e  o f  M a l l e a b l e  I r o n .  ( L o r i g  
&  S m i t h . )

irons, th e  tensile  s tren g th  and  yield po in t can 
be ra ised  to  alm ost th e  sam e figures, i .e .,  about 
27 tons per sq. in . and  2 0  tons per sq. in. re 
spectively. Since the  weakness of high-carbon 
irons is m ainly due to  the  fac t th a t  the tem per- 
carbon nodules a re  relatively large, the  equality  
of s tre n g th  in  high- and low-carbon irons con
ta in in g  copper is an indication  of th e  refinem ent 
in  tem per carbon arising  from  th e  copper addi
t i o n .
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-Malleable iron  is susceptible to  in te rg ra n u ia r  
•em brittlem ent when held a t  tem p era tu res  of 
abou t 500 deg. C., as, fo r exam ple, in  th e  gal
vanising process. I t  is therefo re  o ften  necessary 
to  precede galvan ising  w ith  a corrective t r e a t
m ent which consists of quenching from  about 
650 deg. C. The presence of copper, however,

F i g . 18.—M i c r o s t r u c t u r e  o f  W h i t e -  
h e a r t  M a l l e a b l e  I r o n  ( C o r e ) c o n 
t a i n i n g  1.65 p e r  c e n t . C o p p e r . 
E t c h e d  P i c r i c  A c i d . x  100 
(B .C .I.R .A .)

g rea tly  reduces th is  tendency to  em brittlem en t 
and  obviates the necessity for such p relim inary  
trea tm en t. As shown in F ig . 17, copper-free 
irons a re  very b ri tt le  a f te r  galvanising as com
pared w ith  annealed irons, unless they  have pre
viously received a corrective tre a tm e n t;  b u t in 
irons contain ing  upw ards of 1  per cent, copper, 
the im pact resistance a f te r  galvanising is about 
the  same as in annealed copper-free irons. The



curves in F ig . 17 incidentally  show the  genera l 
im provem ent in  toughness arising  from  copper 
add itions.

W hiteheart Malleable Iron
There does n o t appear to  he any record o f 

copper additions to  w hitehea rt malleable iron. 
However, in  view of th e ir  beneficial influence on 
b lackheart malleable iron, the Copper Develop
m ent A ssociation is now investigating  th e  effect 
of copper on th e  m echanical and annealing  pro
perties of w hiteheart. The investigation  has not, 
as ye t, proceeded very fa r , b u t in  Figs. 18 and 
19 a re  shown th e  m icrostructu re  a t  the  core o f  
two w hiteheart bars poured from  the same ladle 
and contain ing  1.65 per cent, copper and no 
copper respectively. B oth bars were given a 
quick a n n e a l  in  th e  same pot, th e  w hiteheart 
process being employed. The analysis of the  two 
liars a f te r  annealing  was as follows: —

No. 1. 
Per cent.

No. 2.
Per cent.

T . C ...................................... 2.46 2.58
c . c ...................................... 0.75 0.93
Gr.......................................... 1.71 1.65
S i ...................................... 0.78 0.79
Mn 0.40 0.39
S ...................................... 0.231 0.240
P ...................................... 0.052 0.051
Cu 1.65 —

The refinem ent of tem per carbon in  th e  copper- 
bearing  iron  is very  m arked, and cannot fa il to  
have a favourable influence on mechanical pro
perties, a lthough  th is  has yet to  be confirmed 
by m eans of tensile tes ts . Moreover, a com pari
son between th e  combined and to ta l carbon con
te n ts  of the  two bars as annealed, indicates th a t 
th e  add ition  of copper has no t only prom oted the 
breakdown of combined carbon to  tem per carbon, 
b u t has also accelerated the diffusion and reduc
tion  of iron  carbide— the essence of the  w hite
h eart process.
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The a u th o r wishes to  express his g ra t itu d e  to 

The B ritish  C ast Iro n  R esearch Association fur 
permission to  use in fo rm ation  con tained  in  R e
search R eports Nos. 124 and 125, to  th e  E a ling  
P a rk  Foundry , L im ited , fo r perm ission to  in-

F ig . 19.—M icrostructure of Copper- 
free W hiteheart M alleable I ron 
(Core). E tched P icric A c id . 
x 100. (B .C .I.R .A .)

elude d a ta  on copper add itions to  M eehanite 
eas t iron, and to  S ir W . G. A rm strong W h it
worth & Company (Ironfounders), L im ited , fo r 
th e ir co-operation in connection w ith  th e  step- 
bar castings illu s tra ted  in  F igs 2  to  4 .

DISCUSSION
M r . F . Iv . N eath said i t  had, of course, been 

obvious for some years th a t copper was a usefu l 
elem ent to  add to  cast iron as well as to  ste e l;  
i t  was, m oreover, considerably cheaper in  use



th a n  some of th e  more fam iliar alloys. M r. S a llitt 
had  m ade considerable reference to  the  use of 
copper in  th e  F o rd  m otor works. T hat concern 
had done m uch research, and  i t  was certa in  th a t  
th e  question of cost had  en tered  in to  the  m a tte r  
as well as o th er factors. Members would appre
cia te  from  M r. S a ll it t’s lecture, however, th a t  
cost was by no m eans th e  only po in t to  be sub
m itted  in  favour of copper additions. M r. N ea th  
said  he was sure members would look forw ard 
to  the  opportun ity  of read ing  M r. S a llitt’s 
book on th e  sub ject when published.

A dditions of copper were very easy to  make, 
and  d id  produce a more un iform  and wear- 
re s is ta n t s tru c tu re . M r. S a llit t had  dealt w ith 
th e  sub ject chiefly in  re la tion  to  m otor-car p a r t s ; 
in  th e  W est R id ing , foundrym en were concerned 
largely w ith tex tile  p lan t and  m achine tools, and 
they  would be glad  to  learn  w hether the  lec tu rer 
had  had  any experience of copper additions to  
castings for such purposes, and  if so w hat his 
conclusions were in regard  to  improved wear 
resistance and  closening of g rain .

M r . S a l l i t t  replied th a t  the  use of copper 
had been so fa r  chiefly confined to  industries 
m aking ligh t castings such as the  m otor indus
tr ie s , and  he had  n o t had experience of copper 
being used fo r really heavy castings. I t  was. 
however, ap p a re n t th a t  th e  refinem ent and 
ha rden ing  of the  m a trix  by copper were little  
affected by cooling ra te , in view of the  fa c t th a t  
copper produced a considerable increase in  h a rd 
ness an d  s tren g th  in  fully-annealed steel castings.

M r . S. C a r t e r ,  re fe rrin g  to  the  claims for 
copper add ition  in  th e  direction  of B rinell ha rd 
ness, inquired  w hether i t  m igh t perhaps create 
difficulties in  m achinability . H e  also asked 
w hether th e  lec tu re r would explain  th e  reason 
for th e  inverse action of copper on th e  hardness 
o f th in  or th ick  sections.

Mr . S a l l i t t  said, in  reply  to  th e  first ques
tion , th a t  copper was p resen t in  cast iron e ither 
in  solution or as fine partic les of w hat was v ir
tu a lly  pu re  copper. In  ne ith er form could it

7G5
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lead to  any m achining trouble, despite th e  in
crease in  B rinell hardness. As to  th e  second 
question, copper by its  g rap h itis in g  action  re
moved chill from , and hence softened, th in  sec
tions, b u t by its alloying and  refin ing action 
streng thened  and  hardened  th ick e r sections.

Impurities Added w ith Copper
Mit. H . A. M acColl, B .S c. (B radfo rd  Tech

nical College), inqu ired  which of th e  alloy irons 
m entioned required  h e a h tre a tm e n t. W as th ere  
any beneficial therm al effect or im provem ent in  
heat-conductiv ity , and  were these copper irons 
being used in  the  m an u fac tu re  of rolls? M r. 
MacColl noted also th a t  M r. S a llit t had  m en
tioned th e  use- of old fire-box scrap, which m igh t 
contain substan tia l q u an tities  of arsenic. W hat 
would M r. S a llitt consider th e  lim it of im p u ri
ties perm issible ?

M r. Sallitt replied th a t  only th e  low-carbon 
w hite irons such as were used for crankshafts  
were h e a t- tre a te d ; copper d id  n o t increase the  
neat-conductiv ity  of cast iron. As regards rolls, 
experim ental work was proceeding in th a t  direc
tion, and in answer to  th e  fo u rth  question he 
had not found any harm fu l effect resu lting  from 
such im purities as m igh t be p resen t in  copper 
fire-box scrap, etc.

M r. A. S. W o r ce ste r  asked w hether, in a 
copper alloy, there  m igh t be a d an g er of the 
copper “  sw eating ” ou t in  beads on th e  face of 
the m etal. M r. W orcester noted  also th a t  the 
lecturer had  referred  only to  low-carbon irons, 
and he wondered w hether th e re  was any reason 
aga in s t copper add ition  to  o rd inary  high-carbon 
irons of, say, 3 per cent. ?

Mr . Sallitt said th a t  all copper was in  solu
tion above th e  c ritica l tem p era tu re , so th a t  th e re  
was no danger of sw eating. In  regard  to  carbon 
content, m ost of the experim ental d a ta , used to  
illu stra te  the  lecture, referred  to  irons w ith  a 
fa irly  low-carbon conten t. Low-carbon irons 
were, of course, considerably stro n g er th an  
higher carbon irons, and m any people took the  
view th a t th e  first step in securing a h igh-du ty
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iron was to  lower the  carbon conten t. However, 
copper had  proved itself to  be effective in high- 
carbon  iro n s ; for exam ple, th e  carbon in the 
tw o cam shafts ran  as high as 3.65 per cent, 
an d  in  th e  push rods 3.90 per cent.

Influence of Phosphorus
In  answ er to  a mem ber who asked w hether 

phosphorus co n ten t had any substan tia l effect 
in  the  add ition  of copper, M r. S a llitt said he 
d id  not th in k  the  phosphorus con ten t m attered  
a t  all in  so fa r  as th e  g raph itising  action of 
copper was concerned, b u t n a tu ra lly  the  bene
ficial effect of copper on s tren g th  would be 
obscured if th e  phosphorus con ten t were very 
high.

M e. N eath said he was inclined to th in k  th is 
m ig h t be a po in t w orthy of fu r th e r  inquiry. 
W hen alloy add itions to  cast iron were first 
in troduced into th is  country , foundrym en 
s ta r te d  p u ttin g  all m anner of th ings in to  th 9 
m etal, and  they  experienced shrinkage cavities, 
porosity, open g ra in , etc. H e fe lt th ere  was 
scope fo r every mem ber individually  to  make 
some research on th is ground. In  M r. S a ll it t’s 
own work, he would like the  lec tu re r to  visualise 
the average jobbing foundry in which there was 
usually  only one m ix tu re , i f  he could give any 
lead, or any mem ber could assist w ith his own 
experience, i t  would lead to valuable inform a
tion .

M r. W orcester asked if M r. S a llitt could say 
th a t ,  in  an o rd inary  3 to 3^ per cent, carbon 
iron  w ith, say, 1  per cent, phosphorus, copper 
would have- a  beneficial effect.

Me . S a l l i t t  said th a t by preventing open 
gra in , i t  would be beneficial.

How Sulphur Reacts
In  answer to  M r. C arter, the  lecturer said 

th e re  was no danger of copper combining w ith 
th e  su lphur in cast iron, since the  affinity of 
m anganese for su lphur was h igher th an  th a t  of 
copper.



768

Vote of Thanks
Mb . N eath, m oving a; vote of th an k s  to  M r. 

