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A W A R D S  1936-37

T H E  “ O L IV E R  S T U B B S  ” GOLD M E D A L
1937 Aw ard to  Mr. P . A. RUSSELL,

“ For his work in  prom oting  th e  technical development 
of iron  foundry  practice,

(а) as Convener of the  C ast Iro n  Sub-Committee of the 
Technical Com m ittee;

(б) for his work in  connection w ith  th e  p repara tion  of 
specifications, and

(c) for P apers given to  various Branches of the 
In s ti tu te .”

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

E. Longden. J  Iw 0  aw artls-
1937.—P.A. Russell, B.Sc.

M E R IT O R IO U S  S E R V IC E S  M E D A L
No Award was m ade in 1937.

The M eritorious Services M edal has been aw arded as 
follows ;—

1933.—F. W. F inch.
1934.—J .  J .  M cClelland.
1935.—H . B unting .
1936.—J . Smith.

T H E  “ E . J . FO X ” GOLD M E D A L .
The “ E. J . Fox ”  M edal was established  in  1936 by E. J . 

Fox, Esq., who presented  the  sum of £500 as a  cap ita l 
fund.

The Medal was established to com m em orate the  develop- 
m ent of the  C en trifuga l C asting  Process in th is  country, 
and is to be presented to those who have contributed  in 
some o u ts tand ing  w ay to the  progress of th e  Foundry 
Industry , w ith  p a rticu la r reference to Foundry M etallurgy.

The Donor considered th a t  the  active association of the 
P residen t of the  In s titu te  a t  th a t  tim e, Mr. J .  E. H urst, 
w ith the  developm ent of the  C en trifugal C asting  Process, 
was a fitting  opportun ity  to m ake th is  g ift.

The first aw ard  of th e  E. J .  Fox M edal w as m ade in 
1937 to—

Professor E m eritus THOMAS T U R N E R , M.Sc.,
“ as a recognition of his work on th e  effects of silicon 
on cast iron, and  his o ther contributions to th e  m etallu rgy  
of cas t iron, which m ay be considered to have form ed the 
foundation of m odern foundry p rac tice .”



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

Mr. H . H . S H E P H E R D , fo r his P a p e r on “  The Applica-_ 
tion  of Science to the  Control of Foundry  Sands, 
given before th e  B irm ingham  and  London B ranches.

Mr. S. A. HORTON, for his P a p e r on “  P a tte rn s  and 
Their R elations to M oulding Problem s,”  given before 
the E ast M idlands B ranch.

Mr R. B A LLA N TIN E, for his P ap e r on “ D evelopm ents 
in the  Production of In g o t Mould C astings,” given 
before the  Lancashire  B ranch and  th e  F a lk irk  Section 
of the  Scottish B ranch.

Mr. E. W. W YNN, for his P ap e r 011 “  A Sm all O il-F ired 
R otary  Furnace, and  its  P roducts ,”  given before th e  
Lancashire B ranch.

Dr. C. J .  DADSW ELL and Messrs. T R . W A L K E R  and
F. W H IT E  HOUSE for th e ir  jo in t P ap e r on “  The 
M anufacture of Iron  and Steel C astings in  G reen 
Sand,” given before the  Sheffield B ranch.

TH E  “ E D W A R D  W IL L IA M S  ” L E C T U R E
The “ Edw ard W illia m s” L ecture w as estab lished  in  the  

year 1934.
The following Lectures have now been delivered

1935.—“ Man and M etal ”  (delivered a t  Sheffield).—Sir 
W ILLIA M  J .  LARKE, K .B .E.

1936.—“ Cast Iron  and th e  E ngineer ”  (delivered a t 
Glasgow).—Prof. A. L. M ELLANBY, D.Sc.

1937.—“ Facto rs in  the  C asting of M etals ” (delivered a t 
Derby).—C. H . DESCH, D.Sc., Ph.D ., F .R .S.
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THIRTY-FOURTH 
A N N U A L  CONFERENCE, 

DERBY

JU N E  8, 9, 10 and  II,  1937

The T h irty -fou rth  A nnual Conference was 
held a t  D erby on Ju n e  8 , 9, 10 and 11, under 
the Presidency of Mr. C. W. Bigg. The a rrange
m ents were m ade by the E ast M idlands B ranch, 
w ith  M r. B. Gale, Secretary  of the  B ranch, as 
Secretary  of the  Conference Committee.

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

in  the  Assembly Rooms, M arket Place, Derby, 
on Tuesday, Ju n e  8 , w ith  the  re tir in g  P residen t, 
M r, H . W in terton , in the  chair.

On the m otion of M r. W. T. Evans, seconded 
by D r. A. B. E verest, th e  m inutes of the  annual 
general m eeting held in  Glasgow on Ju n e  9, 1936, 
were tak en  as read , approved, and signed by the 
P residen t.

The A nnual R epo rt of the  Council for the
session 1936-37 was then  presented.

A N N U A L  REPORT
This repo rt covers the  period M ay 1, 1936, to 

A pril 30, 1937, and the accounts are for the 
year ended December 31, 1936.

The num ber of members on A pril 30 was 2,065, 
which constitu tes a record, the  previous largest

B
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num ber, 1,919, being recorded in  1932. A year 
ago the  mem bership was 1,892; th e  present 
figures therefore  show a net increase of 1 /3  in 
the  past twelve months. Table I  shows the  
changes in membership which have tak en  place 
d u ring  the year, and  an analysis of th e  present 
membership is given in  Table I I ,  th e  figures for 
th e  previous year being given in  b rackets as a 
comparison.

D e a th s
The Council regrets to  rep o rt the  deaths of 

18 members, including some who had  been most 
active in the work of the  In s ti tu te  and who were 
widely known th roughou t th e  industry . Among 
these are : -—

M r. Emile H am as, Past-P resiident of the  
Association Technique de Fonderie de F rance, 
and H onorary  M ember of th is  In s titu te .

Mr. John  H aigh, of W akefield, P as t-P res i- 
den t of the L ancashire B ranch, and  fo r m any 
years a member of the  Council of th e  In s titu te .

M r. J .  E . Cox, of Ilkeston, a  p rom inen t 
member of th e  E ast M idlands B ranch.

Mr. Sidney Evans, a member of th e  London 
Branch, who was widely known th ro u g h o u t the 
industry  in  th is country and on th e  C ontinen t.

Mr. Ian  S. Osborn, of Sheffield, who died 
a t  the early age of 36.

M r. W. M oscrip, of Leven, F ife , a well- 
known member of th e  steel foundry  tra d e , who, 
together w ith M rs. M oscrip, took p a r t  in  the  
v isit to  the recent D üsseldorf Congress and 
E xhibition.

M r. T. E. B ashford, a founder and for 
several years treasu re r of th e  M iddlesbrough 
B ranch.

Mr. J .  M. W eir, of South Shields.
M r. D. D alrym ple, a P ast-P res id en t of the 

B irm ingham  B ranch.
M r. H a rry  Pem berton, of D erby, who joined 

the  In s titu te  over th ir ty  years ago and  was a 
P ast-P res id en t of the  E a s t M idlands B ranch.



H o n o u rs  C o n f e r r e d  U p o n  M e m b ers
Among the  honours which have been conferred 

upon members are  the  following: —
S ir R obert H adfield, B a rt., has been raised 

to the  d istinction  of Comm ander of the  Legion 
of H onour, and has been appointed  an 
H onorary  Member of the  In s titu tio n  of Civil 
Engineers.
M r. ,T. Leonard, P residen t of the  Associa
tion  Technique de Ponderie de Belgique, and 
H onorary  M ember of th is In s titu te , was 
decorated by H .M . th e  K ing  of th e  Belgians 
w ith  the  Cross of Chevalier of the  O rder of 
Leopold, on the  occasion of the  In te rn a tio n a l 
Foundry  Congress in  Brussels, in  Sep
tem ber, 1935.

M r. V incent D elport has been elected P res i
den t of th e  In te rn a tio n a l Comm ittee of 
Foundry Technical Associations.

Mr. W. J .  Rees has been re-elected P residen t 
of th e  R efractories Association of G reat 
B rita in .

M r. A. C. T urner has been elected P residen t 
of the  Foundry  T rades’ E quipm ent and Sup
plies Association.

F inances
R eferring  to the  income and expenditu re  

account, the  R epo rt sta tes th a t , due to  increased 
subscriptions the income was slightly h igher than  
in 1935. This increase of income has been prac
tically  neu tralised  by certa in  small increases in 
expenditu re  m ainly in  B ranch expenditure , 
necessitated by increased mem bership and activ i
ties. The excess of income over expend itu re  for 
the  year was £168 Os. 2d., com pared w ith 
£166 18s. 4d., a t  the  end of 1935. The finances 
of th e  In s titu te  are  in  a sound condition, b u t as 
the  num erous activ ities of the  In s titu te  are 
carried  on alm ost en tire ly  from  the  income de
rived from subscriptions, the  m ost careful economy 
is necessary in  order th a t  th is sound condition 
shall be m aintained.

b 2
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E. J.  Fox G old  Medal
A t the annual general m eeting in  Ju n e , 1936, 

the re tir in g  P residen t, M r. J .  E . H u rs t, 
announced th a t  M r. E. J .  Eox, m anaging direc
to r of the S tan ton  Ironw orks Company, L im ited, 
had presented the  sum of £500 fo r the  establish
m ent of a Gold Medal to  comm emorate th e  de
velopment of the cen trifugal casting  process in 
th is country. The medal was to  be presented  to 
the individual who had contribu ted  in  some ou t
s tand ing  way to th e  progress of the  foundry  
industry , w ith particu la r reference to foundry  
m etallurgy. M r. Fox considered th a t  th e  active 
association of M r. J .  E. H u rs t, w ith  the  de
velopm ent of the cen trifugal casting  process, was 
a fitting opportun ity  to make th is g ift.

The Council g ratefu lly  accepted the  m uni
ficent g if t of M r. Fox, and decided th a t  the 
medal should be known as the  E . J .  F ox  Gold 
Medal. I t  is in tended th a t  i t  should be aw arded 
by the Council on the  recom m endation of two 
assessors, whose decision as to a su itab le  can
d idate m ight be made in collaboration w ith  th e  
P residen t of the  In s titu te . S ir W. J .  L arke, 
K .B .E ., and S ir H arold  C arpen te r, F .R .S ., 
accepted the inv ita tion  to act as assessors fo r a 
period of th ree  years.

On the  recom mendation of the assessors the 
Council decided to  m ake the first aw ard of the  
m edal to P rof. E m eritus Thomas T u rner, M .Sc.

Badge fo r  Use  by V ic e -P re s id e n ts
The Council gratefully  acknowledges the  gift 

of a  gold badge for the use of th e  Ju n io r  Vice- 
P residen t.

A w ard s
Oliver Stubbs M edal.—The Council decided to 

make two aw ards of th e  Oliver S tubbs M edal in 
the  year 1936, as follows:-—

M r. F . H udson, “  fo r the  work he has done 
in  prom oting scientific foundry  practice, and 
p articu la rly  his investigation  work w ith re la
tion  to moulding sands, most of which has
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been made known to the In s ti tu te  th rough  the 
various Papers th a t  he has presented  from  
tim e to tim e .”

Mr. E . Longden, “  in  recognition of th e  
m any valuable P apers on foundry  practice, 
particu larly  in connection w ith the  shrinkage 
of castings, which have been presented  to  the 
In s titu te  over a num ber of years .”
M eritorious Services M edal.—The fo u rth  aw ard 

of the  M eritorious Services M edal was made in 
June , 1936, to M r. Jam es Sm ith, P res iden t of 
the Newcastle B ranch, “ for his continuous 
efforts to promote the developm ent of the  In s ti
tu te  since he became a m em ber in  1905.”

Diplomas-.—The announcem ent of the aw ard of 
Diplomas for the year 1936 was made a t  the  
Glasgow Conference, in Ju n e , 1936. The nam es 
of the recipients and the  Branches before which 
the ir Papers were given, a re  as follow : —

G. L. H arbach, B irm ingham  B ranch.
A. Phillips, B urnley Section of th e  L anca

shire Branch.
J .  M cGrandle, Scottish B ranch.

Buchanan Medals and, Prizes.—The B uchanan  
Medals and P rizes are  aw arded on th e  resu lts  
of th e  exam inations in  foundry practice and 
patternm ak ing  held by the  C ity and Guilds of 
London In s titu te . The names of th e  recip ients 
are given la te r  in  th is  rep o rt in  th e  section 
headed “  E ducational W ork.”

John W ilkinson M edal.—This Medal is aw arded 
annually  to a  member of the  Lancashire B ranch 
Ju n io r Section, on the  results of an exam ina
tion . The w inner in  1936 was M r. Jam es 
Holden.

B ranch  A c t iv i t ie s
M embership of the B ranches and a ttendance 

a t B ranch m eetings and o ther functions, is one 
of the few contacts w ith the  In s titu te  made by a 
large proportion of the  members.

In  spite of the  increasing am ount of work of 
a na tional character now being undertaken , the
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Council recognises th a t  the  work of the Branches 
is of fundam enta l im portance. There are  now 
te n  Branches, together w ith five Sections of 
Branches, including two Sections which have been 
form ed during  the  past year, nam ely : E a s t An
glian Section of th e  London B ranch, and  the 
Bristol Section of th e  W ales and  M onm outh 
Branch. The form er has had  a most successful 
session and caters fo r th e  increasing num ber of 
foundrym en residen t in  the  E astern  Counties, 
while the  la t te r , which was form ed in  October 
last, fills a long-felt requ irem en t fo r regu lar 
m eetings of th e  In s titu te  in  the  W est of 
E ngland .

The Council expresses its  thanks to  th e  B ranch- 
P residen ts, secretaries, and o ther officials; to  the  
au thors of P ap e rs ; and to  th e  directors and 
staffs of the  various works which have been 
visited.

A tw o-days’ m eeting of th e  London and B ir
m ingham  Branches was held in  London, in 
October, and was a very successful gathering .

S o u th  A fr ican  B ranch
I t  is w ith g rea t pleasure th a t  the  Council 

records th a t  as a  resu lt of the  active efforts of 
th e  honorary  corresponding member for South 
A frica, M r. A. H . Moore, and of th e  efforts 
of M r. A. H . Guy, following on his v isit to  th is 
country  in  1936, a B ranch of the  In s titu te  has 
been formed in  South  A frica, w ith  headquarters 
a t  Johannesburg . In  addition  to  the 11 members 
already in th a t  country, 40 new members have 
been enrolled, m aking a  to ta l in itia l membership 
of 51.

The P res iden t is M r. T. Nimmo Dewar, 
m anaging d irector of the  U nited  Steel C orpora
tion  of South A frica, L im ited. The first m eeting 
of the  B ranch was held on M arch 10, 1937.

B o a rd  of D e v e lo p m e n t
The B oard of D evelopm ent was form ed in  th e  

au tum n  of 1935. A fte r num erous m eetings and 
considerable correspondence, a rep o rt recom
m ending extensive changes in th e  In s ti tu te ’s
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publications was subm itted  to  the Council and 
considered by the  B ranch Councils. The B oard 
has since p u t forw ard a more comprehensive 
report con tain ing  several recom m endations, the 
adoption of which, i t  is hoped, will m ateria lly  
increase th e  prestige of the  In s titu te  and  its 
value to  th e  members and  to  th e  tr a d e  in  
general. An O rganisation  Com m ittee is now 
working out the  details of these recom m enda
tions, and they will be subm itted  to  th e  Council 
for fu r th e r  consideration in due course.

K in d red  I n s t i tu t i o n s
A t the inv ita tion  of the  Iro n  and  Steel In s ti

tu te , a jo in t m eeting w ith  th a t  In s titu te  was 
held in  London, on October 30, 1936, under 
the chairm anship of the P res id en t of th e  In s ti
tu te  of B ritish  Foundrym en. A t th is  m eet
ing, the  Second R eport of th e  Steel C astings 
Research Comm ittee of the  Iro n  and  S teel In s ti
tu te  was presented and  discussed.

Official support was accorded to  th e  Congress 
of th e  In te rn a tio n a l Association fo r T esting  
M ateria ls, held in  London from  A pril 19 to  24, 
th e  P residen t, D r. A. B. E verest and  th e  secre
ta ry  representing  the  In s titu te  a t  various m eet
ings and functions in  connection w ith  the  
Congress.

The In s titu te  has also co-operated w ith  a 
num ber of sim ilar in s titu tio n s in  establish ing  a 
Jo in t Committee on M ateria ls and th e ir  T esting , 
for the  prom otion of th e  study  of these subjects 
in  G reat B rita in .

In  addition  to  the  foregoing, th e  close re la 
tions which have been established w ith  o ther 
ins titu tions have been m ain ta in ed  and 
streng thened , and m any of th e  B ranches have 
held jo in t m eetings w ith th e  corresponding local 
B ranches of o ther na tiona l bodies.
•

I n t e r n a t io n a l  R e la t io n s
The friendly  relations w ith  foundry  technical 

societies in  o ther countries have been m ain ta ined  
th rough  th e  m edium  of th e  In te rn a tio n a l Com
m ittee of F oundry  Technical Associations. Over
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forty  members and  ladies a tten d ed  th e  In te r 
national Foundry Conference and E xh ib ition  held 
a t Düsseldorf in Septem ber, th e  B ritish  p a rty  
being under the leadership of th e  P res id en t of 
the  In s titu te . Those who were p resen t are  
indebted to  the  organisers of th e  Congress, The 
Technischer H auptausschuss fu r  Giessereiwesen ; 
to  M r. W. B annenberg, its  P res iden t, and  to 
Dr. G eilenkirchen, its d irector, fo r th e ir  cordial 
reception and th e ir  hosp ita lity . A m eeting of 
the  In te rn a tio n a l Com m ittee of Foundry  
Technical Associations was held a t  D üsseldorf 
during the  Congress, a t  which th e  In s ti tu te  was 
represented by the  P res iden t, and M r. V. C. 
F au lkner and th e  secretary, who a tten d ed  as the  
secretary of th e  Committee.

A rrangem ents are  being m ade to  p a rtic ip a te  
in the nex t Foundry  Conference, which will he 
held in P aris  from  Ju n e  18 to  24. This Con
ference will he of p a rticu la r in te re s t to  m em bers, 
as M r. V. D elport, now P res id en t of th e  In te r 
national Comm ittee, will he th e  chief rep re 
sentative of all th e  foreign F ound ry  Associa
tions a t  the  various m eetings and  functions.

The au thors of Exchange P ap ers  p resen ted  on 
behalf of the In s titu te  to  overseas conferences 
were as follow : —

American Foundrym en’s Association Conven
tion, 1936, a t  D etro it—M r. J .  E . H u rs t.

Conference of the  Association Technique de 
Fonderie, Lille—M r. G. L. H arhach.

In te rn a tio n a l Foundry Conference, Düssel
dorf—M r. J .  G. Pearce.
The authors of Exchange P apers a t  fo rth 

coming conferences will he : —
American Foundrym en’s Association Conven

tion , 1937, a t  M ilwaukee.—M r. J .  Roxburgh.
In te rn a tio n a l F oundry  Conference, P aris_

M r. H . H . Shepherd.
A dditional Papers by M r. J .  E . H u rs t and 

D r. A. B. E verest will he given respectively to 
the Am erican and In te rn a tio n a l F oundry  Con
gresses.
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P apers were presented a t th e  Glasgow Con
ference of th is  In s titu te  on behalf of the 
American, F rench  and Germ an Foundry Associa
tions, and  all these Associations will present 
P apers a t  th e  forthcom ing Conference to  be held 
a t  Derby.

F o u n d ry  E x h ib i t ion
The Council has accepted an in v ita tio n  on 

behalf of the  In s titu te  to  v isit the  F oundry  E x
h ib ition  to  be held in  conjunction w ith the 
E ng ineering  and M arine E xhib ition  a t  Olympia 
in Septem ber nex t, and has also accepted an 
in v ita tio n  from  F . W. B ridges & Sons, L im ited, 
the  organisers, to  organise a  s tand  a t  th is  exhi
bition. This stand  will be used m ainly as a 
ra lly ing  po in t for foundrym en.

E d u ca t io n a l  W o r k
The educational work which has been described 

in detail in  previous reports has continued suc
cessfully th roughou t th e  year. E xam inations in 
p a tte rnm ak ing  and in  foundry practice and 
science carried  o u t by the  C ity and Guilds of 
London In s titu te  in  collaboration w ith th e  In s ti
tu te  of B ritish  Foundrym en, were held in  May, 
1936, and the  results a re  as follow : —

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

Patternmaking—
Intermediate grade 35 8 13 60.1

Pattemmak ing—
Final grade . . 19 5 9 73.7

Foundry practice and
science ..  .. 61 

P rizes were aw arded t o :

13 20 54.2

PA TTER N M A K IN G — I n t e r m e d ia t e  G r a d e .
M r. F . N . R and , of C onstantine Technical 

College, M iddlesbrough, Bronze M edal of the 
C. & G. of London In s titu te .
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PA T T E R N M A K IN G— F in a l  Gr a d e .
M r. L. M. Abraham s, of L .C.C. School of 

E ngineering and N avigation , P oplar, Silver 
M edal of the  C. & G. of London In s titu te  and 
B uchanan P rize  of th e  In s titu te  of B ritish  
Eoundrym en.

M r. YV. B rindley, of W olverham pton and 
Staffordshire Technical College, B uchanan 
P rize  of the In s titu te  of B ritish  E oundrym en.

FOUNDRY PR A C TIC E AND SC IEN C E.
M r. V. G. Ellis, of C oventry Technical Col

lege, Silver M edal of th e  C. & G. of London 
In s titu te , and B uchanan P rize  of th e  In s ti
tu te  of B ritish  Foundrym en.

M r. A. J .  Wilson, of S ir Jo h n  Cass Technical 
In s titu te , London, B uchanan Silver M edal of 
the In s titu te  of B ritish  E oundrym en.