S a llitt, suggested i t  would be w orth  while for 
all mem bers to  do a  few experim ents w ith  copper 
additions. Personally , he in tended  carry in g  o u t 
a series. H e  fe lt satisfied th a t ,  tre a te d  pro
perly, copper was a  useful add ition , an d  cer
ta in ly  had  an advan tage  in  th e  m a tte r  of cost.

Mb . S ling sby , seconding, said M r. S a ll i t t  had  
given a m ost illum ina ting  ou tline  of th e  value 
of th e  process. H e  had, however, shown th a t  th e  
add ition  of copper tended  to  b reak  down the  
carbon, whereas they  had  always been g iven to  
understand  th a t  th e  carbide should be re ta in ed  
in a  m alleable casting . P e rh ap s  th e  le c tu re r 
m igh t offer a  li tt le  m ore en ligh tenm en t on th a t  
point?

Mb . Sallitt, replying to  th e  vote of th an k s , 
and to M r. S lingsby’s com m ent, rem inded th e  
m eeting th a t  copper was a m ore pow erful 
g rap h itise r du rin g  th e  annealing  th a n  in th e  
casting , which was one reason for its  usefulness 
as an addition  to  b lackheart m alleable iron.

W ritte n  Contribution
Me . E. M. Cu b b ie , who w rote to  co n g ra tu la te  

the au th o r upon his concise and in fo rm a tiv e  
P aper, referred  to  th e  section dealing  w ith  the 
influence of copper on th e  m echanical p roperties 
of grey iron. H e added th a t  since i t  was 
known th a t  the  solution power for copper of h igh  
steel mixes of lower to ta l carbon con ten t, w ith  
a g raph itic  deposition of less th a n  2.2 pey cent., 
was g rea te r th a n  th a t  of o rd inary  cast iron , th en  
the series of resu lts  obtained from  such a  m ix  
would be likely to  vary  from  the  resu lts as given 
in F ig . 11 of th e  P aper.

To confirm his opinion, M r. C urrie  re fe rred  
to the following tab le , which was based upon  th e  
work done by the  M eehanite M etal In s ti tu te  on 
the  effect of copper on M eehanite m etal.

I t  is to  be noted th a t  as th e  copper increases,, 
so do both the  tensile and th e  tran sverse  pro



perties. I t  is adm itted  th a t  the resu lts given 
are  applicable only to  3.0 per cent, copper. I t  
is n o t a t  all clear th a t  additions above th is 
am ount will go in to  complete solution in  ordinary  
grey iron. Iro n  itself will tak e  up  about 9.0 per 
cen t, in  solid solution b u t, in  th e  presence of

Copper.
Per
cent.

Brinell
hardness.

Tensile 
strength. 
Tons per 

sq. in.

Transverse, 
1 . 2  in. 

dia. bar, 
18-in. 

centres. 
Breaking 

load. 
Lb.

Deflec
tion.

None 229 23.3 3,171 0.260
0 .6 234 24.9 3,202 0.280
1.4 269 27.9 3,362 0.255
2 . 0 285 27.5 3,541 0.270
3.0 302 27.7 3,400 0.255

carbon, solution is rap id ly  dim inished so th a t  
in  a 2 .8  per cent, carbon iron partic les of copper 
will begin to  show up soon a f te r  3.0 per cent, 
copper is reached, except where in tensify ing  
elem ents, such as nickel, molybdenum, m anganese 
or chrom ium  are  present.

In  conclusion, M r. C urrie  drew  a tten tio n  to  
th e  fac t th a t  the  additions of copper to  
g raph itised  irons had been p a ten ted  under 
B ritish  P a te n t No. 463,145 g ran ted  to  th e  
M eehanite M etal C orporation  of America.

Author’s Reply
In  reply, th e  Author w rote th a t  he was in  full 

agreem ent w ith  M r. C urrie  th a t  copper additions 
have a m ore beneficial effect on the mechanical 
p roperties of low carbon irons of the  M eehanite 
type  th an  on those of h igh carbon irons.

W ith  regard  to  the  solubility of copper in  iron 
and steel, although steel can hold as much as 
8  per cen t, of copper in  solid solution a t  a  tem 
p era tu re  of about 1,100 deg. C., i t  is doubtful if 
more th a n  3 to  3.5 per cent, can be re ta ined  in

o2
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solution  a t the critica l tem perature unless the  
steel be quenched from  high tem peratures. H e  
thou ght, therefore, th a t the effect of copper on 
the stren gth  of th e  cast iron m atrix  was probably  
very sim ilar in  a ll irons, b u t th a t in  h ig h  carbon  
irons i t  was obscured by th e  presence o f rela
tiv e ly  coarse p lates of grap h ite . In  low carbon  
irons, however, and m ore particu larly  in  the  
“ gra p h ite  conditioned  ” irons o f th e  M eehan ite  
type , the stren g th  of th e  iron as a whole more 
nearly  approxim ates to  th a t of th e  m a tr ix  and, 
therefore, copper add itions m ay be expected  to be  
the more effective.
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CARBON A N D  ALLOY STEEL CASTINGS* pa p e r  N o . 655

By J. E. MERCER and D. K. BARCLAY  

Cypritic Steel
The au thors have been requested to  make 

some reference to  the new copper-chromium s ta in 
less steel developed by W. P . D igby and E.
Digby. The inform ation  may not he as complete 
as may seem desirable from  a steel-castings point 
of view, owing to  the fac t th a t  the  reports 
expected on castings on tr ia l for various uses 
a re  not ye t to  hand. The firm w ith which the 
au thors are connected is only in terested  in cast
ings and forgings made from  th is steel, b u t they 
will, as a m a tte r  of in te rest, include inform ation 
on o ther aspects in  connection w ith it. The 
knowledge th a t  it  contains a large copper con
te n t n a tu ra lly  suggests the  q u es tio n : “ W hat
does th is  steel look like? ”

A t first sight, as a bar is taken  from  the 
pickling solution, i t  looks not unlike any of 
th e  now fam iliar au sten itic  stainless steels.
W hen polished and compared, the new steel 
appears to  be more silver-like and less blue than  
th e  austen itic  steels. F or certa in  uses the 
chrom ium  is u n d e r 15 per cent, and the  copper 
con ten t is from  6  to 10 per cent. Usually the 
composition is 18 per cent, chromium and 8 per 
cent, co p p er; the  carbon is kep t as low as pos
sible. Silicon and m anganese are  about 0.30 
and 0.50 per cent, respectively.

Compositions w ith copper as high as 15 per 
cent, have been found homogeneous and forge-

* The original Paper consisted of a comprehensive discussion 
on general steelfonndry practice and on most of the carbon and 
alloy  steel compositions. Owing to space limitations it has only 
been possible to include in this volume that part of the Paper 
dealing with a more recent development in alloy steels.
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A notable feature of these steels is th e ir  h igh  
f lu id ity ; i t  can be tapped  o u t w hen th e  m etal 
ju st leaves the spoon clean. I t  flows freely  in  
the m oulds, and castings w ith  sections as th in  
as -¡% in . th ick  present no difficuty.

able. The m elting  p ractice  in  no w ay differs from  
th a t associated w ith  th e  m aking of other sta in less  
steels. The copper can be added a t any stage  
of the m elting  w ithou t fear of loss by ox idation .

772



773
Grain Refinement

I t  was found at th e  beginn ing th a t, especially  
on the heavier sections of castings, the grain  
size was inclined to  be coarse, bu t a tten tion  to

pouring tem peratures and cooling rates has re
duced the grain  size to  reasonable dim ensions. 
The series of macro etch ings (F igs. 1 to  3) w ill 
show th e  result of efforts m ade in  th a t d irection . 
The black patches on some of the photom acro-
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graphs shown are  from  shadow owing to the  
specimens n o t f ra c tu rin g  cleanly. F ig . 1 shows 
the coarse g ra in  from  3 in. by 4 in . sand-cast

F i g . 3 . — P h o t o m a c r o g r a p h  o p  S a n d - C a s t  
C o p p e r - C h r o m i u m  S t e e l , s h o w i n g  
F i n e  G r a i n . x  5 .

test-bars ; F ig . 2 a m edium  g ra in  ; and  F ig . 3 
fine g ra in , all sim ilarly cast. On fra c tu rin g  
sand-cast ingots, and ingots from  in g o t moulds.



p I G , 4 .  S p l i t  I n g o t  o f  C o p p e r - C h r o m i u m  S t e e l ,  s h o w i n g
D i s t r i b u t i o n  o f  C o p p e r . ( B a t t e l l e  I n s t i t u t e , O h i o .)

Location No. 1, 8.02 per cent. C u ; No. 2, 7.83; No. 3, 
7.93; No. 4, 7.75; No, 5, 7.74; No. 6 , 7.91; No. 7, 7.81; 
No. 8 , 6.97; No. 9, 7.11; No. 10, 7.97; No. 11, 7.35 and 
No. 12, 7.93.
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a  noticeable difference is a t  once ap p aren t. 
Both are  ab n o rm al; in  th e  form er th e re  a re  equi- 
ax ia l crystals which app aren tly  suggest a pro
duct of dubious u tility , and  in  th e  la t te r  the 
ch aracteristic  is th a t  of a  periphery  o r border 
o f d end ritic  crystals and  a core of equi-axial 
crystals. An excellent exam ple of th e  above is 
given in  F ig . 4, re la tin g  to  a  7 -in. by 7-in. by

F ig . 5 .— M ic r o s tr u c tu r e  a t  L o ca tio n  
No. 11 in  F ig .  4. Specim en H e a t  
T in ted . D a r e  P a r t ic le s  c o n s t i t u t e  
C opper-rich  P h a se . x  100.

16-m. sp lit ingot p repared  and photographed  by 
the  B atte lle  In s titu te , Ohio.

I f  th is  illu s tra tio n  is exam ined a t  th e  various 
locations i t  will be observed th a t  besides th e re  
being no rich copper core, th e re  is com paratively  
litt le  difference in  d is trib u tio n  th ro u g h o u t th e  
ingot. A tten tio n  is d irected  to  locations 10, 
11, 9 ; 7, 6 , 5 ; and 1. 2, 3.



The m icrostructure  a t  location No. 11 is 
shown in F igs. 5 and  6 , both of which are  a t  
1 0 0  m agnifications.

H o m o g e n e i ty  S a t i s f a c to ry
The B atte lle  In s t i tu te ’s read ing  of th e  struc

tu re  i s : —R ich copper constituen t in  an iron 
chrom ium  m atrix , th e  d ark er phase having dis-
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F ig . 6 .—As F ig . 5, after the Specimen 
was R epolished and E tched with 
F erric Chloride, x 100.

t in c t m artensitic  m ark ings under high m agni
fications. Inclusions are few and well d istribu ted .

The chrom ium -copper steels are m agnetic and 
show no definite change-point. I t  can be said, 
however, th a t  qu ite  d ifferent m echanical charac
teristics a re  obtainable by hea t-trea tm en t a t  tem 
pera tu res  in  the  v icin ity  of 930 deg. C. and 
500 deg. C. An in te resting  'fe a tu re  is th e  wide 
range of hardness possible by heat-treatm ent-
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On castings con ta in ing  10 per cen t, of copper, 
B rinell figures of from  170 to  440 have been 
obtained.

I t  is w orthy of m ention th a t ,  unlike o ther 
stainless steels, a m arked  increase in  hardness 
takes place, due to p rec ip ita tio n  harden ing , when 
tem pered a t  500 deg. C. Tem pering a t  750 deg. 
C. produces th e  softest m ateria l, and  th e  best 
im pact values are  obtained  abou t th a t  tem p era 
tu re . Izod values of as h igh  as 27 ft.-lbs. have 
been obtained on copper-chrom ium  steel castings, 
b u t on th e  whole an  average of 15 ft.-lbs. is 
about the  norm al resu lt. Possibly w ith  the  
im provem ent in  grain-size a ttr ib u ta b le  to  pouring  
tem pera tu res, la te r  experim ents m ay show some
w hat b e tte r  average figures. W ith  reg a rd  to  Izod 
te s ts  carried  o u t on forgings, th e  resu lts  are  
rem arkable to  a  degree. V alues of 50 to  110 ft.- 
Ibs. according to  composition and heat-treat-m ent 
are  qu ite  common.