M r. G. M. Andrew, of Sheffield F oundry  
Trades Technical Society, B uchanan P rize .

M r. G. F . Taylor, of C onstan tine Technical 
College, M iddlesbrough, B uchanan P rize .
The certificates aw arded to  th e  cand ida tes who 

passed the  exam ination  have been endorsed by 
the P residen t of the In s titu te , who has also en 
dorsed six certificates gained by candidates 
successful in passing th e  exam ination  (m oulders’ 
course) of the U nion of L ancashire and  Cheshire 
In s titu te s .

N ational Certificates in  M echanical E ngineer
in g .—These certificates a re  issued by th e  B oard 
of Education  and the  In s titu tio n  of M echanical 
E ngineers, and six certificates were endorsed by 
the P residen t of th is  In s titu te  in respect of 
special foundry subjects.

The degree course in foundry m etallu rgy  at 
the U niversity  of Sheffield, has now been in 
existence fo r nearly  th ree  years; th e  num ber of 
students who have enrolled th is  year represents 
an increase on those enrolled during  the  first 
two years of the course, and the  course is m aking 
satisfactory  progress.

In  addition  to  the foregoing activ ities, the 
Council wishes to emphasise the  value of the
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work done by the B ritish  F oundry  School a t 
B irm ingham , which was established th rough  the 
efforts of the B ritish  C ast Iro n  Research Asso
ciation  and of M r. J .  G. Pearce. The school 
provides a specialised course of one y ear’s d u ra 
tion , for men who are  already in  the  industry  
and who wish to equip themselves for more im
p o rta n t technical work.

A n n u a l  C o n fe ren c e ,  G la sg o w ,  1936
The T hirty -T hird  A nnual Conference was held 

a t  Glasgow and E d inburgh , from  Ju n e  9 to  12, 
1936, and the a ttendance was one of the  largest 
of a long and successful series. Members and 
ladies were en te r ta in ed  a t  a reception  a t  the 
C ity Chambers on Tuesday, Ju n e  9, by the  R t. 
H on. the Lord P rovost of Glasgow.

A t the  opening m eeting on Ju n e  10, mem
bers were welcomed by th e  R t. H on. Lord P ro 
vost; S ir Jam es Lithgow, R t., P residen t of the 
R eception Com m ittee ; Col. N o rm an . K ennedy, 
P res iden t of the  Glasgow Cham ber of Commerce; 
and S ir A rth u r  H uddleston, d irector of the  
Royal Technical College.

M r. H . W in terton  was installed P res iden t in 
succession to M r. J .  E . H u rs t, and M r. C. W. 
Bigg and M r. J .  H epw orth, M .P ., were elected 
respectively to the  offices of Senior and Ju n io r 
V ice-President.

On Thursday, Ju n e  11, the work of the Con
ference was removed to  E dinburgh , the  capital 
of Scotland, and following the  session fo r the 
discussion of P apers in th e  m orning a t  the 
H erio t-W att College, th e  p a rty  was en terta ined  
a t  a reception a t the  City Chambers by the Lord 
Provost. Bailie A ldridge welcomed th e  visitors 
on behalf of th e  C orporation,

The thanks of the  In s titu te  are tendered to 
the Lord P rovost of Glasgow ; the  Lord Provost 
of E d in b u rg h ; the  firms who arranged  visits for 
members and ladies and to  th e  staffs of those 
firms'; to  the  authors of P ap e rs ; to  the sub
scribers to the  conference fu n d s ; and to  all who
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assisted in the organisation  and carry ing  o u t of 
the many duties connected w ith the a rran g e 
m ent of so large a gathering.

The In s titu te  wishes particu larly  to  record its 
appreciation  of the work carried  ou t and of the 
hospitality  tendered  by the  Scottish B ranch, 
and to express its congratu lations to  the  B ranch 
upon the  success of the  arrangem ents which 
were made. C ongratu lations and thanks are 
specially accorded to  the P residen t of the 
Branch, M r. D. S harpe; M r. John  Bell, confer
ence secretary, whose perfect o rganisation  won 
the adm iration  of all the  v is ito rs; and to M r.
A. Campion.

E d w ard  W il l ia m s  L e c tu re
The Second E dw ard W illiam s L ecture  was de

livered a t  the Glasgow Conference by P ro f. A. L. 
Mellanby, D.Sc. The T hird  L ecture  will be 
given a t Derby on Ju n e  9, a t  the opening session 
of the Conference, by Dr. C. H . Desch, F .R .S .

B ri t ish  C a s t  I ro n  R esea rch  A sso c ia t io n
The B ritish  Cast Iro n  Research Association 

continues actively to  develop, and the  year 1936- 
37 promises to  be a record in  income and  
activity . A t the annual m eeting in  November, 
1936, the  E arl of Dudley was elected as th e  new 
P resident, w ith Lord A ustin of L ongbridge and 
Prof. Thomas T urner as new V ice-Presidents.

M r. H . B. Weeks, chairm an of the Council 
since the  Association began, has been succeeded 
in th a t  office by D r. H arold  H artley , and  M r. 
J .  T. Goodwin, M .B .E ., has re tired  from  his 
office as vice-chairm an of the  Council a fte r  
twelve years in th a t  capacity.

The Association has recently  u n dertaken  an 
im portan t investigation, sponsored by the  In 
s titu tion  of M echanical Engineers, on high-duty 
cast irons for engineering purposes. I t  is pro
posed in th is connection to investigate the 
mechanical properties of the whole range of cast 
irons suitable for engineering  work.
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Council
F o u r m eetings of th e  Council and more th an  

tw enty  m eetings of stand ing  and  special Com
m ittees have been held during  the  year. The 
Council m eetings were held a t  Glasgow, B ir
m ingham , B radford  and N ewcastle, and  the 
average a ttendance  was th irty-seven.

There have been four m eetings of the Technical 
Com m ittee, one m eeting of the  Technical Council 
and upw ards of fo rty  m eetings of the  Sub- 
Com m ittees of the  Technical Committee.

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

V ice-Presidents, P ast-P residen ts , B ranch
P res iden ts and B ranch secretaries.

(5) M embers elected by the  Branches.
(c) Members elected by ballot by the whole

of th e  members.
The la s t nam ed are  ten  in num ber, of whom 

five re tire  each year. The five who so re tire  a t 
the A nnual G eneral M eeting on Ju n e  8 a re : —

P ro f1. J .  H . Andrew, M r. V. D elport, M r. E.
Longden, M r. P . A. Russell, and M r. D. H .
Wood.
All these gentlem en are  eligible for re-election 

for a fu r th e r  period of two years and offer them 
selves for re-election.

The Council expresses its  thanks to  M r. W. B. 
Lake, J .P . ,  for his services as honorary tre a su re r 
and for his guidance in  connection w ith  finance; 
also to  M r. .1. W. Gardom, Convener of th e  Tech
nical Com m ittee, for his leadership of th e  various 
ac tiv ities of th is Comm ittee and  of its Sub- 
Comm ittees.

A n n u a l  C o n fe ren c e
The T h irty -F o u rth  A nnual Conference will be 

held a t  D erby from  Ju n e  8 to  11, when M r. C. W. 
Bigg, P resident-elect, will be installed  P residen t.

H . W in t e k t o n , 
P residen t.

T. M a k e m so n ,
Secretary.
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BALANCE SHEET, DECEMBER 31, 1936. 
L ia b il it ie s .

£ s. d. £ s. d. 
Subscriptions paid in advance 219 2 0
Sundry Creditors   432 11 10
Secretary’s Policy Eund .... 18 8 8
The Oliver Stubbs Medal Eund :—

Balance from last Account 213 6 9 
Interest to date .... .... 7 17 10

Less Cost of Medal

Interest to date

221 4 7
9 15 0

t 122 14 9
4 12 2

1
127 6 1 1

4 9 10

211 9 7

Prizes
122 17 1

The E. J. Fox Medal Fund :—
Cash received .... .... 500 0 0

International Conference Fund :—
Surplus (included in General

Investments) ............... 40 18 11
Accumulated Fund :—>

Balance at December 31,
1935   1,864 10 8

Add : Excess of Income
over Expenditure for the 
year ended December 31,
1936   168 0 2

2,032 10 10

£3,577 18 11
A ssets .

; s. d£ s. d.
ish in hands of Secretaries :—
Lancashire Branch 25 6 2
Birmingham Branch 41 7 10
Scottish Branch .... 43 5 1 1
Sheffield B ra n c h ............... 38 19 5
London Branch .... 69 18 8
East Midlands Branch .... 19 1 1 0
West Riding of Yorkshire

Branch .... 23 14 4
Wales and Monmouth

Branch ........................... 3 8 11
Middlesbrough Branch .... 1 2 9

266 «15
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Cash in Hand :—
Secretary’s Policy Fund .... 

Sundry Debtors —•
Subscriptions due and sub

sequently received
Lloyds Bank L td ........
The Oliver Stubbs Medal Fund 

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

Balance at Lloyds Bank 
L td...................................

s. d. £
18

51
639

s. d. 
8 8

13 0 
13 11

200 0 0

11 9 7

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

Conversion Stock at 78;}r .9 8  6 9
Balance a t Midland Bank 24 10 4

The E. J. Fox Medal Fund 
£462 19s. 3d., £3 10s. Od 

per cent. Conversion 
Doan a t Cost

Investments :—
£650, 3ijf per cent. War 

Loan at Cost 
£300, 5 per cent. Conver

sion Stock, 1944-64, at 
Cost

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

£295 8s. 10d., 3 per cent, 
Funding Loan at Cost...

Furniture, Fittings and Fix 
tures as per last Account... 
Less : Depreciation 10 per 

cent........... .............

Superannuation Insurance 
Unexpired Premium

211 9 7

122 17 1

500 0 0

630 8 4

297 14 11

451 13 8

300 0 0
1,679 16 11

76 9 1

7 12 11
68

18

16

£3,577 18 11

W. B. LAKE, Hon. Treasurer. 
TOM MAKEMSON, Secretary.

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

J. & A. W. Sully  & Co.,Chartered Accountants, Auditors. 
-21, Queen Victoria Street, London, E.C.4.

[arch 18, 1937.
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INCOME ANI) EXPENDITURE ACCOUNT FOR 
THE YEAR ENDED DECEMBER 31, 1936.

Postages ...............
Printing and Stationery, 

including printing of 
“ Proceedings” .... 

Council, Finance and Annual 
Meeting Expenses 

Medal for Past President ....

Branch Expenses :—
Lancashire...........................
Birmingham
Scottish ...............
Sheffield
London ...........................
East Midlands ...............
Newcastle ....
West Riding of Yorkshire 
Wales and Monmouth 
Middlesbrough .........

Audit Fee and Accountancy
Charges ...............

Incidental Expenses 
Subscriptions :—

International Congress, 
Testing Materials 

British Foundry School .... 
International Committee 

on C.I. Testing

Salaries — Secretary and
Clerks ..........................

Superannuation Insurance
(Secretary)...............

Rent, Rates, &c., of Office,
less Received ...............

Subscription, International 
Committee 

Depreciation of Furniture 
John Surtees Memorial 

Examinations Grants to 
Branches ..........................

128 17 1

692 17 9

121 5 7
3 0 0

133 1 10
71 12 2
74 4 10
45 13 3
63 19 4
43 19 3
39 2 9
28 17 10
25 5 10
31 19 3

557 16 4

J 2  12 0
73 10 7

10 10 0 
5 0 0

3 0 0 
--------------  92 0 7

688 16 10

55 5 10

91 5 0

2 10 0 
7 12 11

8 6 10

2,462 6 9
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£ s. d.
Excess of Income over Ex

penditure carried to
Balance Sheet ...............  168 0 2

£2,630 6 11

I ncom e .

£ s. d. £ s. d.
Subscriptions received:—

Lancashire Branch 447 6 0
Birmingham Branch 356 8 6
Scottish Branch .... 358 16 6
Sheffield Branch .... 281 2 6
London Branch .... 470 18 0
East Midlands Branch .... 220 18 6
Newcastle Branch 118 11 6
West Riding of Yorkshire

Branch .... 156 3 6
Wales and Monmouth

B ra n c h ........................... 107 2 0
Middlesbrough Branch .... 98 12 6
Unattached Members 53 9 0

2,669 8 6

Add : Subscriptions in Ad
vance, 1935 ................. 86 2 0
Do., due 1936 51 13 0

137 15 0

2,807 3 6
Less : Subscriptions in Ad

vance, 1936 219 2 0
Do., due 1935 65 12 6

to 00 14 6

2,522 9 0

Conference Registration Fees 28 17 6
Sale of “ Proceedings,” &c. 10 8 11
Interest on Investments and

Cash on Deposit .... 59 6 3
John Surtees Memorial

Examination—Surplus .... 6 14 1
Profit on Sale of Badges 2 11 2

£ 2,630 6 11
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A d o p t io n  of R e p o r t

The R e t ir in g  P r e s id e n t  proposed th e  adoption 
of the  G eneral Council’s A nnual R ep o rt for the 
year ended A pril 30, 1937, which R ep o rt was 
tak en  as read.

M r. V ic t o r  S t o b ie , M .I.E .E . (P as t-P residen t), 
who seconded, em phasised particu la rly  th e  In s ti
tu te ’s g ra titu d e  to  M r. E . J .  Fox (m anaging 
d irector of th e  S tan ton  Ironw orks Company, 
L im ited) for his generosity  in  p lacing £500 a t 
the disposal of the  In s titu te  for th e  estab lish
m ent of a Gold M edal. The A nnual R epo rt was 
unanimously adopted, w ithou t discussion.

A c c o u n ts

M r. W. E . L a k e , J .P .  (re tir in g  hon. t r e a 
surer), presented th e  Accounts for the  year 
ended December 31, 1936, and com m ented w ith  
satisfaction  upon the  figures, which reflected th e  
increasing activ ity  and th e  progressively im prov
ing financial stab ility  of th e  In s ti tu te  in  th e  
seven years du ring  which he had  served as hon.. 
treasu re r. Inasm uch as th e  occasion was the  
last on which M r. Lake would appear before the  
m eeting as hon. treasu re r, he took th e  oppor
tu n ity  to  th an k  h is num erous friends in  th e  
industry  for the ir m any kindnesses to  him  d u ring  
his period of office.

The resolution for th e  adoption of th e  Accounts 
was seconded by M r. J .  E . H u r s t , and  was 
carried  unanim ously w ithou t discussion.

R e p o r t  of  T ech n ica l  C o m m i t t e e

Mu. J .  W . G a r d o ji (Convener of the  Technical 
Committee) presented and  proposed th e  adoption 
of th e  Com m ittee’s A nnual R eport. H e took 
the  opportun ity  to  express his g ra titu d e  to  all 
members of th e  Com m ittee and Sub-Committees 
for th e ir  work, p articu la rly  having regard  to 
the  fac t th a t  in  view of present-day industria l
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activ ity  i t  was difficult for tliem to  give the  tim e 
necessary fo r th e  C om m ittee’s work. H e was 
particu la rly  pleased th a t  th e  Costing Sub-Com
m ittee  was p resen ting  a  rep o rt on “  The E stab 
lishm ent of Costs in  a  Grey Iro n  Foundry  ” 
d u rin g  th e  course of th e  D erby Conference.

Mb . F . J .  C ook, M .I.M ech.E . (P ast-P residen t), 
who seconded, paid  a tr ib u te  to  M r. Gardom for 
his wTork as Convener of the Technical Com
m ittee . H e added th a t  the  Com m ittee had 
devoted a g re a t deal of energy  to  th e  work and 
th e  In s titu te  appreciated  i t  to th e  full. The 
R ep o rt was unanim ously adopted.

FIFTH A N N U A L  G EN ER A L R E PO R T  OF 
T H E  T E C H N IC A L  C O M M ITTEE

The Technical Com m ittee was form ed in  1931, 
its  objects be ing : —

(1) To establish  an  organ isation  to  study, 
and keep the members of the In s ti tu te  in  touch 
w ith, technical progress in  various branches of 
th e  industry .

(2) To fulfil a  need which had  been fe lt for 
some time or establish ing an organisation  
th rough  which th e  In s titu te  could be repre
sented on various national and in ternational 
bodies concerned w ith the  p repara tion  of speci
fications and w ith technical developm ent.
The o rganisation  of th e  Comm ittee is rep re

sen ta tive  of the  B ranches of the  In s titu te , and 
also of the  various phases of th e  foundry in
dustry . Each B ranch elects two members 
annually , and these, together w ith  ce rta in  ex- 
officio members, form  the Technical Council which 
meets as and when required. A dditionally, 
there  are a large num ber ef co-opted members of 
the various Comm ittees, selected on account of 
th e ir  special knowledge of some branch  of the 
industry , and these, together w ith the Technical 
Council, form  the  Technical Comm ittee which 
m eets fou r tim es per year.

The ac tiv ities to  which reference is made in 
p arag raph  (1 1 , namely, the study of technical
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developm ent w ith in  th e  industry , is ca rried  out 
m ainly by e ig h t sub-committees which cover 
alm ost every phase of foundry  practice. Each 
sub-committee meets a t least fou r tim es a 
year, and more frequently  if required . D etails 
of the work of these sub-com m ittees du rin g  th e  
past twelve m onths are  given in  th e  Sub- 
Committee R eports a t  th e  end of th is  R epo rt.

In  addition  to these reports, reference may 
here be made to  certa in  ou tstand ing  work which 
has been accomplished during  the  p a s t year.

(a) T h e  S t e e l  C a s t i n g s  S u b -C o m m itte e  
made a jo in t con tribu tion  to  th e  discussion 
on th e  Second R ep o rt of the  S teel C astings 
Research Com m ittee of th e  Iro n  and  Steel 
In s titu te , presented a t  a jo in t m eeting  of th a t  
In s titu te  and of th e  In s titu te  of B ritish  
Foundrymen,.

(b) T h e  M a l l e a b l e  I r o n  S u b -C o m m itte e ,  in 
collaboration w ith  the  C ast Iro n  Sub-Com
m ittee , has been engaged for some tim e  on 
compiling d a ta  which show the  necessity of 
specifying tolerances of dimensions in  th e  p ro
duction of castings. A report con tain ing  much 
of th is d a ta  and certa in  recom m endations was 
presented to  the  Conference a t  Glasgow in 
Ju n e , 1936, and has since been discussed by a 
num ber of Branches of the  In s titu te .

(c) T h e  C o s t in g  S u b -C o m m it t e e  fo r some 
th ree years has been engaged in  studying  the 
subject of foundry costs; sectional reports 
have been published from tim e to  tim e, and 
these reports have been discussed by various 
Branches. A comprehensive repo rt covering 
the  whole subject and embodying suggestions 
made in  the  discussions by the  Branches has 
now been prepared, and will be subm itted  to  
the Conference to  he held a t Derby in  Ju n e  
1937.

(d) T h e  N o n - F e r r o u s  S u b -C o m m itte e , 
realising th a t  a very large num ber of almost 
sim ilar specifications have been issued for 
certa in  non-ferrous alloys, has prepared  d ra f t 
specifications for two leaded gun m etals, which 
i t  is hoped will cover a varie ty  of requirem ents
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and  th u s replace a num ber of existing  speci
fications. Before subm itting  these proposals 
to  a standard is ing  body, i t  was desired to  have 
th e  criticism  and  advice of the  members of 
the In s ti tu te  generally, and w ith  th is end in 
view, these proposals were subm itted  to  the 
Glasgow Conference in  1936, and have since 
been discussed by a  num ber of Branches.

(e) T h e  R e f r a c t o r ie s  S ub -C o m m it t e e  has 
prepared  a ten ta tiv e  specification for Tests for 
Cupola F ire  Bricks, upon which they  also 
desire to  have opinions and criticism  before i t  
is subm itted  to  a  standard is ing  body. C ertain  
members of th e  In s titu te  have k indly agreed 
to  work to  th is specification and com m unicate 
th e ir  views and experiences to  the  Comm ittee 
in  due course.

( /)  T h e  C a st  I r o n  S u b -C o m m it t e e  two years 
ago issued in conjunction  w ith the  B ritish  Cast 
Iron  R esearch Association a booklet of Typical 
M icrostructures of C ast Iron . D uring  the 
p ast year, a second booklet of Typical M icro
stru c tu res  has been issued in  collaboration w ith  
th e  same Association. The second series 
includes a num ber of typ ical m icrostructures of 
malleable cast iron.
The m ost im p o rtan t p a r t  of the  work to  which 

reference is made in  p arag raph  (2 ) is carried  
ou t by the  Technical Comm ittee as a whole, 
ad d itiona l to  and  in  some cases in  conjunction 
w ith th e  ap p ro p ria te  sub-committees, and con
sists of rep resen ta tion  on s tandard ising  bodies, 
particu la rly  on Comm ittees of the  B ritish  
S tan d ard s In s titu tio n . The In s titu te , th rough  
the  Technical Com m ittee, is represen ted  on the  
most im p o rtan t com m ittees of th is In s titu tio n  
concerned w ith  the  foundry  industry , and  an 
active p a r t  has been tak en  by th e  Technical 
Com m ittee and the  C ast Iro n  Sub-Comm ittee in 
the p rep a ra tio n  of th e  d ra f t B .S .I. specification 
for H igh-D utv  C ast Iron , and  the  revised B .S .I. 
specification No. 321-27, G eneral Grey Iron  
Castings.

The Com m ittee particu la rly  acknowledges its 
indebtedness to  M r. P . A. Russell, Convener of
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the  Cast Iron  Sub-Comm ittee, for his very active 
work in  connection w ith  these specifications. 
Copies of the  d ra fts  a re  now being considered 
bv members of the ap p ro p ria te  sub-committees, 
who are invited  to  com m unicate th e ir  views on 
the d ra f t specifications before they  are  adopted 
finally.

An In te rn a tio n a l Com m ittee consisting of 
representatives of foundry technical associations 
is actively engaged in  studying  the  sub ject of 
tes ting  cast iron, and D r. A. B. E verest rep re 
sents the  In s titu te  on th is com m ittee. A m eet
ing of th is  com m ittee was held in  D üsseldorf in 
Septem ber, 1936, th e  In s titu te  being represen ted  
by M r. F . K . N eath  and  th e  Secretary .

D r. E verest represented  th e  In s ti tu te  th rough  
the Technical Comm ittee a t  the  recen t Congress 
of the  In te rn a tio n a l A ssociation for T esting  
M ateria ls held in  London, and  th e  P res id en t 
and o ther members of th e  C om m ittee were 
present a t  lnost of th e  m eetings of th is  Congress.

R epresentatives of th e  com m ittee a re  
collaborating w ith represen tatives of th e  L ite ra ry  
and Awards Comm ittee in  the  p rep a ra tio n  of an 
in ternational dictionary  of foundry  term s, u nder 
the auspices of th e  In te rn a tio n a l C om m ittee of 
F oundry  Technical Associations.

I n q u ir y  B u r e a u . The Inqu iry  B ureau  con
tinues to  give useful service to  members who 
require specific in form ation on foundry  problems, 
or who require knowledge as to  where certa in  
inform ation can be found.

N o m e n c l a tu r e . The Com m ittee is  continuing 
to  compile a list of s tandard  definitions and 
term s which i t  is hoped will be published in due 
course.

The Technical Committee a t present consists of 
over six ty  members. The Convener wishes to  
acknowledge the indebtedness of the  In s titu te  to 
these members for th e ir services, and he p a r
ticu larly  wishes to  th an k  the sub-committee con
veners and secretaries for th e ir work.

The thanks of the  In s titu te  are also tendered 
to  the firms w ith  whom the  members are asso
ciated, for facilities which are given and to
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those firms who have carried  ou t tes ts and other 
work on behalf of the  Committee.

J .  W. GARDOM,
Convener, Technical Com m ittee

R E PO R T S O F  SU B -C OM M ITTEES
S u b - C o m m it t e e  on  C a s t  I ro n

This Sub-Com m ittee has been principally  con
cerned w ith  the  proposals of the B ritish  
S tan d ard s In s titu tio n  for the  revision of Speci
fication 321 G eneral Grey Iron  C astings, and 
for the  establishm ent of a new Specification for 
Ilig h -D u ty  C ast Iron . New size test-bars being 
incorporated  in these Specifications, both of 
which have now reached -the d ra f t stage, and 
hav ing  been scrutin ised  by th is  Sub-Comm ittee 
a t all stages of th e ir  p repara tion , these d ra f ts  
are approved by th is  Sub-Com m ittee subject to 
a few m inor a ltera tions, particu la rly  w ith  regard  
to deflection values. A rep o rt embodying the  
m ain provisions of these Specifications has been 
circu lated  to  all members of the  Technical Com
m ittee, and th is  report or the  frill d ra f t  is 
available to  any m em ber of the In s titu te  on 
application  to  the  secretary .

The d is trib u tio n  of th e  second series of Typical 
M icrostructures of C ast Iro n  has been carried  
out du ring  th e  year, and th e  dem and for these 
has been g ra tify ing . Through th e  kindness of 
Mr. A. E . Peace, a complete series of lan te rn  
slides of both series of Typical M icrostructures 
has been presented to  the  In s titu te , and  is avail
able on loan on application  to  the  secretary  of 
the In s titu te .

The Sub-Com m ittee has continued its  work in 
connection w ith the  assembly of physical d a ta  
for cast iron, w ith a view to  the  possibility of 
publishing a sum m arised lis t which should be of 
value to  designers and users of castings.

The Sub-Comm ittee is also engaged upon the 
collection of d a ta  on methods of runn ing  cast
ings. In  view of the  wide field of th is  investiga
tion , th is  work is proceeding slowly.

P . A. R U SSELL,
Convener.
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S u b - C o m m it t e e  on  C o s t in g
Since its  las t report, th e  C osting Sub-Com

m ittee has held several m eetings and  discussed 
in correspondence various aspects of costing in 
a grey iron foundry, and, as a resu lt, th e  en tire  
subject has been covered and embodied in  a 
report, th e  te x t of which was approved a t  a 
m eeting of the  Sub-Comm ittee held in  London 
on A pril 3. T hat repo rt will be presen ted  a t th e  
Derby Conference in  Ju n e .

The m ain  object of the Costing Sub-Com m ittee 
has been achieved, h u t the  question of issuing a 
simplified system for the sm aller jobbing foun
dries is being considered, and an endeavour is 
being made to establish a form  of cost sheet 
embodjdng the principles of the  system and which 
could be adap ted  to  various types of foundries.

The members of the  Sub-Com m ittee are  p re 
pared to rem ain  on the Comm ittee should i t  be 
decided to  re ta in  i t  in an advisory capacity  w ith 
a view to  giving advice to the  in d u s try  on 
costing m atters in  so fa r  as they  re la te  to  grey 
iron foundries. y  D EL PO R T ,

Convener.

S u b -C o m m it te e  on Malleable  C a s t  I ro n
The work of the  Sub-Comm ittee on the  subject 

of dimensional tolerances for castings was 
brought to  a close early in the year, and  the  d a ta  
were embodied in  a report which was presented 
a t the Glasgow Conference in  Ju n e , 1936. This 
P ap e r has since been read  to  the  m ajo rity  of th e  
Branches, and the comm ittee are collecting the  
points raised in  the  discussions in  th e  hope th a t  
more concrete recom mendations for dim ensional 
tolerances may be form ulated.

The investigation on the prac ticab ility  of using 
various-sized test-bars to  represent a range of 
sections for malleable castings has shown con
siderable progress. The results of all th e  tes ts  
made have been collected and an  a ttem p t made 
to correlate the results w ith the varying sections. 
No final conclusions have yet been made on th is 
subject, however, and i t  seems likely th a t  fu r th e r
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work will still have to  be done before recom
m endations can be made for a revision of the
B .S .I. Specification.

A. E . PEA C E,
Convener.

S u b - C o m m i t t e e  on  M el t ing  F u rn aces
This Sub-Com m ittee has for some tim e been 

engaged in  th e  p rep ara tio n  of a  rep o rt on 
foundry  m elting  furnaces, w ith a view to  pro
viding d a ta  on m odern m elting practice. A t 
the  beginning of th is year i t  was found th a t  the 
scope of the rep o rt was too wide, and i t  was 
decided th a t  in the  first instance i t  should be 
lim ited to m elting furnaces for grey cast iron.

The repo rt will be divided into sections, each 
dealing w ith one type of furnace. Sections on 
the  cupola, ro ta ry  furnaces and electric furnaces 
are now completed and fu r th e r  sections are in 
prepara tion .

L. W. BOLTON,
Convener.

S u b - C o m m it t e e  on  N o n - F e r r o u s  C as t in g s
The work of th is Sub-Comm ittee du ring  1936- 

37 has been m ainly concerned w ith the  considera
tion  of criticism s raised on th e ir  repo rt, “  R e
com m endations fo r Two Leaded G unm etals,” p re
sented a t  the  1936 A nnual Conference of the 
In s titu te . The repo rt has been presented  during  
th e  session a t  a num ber of Branches and has pro
voked a certa in  am ount of correspondence in the 
technical press. The reception accorded' the 
repo rt has been favourable and the  Sub-Com
m ittee  is encouraged to  proceed w ith  th is work 
of p rep arin g  a suitable series of alloys for sug
gested s tandard isa tion . F u r th e r  work of the 
sam e type on bronzes of h igher lead content is 
in  hand , and i t  is hoped th a t  in  due course 
sim ilar recom m endations for leaded phosphor 
bronzes can be p u t forw ard by the  Sub-Com
m ittee.

G. L. BAILEY,
Secretary.
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S u b - C o m m it t e e  on  R e f ra c to r ie s
The Sub-Comm ittee has had several m eetings 

during  the year, and its  recom m endations for 
the specification and  stan d ard  te s ts  fo r cupola 
firebricks was finally approved by th e  Technical 
Committee a t  th e  m eeting in  B irm ingham  on 
M arch 6 for submission to  th e  In s titu te  members.

D uring  the year th e  Sub-Com m ittee has been 
fu r th e r strengthened by the  election of new 
members, and  is a t present actively  engaged on 
investigating  closely the  characteristics of cupola 
gan is ter w ith a view to  th e  p rep a ra tio n  of a 
d ra f t specification for submission to  the  Tech
nical Committee. A g rea t am ount of useful in 
vestigation has been completed already, and  i t  
is hoped to be able to  subm it a considered re 
port during  the present year.

W. J .  R E E S ,
Convener.

S u b - C o m m it t e e  on  Sands
The work of the  sands questionnaire m en

tioned in  the previous annual repo rt has been 
completed. The tabu lation  and comments will 
be published later.

Recommended methods of dry  sand te s tin g  
are also ready for publication, and m ethods of 
sieve testing  have been under consideration.

Sand testing  equipm ent is being checked and 
resulting  therefrom  modifications to  some exist
ing equipm ent are recommended.

Much progress has been due to  th e  co-opera
tion of the Sub-Committee on M oulding M ateria ls 
of the  Iron  and Steel In s titu te  and the  Sands 
and R efractories Committee of the  B ritish  Cast 
Iron  Research Association.

JO H N  J . SH E E H A N ,
Convener.

S u b -C o m m it te e  on S tee l  C ast ings
W ork has continued upon th e  th ree  investiga

tions detailed in  the 1936 re p o r t: —
(a) Considerable d a ta  have been collected

upon the effect of various h eat-trea tm en ts on
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steels of norm al compositions. A few fu rth e r 
te s ts  are  requ ired  before th e  first tabu la tion  
can be completed.

In  carry ing  o u t these te s ts  i t  was found 
necessary to  design a  s tan d ard  te s t block cast
ing, and  i t  is recommended th a t  th is  should 
be used when bars are  being prepared  for 
investiga ting  th e  p roperties of cast steels.

(6) All th e  valve castings under considera
tion  a re  undergoing te s t by a  well-known valve 
m anufac tu re r, and all have successfully w ith 
stood th e  h ighest pressure tes ts . The castings 
a re  now being sectioned to  ascerta in  hetero 
geneity , etc.

(c) A rrangem ents have been made w ith  a 
refrac to ries m an u fac tu re r to  supply a uniform  
sand (to  a  specification agreed w ith  the  Iron  
and  Steel In s titu te  Steel M oulding M ateria ls 
Com m ittee and approved by the Sands Sub- 
Com m ittee) for the  m aking of special te s t cast
ings. Some d a ta  have also been collected upon 
liquid steel tem p era tu res  in  th e  foundry.

Difficulty is being experienced in  deciding 
upon a su itab le  type  of experim ental casting 
for th e  m aking  of tes ts, b u t tr ia ls  of various 
forms continue.
A m em ber of the  Com m ittee has p repared  a 

very com prehensive bibliography upon th e  sub
je c t of steel castings defects, and th is is available 
to  any in te rested  member.

C. H . KA1N,
Convener.

Seco n d  C o n g re s s  of  t h e  I n t e r n a t io n a l  A sso c ia t io n  
f o r  T e s t in g  M a te r ia l s

L o n d o n , A p r i l  19 to  26, 1937.
D r. A. B. E verest represen ted  th e  In s titu te  

officially a t  th e  technical sessions of th is  Con
gress, and  a sum m ary of his report, presented 
to th e  Technical Comm ittee, is as follows: —

The Congress was divided in to  fou r m ain 
groups, dealing respectively w ith m etals, inor
ganic m ateria ls, organic m ateria ls, and finally, 
subjects of general in te rest. F rom  the  po in t of 
view of th e  In s titu te  of B ritish  Foundrym en,
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Group A, dealing w ith  m etals, was undoubtedly 
the most im portan t, sub-sections in  th is  group 
dealing w ith the  behaviour of m etals dependent 
upon tem pera tu re  and giving consideration  to  
mechanical properties, especially creep and  im 
pact, a t  high tem pera tu res, and also to  oxida
tion  and corrosion as affected by tem p era tu re . 
The second sub-section was devoted to  progress 
of m etallography and d ea lt essentially  w ith  the  
testing  methods and the  resu lts of te s tin g  in 
the  fields of microscopy, X -ray  exam ination , elec
tron  interference, and so on. Some a tten tio n  
was incidentally given under th is  section to  
solidification of ingots and to  recrystallisation . 
The th ird  sub-section was devoted to  lig h t m etals 
and the ir alloys, special reference being m ade 
in th is connection to  th e  mechanism of age- 
hardening and the study of single crystals.

In  the fourth  sub-section a tten tio n  was given 
to the general subjects of w orkability and w ear, 
referring  especially to  m achinability  on th e  one 
hand and to  w ear tests and th e ir  re la tion  to 
service life on the  other.

In  the th ird  group, dealing w ith ligh t m etals, 
some reference was made to  cast alum inium  
alloys, w hilst in  considering the  ques.tion of wear 
some two or three P apers made reference to  cast 
iron. On the  whole, however, among the  64 
Papers presented in the  m etals section, the  
m ajority  dealt generally w ith the fundam entals 
of testing  as applied to  m etallurgical products, 
and there  was no t a g rea t deal of d irect concern 
to  foundrymen,

In  the group dealing w ith subjects of general 
im portance, the relation between th e  resu lts of 
laboratory tests and behaviour in  service was 
considered. In  th is section, as in  the  m ain  m etals 
group, the general conclusion would appear to  be 
th a t whilst tes ting  methods are being increas
ingly perfected, and whilst more refined methods 
of investigation are throw ing a new ligh t on th e  
fundam ental properties of m aterials, th e re  is 
still a very wide gap between results of labora
tory investigations and the life obtained  in 
service.
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A w a rd s
The R e t ir in g  P r e s id e n t  announced th a t  the 

following A wards had  been m ade for th e  year 
1936-37: —

The Oliver S tubbs M edal to M r. P . A. Russell 
fo r his work in  prom oting the  technical

M r . E . J .  F ox
(Donor of the E . J . F ox M edal).

developm ent of th e  industry , p a rticu la rly  as 
C onvener of th e  Sub-Com m ittee on Cast 
I ro n  of th e  Technical Comm ittee.

The E . J .  Fox M edal to E m eritus P ro f.
Thomas T urner, M.Sc.

D iplom as had been aw arded to  the  follow-
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in g : —Mr. H . H . Shepherd fo r a P ap er on “  The 
A pplication of Science to  th e  Control of Foundry 
Sands,”  read before th e  B irm ingham  B ranch. 
M r. S. A. H orton  for a P ap er on “  P a tte rn s  and 
th e ir  R elation  to  M oulding P roblem s,” read 
before the  E ast M idlands Branch» M i. K . 
Ball an tine  for a P ap er on “  Developm ents in the  
P roduction  of In g o t M ould C astings,” read  
before the L ancashire B ranch and the F a lk irk  
Section. M r. E . W. W ynn for a  P ap e r on 
“ A Small O il-Fired R o tary  F u rn ace  and  its 
P roduc ts ,” read  before th e  L ancashire B ranch. 
D r. C. J .  Dadswell, M r. T. R . W alker and  M r.
F . W hitehouse, jo in t au thors of a P a p e r  on 
“  The M anufactu re  of Iro n  and Steel C astings in  
Green S and ,”  read  before th e  Sheffield B ranch .

H o n o r a r y  M e m b er
The R e t ir in g  P r e s id e n t  proposed th a t  Lord 

A ustin  of Longbridge, K .B .E ., be elected an 
H onorary  Member. H e added th a t  L ord  A ustin  
had been approached upon the  m a tte r  an d  had 
said he was fully conscious of th e  honour, and  
the  In s titu te  fe lt th a t  i t  was honouring itse lf by 
electing Lord A ustin.

M r. J .  E . H u r s t , seconding, said th a t  Lord 
A ustin, by reason of his m any ac tiv ities an d  th e  
fact th a t  he controlled very large foundries, 
would be a very w orthy H onorary  M em ber of 
the In s titu te . The proposition was unanim ously 
adopted anxid prolonged applause.

E lec t ion  of  P r e s id e n t
The R e t ir in g  P r e s id e n t  said th a t  his own 

very n a tu ra l reluctance to  relinquish office as 
P residen t a fte r so pleasurable a year was lig h t
ened by the' fac t th a t  he would be followed by so 
w orthy a successor as M r. C. W. Bigg, whose 
work for the  In s titu te  had  been continuous ever 
since he had joined. H e was one of those men 
who was always alongside his fellows and  was 
unanim ously declared to be one of the r ig h t sort. 
H e was second in command of one of the  largest 
foundries in Derby, and i t  was a g rea t pleasure
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to propose his election as P res iden t for the  en 
suing year.

M r. V. J obson  (chairm an of Qualeast,
L im ited), as a colleague and friend  of M r. Bigg 
for more th a n  th ir ty  years, seconded th e  pro
posal. M r B igg’s associates in  the  company, 
he said, were very proud indeed th a t  he had been 
selected fo r the  honour, and they  would do all 
they  could during  th e  year to  ensure th a t  he 
would be able to  give to  the In s titu te  the  tim e 
which his office dem anded. There could be no 
be tte r m an for the  office, for no t only had he 
rem arkable ability , b u t he had hum anity  and 
comm anded th e  affection of his associates.

M r . H . B u n t in g  (re tir in g  P res iden t of the 
E ast M idlands B ranch) supported  the  proposal. 
The B ranch , he said, had  a good deal of pride 
in  the  fac t th a t  i t  had  tra in ed  M r. Bigg, and 
they knew th a t  he would rise to  any call th a t  
m ight be made upon it. H e would follow 
w orthily o ther members of th e  B ranch who had 
served as P residen ts of the  In s titu te —M r. S. A. 
Crimson and  M r. S. H . Russell.

M r. C. W. B ig g  was unanim ously elected, and 
he expressed his g re a t appreciation  of the  honour 
which th e  members had conferred upon himself 
personally and  the  B ranch. H e assured the 
members th a t  any small ta len ts  or v irtues th a t 
he m ight possess would be placed unreservedly 
a t  the service of the  In s titu te .

V o te  of T h a n k s  to  R e t i r in g  P r e s id e n t
. M r. C. W . B ig g  proposed a  hea rty  vote of 

thanks to  M r. H . W in terton  fo r his g rea t ser
vices to  the  In s titu te , and congratu lated  him 
upon a very successful year of office as P resi
den t. No m an, he said, could have throw n him 
self more w hole-heartedly in to  the job ; everj 
li tt le  b it of M r. W in te rton  had gone to  make a 
job of his p residen tia l office, and he had suc
ceeded. H e could look back to  a  year of record 
mem bership ; to  th e  form ation  of the  E ast 
A nglian and the  B ristol Sections ; .to the form a
tion  of th e  South A frican B ranch ; to  the

c
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jo in t m eeting lield w ith th e  Iro n  and  Steel In 
s titu te  in the au tum n of 1936, and to  th e  general 
expansion of the  activ ities of th e  In s titu te . The 
feelings between the P res iden t and th e  Senior 
V ice-President du ring  th e  past year could not 
possibly have been b e tte r th a n  in  fac t they  
were, and Mr. Bigg acknowledged th a t  he had 
been able to form a personal friendsh ip  w ith 
Mr. W interton  which he valued very highly.

M b. F . J .  Cook (P as t-P residen t), seconding, 
said M r. W interton  had done m uch to  b ring  th e  
In s titu te  to its  present position, and his year of 
office had been very pleasurable and profitable 
to the In s titu te . The vote of thanks was carried  
w ith  acclamation.

M e. W in t e r t o n , responding, assured th e  
members th a t  his work during  his year of office 
had been a labour of love, and he was indeed 
proud to have been able to  help th e  In s titu te  
along. I t  had entailed  a g rea t deal of trav e l
ling, b u t he had done his best to  v is it every 
Branch and Section during  th e  y e a r ; i t  was 
ra th e r un fo rtu n a te  th a t the South  A frican 
Branch was no t actually  formed u n til ra th e r  la te  
in his year of office, and he could find no reason
able excuse to  pay a v isit th ere  ! H e took th e  
opportunity  to  express his g rea t appreciation  of 
the  support afforded him by the  V ice-Presidents, 
hon. treasu rer, the general secretary and all th e  
members of the  Council.

Election  of  V ice -P re s id e n ts
M r. B ig g , proposing the election of. M r. J .  

H epw orth, J .P . ,  M .P ., as Senior V ice-President, 
paid a  tr ib u te  to  him in  respect of his work fo r 
the W est R iding B ranch of the  In s titu te , h is 
very live in te rest as a specialist in th e  industry , 
and his wider experience as a national legisla
to r, which should enable him  to fill the  post as 
Senior V ice-President w ith cred it to  himself 
and with benefit to  the  In s titu te . The resolu
tion was seconded by M r. S. W. W ise , t h e  
honorary secretary of the W est R id ing  B ranch , 
and was carried unanim ously.
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M r . H e p w o r t h , expressing his appreciation  
■of the  honour conferred upon him and upon the 
W est R id ing  B ranch, assured the  members th a t  
he would give willingly as much of his tim e as he 
could possibly give to  the  In s ti tu te ’s work.