M echanica l  T e s ts
M echanical te s ts  carried  o u t on castings ind i

cate th a t  i t  should be qu ite  possible to  g e t con
s is ten t tensile s treng ths of from  36 to  42 tons 
per sq. in. and  an elongation of 2 0  per cen t, in 
2 in. Composition m ateria lly  influences te s ts  on 
castings. I t  appears a t  p resen t as th o u g h  the 
best figures for du c tility  w ill be obtained  on steels 
w ith  15 per cen t, chrom ium  con ten t. In  the 
forged condition, tensile s tren g th  ranges between 
36 and 50 tons per sq. in ., th e  yield being 75 to 
80 per cent, of th e  u ltim a te  value, and  the  elon
gation  20 to  25 per cen t. Q uenching raises the 
tensile s tren g th  to  70 o r 80 ten s p er sq. in ., and 
w ith  subsequent tem pering  gives in term ed ia te  
streng ths w ith  increasing d u c tility . A nnealing 
w ithou t subsequent reh ea tin g  will give an  u lt i
m ate s tren g th  of 33 tons per sq. in. and a yield 
of 24.5 tons per sq. in.

W e ld in g
W elding has p resented  no difficulty, and any of 

the  following processes m ay be used : —Arc, oxy-
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acetylene, atom ic hydrogen and spot welding 
E xam ination  of welds on copper-chrom ium  steels 
suggests th a t  copper is effective in  re ta rd in g  
g ra in  grow th a t  h igh  tem pera tu res . C om parative 
tes ts  for in te rg ra n u la r  corrosion w ith  austen itic  
stainless steels showed th e  cyp ritic  steels tc 
advantage. A dependable weld is ob tained  w ith
o u t th e  necessity of subsequent h ea t- tre a tm en t 
a fe a tu re  w orth  considering in  s tru c tu ra l w ort 
and fabrications.

C o r r o s i o n  R e s is tan c e
I t  is obviously impossible in  a  P a p e r  of th is  

descrip tion  to  give th e  reactions of cyp ritic  steels 
to th e  ra th e r  im posing lis t of corrosive m edia 
w ith  which m eta llu rg ists  are  all now fam ilia r. 
I t  m ay be said, however, th a t  w hilst i t  is n o t so 
good in some instances as th e  au s ten itic  nickel- 
chrome steels, notably w ith  regard  to  n itr ic  and 
su lphuric  acid, i t  is com parable in  chloride solu
tions, lactic, acetic acids and  o rganic  acids 
generally. F o r  some of th e  more corrosive m edia 
one m ay y e t see i t  w ith  the  designation  cypritic  
steel “  w ith  alloys.” I t  is also now being used 
in  th e  p repara tion  of foodstuffs, and  brew ers 
have found i t  p articu la rly  su itab le  fo r th e ir  
requirem ents.

M ach in ab il i ty
W ith regard  to  m achinability , steels of th is  

group m ay be sawn, d rilled , tu rn ed  and  planed 
w ith the  same ease as m edium -carbon steels. I t  
does no t w ork-harden in m achining, which is a 
fea tu re  of im portance, since th e  su lphu r and 
phosphorus con ten t a re  low. H av ing  in  m ind 
th e  in itia l g ra in  size, i t  will be agreed th a t  
th e  au thors did n o t contem plate fo rg ing  w ith  
any ^degree of pleasure ; th e  d isasters p red icted  
m aterialised  in  the  early  efforts. Y et, when th e  
technique of handling  had  been acquired , fo rg
ing became ju s t a  m a tte r  of observation  to  a 
carefully  regu la ted  rou tine .

Fo rg in g
C ypritic steel is am enable to  w orking when 

hot, and w hilst i t  cannot be said to  work as
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easily as carbon steel, i t  has been b rough t down 
under the  ham m er from  4 in. square billets to 
5  in . round. B ars of 1 in . d iam eter and 12 ft. 
long have been successfully made. Big. 7 illus
tra te s  a forging, showing red u c tio n ; the clean

edges and freedom  from  corner cracking are to 
be noted. The orig inal ingot was of induction 
furnace steel, and  had the  norm al markedly- 
dendritic  periphery  and coarse crystalline form a
tion  in  the  centre. I t  was noticed th a t , although



the  coarse c rysta llisa tion  underw en t such a 
tran sfo rm atio n , i t  was no t so a p p a ren t in  the  
photom icrographs. P hotom acrographs of t>* 
diam eters and  photom icrographs by 1 2 0  
diam eters a re  shown in  F igs. S to  11.

F ig . S shows a m acro of th e  ingo t, and  F ig . 9 
a photom icrograph tak en  a t  i t s  edge. I t  is un 
fo rtuna te  th a t th is  p ic tu re  includes some o f  th e

F ig .  9 .— l i i c K o s T K r c i r s K  a t  E d g e  o r  
I x g o t  s h o w x  i x  F i g .  S . x 1 2 0

finer g ra in  a t the  outside of th e  ingot, and  was 
not noticed u n til too la te  to  replace. F igs . 10 
and 1 1  show sim ilar sections fo r th e  ^-in forging.

B illets 9 in . square have been forged down to  
c ircu lar 4 in. billets and  ex truded  in to  perfectly  
good tubes of 1 |  in . d ia ., S f t .  long, th e  wall 
thickness being -ft- in . F ig . 12 shows a section 
of ex truded  tube . F ig . 13 shows a  photom icro
g raph  of th e  long itud inal section of tube , and  
F ig . 14 th e  transverse  section. S hafts  of 4  in .
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dia. and 9 f t . 6  in. have been successfully forged 
and a re  now in  use.

W i r e  and  S h e e ts  
Ingots have been forged down to  2 in. dia. 

and 14 ft. lengths, which were subsequently

rolled down to w ire rod, and wire of 70 to  80 
tons: tensile  s tren g th  produced. In  draw ing 
down to  w ire, reductions of 80 per cent, in area 
a re  obtainable before re-annealing  is necessary.

Sheet and  s trip  a re  beilig cold-rolled w ith the
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F i g . 12.— S e c t i o n  o p  E x t r u d e d  T u b e  o f  
C y p r i t i c  S t e e l .



F i g . 1 3 .— M  i c  h o  s t r u c t u r e  o f  L o n g i 
t u d i n a l  S e c t i o n  o f  E x t r u d e d  
C y p r i t i c - S t e e l  T u b e , x  500.

S e c t i o n  o f  E x t r u d e d  C y p r i t i c - S t e e l

T u b e , x  500.
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same ease as m ild steel, and  w ith  no g rea te r 
harden ing  under the  rolls. A num ber of deep 
pressings have been made from  sheet 2 2  by 2 2  in. 
One was 16 in. by 3J in. deep ; a second, 13J in. 
by 5J- in . deep ; and  th e  th ird , 11 in. by 7 in. 
deep. In  th e  cold-rolling of s tr ip , successive 
passes th rough  th e  rolls g iv ing  a to ta l reduction  
of 65 to  70 per cent, w ithou t re-annealing  is n o r
mal p ractice , b u t i t  has been found possible to 
secure a reduction  of 55 per cent, in  a single 
pass. The au thors are  inform ed th a t  very in 
te resting  d a ta  w ith  reg ard  to  corrosion-fatigue 
values of rod , bar, and  w ire from  th is  in te re s tin g  
steel w ith its revo lu tionary  composition will be 
available shortly.
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West Riding of Yorkshire Branch
M O U L D IN G  SA N D , W I T H  SPEC IA L  R E F E R -Paper No.*5i 

E NCE T O  BLIND SCABS

By S. C A R TER  an d  A. W .  W A L K ER

P apers on moulding sand practice have 
recently  occupied th e  m ost p rom inent position 
in foundry technical lite ra tu re , and th is appears 
to  signify the  grow ing im portance which the 
foundrym an a ttaches to  the  correct control of th is  
raw  m ateria l. There a re  still m any otherwise 
en ligh tened  foundrym en, however, who still seek 
to  claim  precedence fo r the  old-fashioned, unor
ganised and inconsistent systems of sand trea ts  
m ent which were un iversal before the  w ar. 
Generally speaking, th e  ind iv idual c raftsm an  was 
then  allowed to  p repare  h is own sand from the  
raw  m ateria ls  to  su it his own tas te , w ith the 
resu lt th a t  a d iversity  of resu lts was produced 
concurren t w ith  the  num ber of moulders em
ployed. W hen all th e  argum ents about th e  m erits 
of present-day craftsm en (which a re  usually 
derogative) compared w ith those of a previous 
generation  have been exhausted, th e re  is surely so 
much in  favour of d irec t supervision and  control 
of sand as to  in h ib it en tire ly  any discussion on 
m erit.

W ithout en te rin g  in to  detail, i t  is sufficient 
to  note th a t  such points as consistency of sand 
supplied to  the  operatives, coupled w ith the cer
ta in  knowledge th a t  th e  best sand condition has 
been a tta in ed , th e  reduction  in costs due to 
be tte r m oulding properties, the  un iform ity  of 
p roduct from  m an to  m an, and, w hat is m ost im
p o rtan t, from  order to  rep ea t order, qualify sand 
control, in  th e  au th o rs’ opinion, as represen ting  
an immense stride  in th e  slowly proceeding scien
tific em ancipation of the foundry industry .

I t  is ce rta in  th a t , in the  fu tu re , foundries 
w ithout some method of sand control will even-
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tu a lly  become red u n d an t, a lthough  th e  au th o rs  
do n o t wish i t  to  be in fe rred  th a t  they  consider 
sand control purely from  a  m echanisation  po in t 
of view. This m ethod certa in ly  fac ilita te s  closer 
and  easier control, and  fo r those who can afford 
th e  outlay  th ere  is no doubt th a t  handsom e 
savings, outside th e  scope of th is  P a p e r , can  be 
effected. Sand investiga tion  by th e  very u n in i
tia te d  can n o t fa il to  b ring  fo rth  some en ligh ten 
m ent, and th e  absorbing and in te re s tin g  resu lts 
which are  obtained usually  w het th e  ap p e tite  
for fu r th e r  research.

J o b b in g  F o u n d ry  A p p l i c a t io n
The P apers on sand  contro l w hich have 

appeared  recently  ap p e rta in , w ith  few exceptions, 
to  foundries opera ting  on rep e titio n  o r s tan d a rd  
lines. M echanical systems are usually  m uch more 
difficult to  opera te  in  a  jobbing foundry , and  
w ith  th is in  m ind th e  au tho rs  decided to  build  th is  
P a p e r around  the  p rac tice  ob ta in ing  in  one of the  
foundries w ith  which they  a re  connected, where 
th e  work is stric tly  of a jobbing ch a rac te r of 
very wide varie ty .

P r io r  to th e  p rep a ra tio n  of th is  P a p e r , the  
excellent artic les on the  sub ject of sand  by 
B uchanan, H udson, Sheehan and  o thers were 
exam ined very thoroughly , and such po in ts of 
in te re s t and  controversy culled from  them  which 
appeared  to  have a  fundam en ta l bearing  on the  
work to  be und ertak en . The au tho rs  desire a t  
th is  p o in t to  m ake acknow ledgem ent to  th e  
various au tho rs  concerned, and  to  express th e ir  
adm ira tion  of th e  value of th e  p ioneer work so 
ably perform ed.

A bout th ree  years ago, a t  th e  foundry  u n d er 
consideration, i t  was decided to  in s ti tu te  control 
of th e  sand and  its  p repara tion , and  to  evolve, if 
possible, a  sand which would func tion  w ithou t 
rad ical a lte ra tio n  fo r th e  p roduction  .of all classes 
of casting , i .e .,  green sand and dry  sand  or loam. 
This was considered to  be one of th e  m ost im por
ta n t  points to  be borne in  m ind, as i t  was fe lt 
th a t  the  operation  of a  m echanised p la n t would 
be very much simplified by opera ting  a  sand
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which could, w ith  m inor ad ju s tm en t, be sub
jected  to  th e  same tre a tm e n t w ithou t th e  in te r
ferences and  stoppages which would be necessary 
when try in g  to  obtain  different m ix tu res and 
qualities. W ith  th e  valuable co-operation of 
M r. B. L. B roadbent, m anaging d irecto r of T. 
B roadben t & Sons, L im ited , of H uddersfield, for 
whom th e  p la n t was designed, Pneulec, L im ited, 
supplied th e  sand m ixing and handling  
m achinery, and  operations were commenced on 
th e  foregoing basis.

On th e  assum ption th a t  a heavily bonded, 
h ighly perm eable new sand would be necessary 
to  provide th e  desired s tan d ard  of mixed 
m ateria l, and also on account of th e  fa c t th a t  
less new sand additions were now contem plated, 
a p ro p rie ta ry  sand, such as is used by m any steel- 
founders, was chosen as likely to  provide the  de
sired results. The properties of th is sand showed 
i t  to  possess a rem arkably high perm eability 
value fo r so heavily bonded a sand, and in addi
tion  th e  bulk of the  sand gra ins were so notably 
reg u la r in  size th a t  i t  was th o u g h t an ideal base 
sand had  been found. The p roperties of th is 
sand a t  6  per cent, m oisture were perm eability 
120, and  green bond s tren g th  14 lbs. per sq. in. 
I t  should be noted th a t  all te s t figures on sand 
shown in  th is  P ap e r have been derived from the 
A .F .A . appara tu s.

The figures sought fo r green sand were perme
ab ility  65 and green bond stren g th  6  lbs. per sq. 
in. a t  51 per cent, m oisture. Trouble was ex
perienced alm ost im m ediately due to  the ten 
dency of th e  sand  to  scab, and a f te r  investi
ga tion  th is  p rop rie ta ry  sand was th o u g h t to  be 
responsible. A lthough an apparen tly  excellent 
m ateria l, i t  was found th a t  th e  bond was so 
unevenly d is tribu ted  as to  cause a considerable 
am ount of clay to  ex is t as pellets, and even the 
in tensive m ixing now tak in g  place was unable 
to blend them  properly w ith  the  sand.

I t  has since been learned th a t , a t th e  tim e, 
th is  sand was synthetically  produced by adding
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lump clay to a n a tu ra lly  bonded sand, and  th a t  
th e  add ition  of the clay in a finer s ta te  of d iv i
sion has im proved th e  sand in th is  respect. 
A nother reason for th e  cessation of the  use of 
th is sand was th a t , owing to  the  excellent p re
para tion  now tak in g  place in the  m ixers, the  
in e rt bond in the  floor sand was being developed 
so th a t  litt le  or no new sand was required  for 
a period. A ctually the p lan t operated  for th e  
first twelve months, in cycles of six to  e ig h t 
weeks, w ithou t th e  add ition  of new sand or 
bonding m ateria l of any descrip tion , in terspersed  
w ith occasional weekly periods when small new 
sand additions were made.

W ith  the  reduction  in  the  use of new sand, 
a m arked im provem ent in finish was obtained, 
and when th e  tim e a rrived  for system atic new 
sand additions some twelve m onths a f te r  com
m encem ent of the  system, the  benefits of control 
were ap p aren t. The po in t th en  arose as to  
which kind of new sand should be added to  m ake 
up for the  rising  deficiency in bonding m ateria l. 
H ensall sand, cheaply obtainable in  th e  locality 
and very popular in th e  d is tr ic t was tr ie d  first, 
bu t the  resu lts were d isappo in ting  owing chiefly 
to its lack of bonding power. The open n a tu re  
of th e  sand also caused th e  perm eability  figures 
to rise and  consequently prejud iced  th e  finish 
on the green-sand castings.

In  view of th is, th e  more heavily  bonded, 
finer g rained  M ansfield sand was su b s titu ted , 
and w ith the  exception of occasional experim en
ta l runs w ith P ickering  sand, the  p la n t has 
operated  u n til recent weeks on the  following 
m ix ture , w ith periodic ex tra  new sand  add itions 
when it  was found th a t  the  bond s tren g th  was 
d e te r io ra tin g :—Floor sand, 672 lbs .; M ansfield 
sand, 6  lb s .; and coal-dust, 1 2  lbs.

Such a m ix tu re  can only ju s t m a in ta in  th e  
sand in  its  desired s ta te , and as all sand from  
w hatever source was being p u t th ro u g h  the  
system, i t  was necessary from  tim e  to  tim e  to  
add h igher proportions of new sand. R ecently  
i t  has been found more efficacious to  add th e
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bonding m ate ria l in  the  form  of colloidal clay, 
and the  resu lts obtained so fa r  have justified 
th e  d ep artu re  from  th e  previous system of using 
raw  sand. W hen dry  sand is required, th e  same 
m ix tu re  of sands is used w ith the  elim ination

MOISTURE % MOISTURE %

F ig . 1.
of coal-dust. The m oisture is raised to per 
cent, and wood pulp is added a t  the ra te  of
0 . 3  per cent, for providing th e  ex tra  dry 
stren g th  in  th e  sand. Loam also is m ade from 
the same source, except th a t  the m oisture is of 
course much higher.
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T h e  S i l t  Q u e s t i o n
A po in t w orthy of note in  view of th e  wide 

divergence of opinion on the  s ilt question , is 
th e  covered b ins s itu a ted  above th e  sand mills. 
These bins a re  receptacles fo r th e  sand delivered 
from  th e  foundry  by way of th e  b e lt and  elevator, 
and were o rig inally  m ade w ithou t tops. I t  was

S t
MOISTURE %

F i g . 2.

found, however, th a t  th e  w ind in  th e  partia lly  
open build ing  in  which they  a re  housed was 
exhausting  the  fine m a te ria l in  th e  sand to  th e  
d e trim en t of th e  casting  finish, and  on account 
of th is  i t  was found necessary to  p ro tec t the 
sand as i t  lay in  th e  bins.

A bout th is tim e several experim ents were m ade 
in connection w ith  th e  s ilt problem, and  the



breakdow n and possible accretion of g ra in  size 
were particu la rly  studied. A series of cast-iron 
bars was m ade on tw enty-one consecutive days, 
the  sand used being th a t  in  general use th rough
o u t the  foundry . A fte r each cast, th e  casting 
was carefully  removed, th e  adhering  sand brushed 
off in to  the  bulk, 5 per cent, coal-dust was added

793

F i g . 3 .

and a f te r  tre a tm e n t th e  n ex t cast was made. 
Samples of sand were tak en  from  every cast and 
the  bars produced, 1J dia. by 15 in. long, were 
exam ined to ascertain  the  effect on the skin. 
The castings obtained showed the increase in 
g ra in  size which took place over th e  tw enty-one 
casts, and th e  resu lts are set ou t in  Table I.
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I t  will be observed th a t  th e  sand g ra in s g ra d u 
ally increased in size as th e  casts progressed, 
ind ica ting  th a t  the  fine m ateria l allies itself 
w ith the larger g ra ined  partic les to  form  a  la rger 
com posite g ra in . O ther experim ents on th e  same 
lines have since confirmed th is  resu lt. I t  was 
then  decided to  find o u t how th e  bonding 
m ate ria l was d is trib u ted  th ro u g h o u t th e  sand 
which was used in  th e  system. Sam ples were 
tak en  and meshed in to  th e ir  respective grades 
and F igs. 1 to  3 show th e  respective bonding 
values a t  d iffering m oisture con ten ts, also the

T a b l e  I.—Grain Growth after 21 Days,\the Only Addition 
being 5 per cent. Coal-Dust after\Each Cast.

Mois
ture.

A.F.A.
Perme
ability.

G.B.S. 
Lbs. per 
sq. in.

Grain size.

Pass.
60.

On
60.

On 30 
and

above.

5.75 64.6 5.1 38 47 15
5.75 66.7 4.8 38 45 17
6 . 0 66.7 4.7 37 50 13
5.75 58.9 4.0 36 43 2 1
5.75 66.7 3.8 30 47 23
5.5 64.6 3.3 33 40 27
5.75 62.6 3.2 30 40 30
5.75 62.6 3.0 29 36 35
5.5 64.6 2 . 8 28 36 36

effect of inoculating  bulk fines w ith 6  per cen t, 
of each of the o ther grades in separa te  ranges. 
The results of these tes ts  indicate, th a t  th e  bond
ing value of th is  p a rticu la r sand lies in  the 
16-mesh grade, and  not, as is commonly sup
posed, concen trated  in  the  fine m ateria l. T ha t 
th is  la t te r  may no t be th e  case in  dealing  w ith 
raw  sand from  th e  quarries th e  au tho rs  would 
no t deny, bu t th e  effect of foundry  conditions, 
w ith the  continuous rubbing  and  movem ent, 
enables the  la rg er g ra ined  m a te ria l to  lick up 
the  finer sand and  effectively to  increase its  size 
much in  the way of a rolling snowball. These 
results indicated  to  the  au thors th a t  when sand
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is controlled the  “ problem ” of silt need not 
arise.

S an d  P r o p e r t i e s  C o m p a r e d
In c id en ta l experim ents in connection w ith this 

P a p e r have been carried  ou t on th ree  well-known 
types of sand popular in  the W est R id ing  area 
of Yorkshire. The object was to  compare the 
p roperties of the  sands a t  o rd inary  ram m ing, but 
increasing  density  and its effect on mould values 
a ttra c te d  the  authors, who have set out the 
resu lts  shown in  Tables I I ,  I I I  and IY . F our 
series of each sand were tested  a t  differing 
m oisture, and i t  will be observed wherein lie the 
m axim um  advantages to be obtained from any 
of the  sands, i .e .,  the optim um  condition. 
Obviously, any one sand cannot possess all the  
v irtues of an ideal, so th a t  the user m ust average 
th e  properties obtainable which the two extrem es 
of green bond s tren g th  and perm eability  will 
perm it. F o r example, series 2 of the  Pickering 
resu lts obviously indicates th e  best and most 
advantageous condition fo r the  use of th is sand. 
Table V  is of th e  green sand used in the  foundry, 
b u t only two ranges of m oisture are shown, as 
any th ing  above or below these extrem es produces 
an  unw orkable sand. In  fac t, th e  high m oisture 
of the  second series has so seriously depreciated 
the  value of th e  sand as to  indicate th a t  moisture 
control in  th is  p a rticu la r sand lies w ith in  very 
close lim its. Such an ind ica tion  points to  the 
fac t th a t  all th e  available bonding m ateria l is 
being u tilised  to  th e  fu llest ex ten t w ith the 
m oisture a t 5J per cent.