M r . V. C. F a u l k n e r , F .R .S .A . (Past-P resi- 
d e n t) , proposed th a t  M r. W. B. Lake, J .P . ,  he 
appo in ted  Ju n io r V ice-President, and said th a t 
th e  reason why the  Council had  chosen th is  p ar
t ic u la r  tim e to  recommend M r. L ake’s election 
as Ju n io r  V ice-President was th a t  in the ordi
n a ry  course of events he would preside, as P re 
sident of the In s titu te , over the In te rn a tio n a l 
Foundry  Congress, to  he held in E ngland  two 
years hence. M r. Lake, wdio was an im portan t 
foundry  owner, was the  first m an to  m ake a 
steel casting  w ith the  aid of electric ity  in E ng
land, and the  first to make a steel casting  w ith 
th e  aid of the  Sandslinger. H e was also a very 
good employer, for he gave members of his staff 
every  facility  to  p a rtic ip a te  in the activ ities of 
th e  In s titu te . I n  1928 he had presided w ith 
g rea t d is tinction  over the London B ranch, and 
subsequently had been a very strong supporter 
of the  new E ast A nglian Section, which had been 
launched successfully. F o r th e  last seven years 
he had been hon. tre a su re r of the In s titu te , and 
i t  was hoped th a t  in fu tu re  he would play an 
even g rea te r p a r t  in its  developm ent. M r. 
F au lkner coupled w ith  the proposal a hearty  
vote of thanks to M r. Lake for his wonderful 
work in  the  past.

M r . D. H . W ood , seconding, referred  to the 
able m anner in  which M r. L ake had piloted 
th rough  the. F inance Comm ittee and the General 
C ouncil a proposal th a t  surplus funds in the 
B ranches should be handed over to  the  G eneral 
Council. The resolution was carried unani
mously, and M r . L ake  briefly responded.

E lec t ion  of A u d i to r s
J .  & A. W. Sully & Company, chartered  

accoun tan ts, were unanim ously re-elected aud i
to rs  for th e  ensuing year.

c2
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E lec t ion  o f  M e m b ers  of  C ouncil
The resu lt of th e  ballot for the  election of 

members to fill th e  five vacancies on th e  Council 
was as f o l l o w s P r o f .  J .  H . Andrew, M r. V. 
D elport, M r. E . Longden, M r. P . A. Russell, 
M r. D. H . Wood.

Civic  R e c e p t io n
In  the evening th e  members and ladies 

a ttended  a reception  a t  Bemrose School, 
U ttoxeter Road, D erby, by k ind  in v ita tio n  of 
the W orshipful th e  M ayor (Councillor M rs. 
P e tty , J .P .)  and the C orporation  of D erby.

O P E N I N G  OF C O N F E R E N C E
On W ednesday m orning, Ju n e  9, th e  mem bers 

and  th e ir  ladies assembled in  th e  G uild H all, 
M arket Place, D erby, where th ey  were officially 
welcomed by The W orshipful th e  M ayor of D erby 
(Councillor M rs. P e tty , J .P .) ,  th e  P re s id en t of 
Derby Chamber of Commerce (M r. Cecil M urray , 
M .I.M ech.E ), and th e  P rin c ip a l of D erby Tech
nical College (Dr. W. A. R ichardson, O .B .E .,
B .A., D .Sc., B .Sc.(E ng .), F .G .S .), who were
in troduced to  the  m eeting  by M r. H . W interton  
(R etiring  President)..

T h e  W o r s h ip f u l  t h e  M ayor o f  D e r b y  assured 
th e  members and visitors th a t  i t  was a  privilege, 
in  h er capacity  as th e  chief citizen  of D erby, to  
extend to  them  a hea rty  official welcome.

Although Derby did no t claim  to  be th e  
oldest Borough in  E ngland , i t  was proud 
of the  fac t th a t  i t  was considered a 
Borough even 1,000 years ago. In d u s tria l people 
who had lived there  had been pioneers in m any 
ways. The first factory  in E ngland  was b u ilt 
near the D erw ent, where the  electric ity  works 
now stand. D erby had  played an  im portan t p a r t 
in the developm ent of silk weaving. T ha t process 
had been a secret which Ita ly  had very wisely 
secured from  China' and had carefully  re ta in ed  
for m any years ; b u t John  Loan, of D erby, had 
successfully en tered  into competiticyi in  the  weav
ing of silk. T here were some m ost w onderful
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exam ples of w rought ironwork in  D erby, p ar
ticu larly  in  the  C athedra l, of which th e  City 
was ju s tly  p roud ; i t  was hoped th a t  m any of 
the w onderful pieces of ironwork in  various 
public places in  Derby would eventually  find th e ir  
way in to  th e  safe care of th e  m unicipal 
au thorities.

C om m enting upon the fac t th a t  represen tatives 
of m any countries were a tten d in g  the  In s ti tu te ’s 
conference, the  M ayor em phasised th a t  th e  more 
the rep resen ta tives of the  d ifferent countries m et 
to g e th er in  friendly  conference and discussed 
th e ir  domestic an d  in te rn a tio n a l troubles, the  
easier was th e  way tow ards th a t  peace w ithou t 
which th e  world could never prosper. Difficulties 
m ust be discussed as b rothers and sisters in  one 
huge com m unity—for th a t  was w hat th e  world 
was coming to—and probably i t  lay w ith the 
p resen t generation  to  make the choice as to 
w hether th e  world was to  go forw ard in to  an era  
of prosperity , happiness and peace, realising  the 
sp iritu a l values which made life so g rand , or 
w hether i t  would take  th e  o ther line which led 
to  destruction , m isery and probably the end of 
W estern  civilisation. M ay the  D erby conven
tion  of th e  In s titu te  be in te resting  and encourag
ing, and con tribu te  to  the  creation  of the  era of 
peace for which we all longed !

Mu. C e c il  M u rk  ay , M .I.M ech.E . (P residen t, 
Derby Cham ber of Commerce), offering a wel
come to  th e  In s titu te , said he was no t sure th a t 
he had the  au th o rity  to  speak officially on behalf 
of the  C ham ber of Commerce ; bu t, knowing 
som ething of the business m en of D erby and of 
the  In s titu te  of B ritish  Foundrym en, he had  no 
hesita tion  w hatever in  offering the  In s titu te  a 
h earty  welcome on behalf of the  Cham ber of 
Comm erce.

M r. M urray  added th a t  D erby was delighted 
th a t  the In s titu te  had paid  to the  Derby 
foundrym en the  complim ent of holding its con
vention in  the  city  ; and in  offering th e  mem
bers and visitors a hea rty  welcome, he expressed 
the hope th a t  th e ir  conference would be very 
happv and successful.
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I)it. W. A. R ic h a r d s o n , O .B .E ., B .A ., D .Sc.,
B .Sc.(E ng.), F .G .S . (P rinc ipa l of D erby Tech
nical College), expressed his appreciation  of the 
fac t th a t  he had been asked, as a represen tative 
of technical education in D erby, to  join in wel
coming the  In s titu te . The foundry  industry , 
he said, was a scientific in d u s try ; there  were 
more applications of common science and u n 
common science in the foundry th an  in  any o ther 
section of a n  eng ineering works. I t  was amaz
ing to a m an such as him self, having some little  
scientific knowledge, to  find how m any real 
problems there  were in the  foundry, and how 
very in te resting  they  were, despite the fac t tha.t 
the  foundry  itself was not, as a rule, a very 
a ttrac tiv e  place. H e cong ra tu la ted  the  In s ti
tu te  on the  very p rom inent p a r t  i t  was playing 
in the education  of the  young people in  th e  
industry . I t  seemed a tragedy  th a t  loam mould
ing, which was one of th e  a rts  of the  world, to  
say noth ing of the science, seemed g radua lly  to  
be going out of p rac tic e ; he knew of no th ing  
more in te resting  o r b eau tifu l th a n  a really  good 
loam mould, and reg re tted  th a t  in  a good m any 
of our foundries only th e  older men were doing 
th a t  work, th ere  being no youngsters coming on 
in th a t  direction.

The In s titu te  had recognised th a t  th e  young 
people needed education, and had  tak en  g rea t 
steps nationally  and locally to  establish technical 
educational facilities for them . The local 
B ranch of the  In s titu te  in  D erby had  been very 
energetic and progressive, and  D erby was one 
of the few areas in which th e  employers were 
giving th e ir  young w orkers the  privilege of 
tak ing  tim e off for th e  purpose of a ttend ing  
classes during  th e  day. The Com m ittee of the 
B ranch had in troduced th a t  policy a t the  tim e
when M r. Bigg, the  In s ti tu te ’s P resident-E lect__
a gentlem an for whom the  whole tow n had  a 
very g rea t regard—was B ranch-P residen t. Mr. 
Bigg, and his predecessors in the  office of 
B ranch-President, had rendered g re a t help to
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the  Technical College, and he hoped they had 
seen no reason to  reg re t having advised the  
foundry employers to  allow the  young people 
tim e off in ord^r to  a tte n d  classes a t  the College. 
As the  resu lt of th a t , th e  College staff were 
able to  do th e ir  job be tte r, and he hoped the 
in d u stry  was receiving som ething in re tu rn .

D r. R ichardson also said a word or two in 
praise of M r. H . B u n ting  (re tir in g  P residen t of 
the E ast M idlands B ranch), who not only could 
teach  a t  the  Technical College, b u t could also 
e n te r ta in  th e  members of the  In s titu te  when
ever th ey  m e t ! To the  Technical College he had 
rendered  very g rea t assistance.

A ppreciating  how much the  In s titu te  and  the  
local B ranch had done for education, D r. 
R ichardson assured the mem bers th a t  he would 
be glad to  do an y th in g  he could to  assist.

P r e s e n t a t i o n  o f  t h e  O l iv e r  S tu b b s  Medal
The Oliver S tubbs Gold M edal was presented 

by the  M ayor of D erby to  M r. P . A. Russell, of 
L eicester, for his work in  prom oting the  tech
nical developm ent of th e  industry , particu larly  
as Convener of th e  Sub-Com m ittee on C ast Iron  
of the  T echnical Committee.

In  acknowledging the  aw ard, M e . R u s s e l l  
said he was grea tly  fla ttered  to  receive the 
m edal, which was held in g rea t esteem by all 
mem bers of the  In s titu te . The aw ard would be 
an  encouragem ent to  proceed w ith such work as 
he had been able to do, particu larly  in  connec
tio n  w ith  the  work of the Technical C om m ittee; 
th a t  work was very largely co-operative, and he 
accepted th e  m edal p artly  on behalf of his col
leagues on the C ast Iron  Sub-Comm ittee.

T h e  E. J.  Fox Medal
M e . H . W intkrton, inv iting  M r. E . J .  Fox 

to present th e  Gold M edal established as th e  
resu lt of M r. F ox ’s generous g if t of £500, to  
encourage work in  connection w ith  the  foundry 
and p articu la rly  w ith regard  to  m etallurgical 
research, said th a t  the  recom m endation of the
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assessors, S ir W illiam  J .  L arke and S ir H arol 
C arpenter, th a t  the first aw ard of the medal he 
m ade to E m eritus Professor Thomas T urner, 
M .Sc., would be particu larly  popular, for the 
value of P ro f. T u rn e r’s services to  the  industry  
was untold.

M r. E . J .  F o x , befo re  fo rm ally  p re sen tin g  
th e  m edal, re ad  th e  follow ing e x tr a c t  fro m  the  
assessor’s re p o rt,  d a te d  M arch  24, 193/ :

“ We desire to  recommend th a t  the E . J- 
Fox M edal for the  cu rren t year be aw arded 
to  P ro f. 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 ther con tribu tions to  the  
m etallurgy of cast iron which m ay be said  to  
have formed the foundation  of m odern foundry  
practice. We feel th a t  in  th u s  honouring  P ro f- 
T urner the  In s titu te  will be honouring itse lf 
and placing the  aw ard of the  E . J .  F ox  M edal 
in a category which will confer d is tinc tion  on 
any fu tu re  recip ien t. ”
U ntil a  few years ago, said M r. F ox , P ro f. 

T urner was Professor of M etallu rgy  a t  B irm ing 
ham U niversity , where he had established one 
of the  best-equipped m eta llu rg ica l d epartm en ts  
in the  country. H is o u ts tand ing  w ork was his 
research on the  influence of silicon on cas t iron, 
carried  out as early as 1885, a classic w ork which 
had la id  the foundation  of scientific iron  found
ing. H is life-work had  been the  fu rth e ran ce  of 
m etallurgical knowledge, both  by personal in 
vestigation and by the  guidance of s tu d en ts  and 
other workers into useful fields of research , w ith  
special reference to  industry .

I t  was not out of place to  recall th a t  two 
P rim e M inisters of th is  country  had  been 
students of P ro f. T u rn e r; they  were E a rl 
Baldwin and th e  R t. H on. N eville C ham berlain. 
S ir H enry  Fowler, whose nam e was known 
th roughout the world and who was particu la rly  
respected in D erby, was ano ther s tu d e n t of 
P rof. T urner. The researches of P ro f. T urner 
covered all m etallurg ical fields, both  ferrous and 
non-ferrous, and his vast con tribu tions to  our
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knowledge of the constitu tion  of alloys, the  
shrinkage and expansion of m etals, the  corro
sion of alloys, etc., ind icated  th e  fu ll life he 
had devoted to  the  cause of science. H is fame 
as a m e ta llu rg is t had  carried  to  all p a rts  of the 
world, and his opinion was sought and respected 
in all branches of industry  and education . M r. 
Fox derived g rea t pleasure from  the  fac t th a t  
the  first aw ard  of th e  M edal was m ade to  P ro f. 
T urner, first because i t  was a com plim ent to  
the  name of Fox and his effort to  provide some 
incentive and to encourage fu r th e r  research by 
the younger generation , and secondly, because 
the  M edal s ta rted  upon its  career w ith  th e  hall 
m ark given to  i t  by its recip ien t, which would 
resu lt in m aking i t  a prize much coveted in  the 
3-ears to  come, so th a t  i t  would really encourage 
fu rth e r research which would redound to  the 
advantage of all founders of iron, who had almost 
a conceited belief in the  m erits of th e ir  m etal 
and were daily w orking to  secure improved 
results.

Mr. Fox form ally presented  the M edal to  P rof. 
T urner, together w ith the  certificate which 
accom panied it.

P r o f . T . T u r n e r , responding, confessed th a t  
he found i t  difficult to  find app rop ria te  words 
w ith which to  express his g ra titu d e . Although, 
he said, reference had been made to  his deeds, 
Mr. Fox had kindly refra ined  from  m entioning 
his misdeeds.

I t  was 52 years since he had read his P aper 
on the influence of silicon on the  p roperties of 
cast iron. H e had gone to  the  old Mason College 
to work under Tilden, who had  asked w hat sub
jec t he would like to  tak e  up as a research; 
and  he had selected th e  subject of th e  influence 
of silicon because his Professor, S ir W illiam  
R oberts A usten, had m entioned in  his lectures 
th a t  they  w anted to  know w hat was the  influence 
of silicon. D r. Percy had  said th a t  there  was 
an accum ulation of analyses, b u t th a t  they con
s titu te d  a kind of labyrin th , and th a t  i t  was 
necessary to  explain  and to  correlate those
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analyses. Up to about 1855 or so th e  analyses 
available were, generally speaking, m isleading 
and  erroneous. Then a t  Woolwich some ve^y 
accurate analyses of rep resen ta tive  cast irons 
were made, which afterw ards had proved to  be 
most useful, though a t  the  tim e they  were 
telligible. Thus, said P ro f. T urner, he had  had 
the  good fo rtune  to  have a problem suggested 
to  him . H e had had to  learn  how to  m elt the  
iron. H e had been a s tu d en t a t  the  Royal School 
of Mines, b u t no iron founding was done there , 
and he had had to  learn  how to  m ake his own 
moulds. A young m an a ttached  to  a local 
foundry had assisted him. The first mould they 
had m ade was not dressed sufficiently and  was 
a litt le  dry , so th a t  the  m eta l ra n  ou t from  the  
side and le ft a m ark  on the  nice red  tiled  floor 
of the laboratory , which m ark  he believed was 
still visible. The nex t mould m ade was too w et 
and too solid, and he believed th e  m etal in  th a t  
case had made a m ark  on the  c e il in g ! A fter 
th a t  he had th ough t th a t  he knew enough about 
the moulding to  m ake his own moulds, and  he 
had proceeded successfully. H e had  had  to  do 
the  m elting, the  m oulding and  the  analyses a f te r 
wards. Nowadays, of course, research was much 
more complex and th e re  was a g re a t deal of team  
work, b u t in  the  early  days th e re  were m any 
simple problems which could be a ttacked  by one 
m an, and he did no t th in k  th a t  th e  young 
researchers of to-day could derive qu ite  the  
pleasure th a t  older researchers d id  when they  
had found th e ir  experim ental results gave smooth 
curves, th a t  they  could say definitely w hat the  
results were and th a t  they  had  done the  work 
themselves.

However, knowing the  influence of silicon and 
having a large num ber of analyses available, i t  
had  become qu ite  easy to  experim ent w ith  irons 
which had th e  r ig h t am ount of silicon b u t vary 
ing am ounts of phosphorus, the r ig h t am ount of 
silicon b u t vary ing  am ounts of m anganese and 
th e  r ig h t am ount of silicon b u t vary ing  am ounts 
of sulphur. So th a t  w ith in  a short tim e he was
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able to  say broadly w hat was the  influence of 
each of th e  elem ents. H e had never received 
any m onetary  recognition for th a t  work and 
had had  to  m eet some of th e  cost of i t  ou t of 
h is stipend , which was £100 a year. The work 
had, however, given him  g rea t p leasu re ; i t  had 
helped him  la te r  in  various ways and i t  had 
b rough t him  m any fr ien d s; perhaps the  la t te r  
was th e  g rea test rew ard th a t  one could have 
for such work. I t  was no t often th a t  a man 
lived to see the  work th a t  he did more th a n  50 
years ago being still apprecia ted  by and of use 
to  other people, nor did i t  fall to the  lot of many 
to  re ta in  for so m any years friendships such 
as those ex isting  between himself and the  
foundrym en.

F inally , Professor T u rn e r said th a t  his family 
-—-Mrs. T urner and th e ir  son, M r. T. H . 
T urner, who were present a t  th e  m eeting—very 
m uch appreciated  the  honour the  In s titu te  had 
done him.

V o te  o f  T h an k s
M r . H . W in t e r t o n  proposed a h earty  vote of 

thanks to the W orshipful th e  M ayor of D erby 
and to M r. M urray  and  D r. R ichardson fo r the 
welcome they had extended to  the members of 
th e  In s titu te .

The vote of thanks was seconded by M r . B ig g , 
who acknowledged th a t  he had a d istinctly  per
sonal sense of obligation for all th a t  had been 
done tc  con tribu te  to  the  success of the Con
ference by the  au tho rities a t  D erby. Those senti
m ents, he said, were shared by every mem ber 
of the  In s titu te . The vote of thanks was ac
corded w ith enthusiasm  and  the  M ayor briefly 
responded and w ithdrew  from  the  Conference.

In d u c t io n  of N ew  P re s id e n t
M r . W in t e r t o n , in v iting  his successor formally 

to  ta k e  office, expressed his personal apprecia
tion  of the  support he had received during  th e  
p ast twelve m onths from  officers and members of 
the  In s titu te  as well as from  his colleagues in 
W illiam  Cumm ing & Company, L im ited, who
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had had more work to do by reason of the  fac t 
th a t  th e ir C hairm an had been away from  the 
works m any tim es. H e form ally invested Mr. 
Bigg w ith  th e  P res iden tia l C hain of Office, and 
wished him  a very happy year.

M r. B ig g , who was received w ith  applause, 
formally occupied th e  C hair and said th a t  he 
hoped to  dem onstrate d u ring  the  n ex t twelve 
months how very much he appreciated  the 
honour.

Gift  f ro m  Q u a lca s t ,  L im ited
M r . B ig g  announced w ith pleasure th a t  his co 

directors of Q ualcast, L im ited , wished to  m ark 
the occasion of his accession to the P res id en tia l 
C hair o f the  In s titu te  in a tang ib le  m anner and 
had offered the  In s titu te  the  sum of £500 to  
form the nucleus of an endow m ent fund  to  be 
used to prom ote the work of th e  technical and 
educational Committees. The fund  would be ad 
m inistered  by trustees , and he inv ited  the  m eet
ing to  ind icate  acceptance of th e  g if t, which 
would be subject to confirm ation by th e  G eneral 
Council in due course.

M r. S. H . R u s s e l l  (P a s t-P re s id en t) , proposing 
th a t  th e  m eeting should ind ica te  its  acceptance 
of the  g if t and its  g ra titu d e  to  the  d irectors 
of Qualcast, L im ited , said th a t  some of them  
felt a little  overwhelmed by the  very substan tia l 
am ount of the  g ift. H e had  n o t th e  slightest 
hesita tion  in saying th a t  subsequently i t  would 
be accepted by th e  G eneral Council w ith  very 
g ra te fu l appreciation , and th a t  i t  would be 
adm inistered  w ith care. The aim  was to  use 
the money as the  nucleus of a la rg er fund , which 
i t  was hoped would grow u n til th e  in te re s t i t  
earned would be sufficient to  foster the  different 
en terprises undertaken  in  connection w ith  the 
work of th e  two Comm ittees. I t  was the dearest 
wish of M r. B igg th a t  in  tim e the  In s titu te  
should be in a position to  finance work of urgency 
and im portance, provided always th a t th a t  work 
did not cu t across the  work of any o ther hodv.