In  view of th e  resu lts ju s t outlined, i t  may 
be asked if  P ickering  sand would no t fulfil the  
purpose of th e  new sand add ition  to  the system 
sand to  b e tte r  effect th a n  the Mansfield, and on 
the  face of i t  advantages would seem to  be 
ap p aren t. Fu rtherm ore , a  refractoriness tes t 
carried  o u t on cones of these sands showed quite 
clearly th a t  P ickering  sand possesses infinitely 
superior properties in th is  respect than  does



M ansfield. Inc iden ta lly , also, i t  is a very  evenly 
graded m ateria l and  easy w orking. In  th e  first 
place, the  au thors have evidence from  previous 
tests th a t  yellow sands do n o t hold th e i r  bonding 
m ateria l so tenaciously as do th e  red sands, th a t  
is, they  have n o t th e  same l i f e ; additionally , 
the  fu ll value of P ickering  sand was no t realised 
un til th e  experim ents were fa irly  well advanced, 
and o p po rtun ity  to  tr y  i t  o u t in  reg u la r

79 G

F i g . 4 .— S a n d  C o n e s  w i t h  S e g e r  C o n e s  
a f t e r  R e f r a c t o r i n e s s  T e s t .

practice has therefo re  been lim ited . F ig . 4 
shows a  series of sand cones, placed on a slab 
of “ D urex  ”  to g e th er w ith  Seger cones. The 
le tters on th e  sand cones ind ica te  th e  type  of 
sand of which they  are  composed :—P , P ick e rin g ; 
M, M ansfield; H , H e n sa ll; GS, green  san d ; 
DS. d ry  sand. I t  will be observed th a t  th e  
Mansfield has com pletely collapsed, while the  
P ickering  has rem ained in ta c t, th e  o th e r sands 
having in te rm ed ia te  fusion tem pera tu res.
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S e m i-S y n th e t ic  S an d s

R ecently , th e  sand add itions have been 
su b stitu ted  by benton ite . A lthough th e  system 
sand m ay now be considered on th e  sam e lines 
as syn thetic  sands, i t  is n o t tru ly  of th is  o rder, 
th e  base being composed of n a tu ra lly  bonded 
m ateria l, whereas tru e  syn thetic  sands are  based 
upon th e  use of unbonded silica sands w ith  the  
colloidal clay. The same princip le , however, 
governs th e  success or otherw ise of these rriix-

T a b l e  V.—Standard Green Sand. (Moisture in Firs, 
Series, 5 per cent. Moisture in Second Series t 
8J per cent.)

Test
No.

Perme
ability.

G.B.S. 
Lbs. per 
sq. in.

No. of 
blows.

App.
density.

1 67.0 6.3 3 1.55
2 55.5 7.1 4 1.56
3 52.2 7.5 5 1.56
4 52.1 8 . 8 6 1.58

5 38.5 3.1 3 1 . 6 8
6 38.5 3.3 4 1.69
7 32.3 3.5 5 1.72
8 24.4 4.0 6 1.75

tu res, namely, the  proper selection of g ra in  size 
to  su it the  type of casting  to  be produced. 
F ig . 5 was produced to  show th e  effect of in 
creasing add itions of ben ton ite  on th e  sand in 
the  system, and  includes th e  g ra in  size of the  
base sand. F igs. 6  to  10 have been in troduced  
to show the  com parative effect of b en to n ite  and  
new sand additions, and  w ith  a view to  ascer
ta in in g , if possible, if  th e re  was any  essential 
difference in  properties when the  test-pieces had 
stood for vary ing  periods before te s tin g .

Generally, i t  was found  th a t  th e  s tre n g th  of 
the colloidally bonded sands increased m ore th a n  
did those bonded w ith  new raw  sand, and  th is 
supports th e  popular con ten tion  th a t  sands of 
th is la t te r  type  a re  no t so prone to  become
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“  m urly  ” upon loss of m oistu re  as a re  th e  ben
ton ite  sands. Table V I is a  consensus of th e  re 
sults obtained on te s tin g  the  first th ree  weeks’ 
production  of sand when using ben ton ite . The 
add ition  of slightly  less th a n  |  per cent, was a t 
first though t to  be necessary to  produce th e  stan-

F ia .  5.

dard  required , b u t a f te r  a few days i t  was obvi
ous th a t  fu ller u tilisa tio n  of the  bond was being 
effected, w ith  the  re su lt th a t  th e  add itions 
were cu t down successively to  approxim ately  
4 per cent, and la te r  to  per cent. One im por
ta n t  fe a tu re  of th is  tab le  is th e  effect on the



dry bond s tren g th  w ithou t deleterious effect on 
any of the  o ther p roperties of the  sand. An 
objection to  the  use of synthetic sands is the ir 
susceptib ility  to  d rying off quickly, a failing 
qu ite  im p o rtan t to foundries m aking fairly  large 
moulds. The only rem edy is to  use a slightly

803

F i g . 6 .

higher p roportion  of m oisture in the  sand than  
is actually  requ ired  to offset the  h igher ra te  of 
loss.

Dry Sand  an d  Loam
The comments have so fa r  m ainly concerned 

green sand, b u t th is  foundry  makes the  g rea te r
2 d 2
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proportion  of its  work in  d ry  sand or loam, and 
i t  is here th a t  the  g rea test advan tages of sand 
control a re  evinced. The d ried  s tren g th  of the 
sand is such as to  have reduced to  a m inim um  
the  am ount of mould re in forcem ent necessary, 
and face sprigging even in  fro n t of run n ers  has

F i g . 7 .

been en tire ly  erad ica ted . The casting  skin is 
faultless, and sand troubles in  th is section a re  
non-existent. The resu lts obtained on dry  sand 
alone have fully justified  th e  in s ta lla tio n  of the  
p lan t, ignoring  the  economic considerations, 
which can be very considerable judged  from  the  
stan d p o in t of the  rem arkably  small new sand
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additions and  th e  consequent reduction  in  the 
am ount of surplus m ateria l to  be tipped. The 
properties of the dry  sand are as follow : —Green 
perm eability , 6 6 ; green bond streng th , 3.8 lbs. 
per sq. i n . ; m oisture, 7 |  per c e n t.; dry  per
m eability , 80; dry bond s treng th , 65 lbs. per 
sq. in.

F i g . 8 .

Blind Scabs
Foundrym en on the  whole, however, are less 

inclined to  listen  to  figures th an  to judge a sand 
from  th e  effect i t  has on th e  quality  of the cast
ings which they  produce, and the  lim itations 
which i t  imposes on th e ir  practice. One of the 
most difficult and ir r ita tin g  problems w ith which 
th e  foundry  has to  contend is the  occurrence of
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blind or dum b scabs. Every  foundry  has had  
th is type of defect, and even in  th e  m ost well- 
ordered establishm ents th is  troub le  occasionally 
shows itself.

W h at is th e  n a tu re  of th e  occurrence which 
leads to the  form ation  of blind scabs? E very 
foundrym an knows th a t  ram m ing ag a in s t the 
p a tte rn , gaggers too n ear the  face, sleeking

F i g . 9 .

newly-wetted faces and excess m oisture give rise 
to  scabs of th is type. N ot m any have been able 
to offer a tang ib le  exp lana tion , however, when 
i t  comes to the  norm al use of an apparen tly  
suitable sand. The question of ru n n in g  a mould 
has an im p o rtan t bearing  on the  fo rm ation  of 
th is defect, b u t as ru nn ing  facilities are  lim ited  
on most jobs, it  seems necessary to  und ers tan d  
the com bination of reactions which produce th is
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phenomenon, if only to  devise means of counter
action.

H udson has stud ied  th is  pa rticu la r phase, and 
has con tribu ted  articles on th e  resu lts of his 
exam inations. H e bases his opinion chiefly on 
certa in  p rac tica l work carried  ou t on a  dry- 
sand mould, and comes to  th e  conclusion th a t  
sand expansion is the  cause of blind or dumb

F i g . 10.

scabs, or sand buckles as they are  term ed. On 
th e  surface, th e  feasib ility  of th is  explanation 
provided such a complete answ er to  th is  problem 
as to  convince m ost in te lligen t foundrym en th a t  
herein  lay th e  solution of th is difficult question, 
and  th e  au thors confess th a t they  themselves 
were completely carried  away when first the 
theory  of sand expansion was propounded.



E xam ination  of an actua l defect served only to 
support the  probability  of the  theory , and i t  was 
only a t  a la te r  period when ac tua l p rac tica l 
work was un d ertak en  th a t  th e  au thors u tte rly  
d iscountenanced the  ten u re  of th is  belief. An 
exhaustive study has compelled them  to  disagree 
en tire ly  w ith  the theory  of sand expansion as it 
affects the  u tili ty  of a mould. W hile no actua l 
work on the  expansion of silica was und ertak en , 
B uchanan, in subsequent con tribu tions on the  
subject, b rough t o u t points th a t  were sufficient 
to  throw  some doubts upon the  question  of sand 
expansion as published by H udson, b u t even 
g ran tin g  th a t  the  la t te r ’s figures were absolutely 
correct, observation of the phenom enon has ind i
cated th a t  silica expansion has li tt le  or no effect 
in producing a blind scab.

To tak e  a simple illu stra tion , assum ing the 
sand expansion in  a green-sand mould of one 
square foot surface area  to be equal to  th a t  of a  
dry-sand mould of the  same size, i t  should follow 
th a t  scabs would be produced w ith  equal facility  
in a dry-sand mould as in  a green-sand mould. 
Most foundrym en would disagree w ith  such an 
inference, which is surely discredited in  every
day dry-sand practice. W ere i t  possible to 
arrange the  sand gra ins la te ra lly  and long itud in 
ally cheek to jowl, i t  m igh t then  be possible to 
produce som ething akin  to  th is  defect of the 
blind scab, b u t a ir  spaces an d  non-siliceous 
m ateria l in  th e  in terstices give any am oun t of 
freedom for movem ent were such an  expansion 
to  take  place. I t  is, of course, qu ite  as easy to 
produce scabs on dry-sand work if the  moulds 
are  n o t properly dried, b u t th ro u g h o u t the whole 
course of these experim ents a thoroughly  dried 
mould has never blind-scabbed.

E x p e r im e n ta l  Ev idence
I t  is essential fo r anyone who wishes to  study 

th is problem actually  to see th e  defect in  course 
of form ation, and though i t  would be safe to  say 
th a t  every foundrym an has experienced th is  
trouble a t  some tim e or o ther, very few indeed
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have succeeded in  studying its action  visibly. 
H av ing  evolved a theory upon th is m atte r , the  
au thors devised a means whereby th e  production 
of b lind  scabs could he easily watched.

A mould in  green sand was made in the  shape 
of a  p late  18 in . sq. by f  in. th ick  to  oast open,
i .e .,  w ithou t cope. The mould was given a  2-in. 
bank to  allow the stream  of m etal to  flow across 
the  p la te  unhindered u n til it  reached the  lip 
of the  mould a t  th e  low side which formed the 
o ther edge of the  p late . A t th is point, a run-off 
was cu t to  allow some of the m etal to flow from 
the  mould, thereby preventing th e  building up of 
th e  m etal a t  th is  p o in t which would u ltim ately  
reduce th e  length  of flow across the  plate.

One cwt. of hot m etal was poured from  a  single 
gate  about 1 J  in. wide, and when th e  operation 
of casting  was complete, th e  level of the  m etal in 
th e  mould formed a p late approxim ately half the 
size of the  mould itself.

W here th e  rising  edge of the  m etal becomes 
sta tio n a ry , the  sand im m ediately in fro n t of it 
begins to  rise  up , and a small evolution of 
gas can often  be observed through  the broken 
surface. This self-made ven t can  often be seen 
to  ru n  along th e  whole w idth of the  fringe of 
m etal, and when m etal is poured over it , a 
typ ica l dumb scab is made, reproducing perfectly 
the r i f t  which takes place in the  sand.

W hat appears to occur is th a t  a t the  edge of 
the  m etal stream , e ither down the side of the 
ru nner stream  or across the fro n t of the  partly- 
m ade plate, the  sand under th e  m etal, having 
become relatively  dry, is linked up  w ith the  green 
sand still outside the m etal w ith a  narrow  in te r
m ediate crust or scale of sand. W here th e  dry 
sand joins th e  green sand a  fea th er edge of dry 
m ate ria l is form ed, and th is, being the  weakest 
po in t and subject to  th e  pressure of the  gases 
from  under the  ad jacen t m etal, is pushed up 
u n til th e  pressure opens the  face of the  eruption  
and  em its the  gas. The ligh t caking action on the 
sand for a very small d istance in  fro n t of the 
m etal causes the  sand to  rise in a very th in  layer,
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and th is  seems to  suppo rt H udson ’s s ta tem en t 
th a t  any th ing  which has a tendency to  w eaken 
the sand on casting  helps to  reduce blind 
scabbing.

I t  should be noted  th a t  n o t only is th e  sand 
on th e  edge of th e  m eta l in  a  weak condition  due 
to  the  cru s ting  effect, b u t i t  has to  w ith s tand  the 
g rea te s t exertion  of pressure g enera ted  in  the 
sand u n dernea th  th e  m etal ad jac en t to  it . In  
green-sand plates of large area, portions of the 
mould which a re  only sporadically  covered w ith 
m etal show evidence of th is  effect, an  exact corol
lary  of the position when casting  th e  sm all te s t 
plates.

The sam e evidence is forthcom ing on m any 
green-sand p lates down th e  side of th e  stream  of 
m etal as i t  crosses th e  p late , and  emphasises the 
desirability  of pouring  such castings as quickly 
as possible. W here i t  is possible to  ru n  a p late  
casting  along its whole leng th  by a ru n n e r of the  
“  flash ” type, or by banking  th e  m ould to 
re s tric t the m etal flow across th e  p la te , sound 
castings can be produced w ith  reg u la rity . The 
chief po in t to  be borne in  m ind is th a t  the 
blind scab is form ed before th e  m eta l reaches the  
actually  defective area, and , m oreover, s tand ing  
m etal appears to produce th e  effect to  a  g rea te r 
ex ten t th a n  does flowing m etal. B alanced 
runners do a  g re a t deal to  m itig a te  the  trouble 
when i t  is found to  be due to  s ta tio n a ry  pools 
of m etal on th e  mould surface.

I t  is one th in g  to  find o u t how a  defect is 
caused and qu ite  ano ther to  devise rem edial 
action. Quack cures which m ay func tion  in  a 
p a rticu la r sphere, b u t which are  generally  d e tr i
m ental in  o ther respects, o r th e  e x tra v a g a n t use 
of poorly-bonded raw  sands do n o t commend 
themselves, as they  are  unnecessarily  expensive 
and show no regard  fo r th e  issue in  question. 
The au thors ad m it qu ite  fran k ly  th a t  they  are  
n o t y e t in  a  position to  prescribe an  absolute cure 
for th e  trouble, which they  have both  experi
enced, b u t are  in  th e  m idst of experim ents which 
indicate th e  possibility of positive results .
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H udson has s ta ted  th a t  saw dust reduced th e  ten 
dency to  blind-scab, b u t, as mentioned above, he 
a ttr ib u te s  th is  to  th e  reduced expansion from 
sands m ade w ith saw dust additions. The authors 
suggest th a t  th is  inves tiga to r has a tta in ed  th is 
re su lt fo r a d ifferent reason from th e  one ad
vanced, and  th a t  while saw dust does ten d  to  
reduce blind scabbing, i t  does so n o t because 
of th e  reduced expansion values, b u t because 
saw dust canno t be effectively bonded w ith  sand 
and  so breaks up  the  con tinu ity  o r homogeneity 
of th e  sand, and  in  places where such scabbing 
is likely to  occur thus prevents the  form ation of 
th e  ligh tly  baked c ru s t of bonded m ateria l by

T a b l e  V II.—Dry Strength and Permeability of Loam. 
(Moisture 2 0 .4 per cent.)

Test no. Dry strength. Permeability.

1 65 2 2 . 8
2 65 30.1
3 50 38.0
4 53 30.8
5 57 26.5
6 62 25.0

Average 58.6 28.86

its  w eakening action thereon. The very na tu re  
of saw dust, however, makes i t  foreign to  the 
functions of a m oulding sand, and  in  th e  authors 
opinion difficult to  control, and although  un 
deniably a  pallia tive, i t  savours very much of 
being “  any p o rt in  a  s to rm .”

N on-S cabb ing  Sand
M any foundrym en differ in  th e ir  opinions 

about th e  effect of tem p era tu re  or perm eability 
on th e  production  of th is defect, b u t the authors 
are  p repared  to  s ta te  quite  categorically th a t 
blind scabs a re  no t a reciprocal of tem pera tu re  
or correlated  w ith  perm eability . The tests car
ried  o u t have em braced alum inium  and brass 
p lates as well as iron, the  lowest pouring tem 
p era tu re  being 600 deg. C. and sand perme-
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ability  values from  22 to 295 A .F .A ., and blind 
scabs have resulted  w ith equal fac ility  from  both 
extrem es. D uring  the  whole of th e  series of 
tests, in  w hatever sand, the  only m oulds to  
stand  definitely perfec t were m ade from  a m ix
tu re  of floor sand of approxim ately  40 perm e
ab ility  to  which was added 1 0  per cent, m ineral 
blacking, the m oisture con ten t being 6  per cent. 
Such moulds have to  be cast im m ediately  a f te r  
p repara tion , however, otherw ise th e  sand is in 
clined to  ru n  a f te r  losing m oisture.

An old-established claim  for coal-dust in  con
nection w ith b lind  scabbing also m erits  a t te n 
tion. H ird , in his notable artic les on th is 
m ateria l, a ttr ib u te s  th is p roperty  of coal-dust to 
the  form ation of a ta r ry  residue produced when 
coal is heated , the  resu lt being a so rt of bond 
which is said to  provide e lastic ity  and  reaction  
against the expansion of th e  sand. The fu n d a 
m ental reason, of course, why coal-dust is in 
corporated in  sand is to  produce th e  carbon 
film which affords some p ro tection  from  the 
m etal. Blind scabs are  form ed, however, in 
outlying sand, th a t  is, n o t u nder th e  m etal, 
and the ta r ry  substance said to  be produced 
would not be present in th e  th in  scale of sand 
which is ju s t in  fro n t of th e  m eta l stream . 
Therefore i t  is ev iden t th a t  th e  defect is in 
existence before the coal-dust has functioned  in 
th is respect.

A fu r th e r point which goes to  disprove th is  
theory  is th a t  the  firing p o in t of coal-dust is 
about 97 deg. C., w ith  vary ing  flash-points de
pending on conditions, up to  500 deg. C. There 
would, therefore , be no ta r ry  m a tte r  in  exis
tence w ith in  the  tem p era tu re  range which 
H udson has proved to  be th e  silica expansion 
period. The au thors are  of th e  opinion th a t  any 
non-bonding m a te ria l of the  sam e n a tu re , such 
as coke dust, or coal ash, would produce the  
same effect on scabbing for th e  reasons which 
apply to  saw dust. I t  is considered th a t  fa r  too 
much use is m ade of coal-dust in  th e  general 
foundry as a pa llia tive  fo r defective p ractice
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in  o ther directions, and one wonders when the 
average foundrym an will be educated  to  the pro
per use of th is m ateria l which he uses so slavishly 
and about which he really understands so little . 
M etallurgically , foundrym en have been try ing  
consistently  to erad icate  gas from  the  m etal, 
while a t  th e  same tim e they continue to  use an 
essential gas producer in the  position where it  
has th e  best possible facilities for en tering  the 
m etal.

Coal-dust in  excess has been responsible many 
tim es when the blame has been attached  to  the 
m etal for such defects as draws, sinks, d irty  and 
blown castings. An example of th is came to  the 
au th o rs’ a tten tio n  during  th e  m aking of a quan
t i ty  of bevel gear blanks, a sketch of which is 
shown in F ig . 11.

The sand used was made up of 10 per cent. 
H ensall sand, 8  per cent, coal-dust and the rest 
floor sand, and when the  defective castings were 
exam ined, the  conclusion was formed th a t  the 
draw  ex isting  in  the  neck, indicated in the 
sketch, was a gas form ation. The order was for 
81 pairs, and  a f te r  the  first six castings had 
been made and the defect found, the rest were 
m ade in  milled floor sand w ithout coal-dust, 
w ithou t the  loss of a single casting. In  a subse
quen t rep ea t order of the  same job, the same 
resu lt was obtained, the first half-dozen castings 
exh ib iting  the  defect when using the  sand con
ta in in g  coal-dust, and afterw ards the balance 
being made up quite  satisfactorily  from trea ted  
floor sand as in the  previous case. The 
same trouble has been experienced w ith high- 
pressure valves cast in green s a n d ; w hat appeared 
a t  first sigh t to  be shrinkage trouble from the 
m etal tran sp ired  to  be due to coal-dust, which 
caused a ho t spot to  be formed a t  the  sharp 
corners of sand where the flanges m eet the body. 
E lim ination  of the coal-dust cured the trouble. 
One axiom  to  be borne in  m ind is th a t  the lower 
the  perm eability  of the  sand, the  less can coal- 
dust be used w ith any degree of safety.
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L oam  Sands

Some tes ts  on loam have been incorporated  
w ith  a view to  showing th e  widely differing p ro 
perties obtainable from  one k ind  of sand when 
varying the  m oisture conten t. The loam is made 
from  the  same sand as the  d ry  sand  used a t  th is  
foundry , w ith  th e  exception th a t  th e  wood pulp 
is om itted. Facing  loam as se t ou t in Table V II  
is m ade up w ith 2 0  per cent, m oisture, and  for

DRAW FORMED 
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F i g . 1 1 .

the  benefit of those who a re  no t conversan t w ith 
th is type of sand i t  should be po in ted  o u t th a t  
the  low dried  perm eability  value is th e  re su lt of 
the  excess m oisture which th in s th e  bonding 
m ateria l to  such an ex ten t as to  ob ta in  th e  m ax i
mum cem enting action  upon the  body of the  
sand. The relatively  high dry-bond s tren g th  
figures are  a ttr ib u ta b le  to  th e  sam e reason.

In  conclusion, th e  au thors would say th a t  they 
consider th is P a p e r largely as an  in troducto ry
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effort which could undoubtedly have been en
larged upon a t  a la te r  date , b u t they  hope th a t  
they  will have con tribu ted  sufficient d a ta  to  
arouse the  in te re s t and criticism  which any work 
on such an im p o rtan t subject requires.

The au th o rs’ thanks are  due in large measure 
to  M r. B. L. B roadbent, m anaging director of 
T. B roadbent & Sons, L im ited , for permission to 
p resen t th is  P ap e r and for th e  u nstin ted  sup
p o rt which he has accorded, also to  the directors 
of K aye & Company (H uddersfield), L im ited , for 
perm ission to  carry  ou t ce rta in  p ractical work. 
The au thors are  also indebted to M r. F . Poole, 
of K eighley L aboratories, for his k ind assist
ance in th e  p repara tion  of slides, and to  Pneulec 
L im ited , fo r the  loan  of slides of th e  p lan t.
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BALANCE SH EET, DECEM BER 31, 1937. 

L i a b i l i t i e s .