M r . J .  W. G a rdo m  (Convener of the In s ti tu te ’s 
Technical Committee) seconded. The first though t 
of a hard-w orking m etallu rg ist, he said, w hen5so
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m unificent a sum was ofiered was “  L et us take  
i t  and  do som ething w ith i t , ” and all who were 
concerned w ith th e  progress of th e  In s t i tu te ’s 
work were indeed g ra te fu l to  the  donors. I t  
seemed, he added, th a t  the  P res iden t had  been 
ap tly  nam ed (Charles Bigg) for “ Charles ” 
was the  name of one of our m ost lovable 
m onarchs, and  the  P res iden t was “ B igg ”  in  
h e a rt and in though t. All m ust feel the  serious
ness of th e  m a tte r  and the  necessity for ensur
ing th a t  the money was spen t wisely. I t  was a 
big sum b u t i t  m igh t very easily be throw n 
away unless the  g rea test care was exercised. The 
problem of appo in ting  tru stees was a m a tte r  to 
be considered very thoroughly  from  among the 
men who had real business in them  qu ite  a p a rt 
from  th e ir  scientific a tta inm en ts . H is knowledge 
of th e  work of the Technical Comm ittee provided 
sufficient proof th a t  there  were ample oppor
tu n itie s  fo r spending money wisely and well. 
I t  m ust be borne in m ind th a t  th e  use of the 
results of the research work th a t  was done m ust 
be considered very carefully. Academic research 
scholars, w ith whom he had had some connection, 
would be among th e  first to  adm it th a t  th e ir 
good work was sometimes ru ined, or a t  any ra te  
i t  was not used properly in  industry . The In s ti
tu te ’s Technical Com m ittee was composed of men 
who could understand  thoroughly the value of 
any th ing  th a t  was p u t forw ard by an academic 
scholar, and could show the  value of such work 
to the  foundry  industry . By so doing they would 
overcome some of the  troubles which foundrym en 
experienced to-day. The resolution was carried  
w ith acclam ation.

M r . Y . J o bson  (C hairm an, Qualcast, L im ited), 
who was inv ited  to  respond, said th a t  his col
leagues and himself had  fe lt th a t  a fund  ought 
to  be established if possible, and th e ir idea was 
to  use the £500 as a nucleus; he hoped others 
would build  up the  fund  and th a t  much useful 
work would be done through  its agency. Ho 
personally appreciated  very much the assistance 
he had received a t all tim es from technical 
people.
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P r e s e n t a t i o n  of Badges
A P ast-P  residen t’s badge was form ally p ie- 

sented to M r. H . W in te r to n ; the  M edallion worn 
by the P res id en t’s wife was presen ted  to Mrs. 
Bigg, and the  V ice-Presidents’ M edallions w ere 
presented to M r. H epw orth and M r. Lake-

H o n o r a r y  T r e a s u r e r s h i p
It was announced th a t  M r . S. H . R usseli 

(P ast-P residen t) had been elected lion, tre a su re r  
to the  In s titu te  in  succession to  M r. Lake.

V is i to r s  frpm  O v e r s e a s
A hearty  welcome was extended to the  many 

members and visitors from overseas who w ere 
a tten d in g  the Conference. They included M r. 
0 . W. Ellis (D irector of M etallu rg ical Research,. 
O ntario  R esearch Foundation , Toronto, C a n a d a ); 
Mr. Spring, M r. Thomas, M r. G alb ra ith , M r.
C. R. Day and M ajor B riggs from  A u stra lia ; 
M r. D rakenburg  from  S w eden; D r. R ohrig  
(G erm any); M r. and M rs. Bean (P e r s ia ) ; M r. 
and Mrs. McNab (S ingapore); M r. P a u l F asso tte  
1 Brussels) and M r. W. A. Geisler (G erm any).

Mr. Bigg then delivered his Presidential Address.

P R E S I D E N T I A L  A D D R E S S
Mr. W in terton  and G entlem en: —

Does our industry  from  the com m unity in 
general, receive tangib le  recognition?—recogni
tion  com m ensurate w ith  its  con tribu tions to, 
and im port ar.ce in, the  general scheme of th ings. 
Or, to  p u t i t  very crudely indeed, ‘for w hat th e  
foundrym an does, w hat does the  foundrym an 
get? I am not going to  develop th is theme- 
simply on the  lines of an application  for an 
increase in salaries or profits. I am going to 
a ttem p t to  ind ica te  the  bearing  th is question 
has on certa in  of our problems.

One of the  m ost u rg en t problems w ith which 
we are concerned is the  recru itm en t of personnel, 
and by personnel I mean not only the  heads of 
departm ents, b u t the  whole body of rec ru its  for 
the  different sections of the  whole of our
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industry , which m ust contain  th e  m ateria l from  
which the  heads of departm en ts are  made. 
Unless we get the  rig h t type  of recru its , we 
can never expect to  have men d irecting  our 
in d u stry  who will keep i t  in  a position w orthy 
of its  im portance.

I  do n o t suggest th a t  we should legislate on 
th e  basis th a t  every lad coming in to  our industry  
is going to  be w orthy of a m anagerial position. 
W e w an t th e  type  of youth  which is likely to  
con tain  among its  ranks a good proportion  who 
can be developed in to  controlling and d irecting  
executives. I f  th a t  is achieved, we can rest 
assured th a t  among th e  large rem ainder there  
will be a healthy  supply of good craftsm en and 
technicians. W hat do we require  in  our foundry- 
men, and  w hat are  our chances of g e ttin g  such 
m en? O ur in d u s try ’s need is fo r m en w ith  prac
tica l experience, which prac tica l experience has 
been inform ed, streng thened  and enlarged by a 
sound technical tra in in g .

I n t e r n a l  T r a i n i n g  Essen t ia l
Through my mem bership of the  In s titu te , I 

have been brought in to  fa irly  close contac t w ith 
our activ ities in  connection w ith  th e  different 
educational bodies w ith which we co-operate in 
efforts tow ards increasing the  knowledge of the 
foundrym an. I  am full of enthusiasm  fo r w hat 
is a lready being done, and  for still fu r th e r 
developm ents in these several d irections, bu t no 
m a tte r  w hat facilities are  placed a t  the  disposal 
of our young men by these very excellent 
arrangem ents, i t  does no t relieve th e  industry  
of one li t t le  b it of its  own g rea t responsibility 
in  th is  m a tte r . I  w an t to  emphasise th a t  the 
real tra in in g  for our in d u stry  m ust be in  and 
by th e  industry  itself. We shall never be able 
to  g e t ready-m ade foundrym en from  any outside 
source. We have got to  m ake them .

In  sp ite  of th e  fa c t th a t  th e  responsibility  of 
though t and of judgm en t is tend ing  to  pass from  
the  opera to r to  th e  adm in is tra to r, I  can im agine 
no industry  where the hum an fac to r will prove so 
oerm anently  and largely  a necessity as in  the



48

foundry. No m a tte r to  w hat degree we may 
develop our different forms of specialisation, 
o rganisation  and m echanisation, unless these are 
scientifically based on c ra f t experience they  will 
fail.

I  am of the opinion th a t  in  the  h igher execu
tive, d irecting  and controlling a coucern, there 
m ust be a good leavening of p ractical knowledge, 
sufficient to prevent the  d irectional control from 
soaring too fa r  up in to  the  clouds of im practic
ability . F a r  too seldom does the  p rac tica l foun- 
drym an achieve or even aspire to  a place in  the  
direction of th ings, and because of th is, i t  m ust 
of necessity follow th a t  consideration of the  
foundry ’s needs and problems is usually  belated 
and scanty.

I t  is our responsibility as an In s ti tu te  to aim 
a t producing for and  in our in d u stry  m en who 
combine technical and p rac tica l knowledge of a 
sufficiently high quality  to  ensure for them  the  
leading places in  our in d u stry , and  secure for 
the industry  itself a leading place in  th e  la rger 
industria l world.

Lack o f  T ec h n ic a l  C o - o p e r a t i o n
I  am not digressing if I  ta k e  th is  o ppo rtun ity  

of referring  to  th e  difficulties which are  some
times encountered when the  technical and  the  
practical men m eet. You will n o t accuse me of 
exaggeration when I  say th a t  the  prac tica l lions 
and th e  technical lambs of our industry , and 
also of our In s titu te , too often  refuse to lie 
down together.

W hy is it?  F ir s t  of all, th e re  is so often  very 
little  understand ing  one of th e  o ther. From 
the m an working on th e  floor, w ith  all th e  vary
ing complexes which only w orking on a foundry 
floor can give, we have his very hum an, bu t quite 
unjustified, resentm ent of receiving instructions 
or even assistance from  a colleague who he con
siders has never soiled his hands or taken  ofF 
his sanguinary  coat, and who, because of these 
deficiencies in  his tra in in g , simply cannot be 
aw are of the  thousand and one problems a poor 
moulder has to  face, and on the  o ther side, there



is sometimes an a tt itu d e  ind ica ting  th a t  the  man 
on th e  floor is of no account, and can he trea ted  
simply as a hewer of sand and a th row er of 
w ater.

W hat are we going to  do about th is?  I  do 
not wish to  be considered harsh  in  my judgm ent, 
b u t there  a re  tim es when I  hold the  opinion 
th a t  where we are  concerned w ith the processes 
of though t, and th e  hab its engendered by a  life
tim e’s experience, to  effect a change is trem en
dously difficult, and in some cases alm ost im 
possible, b u t we can and m ust so legislate th a t  
in the foundrym an of the  fu tu re  these two v ita l 
factors are welded as closely as possible in to  one. 
I need not emphasise th e  achievem ents of the 
non-technical foundrym an. The world is full of 
tr ib u te s  to  his am azing prac tica l and  a rtis tic  
skill, and he can claim  th a t  u n til fa irly  recently 
he go t along w ith litt le  or no technical assis
tance, because i t  was no t a t  his disposal.

B e t t e r  T y p e  o f  R e c ru i t s  N eed e d
O ur In s titu te  exists m ainly for the  provision 

of th is technical knowledge and assistance, and 
depends for its  continued success on a supply of 
men who can apprecia te  the  benefits to  be derived 
from its mem bership. The exam ination  of our 
requirem ents results in the  opinion th a t , for the 
proper function ing  of our industry  we need com
bined prac tica l and  technical intelligence of a 
very high degree.

An association of technically and commercially 
uninform ed artisans, no m a tte r w hat th e ir  ind i
vidual skill, cannot keep our industry  or our 
In s titu te  in  th e  fro n t rank .

Now I  arrive  a t  the  question : Is  ou r industry  
in any of its  branches a ttra c tin g  to  its ranks 
in any num bers th e  type of m an indicated  as 
necessary? One’s own experience, the opinions 
generally  expressed when foundrym en foregather, 
our trad e  journals, are  all eloquent of the fact 
th a t  we a re  not. The F oundry  Trade Journal 
when dealing w ith th is m a tte r  a few m onths ago. 
said “ I t  has been a commonplace for years th a t

•i'ii
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the quality  of the youths en te rin g  founding is 
lower th a n  th a t  of those en te rin g  the engineer
ing trades for such occupations as fitting , 
tu rn in g , and so on. F a th e rs  who a re  moulders 
are less w illing th an  they  were th a t  th e ir  sons 
should follow in  th e ir  trad e , and consequently 
the calibre of e n tra n t is bound to  d im in ish .’

W hy is i t  so? W hat governs a young m an in 
his choice of a  career?  H is own inclinations, 
desires and  reasoning, coupled w ith  the  advice 
of his elders, to  all of whom th e  m ain  question 
is “  W hat does the career u nder consideration 
■promise in  working conditions and m ateria l pros
pects?” Some of you m ay be of th e  opinion th a t  
ve as an In s itu te  are not concerned w ith  th e  
m ateria l prospects side of th e  problem . C an we 
as an In s titu te  consider our in d u s try ’s develop
m ent in  research, o rgan isation  or personnel-— 
and you m ust agree th a t  we a re  v ita lly  con
cerned w ith  these th ree  aspects—w ithou t being 
forced to  give consideration to , and  to  form  
some opinion on, th e  m ateria l prospects phase of 
the s itu a tio n ?  In  any case, in  developing my 
argum ents th is  m orning, I  am  unable to  escape 
it.

M o d e rn  Y o u th
M odern youth is criticised as has been th e  

youth of all tim e, b u t we have to  rem em ber th a t  
the modern youth  is more c ritica l th a n  his p re 
decessors. The am bitious, w ell-intentioned 
youngster does exist even to-day, and  we w ant 
him  in our industry . W h a t do we offer to  such 
a youth in  search of a career in  w hatever section 
of our industry  his p a rticu la r conditions and 
tra in in g  fit him  fo r?  Are we able to  say th a t  
the conditions and rew ards of our industry , 
a p a rt from  isolated examples, are  such as to  be 
a ttra c tiv e  to in te lligen t and asp iring  young 
men ? Can we expect th e  type of youth who is 
going to  develop in to  th is m an of dual and com
plete a tta inm en ts , to  whom we have referred , to 
be a ttra c te d  to  any b u t th e  m ost exceptional 
foundries? Is  i t  no t easy fo r h im  to  find a much 
more congenial calling, and  if  a lad  is willing
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to  brave the  conditions he will find in so m any 
foundries, are  th e  usual m ateria l prospects such 
as to  offer some com pensation for the  unsatis
facto ry  conditions which exist?

The knowledge and skill required  in  a foundry  
a re  certa in ly  no t less, and a re  most probably m ore, 
th a n  those required in  much more rem unerative 
and less unpleasantly  arduous occupations.

G e n e ra l  I m p r o v e m e n t  E ssen tia l
Lord A ustin , a t our B irm ingham  B ranch 

d inner, said th a t  he had never been able to  under
stand  why th e  foundry had always been th e  
“ C inderella.” Can we expect am bitious young 
men to  be a ttra c te d  to  an industry  which carries 
such a label? There is plenty  of evidence th a t  
th is  is one of our in d u s try ’s m ain problems and 
we as an In s titu te  have to  face it. I f  th is  
reasoning be correct, th en  we m ust aim  a t less 
arduous to il in more a ttra c tiv e  surroundings by 
im proving the  construction and  lay-outs of ou r 
foundry  buildings and by the  in troduction  a t a 
much accentuated  ra te  over the  present one of 
m ethods and p lan t for elim ination of the  heavier 
tasks a ttached  to the  production of castings, 
and as an industry  we m ust be p repared  to  nego
tia te  on com petitive m onetary  term s for men 
capable of filling responsible posts. I  subm it th a t  
th is difficulty w ith regard  to  personnel has to- 
be considered on a very much w ider basis th an  
ju s t a shortage of recruits. I  contend th a t  
i t  is largely a reflection of the  general conditions 
of our industry , and th a t  a satisfactory  supply 
of recru its  can only be expected as a paralle l 
of a decided im provem ent in  those general con
ditions.

Lord A ustin  is a very able m an, a m an so able 
and successful as to  render his opinions worthy 
of serious consideration, and for h im  to refer to 
the foundry as th e  “  C inderella ”  is ano ther re 
m inder of our lowly s ta tu s  in  the  industria l 
world. To m any of us, th is  represents another 
very real problem, and I  would like to  devote 
a few mom ents to its  consideration.
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A ssessing  th e  B lam e
L et me quote fu r th e r  from  Lord A ustin  s 

speech a t B irm ingham . A fte r re fe rrin g  to  the 
foundry as th e  “ C inderella ,” he continued by 
saying, “  The foundry still lags behind other 
departm ents. I  do no t th in k  i t  is the  fau lt 
of the foundrym an, b u t the  fa u lt of th e  finan
cier and the engineer, who have n o t appreciated  
as they should have done the  big th in g s there  
are to be gained in a well-organised, well- 
equipped and well-run foundry .”

I  am going to  ask, “ Does the  foundrym an 
himself appreciate  w hat is to  be gained by a 
well-organised, well-equipped and w ell-run 
foundry?” I  do not blame the  financier and  th e  
engineer. I  would like to  convince you th a t  the  
responsibility is ours. Is i t  n o t tru e  th a t  our 
industry  for longer th a n  any o ther, relied alm ost 
solely on w hat I  have called “ th e  ind iv idual 
skill of technically and comm ercially uninform ed 
a rtisan s ,” and th a t  even to-day a la rge  section 
of the  industry  has changed h u t li tt le  in  th is  
respect? This being so, w hat chance have we of 
ge ttin g  our deserts from  th e  technical and  com
mercial g ian ts w ith whom we have to  b a ttle ?  
We canno t expect th e  financier o r th e  engineer, 
of th e ir  own volition, to  show us th e  consideration  
we th in k  we deserve. We have to  save ourselves 
or we are lost. One’s im pression of th e  s itu a tio n  
is very largely th is : H ere  are  we, claim ing to  be 
the basis of all engineering industry , continually  
bemoaning the  fac t th a t  we a re  th e  “ C in
derella ,” th a t  we are called upon to  m ake ca s t
ings of im probable design a t  impossible prices, 
th a t  neither th e  designer nor th e  buyer gives 
any consideration to the  foundry, th a t  th e  foun
dry from both the  designer and the  buyer has to 
tak e  w hat i t  can and not w hat i t  ought to  vet. 
Is not th is very largely a confession of fa ilu re ’on 
our p a rt?

D e s ig n e rs ’ Difficulties
Let us deal first of all w ith  our com plain t about 

th a t  much-maligned indiv idual, th e  designer, 
who, m any of us th ink , is too o ften  prone to
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ignore w hat to us are fundam entals. The de
signer does generally realise to  th e  best of his 
ab ility  th a t  th e  efficiency of the  u ltim ate  product 
dem ands th a t  the  design of th e  casting shall be 
d ic ta ted , no t only by the requirem ents of the 
engineer, b u t by expert knowledge of the  
m ateria ls and processes used in th e  production 
of castings. Foundrym en are  continually  claim
ing th a t  th is  ex p e rt knowledge is n o t ev iden t in 
m uch of th e  work of th e  designer. I f  such be 
the case, then  i t  means th a t  sufficient knowledge 
of th is type  does n o t ex is t among th e  designing 
fra te rn ity . Is n o t the  responsibility  for th is 
also largely ou r own? The knowledge of our in
dustry  m ust come from our industry . H ave the 
conditions in  our industry  been such as to pro
duce sufficient men w ith  th is expert knowledge, 
and the  ab ility  to in te rp re t th a t  knowledge in 
the form  of design or to the draugh tsm an  so as 
to influence general casting  design along the 
r ig h t lines? Am I  not correct in s ta tin g  th a t  
so fa r  th e  users and designers of castings have 
not had a trem endous am ount of help and in
struction  from  the foundry industry  itself?  We 
m ust no t console ourselves w ith the  sta tem en t 
th a t  they  will not le t us help them . We have 
somehow got to  convince them  th a t  we can do 
so. They have not, and they  will not, look to 
the ord inary  non-technical foundrym an for th is 
assistance. I f  we provide the  r ig h t sort of help 
in  th is connection, the  engineer and the de
signer will be glad to  avail themselves of it.

A m b a s s a d o r ia l  R e q u i r e m e n t s
We are all agreed upon the  desirability  of 

im proving the  s ta tu s  of our industry  and our 
In s titu te . This m eans th a t  we are claiming 
recognition and consideration from  our indus
tr ia l  contem poraries, b u t we shall not convince 
th e  engineer, the  designer, or the financier from, 
or in, the  sand heap. We m ust have men in  our 
industry  w ith the  ability  to  present our case in 
the  draw ing offices, the  laboratories, and the 
board rooms of the  industries for which we cater.
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1  suggest to  you th a t  the  problems of foundiy 
personnel and foundry s ta tu s  are  closely con
nected. Im prove the  one, and  you will improve 
the other, but we s ta ll  not a t t r a c t  to  our in
dustry  the  type of m an we require , nor shall 
vve improve the general s ta tu s  of the  industry , 
unless and u n til we im prove the general con
ditions of the  industry , and by general condi
tions, I  m ean everyth ing th a t  goes to  m ake up  
the  life of a foundrym an. I t  was in  th is 
connection th a t  I  asked the question, F o r w hat 
the foundrym an does, w hat does th e  foundrym an 
ge t?  ”

I  believe th a t  we are  unanim ous in  th e  opinion 
th a t  the general conditions in our in d u stry  a ie  
not w hat they should be. How can they  lie 
im proved? I f  we, as an  in d u stry , were “  well 
organised, well equipped, and  well ru n  ” we 
should have good conditions, we should compete 
successfully for the  best am ong th e  rec ru its  to 
industry , we should comm and th e  consideration  
of the  engineer, and  the  respect of th e  financier.

A B ad ly -O rg an ise d  I n d u s t r y
Does our industry  in  general consist of 

foundries th a t  are  well organised, well equipped, 
and well ru n ?  I  am a fra id  th e  answ er has to  oe 
in the negative. L e t us consider fo r a few 
moments the question of organ isation . A lecture- 
on th is subject is outside my presen t purpose, 
bu t I  w ant to  emphasise its im portance as affect
ing the  problems under consideration. I  hold 
th e  opinion th a t  in  our industry  as a whole, 
as well as in  our individual foundries, o rganisa
tion  is not very strongly in evidence.

In  re fe rring  to  o rganisation  as applied to  the  
whole of an industry , m any people a t  once th ink  
of a strong trad e  association for th e  m ain ten 
ance of price levels. I  am going to  claim  th a t 
the  g rea test protection  for our or any industrv  
is efficiency, and i t  is th is  ra th e r  th a n  price 
m aintenance which should be the  object of trade  
associations. Efficiency in  an in d u stry  is the 
only guaran tee  to  the  com m unity of real service



from  th a t  industry . We as an In s titu te  have 
no desire or claim  to  study  the  question of 
profits, b u t we exist fo r the  prom otion of 
efficiency in  th e  industry . Given all round effi
ciency, profits will n o t be problem atical.

In c re a se d  Efficiency Essen t ia l
We are  v ita lly  concerned th a t our services to 

the  com m unity shall be of ever increasing value. 
This la tte r , to  p u t i t  very simply, m eans th a t  
the purchasing power of the com m unity in  rela
tion  to  our industry  m ust be continually  increas
ing, and for th a t  to be achieved, we m ust pro
duce b e tte r  castings a t  relatively ' lower prices, 
and yet m ain ta in  a high and im proving level of 
living for all employed. There is evidence in 
several highly-successful industries th a t  th is can 
be done by efficient methods, and  our policy 
should be to  convince industry  th a t  th e  In s ti
tu te  of B ritish  Foundrym en exists for th e  scien
tific advancem ent tow ards efficiency along the 
lines of education, research and developm ent of 
every phase of foundry production.