£ s. d. 
223 19 0 
454 15 6

18 8 8

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

Balance from last Account 211 9 7
Interest to  date ... 8 18 6

2 2 0 8 1
Less Cost of Medal 9 15 0

The Buchanan Medal Fund 
Balance from last Account 1 2 2 17 1
In terest to date ... 4 1 2 0

127 9 1
Less Cost of Medals and

Prizes ... 4 14 3

The E. J . Fox Medal Fund :—
Balance from last Account 500 0 0
Interest to d a t e ................ 1 2 5 1

512 5 1
Less Cost of Medal 15 0 0

Qualcast Gift Fund :— 
Cash received

International Conference Fund

210 13 1

122 14 10

497 5 1 

500 0 0

Surplus (included in General
In v e s tm e n ts )................ 40 18 1 1

Accumulated Fund :—
Balance a t December 31,

1936   2,032 10 10
A dd : Excess of Income 

over Expenditure for the 
year ended December
3L 1937   372 9 3

------------------ 2,405 0 1

£4,473 15 2
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A s s e t s .

£ s. d. £ s. d.

Cash in hands of Secretaries :—
Lancashire Branch ... 16 17 0
Birmingham Branch ... 34 10 9
Scottish B ran ch ... ... 21 19 9
Sheffield Branch ... 34 9 0
London B ra n c h   63 8  5
E ast Midlands Branch ... 20 1 11
W est Riding of Yorkshire

Branch ... 16 2 7
Wales and Monmouth

Branch 5 17 9
Newcastle Branch ... 1 0  2
South African Branch ... 18 4 10

232 12 2

Cash in H and :—
Secretary’s Policy Fund “  8

Sundry Debtor’s :—
Subscriptions due and sub- 

sequently received ...
Lloyds Bank, L td. ... ' 4 9  1 5  3
The Oliver Stubbs Medal Fund :

£342 5s. 7d. Local Loans 
£ 3  per cent, stock a t
cost . -  2 0 0  0  0

Balance a t  Lloyds Bank,
Ltd. 10 13 210 13 1

The Buchanan Medal Fund :
£125, £3 1 0 s. Od. per cent

Conversion Stock a t 78J 98 b 9
Balance a t Midland Bank 24 8 ^  ^  ^

The E. J . Fox Medal Fund :—
£462 19s. 3d., £3 10s. Od. 

per cent. Conversion 
Loan a t Cost ... ... 500 0 0

Less : Overdraft a t Lloyds
Bank, L td. ... ••• ,
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Inves tm en ts:— £ s. d. £ s. d.

£650, 3 |  per cent. W ar
Loan a t cost ... ... 630 8 4

£653 19s. Od. Local Loans 
3 per cent. Stock a t cost 451 13 8

£964 5s. Id., 3 per cent.
Funding Loan a t  cost 897 14 11

------------------ 1,979 16 11
Qualcast Gift Fund :—

Balance a t Lloyds Bank,
L td   500 0 0

Furniture Fittings and F ix
tures as per last Account 6 8  16 2
Less : Depreciation 10 per

cent. ... ... ... 6 17 7
-------  61 18 7

Superannuation Insurance :—
Unexpired premiums ... 18 8 7

£4,473 15 2 
S. H. RUSSELL, Hon. Treasurer. 
TOM MAKEMSON, Secretary.

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

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

19-21, Queen Victoria Street, London, E.C.4.
March 29, 1938.

INCOME AND E X PE N D IT U R E  ACCOUNT FOR 
TH E YEAR ENDED DECEM BER 31, 1937. 

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

£ s. d. £ s. d.
Postages ................ 128 17 6
Printing and Stationery, 

including printing of
“ Proceedings ” ................ 7 g3  4  g

Council, Finance and Annual 
Meetings Expenses ... 1 2 0  2  2

Medal for P ast President ... 3 0 0
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Branch Expenses

£ s. d.
Lancashire 115 3 0
Birmingham 74 1 8
Scottish ... 87 8 4
Sheffield ... 39 1 1 0
London ... 45 1 0 3
E ast Midlands ... 47 18 4
Newcastle 36 1 0 8
W est Riding of Yorkshire 32 7 5
Wales and Monmouth ... 33 3 8
Middlesbrough ... 34 18 3
South Africa ................ 42 5 5

A udit Fee and Accountancy 
Charges ...

Incidental Expenses 134 1 0 0
Subscription, Jo in t Com

m ittee on Materials and 
their Testing ............... 5 5 0

Subscription, British Foun
dry School ................ 5 0 0

Subscription, International 
Committee on Testing C.I. 3 0 0

d .

588 18 0

12 12 0

147 15 0

Salaries—Secretary and Clerks ... ... 702 10 10
Superannuation Insurance (Secretary)... 55 5 10
Rent, Rates, &c., of Office, less Received 91 5 0
Subscription, International Committee... 2 10 0
Depreciation of Furniture ... ... 6  17 7
John Surtees Memorial Examination

Grants to Branches ... ... ... 5 12 8

2,648 11 1

Excess of Income over Expenditure
carried to Balance Sheet ... 372 9 3

£3,021 0 4
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I n c o m e .

Subscriptions received :— 
Lancashire Branch 
Birmingham Branch 
Scottish Branch ... 
Sheffield Branch 
London Branch ...
E ast Midlands Branch ... 
Newcastle Branch 
W est Riding of Yorkshire 

Branch 
Wales and Monmouth 

Branch 
Middlesbrough Branch ... 
U nattached Members 
South African Branch ...

Add : Subscriptions in ad 
vance, 1936 ... 219 2

Less : Subscriptions in ad
vance, 1937

Conference Registration Fees 
Sale of “ Proceedings,” &c. 
In terest on Investm ents and 

Cash on Deposit 
John Surtees Memorial E x 

amination Surplus 
Profit on Sale of Badges ..,

d. £ s. d.

462 0 0
456 1 6
389 0 6
247 0 0
448 17 6
197 2 6
126 1 1 0

174 6 0

117 17 0
81 2 0
32 1 1 0

1 2 1 0 6

2,853 9 6

0
0

— 301 4 0

£3,154 13 6

0
0

— 275 1 2 0

2,879 1 6

33 0 0
19 1 0 1

63 9 4

23 3 5
2 16 0

£3,021 0 4
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NAME INDEX

37

U sed in  Sand

Alla n , J .  B.
On m otion  s tu d y  in  th e  foundry  

Alliso n , H ., and  B enson , L. E.
Paper on R elief o f In te rn a l Stress in  Castings 

A r n o t t ,  J .
On h igh -du ty  cast iron 

Ashton , N. C.
On alum inium  alloys 

B alla n tin e , R .
On R andupson process for ingot m oulds . .
On revision o f bye-laws 

B a il e y , G. L.
On life of ingo t moulds 

B a r c la y ,  D . K ., and  M e rc e r ,  J . E.
Paper on Carbon and  Alloy Steel Castings 

B en so n , L. E ., and  A ll i s o n ,  H.
Paper on R elief of In te rn a l Stress in  Castings 

B igg, C. W.
On revision o f bye-laws 
Proposes election of P resident 
Speech a t  annual banquet 

B lakiston , J .
Paper on  th e  M anufacture o f M achine Tool Castings 

B o o th , C. C.
On revision of bye-laws 

B radshaw , J . H. I)., and  H urst , J .  E.
Paper mi Chilled M etallic Shot and  Grit

B l a s t i n g ..........................................
B row n , E . H.

On segregation in  Cu-Ag alloys 
B un tin g , H.

On m em bership o f th e  Council 
Cam eron , J . ,  Ju n r.

Paper on Equipping  a  F e ttling  Shop 
On revision of bye-laws 

Cam pion, A.
On effect o f Mo add itions to  cast iron 

Carter , S.
On copper in  cast iron 

Carter , S., and  W a lk er , A. W.
Paper on M oulding Sand, w ith  Special

B lind Scabs .............................
Cook, F . J .

On steel sheet add itions to  cast iron 
COOK, W. N.

On alum inium  alloys 
Cooke , J .  E.

On revision o f bye-laws . .  *
Coo per , J .  H.

On casting  large locom otive fram es 
On m anufactu re o f g rit for sand blasting 
On skilled labour . .
On stress relief by  v ibra tion

On effect o f Ni, Mo, and  Ni-Mo add itions to  cast iron . .  
Cu r r ie , E. M.

On Cu in  cast iron 
Dad sw ell , C. J .  _  , ^

P aper on E nglish and  A m erican S teel-Foundry P ractice 
On m otion  study

705, 717 

124 

464 

245

116
33

622

771

124

58, 72 
26 
53

339

62

642

626

32

391

. 465

65, 767

Reference to
787

365, 369 

..  248

69

183

114
145

466

768

148
711
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Dawson, S. E .
Awarded Oliver Stubbs Medal 

Delpo rt , V.
On revision o f bye-laws 

D eschamps, J .
On critical sections for green sand steel-foundry practice 
On Perrin process for reduction o f P  content o f slag 
On removal o f risers from steel castings 
On use o f M n02 in steel-foundry sand 

E verest , A. B.
On annealing temperature for stress relief 
On hydraulic cleaning o f castings
On P  content o f ingot moulds . .  . .  . . . .

F assotte , P. C.
Paper on Trends in Continental Steel-Foundry Practice 

F au lk n er , V. C.
Proposes election o f Senior Vice-President 
On addition o f steel sheet to cast iron 
On adhesion o f vitreous enamel to iron . .
On green sand 
On sand preparation plant 

F o x , E . J .
Elected Honorary Member 

Gale , B.
On wear o f coreboxes 

Gakdom, J . W.
Presents report o f Technical Committee . .
On bonding o f vitreous enamel 
On revision o f bye-laws 
On use o f flint in sand blasting 

Gau th ier , G. G.
Paper on Heat-Treatable A!-Si alloys 

Gray , B.
On motion study . .  . .

Grose, E . J.
Paper on Use o f Plywood for Patternmaking 

Gr u n d y , H . V.
On use o f core oil 

Gurtler , G.
Paper on Aluminium Casting Alloys 

H anson , S. W.
On feeding castings 
On temperature measurement 

H ammond, D. W.
On feeding castings 

H arbach, G. L.
On impact and fatigue tests for cast iron 

H arley , a .
On ladle additions to cast iron 
On membership o f the Council 

H arris , T. B .
Paper on Production o f Some Intricately-Cored Iron 

Castings 
H arrison , S. G.

On effect o f temperature on gas evolution 
H epw orth , .1.

Elected President 
Presidential Address 
Speech a t Annual Banquet

H ir d , B. ...........................
Paper on Feeding o f Castings, with Special Eefeience to 

the Steam Pressure Method 
On revision o f bye-laws 
On stress relief by vibration

H itchcock, J .  o ......................................... ...........................
On “  bellied ”  ingot moulds

63

423
424
425 
424

14 1
4 31
623

405

38

28 
36 9 ,3 7 2  

. 389

. 420
4 21

26

573

18
383 

36, 64
384

18 5

7 15

719

592

205

738
738

737

336

370
32

575

576

26
41
5 1

30 
36, 68 
. 144

626
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H opw o od , a .
On casting  tem peratu res for Al-Si alloys 

H orton , S. A.
Paper on P a tte rn m ak in g  for P roduction  M oulding 

H o w a rd , E. J . L.
On deox idation  o f Cu castings 

H ud son , F.
On cost o f m oulding sands 
On flu id ity  of h igh-streng th  brasses 
On gas elim ination  from  A1 alloys 

H udson , Alderman H. (M ayor of B radford).
Opens B radford  Conference 
Speech a t  A nnual B anquet 

H urst , J .  E.
A w arded th e  E. J .  Fox Medal 
Proposes election o f Ju n io r V ice-President 

H urst , J . E ., and  B radshaw , J . H . D.
Paper on P roperties of Chilled M etallic Shot and  G rit 

used  in  Sand B lasting 
J a c k s o n , J.