W hat does organ isation  m ean as applied to 
the. individual foundry? The dictionary  tells 
us th a t  science is knowledge reduced to system. 
I  would say th a t  o rganisation  m eans effort re 
duced to system. I ts  application u ltim ately  
means effort reduced by system.

The foundry  industry  generally is run  on the 
lines of p rodigality  of effort, and surely, faced 
as we are by the probability  of a serious sh o rt
age of personnel in  all th e  branches of our in 
dustry , we should realise the  value of any factor 
con tribu ting  to  the  conservation of effort.

The analy tical m ind should not be confined to 
the  laboratory . There is a trem endous field in 
our foundries for analysis and the system atising 
of effort. Any effort which by proper organi
sation  could be avoided is w aste effort, and  I 
would ven tu re  the opinion th a t  w aste effort costs 
our in d u stry  more th an  waste castings.

O rganisation  is more im p o rtan t th an  equip
m ent. M uch good equipm ent has been rendered

ÜO



50

unproductive and uneconomic by bad organisa
tion , b u t good o rganisation  will very quickly 
discover the  necessity and th e  w herew ithal for 
good equipm ent.

O rganisation  is the  proper and  m ost im portan t 
exercise of the m anagerial function . I  hesitate 
to  m ention the  word “ m anagem ent ”  in  close 
conjunction w ith  the  word “ scientific,” because 
together they have been much abused, b u t we 
should realise th a t all good m anagem ent m ust 
be scientific, even if all scientific m anagem ent 
is not good m anagem ent.

O r g a n i s e d  M a n a g e m e n t
L et us aim , then , a t  organised m anagem ent. 

The functions of a m anager are  too often  lim ited  
to the  m aking of a rb itra ry  decisions, and th e  
m aintenance of discipline, and often , th rough  
lack of o rganisation , we find these two facto rs 
keeping him in  a perpetually  harassed  sta te , 
w ithout any th ing  m ateria l being achieved in  the  
shape of investigation  or developm ent. By 
applying the  analy tica l and  dim ensional facu lties 
to  the d irection  of th e  energy expended in  our 
foundi’ies, we shall be conducting  research  in  an 
almost unexplored field.

Organised m anagem ent will devise systems 
which weld th e  m any separa te  u n its  co n tr ib u tin g  
to  production in to  one harm onious whole. 
Systems which ensure th a t  th e  knowledge, ex
perience and effort which are expended on a job 
to-day are  to-morrow, no t hang ing  by the  
slender th read  of hum an memory, or lost in  th e  
limbo of forgotten  th ings, b u t have le f t behind 
them  in  some easily accessible form , records 
which will con tribu te  m aterially  to  every fu tu re  
job. W orking along these lines of record, 
analysis and comparison, our foundry m anage
m ents will appreciate  the value of good conditions 
and will achieve them . They will see the 
necessity for good equipm ent, and will acquire 
it, and by th e ir  knowledge of th e ir  own 
p a rticu la r circum stances, they  will be in  a posi
tion to  select the  best type of equipm ent for 
th e ir own p a rticu la r job.
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My rem arks so fa r  have been in tended  as a 
plea for developm ents in m anagem ent and equip
m ent as con tribu ting  to  b e tte r conditions and 
prospects leading u ltim ate ly  to  im proved person
nel and sta tu s .

Our In s titu te  striv ing  tow ards progress by 
m eans of education , research and developm ent, 
is becoming increasingly conscious of th e  im
portance of th e  economic fac to r, so conscious 
as now practically  to  be forced to  tak e  steps 
to  increase its  income in  o rder to  provide the 
w herew ithal fo r the  m ain tenance of its progress, 
and to  my listeners no doubt th is  plea for be tter 
conditions te rm in a tes  m ainly in  a question re
g ard ing  th e  w herewithal. They a re  probably 
qu ite  convinced th a t  w ith good conditions and 
good equipm ent, everyone connected w ith  the 
foundry would have a b e tte r  tim e, b u t where 
are these th ings coming from ? M any claim 
th a t  fo r years i t  has been difficult to  keep one’s 
head above w ater, in  sp ite  of economies in  regard  
to salaries and  p lan t expend itu re , and so w ith 
a scarcity of personnel because of th e  poor con
ditions and rem unerations existing, and an in 
ab ility  of th e  capita] involved to  im prove those 
conditions, because of the  inadequate  re tu rn s 
such cap ita l is receiving, m any foundrym en find 
themselves a t  a loss for a solution to  these prob
lems. Y et for the  realisa tion  of our ideals, a 
solution has to  be found.

In te r lo c k in g  P ro g re ss
L et me rep ea t th a t  I  am fully alive to  the 

fac t th a t  as an In s titu te , we are no t supposed 
to  be concerned w ith the economics of the  indus
try , and by some I  may he th ough t to  he tre ad 
ing on dangerous ground, b u t .as an In s titu te , 
we are  ac tua ted  by a desire th a t  our industry  
should progress, because we can have no exis
tence a p a rt from  the  industry , and the  v ita lity  
of the  industry  is largely the m easure of our 
own. In  dealing w ith these problems of per
sonnel and sta tu s , I  am, as you see, b rought 
up against the  question of general conditions,
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and in dealing w ith the  la tte r , I  find i t  im
possible a ltogether to  avoid con tac t w ith the 
economic factor.

A d e q u a te  G e n e r a l  R e m u n e r a t i o n
Lest any among you should fea r th a t  I  am 

going to ta lk  about profits, le t me define the 
lim its of my considerations in  th is  way : W e, as 
a  c ra f t and  industry , were h a rd  a t  work a t  the 
very foundations of c iv ilisation , and  we have, 
ever since, continued to  m ake trem endous con
tribu tions to  the w ellbeing  and progress o f 
m ankind, and as an  im p o rtan t co n stitu en t of 
th a t la rger organism , the  com m unity, we have a 
rig h t to  claim  a re tu rn  fo r our services such as 
will enable us to  work under good conditions w ith 
such rem uneration  as those engaged in  an im por
ta n t  industry  are w orthy, w ith  som ething le ft 
over for research and developm ent. All these  
things should be accounted fo r in  assessing th e  
value of our products.

T ha t exp lanation  claim s a re tu rn  for ou r efforts 
which is a t least equal to  our ex p en d itu re , and 
whether we are under a cap ita lis tic  o r com
munistic régime, such re tu rn  in some form  m ust 
be assured if those engaged in  th e  in d u s try  a re  
to m ain ta in  w hat is generally accepted as good 
conditions of work and living. So, leaving profits 
out of the p icture  en tire ly , we will only consider 
ensuring to  our industry  a re tu rn  based upon 
the  value of its products. The rem unera tion  o f 
our industry  is th e  governing fac to r in  its  s ta n 
dard  of working conditions and life  for all en 
gaged in  it . Continuous developm ent, w ith  
constan t im provem ent in  w orking conditions, is 
the only s tan d ard  we can be asked to  consider. 
There can be no such developm ent or im prove
m ent unless th e  re tu rn  for ou r products, a t  i t s  
minim um, is equal to  the efficient cost of those 
products. A nything less is d e trim en ta l to  th e  
industry  and those engaged in it , and is even
tually  detrim en ta l to  th e  com m unity.

I t  may be com paratively easy to  achieve such 
a m inim um  a t a tim e when dem and exceeds 
supply—i t  may even be possible to approach an



unjustifiable m axim um , which will la te r have to  
be paid for in  reaction—h u t w hat we w an t is the 
'knowledge which will enable us, in  both good 
and bad tim es, to  consider th e  question “  W hat 
o ugh t we to  g e t? ”  as well as, or even preferably 
to, the  question “  W h a t can  we g e t? ”

My a rgum en t is n o t for increased prices. I 
claim  th a t  a well-organised, well-equipped, well- 
run  foundry  industry  will resu lt u ltim ately  in 
the  lowering of the  cost of its services to  the 
com m unity, b u t such an industry  will also have 
the knowledge and power to  tak e  some p a r t in 
"the assessm ent of the  value of its  products.

N eed  f o r  P r o p e r  C o s t in g
Now comes the  question, “ H as the  foundry 

in d u s try  in  general th e  knowledge necessary to 
assess the  value of its  products? ”

I  do no t hesita te  to  reply in  the  negative, 
and I  am equally em phatic in  s ta ting  th a t  to 
th is pa rticu la r weakness in ou r in d u stry ’s struc
tu re  can be a ttr ib u ted  m any of the  disabilities 
which we as foundrym en consider to be our por
tion . I t  is because of th is  th a t  I  hold th e  view 
th a t  in b ringing the  subject of costing to  the 
fore, our In s titu te  is doing a very real and 
necessary service to the industry .

I  believe th a t  m any foundrym en th in k  th a t  
costing is a  job solely for the accountan t, and is 
som ething quite outside the scope of the  indus
try  itself. To them  I  would like to  say th a t 
costing is as in teg ra l a p a rt of our industry  as is 
the  laboratory , and there  exists no more im por
ta n t  ad ju n c t to organised m anagem ent th an  a 
•good costing system. I ts  value as a dim ensional 
factor in the  works as d is tinc t from the  office 
cannot be exaggerated .

A costing system, to  be efficient, m ust be so 
modelled as to  em brace and ca te r fo r the  special 
circum stances attached  to  each industry  and 
departm en t, and should be so simple as to  be 
in te rp re tab le  by the  head of the  departm en t 
•concerned. Such a system can only be achieved
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by the co-operation and u n ders tand ing  of the 
foundry executive w ith the  cost accountan t.

Costing is n o t an abstruse subject. I t s  main 
constituents should be logical reasoning and 
simple arithm etic , and  I  suggest th a t  none of 
our deliberations a t th is  conference will he of 
more im portan t in te rest th a n  those which centre 
round the  rep o rt of the  Costing Sub-Comm ittee. 
I  am n o t going to give you a fo re ta s te  of the 
Sub-Com m ittee’s findings, b u t in  connection w ith 
the points I  have raised I  am anxious to  d irect 
your a tten tio n  to w hat I  consider to  be an  in 
dispensable factor in  th e  build ing up  and  m ain 
ta in in g  of efficiency and good conditions in  ou r 
industry .

The th irty -fo u r years d u rin g  which ou r In s t i 
tu te  has existed  have w itnessed a m ore th a n  
rem arkable developm ent on th e  technical side of 
our industry . W e have ex tended  th e  knowledge 
of our m ateria ls to  alm ost indescribable lim its. 
The quality  and scope of our products is evinced 
in the  dem ands m ade upon us. T here is n o t 
a section of industry  to  which by ou r products 
we do not m ake considerable con tribu tions. Y et 
in spite of all th is, among th e  fou n d ry ’s chief 
problems are its lack of recru its  and  its  lowly 
sta tu s . In  my rem arks I  have endeavoured to 
point to improved conditions resu ltin g  from  a 
higher level of organised efficiency as a possible 
solution.

The past, present and po ten tia l dem and for 
castings, combined w ith th e  m ental and physical 
efforts necessary for th e ir  production, form  th e  
fundam enta l basis of our in d u s try ’s im portance. 
W ith us lies the responsibility th a t  our general 
organ isation  and efficiency is such as to  produce 
conditions a ttrac tiv e  to  the  best b ra ins available 
and to ensure th a t  the  s ta tu s  of the  foundry  is 
among the  h ighest in  industry .

A h earty  vote of th an k s was accorded the 
P residen t, on the  proposal of M r. H . W in t e r t o n , 
for having presented  some of the  problems of 
the foundry  in  a completely new lig h t and in 
a very convincing m anner.
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T h e  “ E d w a rd  W i l l i a m s ” L e c tu re
D r . C. H . D e s c h , F .R .S . (Superin tenden t, 

M etallurgical D epartm en t, N ational Physical 
L aboratory), delivered the  th ird  “  E dw ard 
W illiam s ”  L ecture, his ti t le  being “  Physical 
Factors in  the  C asting of M eta ls.”

V o te  of T h an k s
M r. J .  E. H u r s t  (Past-P residen t), proposing 

a vote of thanks to  D r. Desch, said th a t  the 
subject was peculiarly  in te resting  to  foundrym en. 
The value of th e  “ E dw ard W illiams ”  Lecture 
lay in  th e  fac t th a t  specialists in particu la r 
branches of investigation  work and in  various 
sections of industry  p u t forw ard up-to-date 
knowledge and  surveyed all the work w ith which 
they were concerned. Inasm uch as the individual 
members of th e  In s titu te  were operating  in 
every branch of the  foundry industry  and of 
necessity became specialists in th e ir  particu la r 
branches, th e  opportun ity  which the “ Edward 
W illiam s ”  Lecture afforded was very welcome 
to them .

One of the  allegations by practical men against 
the m eta llu rg ist in  the  p ast was th a t  he had 
been very academic and tended to  deal with 
academ ic subjects. The lecture by Dr. Desch, 
however, would dem onstrate very clearly th a t  
th a t  allegation had absolutely no justification  in 
fac t. In  recent years there  had been a sort of 
reo rien ta tion  of th e  a tt itu d e  of m etallurgists 
in investigation  work and they tended to  study 
subjects in  connection w ith the casting  and 
w orking of m e ta ls ; the  practical man m ight 
regard  th a t  as a  victory for the  a ttitu d e  he had 
expressed in  the  past-.

I t  seemed th a t  D r. Desch had  w andered about 
among the  various m etals in a delightfully care
free m an n er; steel, cast iron, brass, bronze, gold, 
silver, p latinum  and gallium  and others of the 
ra re r m etals had come w ithin the purvie\v of his 
lecture. I t  seeilied th a t  the reo rien tation  of the 
a tt itu d e  of m etallu rg ists du ring  recent years 
m ight be tend ing  to  break down the  old-estab-
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lished divisions which had arisen  in m etallurgical 
study. M r. H u rs t had  in  m ind th e  b road  d iv i
sion of ferrous and non-ferrous m etallu rgy . i t  
would appear th a t  in  th e  m odern s tudy  o 
m etals, divisions based on com position were fast 
d isappearing .

The vote of thanks was seconded by M r. H . 
W in t e r t o n  and  carried  w ith  acclam ation. Db. 
D esc h  briefly responded.

The following P ap e r was th en  discussed:
“ Recom m endations Concerning th e  E stab lish
m ent of Costs in  a Grey Iro n  F o u n d ry ,”  by the  
C osting Sub-Comm ittee of th e  T echnical Com
m ittee. The P ap e r was p resen ted  by M r. Y. 
D elport, Convener of the  Sub-Com m ittee.

The Conference ad journed  a t 12.45 p.m . 
Members lunched a t  the  Assembly Rooms, where 
they were jo ined by the  ladies who had  inspected  
the works of th e  R oyal Crown D erby P orcelain  
Company during  the  m orning.

D uring  th e  afternoon  p a rtie s  of mem bers 
visited the  following works : —

Bam fords, L im ited , U ttoxe te r.
Ley’s M alleable C astings Company, L im ited . 
Q ualcast, L im ited.

A t each works th e  p a rty  was en te r ta in ed  to  tea , 
and  the thanks of th e  In s ti tu te  were conveyed 
to the d irectors and staffs. The ladies spen t th e  
afternoon in  v isiting  the  parks of th e  B orough 
of Derby and were en te r ta in ed  to  te a  a t D arley  
Park .

A N N U A L  B A N Q U E T
A very large num ber of d istinguished  guests 

and members a ttended  the  annua l banquet, which 
was held a t  Bemrose School, D erby, on W ednes
day, Ju n e  9. The modern school bu ild ings pro
vided an adm irable se tting  for such a function , 
and the floodlighting of the  bu ild ings added con
siderably to  th e ir  a ttrac tio n .

The P res id en t and Mrs. B igg received the 
members and th e ir  guests before d inner. The 
company included the  W orshipful the M ayor of



Derby (Councillor M rs. P e tty ), M r. A. H u tch in 
son (P residen t, Iro n  and Steel In s titu te ) , M r. 
W. R . B arclay (P residen t, In s titu te  of M etals), 
S ir J .  A rth u r A iton and Lady A iton, M r. H . 
W in terton  (Im m ediate P ast-P res id en t of th e  
In s titu te  of B ritish  Foundrym en) and Mrs. 
W in terton , M r. J .  H epw orth, M .P . (Senior Vice- 
P residen t) and M rs. H epw orth, M r. W . B. Lake 
(Ju n io r V ice-President) and Mrs. Lake, Mr. 
E . J .  Fox, M r. F . D. Ley (C hairm an of the 
R eception Commitee), Mrs. F . E . Russell, M r. 
W. Allan R eid, M .P . (Senior M .P . for Derby) 
and Mrs. R eid, M r. S. H . Russell (hon. tre a 
su rer and P ast-P res id en t of th e  In s titu te )  and 
Mrs. Russell, Mr,. C. M urray  (P residen t, D erby 
C ham ber of Commerce) and Mrs. M urray , D r. 
C. H . Desch, F .R .S . (head of th e  departm en t of 
m etallurgy, N ational Physical Laboratory), D r. 
W. A. R ichardson (P rincipal, D erby Technical 
College) and Mrs. R ichardson, Mr. A. C. T urner 
(P residen t, F oundry  T rades’ E quipm ent and Sup
plies Association), M r. J .  W . Gardom (Convener 
of th e  In s t i tu te ’s Technical Com m ittee), M r. 
B arring ton  H ooper (m anaging director, Foundry 
T rade Jo u rn a l), w hilst o ther Pa s t-P  res i dents 
p resen t included M r. F . J .  Cook, M r. John  
Cameron, M r. V. C. F au lkner, Mr. V. Stobie, 
M r. R . Stubbs and M r. J .  E . H urst.

T h e  T o a s ts
The loyal to a s t hav ing  been honoured, M e. 

A l f r e d  H u t c h in s o n , M.A. (P residen t of th e  Iron  
and Steel In s titu te ) , proposed success and pros
perity  to  the In s titu te  of B ritish  Foundrym en. 
I t  was a pleasure to  be present, he said, first in  
his personal capacity , and also as P res id en t of 
th e  Iron  and Steel In s titu te , which, as th e  oldest 
of th e  In s titu te s  ex isting  for the  fu rtherance  of 
research in  th e  iron and steel trad e , considered 
i t  to  be a  responsibility  as well as a  pleasure to  
encourage all allied bodies connected w ith the 
various branches of th e  industry  as a whole.

A fu r th e r  personal reason why he was glad to  
be e n tru s ted  w ith  th e  to a s t was th a t , though he 
was never a foundrym an, th e  first ten  o r fifteen
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years of h is business life were sp en t on a blast
fu rnace p lan t and th e  g rea te r p a r t  of the  pig-iron 
produced there  was consumed in foundries. His 
pa rticu la r job was to  v is it custom ers and  cleai 
up any com plaints as to  th e  quality  of th e  iron 
supplied, a task  which had afforded him  ample 
opportun ity  to  see how foundries w ere ru n . In  
those days he had found them  to  be ru n  m ainly 
on rule-of-thum b lines, the  p rac tica l m anagem ent 
being largely in  th e  hands of forem en w ith  little  
technical knowledge of chem istry or of th e  im
portance of su lphur and silicon con ten ts or of the  
uses of fluxes in  the  cupola. In  one instance 
w ith in  his memory th e  only flux was b la s t f u r 
nace slag from the  slag heaps of th e  neighbouring  
b la s tfu rn ace  p la n t ! T here was, of course, a 
general belief in th e  appearance of th e  p ig-iron 
on frac tu re  as an  ind ication  of its  su itab ility  
for th e  lig h t castings or heavy pipes m ad e ; b u t 
he could recall only one works—and th a t  was 
m aking a speciality—a t  which a chem ist was em 
ployed a t  th a t  tim e, an d  th e re  they  h ad  con
fided to  him  th a t  th e  em ploym ent of a chem ist 
saved them  a t  least 2s. 6d. per to n  on th e  cost of 
th e ir pig-iron m ix tu re ! Microscopic exam ination  
was unknow n, and a' m acroscopic exam ina tion  of 
a. frac tu re  had  often  led to curious inferences.

I n s t i t u t e  C r e a t e s  N e w  O u t l o o k
As the  darkness of ignorance had  p revailed  in 

those early  days, th e  dawn was a t  hand , and 
the  sunrise had taken  the form  of th e  fou n d a
tion  of the In s titu te  of B ritish  Foundrym en. I t  
had in  view the  very w orthy objects to  in itia te , 
conduct and supervise researches in to  the  science 
and technology of the a r t  of m etal and  alloy 
production, casting  and w ork ing ; to  organise the  
technical education  of th e  workers and  to  collect 
and d is tribu te  in fo rm ation  on th e  a r t  and science 
of foundry work. In  so doing, i t  had  paid  due 
a tten tio n  to  the  need fo r research and inquiry 
on the  scientific m a tte rs  connected w ith  all real 
progress in industry . All foundry  work was 
based on tru ly  chemical and  physical laws, and 
the chemical investigation  as to  th e  value of
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m etallic and  non-m etallic contents in  the sub
stances used—not only in  the pig-iron, b u t also 
in  the  coke, flux and  casting  sand—m ust he 
scientifically pursued and  thoroughly understood 
ir we were to  im prove quality  and reduce 
costs. Only the  tra in ed  scientific m an could 
carry  ou t such work. Therefore, the chemist 
had come in to  his own, and the  resu lt of such 
scientific work had produced little  short of re 
volution in foundry  practice. F oundry  m ix
tu res, by analysis in  con trast to  th e  old rule-of- 
thum b methods, had  given b e tte r castings in 
every sense, im proved quality  and increased 
streng th .

I t  was n o t only in  the  quality  of th e  finished 
casting  th a t  im provem ent had taken  place. New 
m ixtures of iron and non-ferrous alloys had been 
produced, never dream ed of in  his early  years 
in the industry . However, he did not wish to 
leave th e  im pression of having given cred it to 
the  chem ist alone ; i t  was much more th an  a 
m a tte r  of pu re  chemical research. The practical 
bearing on the  day-to-day work in  the foundry, 
on the  s tru c tu re  of the  cupola, the  lay-out of 
the  whole works and th e  m echanisation of the 
works as a whole, indeed, the  tru ly  scientific 
m anagem ent of the whole works, had resulted 
from  the  advance of our technical knowledge. 
One of th e  chief contributions to  th e  tran sfo r
m ation from the  old to  the up-to-date foundry 
had been the  good work of the  In s titu te . The 
aw akening to the  value of scientific knowledge 
had become contagious. M anagers and directors 
alike had become aw are of the value of the in te r
change of knowledge, of discussions a t  regular 
m eetings of the  In s titu te  of m atters so v ita l to 
progress. F u rth e r, the In s titu te  organised the 
spread of knowledge and technical efficiency. 
P apers were read and discussed by its  members 
and by members of sim ilar societies which had 
sprung into existence in o ther foundry centres. 
The belief in secret m ix tures and secret nostrum s 
had gone ; the In s titu te  had sounded the death

D
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knell of such old-fashioned methods. M utual 
discussions of im proved m ethods, m u tua l in
te re st in  every kind of technical advance, in
te re s t in the  o ther fellow’s m ethod of a ttack ing  
problems and free visits to  each o th ers’ works 
were all to  the good.

M r. H utchinson paid tr ib u te  to the officials of 
th e  In s titu te  for th e  successful developm ent of 
its  work, and  coupled w ith the  to a s t th e  nam e of 
M r. Bigg, the  P residen t of the  In s titu te .

W i d e r  D issem in a t io n  a n d  U se  o f  K n o w le d g e  
N e ce ssa ry

The P r e s i d e n t ,  on rising  to respond to  th e  
toast, was received w ith prolonged applause* I t  
was a source of g re a t pleasure, he said, to  hear 
the In s titu te  referred  to  in  so com plim entary  a 
m anner by the  P res id en t of a k ind red  body of 
such eminence as th e  Iro n  and Steel In s ti tu te , 
and i t  was a source of p ride th a t  th e  achieve
ments of the  I .B .F . w ere such as to  m e rit fully  
the high praise th a t  was bestowed upon i t .  I t  
was a  fa c t th a t  no vo lun tary  o rg an isa tion  had 
ever con tribu ted  more to  th e  progress of an 
industry  th an  the  In s titu te  had m ade to  th e  pro
gress of the  foundry industry—and i t  was equally 
tru e  to  say th a t  no industry  was m ore in  need of 
such contributions th an  was th e  foundry  in 
dustry  ! H e never hesita ted  to  claim  th a t  the  
In s titu te  was doing a trem endous am ount of v ita l 
w o rk  in collecting and d is trib u tin g  knowledge' to 
the industry . A professor a t  one of our u n iv e r
sities had suggested recently th a t  we were suffer
ing from a  su rfe it of knowledge, and had  said 
th a t our problem lay in bridging w hat he had 
called the  ever-widening gulf between the 
specialised knowledge of the  ex p ert and the  pro
found ignorance of the  ord inary  m an. The P res i
den t was no t a ltogether in  agreem ent, however 
with the idea th a t  we possessed too m uch know
ledge, for we could not have too m uch. R a ther 
did the  troub le  lay in e ith e r th e  non-application 
or the  wrong application  of the  knowledge th a t 
we possessed. H e em phasised, however, th e  la tte r 
p a r t of th e  professor’s rem arks, w ith  reference to
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the gulf between the  knowledge of the  expert 
and th e  ignorance of the  ord inary  m an, and said 
th a t  observation would convince us th a t  to  a 
degree th a t  gulf was exemplified in  th e  foundry 
industry . A trem endous am ount of knowledge 
had been acquired , b u t i t  was in  all too few 
hands ; more experts were w anted in  the  applica
tion  of knowledge. M any of our experts ex
pended all th e ir  energies in  the  acquisition of 
know ledge; its  application  was equally im
po rtan t, however, and th e  guidance of th e  dis
tr ib u tio n  and application  of our expert 
knowledge should surely be one of the  chief 
tasks of the In s titu te . The foundrym an had no 
use fo r “  knowledge done up in  bundles,” bu t 
w anted i t  in  a readily  applicable form. To the 
foundry industry  the  value of knowledge could 
be assessed only by reference to  saleable castings.

The In s titu te , he continued, catered  for the 
whole industry—from  the m an working on the 
floor to  the  technician  and th e  executive, rig h t 
up to the m anaging d irector. T hat wide range 
of mem bership, w ith its consequent varie ty  of 
though t and expression, formed an ideal medium 
for b ridg ing  the gulf referred  to , in  order to 
enable the  knowledge of th e  expert to  be dis
tr ib u ted  and  applied in the  industry . Because 
of th a t , no single individual or firm in the 
industry  could ignore the  In s ti tu te ’s claims to 
th e ir support.

A lthough i t  was tim e to  consider “  sh u tting  off 
the  b la s t,” said th e  P residen t, there  rem ained 
still one charge to come dow n; i t  was a charge 
made up of 50 per cent, appreciation  and 50 per 
cent, g ra titu d e , which he hoped resulted  in a 
close homogeneous m ix tu re  of good-will. T hat 
was the  prelude to his expression of appreciation 
and g ra titu d e  to all who had contribu ted  to  the 
successful Derby conference. The generous 
response of so m any friends to  the  appeals made 
for th e  “  sinews of w ar,”  and the hospitality  
and assistance in m any ways rendered by The 
M ayor and her colleagues in  the  C orporation, 
placed every member of the In s titu te  under a

d 2



deep sense of obligation to  D erby. H e paid  a 
personal tr ib u te  to M r. B. Gale for his help 
and gu idance ; to  th e  m any f i r m s  w h o s e  works 
were visited, for the  splendid fac ilities and os 
p ita lity  they  had provided ; to  D r. R ichardson 
and his staff a t  the  Technical College ; to  M r. i  • 
Makemson, the  In s t i tu te ’s general sec re ta ry ; °  
Mr. S. H . Russell, th e  convention “  Chancellor 
of the Exchequer ” ; and to  the E ast M idlands 
B ranch. H e was indeed proud ^of th a t  B ranch, 
and did not know w hat th e  In s ti tu te  would do 
w ithout i t !  The members of th e  B ranch had 
throw n them selves in to  th e  work of o rgan ising  
the Conference w ith a readiness and  ab ility  
which could have le ft no doubt as to  th e ir  u lt i
m ate success. The bulk  of th e  work had  fallen 
on the shoulders of the  B ranch S ecretary , M r. B. 
Gale, who had done his job w ith  a  qu ie t efficiency 
which had won th e  adm ira tion  of all.

A P r e s e n t a t i o n  t o  Mrs.  W i n t e r t o n
On behalf of the  P as t-P res id en ts  of th e  In s ti

tu te , who apprecia ted  th e  self-sacrifices m ade 
by the  wife of a P res id en t du rin g  his y ear of 
office, M e . B ig g  presented  to  M rs. W in te rto n  a 
Crown D erby te a  service as a  tr ib u te  to  th e  
charm ing and gracious m anner in  which she had 
supported  her husband, M r. H a rry  W in te rto n , 
du ring  his period of office as P res id en t.

The p resen tation  was m ade am id th e  cheers of 
the  com pany; and M e s . W in t e e t o n , expressing 
her thanks, voiced the  hope th a t  m any  of h er 
friends in the  In s titu te  would v is it her and  share 
the joy of using the  g ift.

T h e  B o ro u g h  of D e rb y
Me. J .  H e p w o b t h , M .P. (Senior V ice-Presi

den t of th e  In s titu te ) , proposing “  The Borough 
and Trade of D erby ,”  said i t  was both  a  p riv i
lege and a pleasure to  do so, p a rticu la rly  because 
the hosp ita lity  and kindness extended  to  the 
In s titu te  had been par excellence. The m anage
m ent of the Borough, he said, stood o u t in 
regard  to  its social and  educational fac ilities; 
and the  beau tifu l build ing in  which th e  In s ti



tu te ’s banquet was being held provided ample 
evidence of th e  care which was devoted to  the 
education of th e  youth  of the  Borough. T hat 
was to  be expected, of course, where there  was a 
lady a t  the  head of affairs, as was th e  case in 
Derby.

On th e  whole, therefore, th e  citizens of the 
Borough had every reason to  be proud of th e ir 
industry  and of the way in which the  Borough 
was m anaged. H e wished the town continued 
prosperity , and coupled th e  toast w ith the  names 
of the  M ayor and S ir A rth u r Aiton.

T h e  W o r s h ip f u l  t h e  M ayor  of D er b y  (Coun
cillor M rs. P e tty , J .P .) ,  who received a  g rea t 
ovation, responded on behalf of the  Borough. 
D erby, she said, was one of those fo rtu n a te  cities 
which had developed a varie ty  of industries—and 
if some of th e  hard-headed gentlem en of o ther 
shires had been as far-sighted  in  the p ast as had 
the  people of D erby, they  m igh t have had less 
problems to  face in th e ir  own neighbourhoods ! 
However, the  response on behalf of th e  indus
tr ia l life of D erby could well be le f t in  the  hands 
of S ir A rth u r A iton.

D erby had  a definite history  from  th e  days of 
th e  Rom an occupation. I t  had its  “  L ittle  
C hester,” the  very nam e of which indicated 
Rom an occupation, and in  th e  caverns of Derby
shire there  were many traces of pre-historic man. 
The M ayor also comm ented on the p a r t  played 
by th e  Saxons, th e  N orm ans and th e  Danes in 
D erby’s history, and  pointed out th a t  th e  Danes 
had chosen the  nam e of “  D erby.” As a borough, 
D erby had a  h istory  covering a period of 1,000 
years a t  least. A d istinctive fea tu re  w ith regard  
to  D erby was the  fac t th a t  every one of its 
citizens had  tw o P arliam en ta ry  votes ; th a t  sta te  
of affairs had  continued since th e  13th cen tury , a 
record of which the  city  was ju stly  proud. Again, 
i t  was th e  first city  outside the city  of London to 
provide a domestic w ater supply. I t  was pro
vided by a local engineer who had  helped many 
o ther towns in  a sim ilar m anner.

S ir J .  A rth u r A iton, responding on behalf of 
the  trad e  of Derby, supported the  M ayor’s re-
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m arks concerning the varie ties of industries m 
the Borough, and commented upon the  en te r
prise of the  Borough D evelopm ent Comm ittee, 
which had resulted  in his selection of D erby as 
the  site of his works th ir ty  years ago. H is firm 
had recently  erected a la rge  new foundry  de
signed for them  by a member of the  In s titu te .

Touching on the  problem of tra in in g  per
sonnel, S ir A rth u r said th a t  if we w ere to  con
tin u e  to  employ men who were li tt le  b e tte r  than  
machine tenders, even though  the  foundries in 
which they were employed were beau tifu lly  de
signed and well m anaged and organised, we 
should lose the splendid skilled foundrym en of 
th is country. Already i t  was difficult to  secure 
th e ir  services, for we could no t expect to  raise  
such men by machine m oulding. H is firm ’s 
foundry had its own school, and  D r. R ichardson  
and his staff a t the D erby Technical College 
helped in  th e  tra in in g  of th e  men by th e  classes 
they had arranged . Though th e  scientific know
ledge was absolutely necessary, the  best would 
not be obtained from  foundries if  m en were n o t 
tra in ed  to  carry  out th e  ac tua l work o r to  m ake 
foundry work a ttra c tiv e  to  th e  b e tte r  class of 
m an i t  was desired to  a tt r a c t .

M r. S. H . R u s s e l l  (hon. tre a su re r  and  P as t-  
P residen t of th e  In s titu te )  proposed “  The 
G uests.” I t  was impossible, he said, w ith in  th e  
lim ited tim e  a t  his disposal, to  m ention  all th e  
guests indiv idually  and to  expound th e i r  v irtues, 
because th e  guests and th e ir  v irtues were 
num erous; and to  a ttem p t to  generalise was 
equally unsatisfactory . H owever, he m entioned 
some of th e  guests particu la rly , assuring  all th a t  
they were m ost cordially welcome and  th a t  th e ir  
presence was g reatly  appreciated . H e paid 
tr ib u tes  to the  M ayor and her colleagues, includ
ing tn e  C orporation officials, who had  m ade it  
possiole for the  In s titu te  to  hold its  convention in 
Derby, and had placed the Bemrose School a t  the 
disposal of the  Convention C om m ittee ; to  the 
P res iden t of th e  Iron  and Steel In s ti tu te  (em pha
sising w ith g re a t appreciation  th e  co-operation
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between th e  Iro n  and Steel In s titu te , th e  In s ti
tu te  and  the  B ritish  C ast Iron  Research Asso
ciation) ; to  the  P res iden t of the In s titu te  of 
M e ta ls ; to  Dr. Desch, a represen tative of the 
N ational Physical L abora to ry ; to  the  P rincipal 
of th e  U n iversity  College, N ottingham , and  the 
P rincipals of the  Technical Colleges in  Derby, 
Leicester and Loughborough, em phasising the 
g rea t d eb t which the  E a s t M idlands B ranch of 
the  In s titu te  particu la rly  owed to  the  education 
au tho rities of those to w n s; and to the  Members 
of P arliam en t, heads of business, and the  ladies. 
H e coupled w ith the  to a s t the  names of Mr. 
W. R . B arclay (P residen t of th e  In s titu te  of 
M etals) and M r. E . J .  Fox, to  whom he referred  
as one of th e  oldest and staunchest friends of the 
In s titu te .

Mil. W. R. B ahclay , O .B.E. (P resident, In s ti
tu te  of M etals), in  his response, commented on 
the close in te res t between the  In s titu te  of M etals 
and the  In s titu te  in  th e  work they were doing, 
and said he believed th a t  th e  branch of m etal
lurgy w ith  which the  In s ti tu te  had been con
cerned had a  more d istinguished and honourable 
history  th a n  perhaps any o ther branch. I t  was 
difficult to  discover ju s t  when foundry work had 
begun. I t  was surprising , and perhaps a little  
hum ilia ting , th a t  hundreds of years ago c ra fts
men were producing glorious works of a r t  in 
m etals. C raftsm anship was one of th e  concerns 
of the  In s titu te  which i t  m ust always place in 
the  forefront. B oth the  p ractical and the  scien
tific worker were essential to the industry , for the 
skilled workm an and the  skilled research worker 
could be successful only in  the degree to  which 
both sought to obey to  the  very u tm ost of th e ir 
power the  laws of na tu re .

Me . E . J .  P ox  took advantage of the late 
hour to  scrap th e  speech he had in tended  to  make 
(following the  exam ple of M r. B arclay), and 
contented  himself w ith an expression of thanks 
for the  hosp ita lity  extended to  the  guests, and 
the hope th a t  he would have the  pleasure of wel
coming m any members of the  In s titu te  to the 
S tan ton  Ironw orks on th e  following day. H e
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claimed to  be a foundrym an, because his in terests 
were occupied in re-m elting 10,000 ton s of iron 
per week, a q u an tity  fa r  in excess of th a t  which 
was rem elted by any o ther u n d ertak in g  in the 
world.

Following th e  banquet, th e  members and then  
guests enjoyed dancing u n til ai la te  hour.

T H U R S D A Y , J u n e  10

The Conference resumed a t 9.30 a.m . a t the  
D erby Technical College.

The P residen t, Mr. C. W. Bigg, presided over 
Session A, and la te r  in the  proceedings vacated  
the chair, which was then  taken  by M r. F . J .  
Cook, P ast-P residen t.

M r. J .  H epw orth presided over Session B, 
which was devoted to P apers on non-ferrous sub
jects.

The following Papers were presented  and  dis
cussed : —

S e s s io n  A.
“ W ear Tests on F errous Alloys,”  by O. W. 

E llis (presented on behalf of th e  A m erican 
Foundrym en’s Association) ; “  A dditional D a ta  
on the  M anufactu re  of In g o t M oulds,”  by R . 
B allan tine ; “  Foundry  and  L abo ra to ry  
C haracteristics of Cupola Coke,”  by D r. H . 
O’Neill and J .  G. Pearce.

S e s s io n  B.
“ The E lim ination  of Gaseous Im p u ritie s  in  

A lum inium ,” by Professor Georges C haudron 
(presented on behalf of the  Association Tech
nique de Fonderie, F ran ce ); “ R e-m elting  A lum i
nium  in  the  F o und ry ,” by H . R ohrig  (presented 
on behalf of the  Technischer H auptausschuss fu r 
Giessereiwesen, G erm any ) j  1! N otes on th e  S truc
tu re  and C haracteristics of A lum inium  Alloys,” 
by H . C. H a ll;  “ Trends in  the N on-Ferrous 
F oundry ,” by D r. L. B. H u n t;  “  The Use of 
N ickel in  N on-Ferrous Alloy C astings,”  by J .  0. 
H itchcock.
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G re e t in g s
Im m ediately  a f te r  the  presen tation  of the 

Am erican Exchange P ap e r in Session A : —
M e. V. D el po r t  said th a t  in  connection w ith 

th e  P ap er from  M r. Ellis, and th e  exceptional 
pleasure everybody had had from  it , he would 
like to announce th a t  he had ju s t received a 
cable from- the  American Foundrym en’s Associa
tion  in  which the  B oard of D irectors send the ir 
greetings and best wishes fo r the success of th is 
Conference.

M r. T. M a k em so n  said th a t  the  In s titu te  had 
also received greetings from  the  F rench Foundry 
Association wîiich read  : “ We send our B ritish 
colleagues cordial sa lu tations and best wishes 
for the C onference.” G reetings have also been 
received from several In s titu te  members, includ
ing M r. A. H arley , Past-P residen t, who has been 
seriously ill.

T h e  B r i t i sh  F o u n d ry  School
M r . P earce  then  made a sta tem ent as to the 

position of th e  B ritish  Foundry School.
M r . C. C. B o o th , com m enting on this, said 

th a t  w hilst he had been listening to  the P resi
d en t’s b rillian t address, he fe lt th a t  the members 
of the  foundry industry  m ight be charged with 
gross neglect. All yesterday’s speakers 
emphasised the necessity for educating  the 
younger members of the industry , yet th is was 
a point which had been for m any years sadly 
neglected.

Two years ago the B ritish  C ast Iron  Research 
Association and the In s titu te  of B ritish  Foundrv- 
men, in collaboration w ith a num ber of other 
technical associations, s ta rted  a F oundry  School. 
I t  had been said th a t  i t  was un fo rtu n a te  th a t  
th is should have been done so soon a fte r  the 
inaugura tion  of ano ther excellent course a t 
Sheffield U niversity , bu t he did not th in k  th a t  
the re  was any real clash between the  two. The 
course given by the  Foundry  School was a 
curta iled  one, and i t  was essentially for men 
with some previous foundry  experience.
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He would like to emphasise the  excellence 
of the tra in in g  given. H e showed th e  exam ina
tion  P apers to  the  P rin c ip a l of a large London 
technical in s titu te , and he com m ented th a t  any
one, who could answer it  well, as all those 
who had taken  the course did, would have a 
mass of very valuable knowledge.

C ontinuing, he said from  th e  re p o r t circu
la ted  it  will be seen th a t  th ere  were 13 studen ts 
for the first year, b u t now th e  second year only 
five. A lthough the  educational au tho rities , i t  is 
thought, a re  not likely to w ithdraw  th e  very 
substan tia l g ra n t which they  m ake tow ards th e  
upkeep of the School, and  i t  am ounts to  nearly  
th ree-quarters of the  to ta l, as tax p ay e rs  
foundrym en would not wish th e ir  money to  be 
spent on an object which was receiving so li t t le  
support from the  industry  which i t  was planned 
to assist.

I t  is for the members of th e  In s ti tu te  to  follow 
the P res id en t’s lead, and assist th is  cause as 
much as possible w ith  men even m ore th a n  w ith  
money, and thereby  to  assure th a t  th e  young 
men in the  industry  were given a su itab le  t r a in 
ing. I f  one firm alone was n o t able to  send a 
studen t, i t  m ight be possible to  send one from , 
say, th ree  or four. I t  m igh t even be possible 
for each B ranch to  arran g e  fo r one o r two 
students to be sent by its m em bers. H e 
sincerely hoped th a t th is  excellent p ro jec t was 
not going to  be allowed to drop from  lack of 
in te rest a fte r  the  valuable lead given by the  
P residen t.

The Conference, adjourned a t  12.15 p.m.
A p a rty  of members proceeded to  th e  S tan to n  

Ironworks, where they  were en te r ta in ed  to  lunch 
and afterw ards inspected the  works. The re
m ainder of th e  members and the  ladies lunched 
a t  the  Assembly Rooms.

D uring  the  afternoon p arties  of members par
tic ipa ted  in each of th e  following v isits : —H er
bert M orris, L im ited, L oughborough; Lough
borough College.
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H osp ita lity  was extended to  the visitors a t  
each establishm ent, and thanks were tendered to 
the  directors and staff of Messrs. H erb e rt M orris 
and to  the  P rincipal and staff of Loughborough 
College.

P a rtie s  of ladies v isited th e  following estab
lish m en ts :—Messrs. Webb & C orbett, L im ited, 
T u tbury  Glass W orks; C. H . Elkes & Sons, 
L im ited, biscuit m anufacturers, TJttoxeter; Boots 
P u re  D rug  Company, L im ited, Beeston.

On T hursday evening members and ladies were 
en te rta in ed  by the  E a s t M idlands B ranch a t  a 
social held a t  th e  Assembly Rooms, Derby. A 
concert p a rty  provided en te rta inm en t, and 
dancing was held th roughou t most of the 
evening.

D uring  an in terval in  the  proceedings, Mu. 
C. W. B ig g  (P residen t) paid  a  tr ib u te  to  the 
work of M r. B. Gale, the  Secretary of the  Con
ference. A lthough many members of the B ranch, 
he said, had contribu ted  to the  success of the 
Conference, on M r. Gale had fallen the main 
burden, and th e  members of the  E ast M idlands 
B ranch were anxious to  give to Mr. Gale some 
token of th e ir  appreciation .