On effect o f Fe on gunm etal 
On use o f charcoal as flux for Cu and  h igh-streng th  bras 

J e f f r e y , I t. S. M.
On N i add itions to  cast iron  

K a in , C. H.
On effect o f cooling ra te  on  stress relief 
On m oulding sands for steel castings 

K e y , A. L.
On d isto rtion  o f cores 
On oil to  sand  ra tio  in  core sand 

L ak e , W. B.
E lected  Senior V ice-President 
On X -ray  exam ination  of steel castings 

L ashly , C.
On revision o f by-laws 

L it t l e , J . E . O.
On grain  refinem ent o f brass by  Cr 

L on gden , E.
On Be in  Cu castings 
On frittin g  o f m oulding sands 
On m odification of A1 alloys 
On P  add itions to  Cu 
On R andupson process 
On v ib ra tion  for stress relief 

Lucas, J .
On m atching  cores and  m o u l d s .............................

McCl elland , J . J.
On pickling cast iron  prior to  v itreous enam elling 
On revision o f bye-laws 

MacColl, H . A.
On Cu add itions to  cast iron .............................
On gases in  steel 
On tem pera tu re  m easurem ent 

MacDougall, B.
P aper on H igh D u ty  Iro n — Some E xperim ents w ith  the

R ocking Arc F u r n a c e ..........................................
Ma c k e n z ie , J .  T.

Paper on Chemical Changes in  Cupola M elting . .  
M a r s h a l l ,  A.

On casting m achine-tool castings 
On h ea t-trea tm en t of cast-iron gears 

Masters, J .
On d isto rtion  o f cores by th e  core p la te 

Mer c er , J . E ., and  Barclay, D. K.
Paper on Carbon and  Alloy Steel Castings

544

501

542
252
247

37 
51

38 
28

642

510
510

464

145
178

594
594

28
428

62

252

507 
182
508 
508 
106 
143

572

388
67

766
739
738

505

433

259

371
146

595

771
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M il e s , M ajor R .
E lected Ju n io r V ice-President 

M i l l e r , H . J .
On cem ent bonded  sands for Cu castings 

M u r p h y , A. J.
On crucible-cast ingo t m oulds 
On ingo t m ould dressings 
On Zn add itions to  Cu 

N e a t h , F .  K .
On Cu in  cast iron  

N e w m a n , W. A. C.
Paper on Some A spects o f th e  C asting o f Comm ercial 

Ingots 
N e w s o n , J . E .

Paper on Physical F acto rs in  C asting H igh-S treng th

. .  119

. .  626 
. . 627
. .  627

765, 767

.. 28

598

225
P a r k s , P .  B a r r y .

On effect o f h um id ity  on  R andupson  process 
P e a c e , A. E .

On Al p a tte rn  plates 
P e a r c e , F. C.

On com position o f cast iron  for m achine-tool castings 
P h i l l i p s , A.

Paper on  Some P o in ts  on  N on-Ferrous F ou n d ry  P ractice 
[H igh C onductiv ity  C u ; h igh-streng th  b r a s s ; Al 

alloys ; brass ; bronze ; gunm etal.]
P o l l a r d , C. D .

Paper on  Tim e and  M otion S tudy  in  th e  F oundry  
R e d s h a w , H . A.

On stone-like com pounds for pa ttern s  
R e y n o l d s , J . A.

On in ter-crystalline corrosion o f Al-Cu alloys an d  high- 
s treng th  brasses by electrical currents

On ladle add itions to  cast iron
On replacem ent o f Ni by  Cu in  cast iron
On tab le  w ear in  sand-blasting 

R o w e , F .  W .
Paper on R andupson Process o f  C em ent M oulding 

R o x b u r g h , J.
On m otion stu d y  . .  . .  . .  . .  . .  705, 710

R u s s e l l , P. A.
On cast irons for m achine-tool castings . .  . .  . .  366

118

569

364

471

678

571

504
368
330
383

73

On pa tte rn  plates 
On tra p  runners on large m achine-tool castings 

R ussell , S. H.
Proposes adoption  o f balance sheet an d  accounts 
On gas elim ination from  Al alloys 
On la te n t hea t and  m elting cost 
On revision o f bye-laws 

S a l l i t t , W . B .
Paper an Copper in  Cast Iron  an d  M alleable Iro n  
On effect o f Cu on chill o f cast iron 

S a r j e a n t , L. J .
Speech a t  A nnual B anquet 

S h a n k s , T.
On revision o f bye-laws 

S h a r p e , D .
On fluidity  te sts  for h igh -du ty  cast iron 
On ladle additions to  cast iron 
On revision o f bye-laws 

Shore , a . J .
On cast irons for m achine tool castings 
On Cu in  cast iron 
On steel sheet add itions to  cast iron 

Sim pson, S.
On ancien t Fe-Cu arrow  head

29

573
367

17
246
253 

34, 59

740
333

51

67

463 
369 

33, 60

362 
331 

363 ,3 7 0

. .  336
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S m i t h , F .
On m otion  s t u d y ..........................................................................709

S m e e t o n , J .  A .
On hollow  steel ingots . .  . .  . .  . .  623
On P e rli t iron  for ingo t m oulds . .  . .  . .  . .  623
On runn ing  o f ingots . .  . .  . .  . .  . .  624

S m i t h , A . J .  N i c o l .
Paper on  Copper in Cast I ro n  . .  . .  . .  . .  289

S p r i g g s , R .
On R andupson process . .  . .  . .  . .  . .  114
On revision of bye-laws . .  . .  . .  . .  . .  71

T i p p e r , A .
Paper on N atu rally  Bonded and  Synthetic Moulding

Sand ....................................................................................... 512
On effect of Cu on shrinkage o f cast iron  . .  . .  334

T odd , w .
On sand-blasting  for vitreous enam elling . .  . .  381

T u ck er , R . C.
On rig id ity  o f h igh-P  irons a t  elevated tem peratures . .  143

T u r n e r , T. H.
On reduction  o f residual stress by  rum bling  . .  . .  144
On represen tation  o f Branches on Council . .  . .  32

Wa l k e r , T . R .
Paper on Classification o f F oundry  Sands . .  . .  632
On overhead costs in  foundries . .  . .  . .  708, 716
On size o f sand  grains . .  . .  . .  . .  • • 183
On steel pene tra tion  in to  m oulding sands . .  . .  183

Wa l k e r , A. W ., and  Carter , S.
Paper on M oulding Sand, w ith  Special Reference to  

B lind  Scabs . .  . .  . • • • • • • • 787
W e st , W.

On alum inium  alloys . .  . .  . • • • • • 244
W h t t a k e r , H.

Paper on  S and-B lasting as A pplied to  th e  Vitreous 
Enam elling Process . .  . .  • • • • • • 373

W h i t e h o u s e , F.
On m otion  s t u d y ..........................................................................713

WlNTERTON, H.
On revision o f  bye-laws ...............................................................oy

WORCESTER, A. S.,
On Cu in  cast iron  . .  . .  . .  • • • • 7eo»
On revision o f bye-laws . .  . • • • • • • • 0£>

PAGE
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SUBJECT INDEX

PAGE
Ann ea lin g . S tress relief in  cast iron  by  . .  . .  126, 141

Stress relief in  non-ferrous castings by  . .  . .  130
Stress relief in  steel castings . .  . .  . .  134

A lloy  CA6T I ron . (See H ig h -Duty  Cast I ro n .)
Alum in ium . Age hardening  Al-alloys by  Mg2Si . .  . .  216

Age hardening  Al-alloys by  M gZn2 . .  . .  220
A lloy for pa tternm aking  . .  . .  . .  546
C asting tem pera tu re  o f Al-Si alloys . .  245, 250,

257, 504
D ie-casting o f A1 alloys . .  . .  . .  . .  498
D urville casting m ethod  for Cu-Al ingo ts . .  612
Effect o f alkali m etals on A1 alloys . .  . . 505
Effect o f supersonic v ib ra tions on  gas con ten t o f 208 
Effect of Ti on  “  Y ”  alloy  an d  “ A lpax- 

Gamm a ”  . .  . .  . .  . .  212, 250
Effect o f  Z n add ition  to  . .  246, 250
F atigue s treng th  o f “ Y ”  alloy and  “  A lpax- 

Gamm a ”  . .  . .  . .  . .  . .  214
Gases i n ........................................... . .  . .  205
H eat-trea tab le  Al-Si alloys w ith  Co add itio n s  197 
H eat-trea tab le  Al-Si alloys w ith  F e ad d itio n s . .  197
H eat-trea tab le  Al-Si alloys w ith  Mg add itio n s  192,

201
H eat-trea tab le  Al-Si alloys w ith  M n add itions  188 
H eat-trea tab le  Al-S alloys w ith  N a add itions 194,

200
In te rcry sta lline  corrosion o f Al-Cu alloys w ith  

electrical currents . .  . .  . .  . .  504
M odification by  fluorine o f . .  . .  . .  509
M odification o f Al-Si alloys by  N a add itions  . .  485,

509
P racticab ility  o f double m odification o f 244, 257 
R unners for A1 alloys . .  . .  . .  . .  487
Sand m oulds for A1 alloys . .  . .  209 , 492
W elding o f Al-Si alloys . .  . .  . .  . .  492

B rass. M elting and  m oulding technique for . .  . .  493
P atternm aking  alloy o f . .  . .  . . 547

B ra s s  (H ig h -S tre n g th ) ,  Charcoal as flux for . .  . .  510
E ffect o f Cr on grain size o f 252, 255
Effect o f Fe on frac tu re  o f . .  . .  234
Effect o f N i on  . .  . .  253, 255
Flow ing pow er o f . .  . .  . .  252
G rain grow th o f . .  . .  . .  236
In te rcry sta lline  corrosion o f  . .  504
M echanical properties o f . .  . .  481
Physical factors in  th e  casting  o f . .  225
Production  o f  . .  . .  . .  478

B ro n ze . M elting and  m oulding technique for . .  493
Blackheart Malleable Cast I ro n . (See  Malleable  

Cast I ron .)
Castability . (SeeF lowing P o w er .)
C a s t I r o n .  W ork o f sub-com m ittee on  . .  . .  . .  19

D ila tom eter te s t on C u-containing 
Effect o f Cu-Cr add itions  to  
Effect o f Cu-Mn add itions to  
Effect o f Cu-Mo add itions to  
Effect o f Cu on
Effect o f Cu on  chill o f . .  . .  . .
Effect o f Cu on  g raph ite  size and  fo rm ation  in  . . 294

750

308 
321
321
322 

2 8 9 ,7 4 0  
291, 333
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C a s t I r o n .— (cont.)
Effect o f Cu on mechanical properties o f 297, 751 
Effect o f Cu on precip itation  hardening o f . .  307
Effect o f Cu on  structu re  o f . .  . .  296, 742
Effect o f superheating . .  . .  . .  . .  436
Im p a c t resistance o f Cu-containing . .  . .  337
Im puritie s  in  Cu-containing . .  . .  . .  766
P  con ten t o f C u-containing . .  . .  767
P  con ten t o f cast irons for m achine tool castings

342, 362 ,365 ,367  
P a tte rn s  o f . .  . .  . .  . .  . .  546
R elief o f in ternal stress in  . .  . .  . .  126
Replacem ent o f Si by  Cu in  . .  . .  . .  754
R ig id ity  a t  elevated tem peratu re of h igh-P  . .  143
S con ten t of Cu-containing . .  . .  . .  767
Shrinkage o f Cu-containing . .  . .  320, 334
Solubility  o f Cu in  . .  . .  294, 741, 768
Steel sheet additions to  . .  363, 365, 368, 369, 372

Chrom ium . Effect o f Cu-Cr additions to  cast iron . .  . .  321
G rain refinem ent o f h igh-strength  brass by  252,255 
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