P r e s e n t a t i o n  t o  Mr. Gale
M r . H . B u n t in g  (re tir in g  P residen t of the 

E as t M idlands B ranch), in  p resenting  Mr. Gale 
with a cheque on behalf of the B ranch, said 
th a t  the g if t  was in no way a paym ent for 
services, b u t a tang ib le  recognition of very 
valuable work.

M r . G a le , in  responding, was received with 
loud applause. H e briefly expressed his thanks, 
and voiced his appreciation  of the  co-operation 
he had received from the  o ther members and 
officials of the  B ranch.

E x cu rs io n  to  D e rb y sh i r e  B eau ty  S po ts
On F riday  about 100 members and ladies took 

p a r t in  an excursion th rough  the  beautiful 
scenery of D erbyshire. The p a rty  left Derby 
by motor-coaches and proceeded by way of
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Ashbourne and Longnor to  B uxton, where 
luncheon was served a t  the  Spa H otel.

A fter luncheon, M e. B ig g  (P residen t) took 
the  opportun ity  to  propose th a t  th e  sincere 
thanks of th e  members who had  a tten d ed  the 
Conference be tendered  to  th e  P res id en t and 
officers of the  E ast M idlands B ranch  for the 
wonderful a rrangem ents they  had  m ade for a 
most successful Conference.

M r. H . W in t e r t o n  (im m ediate PastxP residen t 
of the  In s titu te )  seconded the  proposal, and  as 
one of the  visitors to  D erby, spoke of th e  most 
hospitable m anner in  which th e  v isitors had  been 
received by the  M ayor and  C orporation , and  by 
members of the E ast M idlands B ranch.

M r. H . B u n t in g , responding on behalf of the  
B ranch, expressed th e  deligh t of th e  mem bers 
of the B ranch in  having th e  o p p o rtu n ity  to  
organise a  Conference and  in  e n te r ta in in g  the ir 
colleagues from  o ther d is tric ts .

In  the  afternoon  th e  p a rty  continued th e ir  to u r 
and proceeded v ia  Bakewell to  M atlock, where 
they were en te rta in ed  to  te a  a t  th e  New B ath  
H otel by the  P res id en t and  M rs. B igg.

M r. F .  J .  C ook  (PasfxPresident) expressed the 
thanks of the  mem bers to  th e  P re s id en t and  
Mrs. B igg for th e ir  h o sp ita lity ; M r. J .  C a m er o n  
(P ast-P residen t) seconded, and  also took the  
opportun ity  to  cong ra tu la te  th e  E as t M idlands 
B ranch and M r. A. E . Peace and  M r. H . L. 
Sanders on the  very excellent souvenir booklet 
which had  been issued.

M r . C. W . B ig g  (P residen t) replied.
The journey  was afterw ards resum ed, the  

p arty  a rriv ing  in D erby d u ring  th e  early 
evening.
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T HIR D E D W A R D  W I L L I A M S  LECTU RE
PH Y SIC A L  F A C TO R S IN T H E  C A S T IN G  O F  N o. 605

METALS 
By C. H. Desch, D.Sc., Ph.D., F.R.S.

M any physical properties are  involved in  the 
filling of a mould w ith  liquid m etal for the  pro
duction of a casting. These factors vary  greatly  
in  th e ir  re la tive  im portance, and i t  has some
tim es happened th a t  an exaggerated  significance 
has been a ttached  to  one or o ther of them .
L aboratories in  which m etallurgical research is 
conducted a re  often  asked to  undertake  exact 
m easurem ents of ce rta in  physical properties of 
m etals which ex e rt only a m inor influence on the 
qua lity  of a casting, m any practical foundrym en 
being under the  im pression th a t  difficulties which 
they experience are  connected w ith  th a t  p a r
ticu la r p roperty . The aim of th is lec tu re  is to  
review these factors, very briefly, and to  ind i
cate which a re  likely to  deserve most a tten tion .
I t  should hard ly  be necessary to  add th a t  the 
skill of th e  foundrym an rem ains one of th e  most 
im p o rtan t factors, and i t  is n o t susceptible of 
q u an tita tiv e  expression.

“ Flowing  P o w e r ”
The first condition of obtain ing a satisfactory 

casting  is th a t  the  m etal shall flow evenly in to  
the  mould, and  shall fill i t  completely before such 
freezing occurs as to  offer an  obstruction to  its 
fu r th e r  flow. This p roperty  has been called by 
the F rench  m etallu rg ists “  coulab ilite ,” a word 
which is slightly  clumsy, b u t fa r  less so th a n  its  
uncouth English rendering  “  castab ility .”  I  am 
glad  to  learn  th a t  i t  is no t popular amongst 
foundrym en, and th a t  we m ay be able to  avoid 
its  use. “  F lu id ity ,” which is often preferred , 
has the  disadvantage th a t  i t  has a specific 
physical m eaning, as th e  reciprocal of th e  vis
cosity, and although i t  has been proposed to 
abandon it  in  th a t  sense, its old associations
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stand  in the  way of its adoption. I piefei 
‘' flowing pow er,”  which is no t too cum brous an 
does not carry  w ith i t  any suggestion of being 
an exact physical constant. The figure used o 
express th e  flowing power will depend on the  
appara tu s employed for th e  experim ent, and on 
m any conditions of casting. I t  is th e  resu ltan  
of a num ber of physical factors which are  
capable of being expressed q u an tita tiv e ly , b u t i t  
rem ains an em pirical qu an tity . M uch has been 
done in recent years to  s tandard ise  th e  m ethods 
of determ in ing  th e  flowing power, and  reference 
should be made to  the  Second R ep o rt of th e  Steel 
C astings Com m ittee issued las t year by th e  Iro n  
and Steel In s titu te , and  especially to  the  
excellent survey of the  whole subject by D r. 
R. H . Greaves. 1

Roughly, the values obtained for th e  flowing 
power will depend on two kinds of factors, one 
set depending on th e  conditions of the  ex p e ri
m ent, including the  form , m a te ria l and  surface 
of the mould, the  casting  head, and  th e  degree 
of superheating  of th e  m eta l before pouring , 
and th e  o ther involving th e  properties of the  
m etal or alloy. This second set includes vis
cosity, surface tension, gas con ten t, fo rm ation  
of surface films, as of oxide o r n itr id e , th e  
range over which solidification tak es  place, 
change of volume du ring  solidification, and 
crystal th ru s t. There a re  o ther facto rs which 
affect the quality  of the  resu ltin g  casting , 
a lthough no t among those which govern th e  
flowing power. These include th e  con trac tion  in 
the solid s ta te ; the  s tren g th  a t tem p era tu res  
near to  the  freezing p o in t; th e  liab ility  to  
segregation; and the  tendency to  form  small o.r 
large crystal g rains, the  la s t being dependent 
in many instances on the previous h istory  of the 
m etal, th a t  is, on the  highest tem p e ra tu re  to 
which i t  was heated  before cooling to  th e  tem 
pera tu re  a t  which i t  was poured.

E x p e r im e n ta l  C o n d i t i o n s
I t  is m ainly th e  second group of conditions 

w ith which th is lecture is concerned, b u t a few
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words m ust be said about the  first group—the 
conditions of the experim ent. The flowing power 
is now most often  determ ined by casting in a 
sp iral mould, and m easuring the to ta l length of 
mould which is filled by solid m etal, the  condi
tions of casting  having been fixed beforehand. 
This device was first introduced in J a p a n ,2 hav
ing been developed from the simple wedge test 
of W est, and has been adopted by m any la te r 
workers, for cast iron, non-ferrous m etals and 
alloys, and steel.3 Sand moulds are commonly 
used, b u t iron moulds have also been employed. 
A plumbago facing gives a longer casting  than  
when unfaced sand is used, and, when the con
ditions are  such as to give a long casting, a 
dry-sand mould gives, as m ight be expected, a 
g rea te r length  th a n  one of green sand. Increas
ing the  degree of superheat na tu ra lly  increases 
the  flowing power, as the  m etal can travel 
fa r th e r  before it  has cooled to the  freezing point, 
and th is increase w ith tem pera tu re  is practically 
linear.

Viscosi ty
The first of the physical properties m entioned, 

th a t  of viscosity, has been credited w ith a fa r  
g rea te r influence on the flowing power than  i t  
actually  possesses. In  reality , the  viscosity of 
m etals is very low, the kinem atic viscosity being 
less th an  th a t  of w ater in all the  examples in 
vestigated, and as i t  changes only slightly with 
change of tem pera tu re , it  is really a negligible 
factor in casting. How, then, has the  very 
general belief arisen th a t  m etals differ widely 
in viscosity, and th a t  difficulty in flowing is 
caused by increased viscosity, which varies 
rapidly  w ith the tem pera tu re?  Probably because 
a m etal which is flowing badly often appears to 
be viscous or treacly , when the effect is actually 
due to  the  surface tension of a th in  and tough 
film, or to  the presence of much gas in th e  form 
of m inute  bubbles, producing a foam. The 
“ head ” on a glass of beer flows w ith much more 
difficulty th a n  the mass of the liquid, owing to
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surface tension in the  innum erable th in  films 
which separa te  the bubbles. Viscosity of the 
liquid m etal could only become im p o rtan t if the 
channel to be filled were a fine capillary , and 
even then  its influence would be outw eighed by 
other factors.

I t  has been urged th a t , although m etals are 
very fluid above th e ir m elting  po in t, yet in  the 
in terval between the  beginning of freezing and 
the  solidification of the last eu tec tic  or other 
fusible portion, there  is a sudden an d  even enor
mous increase in  the  viscosity. This is qu ite  con-

of a S in g l e -E u t e c t ic  f o r m in g  A l l o y .

tra ry  to  w hat is known of viscosity, and there  
is no reason to suspect any such discontinuous 
change. I t  is tru e  th a t  an experim en t to de
term ine th e  viscosity by one of the  usual 
methods is likely to be in terfe red  w ith  by the 
presence of crystals, blocking the  channel if the 
method be one of flow th rough  a capillary , or 
adhering to the surface of the  pendulum  or 
cylinder it  one of the to rsional methods be used 
b u t such un effect has no th ing  to  do w ith  true 
viscosity. The unlikelihood of any real increase 
du ring  freezing m ay be shown by very simple 
reasoning. Consider a system of alloys forming
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a single eutectic (F ig . 1). A liquid alloy o on 
cooling begins to  freeze a t  the  tem pera tu re  p, 
depositing crystals of the  m etal A. By the  tim e 
th a t  the  tem p era tu re  has fallen to  g, the  alloy 
consists of crystals of A w ith a  liquid of com
position r , b u t th is  liquid, tak en  by itself, has 
a viscosity which lies between those of the  metals 
A and B, th is  being th e  general ru le  for alloys.

The dim inished flowing power is not, then , due 
to  any increase of viscosity du ring  the  process 
of freezing (in  m etallographic term s, in the 
in te rva l betw een th e  liquidus and  the solidus) 
b u t to  some o ther cause. The most obvious is 
obstruction  of the  channel hy the  growing 
crystals, and th is is th e  real reason. I f  the 
freezing of th e  alloy were to  begin by the  form a
tion  of small crystals suspended freely in  the 
liquid, there  would be some increase in  viscosity, 
as suspended particles do h inder flow, and a 
liquid in  which more th an  a small proportion of 
particles is suspended, if tested  in  a viscometer, 
will give a h igher value th a n  th e  same liquid 
free from  solid particles. A ctually, such a p re
c ip ita tion  of free crystals as a shower is only 
known to  occur when a liquid is strongly under
cooled, w hilst in most instances the undercooling 
of m etals and alloys is lim ited to  a few degrees 
a t most.

Flow a f t e r  In i t ia l  So l id if ica t ion

I  am indebted to  my colleague, M r. V. H. 
S to tt, for po in ting  ou t th a t , in  the  experim ents 
conducted w ith  a cast iron spiral mould by 
Portev in  and B astien ,4 th e  curves showing 
the lengths of casting w ith different degrees of 
superheating  for a num ber of m etals of low m elt
ing po in t ind icate  th a t  a considerable portion 
of the  to ta l leng th  m ust be due to  flow occurring 
a f te r  solidification has begun. W hen the  in terio r 
of the  mould has been coated w ith crystals of 
solid m etal, th e  volume of liquid which traverses 
the  constricted channel in u n it tim e, being pro
portional to  the  fo u rth  power of the  radius, will 
fall off very rap id ly  as the  thickness of the  solid
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layer increases. M oreover, should th e  crystals 
formed be dendritic , pro jecting  in to  th e  in te i io r , 
they will have a g rea te r effect in re ta rd in g  the 
flow th a n  if they  were simple polyhedra. P ure  
m etals and solid solutions crystallise m ainly as 
dendrites, w hilst in term eta llic  compounds are 
more often polyhedral, and eu tectics tend  to 
form  spherulitic  masses, which probably offer the 
least resistance of all. T here is, however,
another reason, discussed la te r , why eutectics 
give longer castings th a n  alloys differing from  
them  somewhat in  composition, which is of even 
g rea te r im portance.

V iscosi ty  M e a s u r e m e n ts
There a re  two m ain methods of m easuring  the  

viscosity of a liquid m e ta l: by allowing i t  to 
flow under a constan t head th rough  a capillary  
tube, and by using some form  of to rsional pen
dulum . The first can only be applied to  m etals 
of fairly  low m elting  po in t, th e  cap illary  being 
of glass or silica. M any m easurem ents of th is  
k ind have been made. In  the  second, which may 
be used even up  to very h igh  tem p era tu res , a 
disc or cylinder is suspended in  th e  m olten 
m etal, and on se tting  i t  in to  to rsional oscilla
tion , the  dam ping in successive swings is 
m easured, the “  logarithm ic decrem ent ” being 
a measure of the  viscosity. U sing a  horizontal 
disc of fired alum ina, suspended by a  phosphor- 
bronze wire, the  viscosity of m olten t in  was de
term ined a t the  N ational Physical L abora to ry  
over a range of tem p era tu re  from  240 to  800 
deg. C .5 No discontinuity  in  th e  viscosity curve 
could be found a few degrees above th e  m elting  
point. In  the ap p ara tu s used a t  Aachen for 
cast iron ,“ suspended cylinders were used as 
pendulums, and the viscosity curves showed an 
ab ru p t change of direction, corresponding w ith 
the deposition of the first crystals. The vis
cosity was dim inished by increasing the  carbon 
or the phosphorus, b u t increased by sulphur, 
probably on account of the separa tion  of sul
phide particles.
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In  a modification of the  pendulum  method, 
two concentric cylinders are used, one of which 
is s ta tionary , while th e  o ther can be ro ta ted , 
and the  liquid occupies the  annu la r space be
tween the two. This method has been much 
used in  th e  scientific study  of steady and tu r 
bulen t flow in  liquids . 7 I t  presents practical 
difficulties when applied to  m etals, b u t such an 
a rrangem ent has been used in the  study of cast 
iron, w ith results sim ilar to those obtained with 
the solid pendulum . Grey and  white cast iron 
were found to  behave very similarly.

T a ble  I.—Surface Tension of Some Common Metals.

Metal. Temp.,
deg. C.

Surface 
tension, 

dynes per 
cm.

Antimony 640 350
Bismuth 269 378
Lead 327 452
Mercury 20 465
T i n ...................................... 232 526
Cadmium 320 630
Zinc 419 758
Silver 998 923
Copper 1,131 1,103
Gold .......................... 1,120 1,128
Iron (2.2 per cent. C) 1,420 1,500
Iron (3.9 per cent. C) 1,300 1,150

The temperatures from antimony to zinc are the melting 
points, and the measurements were made at a slightly 
higher temperature ; for the remaining metals the tempera
ture of the experiment is given.

The conclusion is th a t  the  viscosity of metals 
plays only a m inor p a r t in  th e ir  casting be
haviour, and th a t  th e  effects which have been 
a ttr ib u te d  to viscosity are m ainly due to other 
causes. I t  does no t seem- necessary, therefore, 
to undertake difficult and refined laboratory 
m easurem ents of th is p roperty  on behalf of the 
foundry industry , although determ inations are 
needed fo r ce rta in  theoretical purposes.

Surface  T en s io n
The surface tension of a m etal or alloy is 

ano ther physical property  which may affect the
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casting quality . M olten m etals do no t w et the ir 
moulds, unless in such exceptional cases as mei- 
cury or molten tin  in a mould of tinned  coppei, 
which may be neglected. In  a narrow  channel, 
therefore, there  is a resistance to  th e  flow of the 
m etal owing to  its surface tension, bu t th is  effect 
becomes less m arked  as th e  d iam eter of th e  pas
sage is increased. A ctually, the  am oun t of the  
resistance so produced is small in m ost castings, 
provided th a t  the  m etal has a clean surface, a 
condition which is no t always fulfilled, as m en
tioned below. As a rough ind ication , values 
given in Table I  may be taken  for the  surface 
tensions of some of the  common m etals, a t  tem 
peratu res no t much above th e ir  m elting  po in ts .'

M etals of high m elting  po in t th u s  have a 
higher surface tension th a n  th e  easily fusible 
metals. F rom  the figures for th e  two alloys 
of iron and carbon, i t  appears th a t  steel has a 
higher surface tension th a n  cast iron , and  pure 
iron would probably give a still h igher figure. 
The surface tension of w ate r a t  20 deg. C. is 
only 81, so th a t  th e  values fo r th e  m etals are  
relatively high.

The surface tension dim inishes as a ru le  w ith 
increasing tem pera tu re , b u t cadm ium  and  copper 
are  anomalous in  th is  respect, th e  valuo increas- 
ing up to  a m axim um  and  fa lling  ag a in  as the  
tem pera tu re  is still fu r th e r  raised.

There is a t p resen t no sa tisfac to ry  m eans of 
determ in ing  the surface tension of a solid. I t  
seems likely, however, th a t  th e  m etals will 
a rrange  them selves in  about th e  sam e re la tive  
order in the  solid s ta te  as in the  liquid , and  th is  
supposition accords w ith certa in  in te re stin g  
fea tu res of th e ir  crystallisation , which have an 
ind irect bearing on casting  conditions. U nder 
the influence of surface tension, a  body tends to 
assume the  form  which gives i t  th e  sm allest pos
sible surface, so th a t  an  isolated drop of a liquid 
becomes spherical. This is tru e  of solids as well 
as liquids, b u t the  effect is only perceptible at 
tem pera tu res n ear to  th e  m elting  point. An 
exam ination  of m icrosections of alloys contain ing  
prim ary  crystals embedded in  a  eu tec tic  will
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show th a t  m etals w ith  a' h igh surface tension, 
such as copper, form  crystals w ith  much rounded 
outlines, w hilst when th e  m etal has a low surface 
tension, such as antim ony, i t  form s dendrites 
w ith sharp  angles. Gold gives highly rounded 
forms, and even below th e  m elting  point, sharp
angled crystals of gold, prepared by etching, 
become rounded if hea ted .5 W hen th e  first shell 
of crystals form s a t  th e  surface between the 
m etal and th e  mould, i t  will m ake a difference to 
the  flow w hether th e  crystals so produced are 
an g u la r or rounded, as th e  rounded forms may be 
expected to  offer less resistance, although it 
cannot be said th a t  th e re  is any definite evidence 
on th is  point. Some experim ents would be worth 
m aking. Surface tension also determ ines to a 
g re a t ex ten t th e  forms of the  crystal grains in a 
easting , and th e  liab ility  of some alloys to 
in tercrystalline frac tu re  is connected with 
changes in  the  surface tension a t  th e  g ra in  boun
daries, th e  causes of which are  now the object of 
study  a t  the  N ational Physical Laboratory.

S e a rc h in g  P o w e r
The effect of surface tension in  determ ining 

the “  searching pow er,” or degree of penetration 
of th e  m olten m etal in to  th e  sand of the  mould, 
has been very fully dealt w ith by P ro f. Portevin  
and D r. B astien  in  th e ir  P ap er con tribu ted  to 
th is In s ti tu te  la s t y ea r .10 The condition here is 
one of pene tra tion  in to  very narrow  capillary 
spaces, and the  presence of surface films, dis
cussed below, assumes g re a t im portance.

I f  gases a re  being continually  evolved from a 
m etal du ring  casting , its flowing properties may 
be influenced in  more th a n  one way. A lively 
evolution of small bubbles, causing an  effer
vescence, as in  casting  a' c e rta in  class of steel, 
m ay appear to  m ake th e  m etal more fluid, bu t 
the  effect is probably only apparen t, and  in  a 
narrow  channel th ere  will certa in ly  be an  in 
creased resistance to flow. One difficulty in 
applying d a ta  as to  surface tension to  th e  case 
of a  m etal flowing in  a channel arises from  the 
fac t th a t  th e  m etal is o ften  n o t in  ac tua l con
ta c t  w ith  the mould, b u t is separated  from it
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by a th in  layer of gas, e ith e r issuing from the 
metal or arising  from the  m ateria l of th e  mould. 
The “  in terfac ia l tension ” between m etal and 
solid is then  a ltered , perhaps considerably. 
E xperim ents by Schum acher ind ica te  th a t  if glass 
could be completely freed from  its adhering  layer 
of gas, i t  would he w etted  by m ercury . 11

Surface  Film Effects
A surface film of a foreign substance affects 

the flowing power fa r  more th a n  any possible 
varia tion  in the tru e  viscosity o r in th e  surface 
tension. A lum inium  provides a s tr ik in g  exam ple. 
On exposure to a ir, alum inium  form s im m ediately 
a th in  layer of the  oxide, alum ina. This film is 
very tenacious. In  the  P ap e r con tribu ted  to  th is  
In s titu te  las t year by P ro f. P o rtev in  an d  D r. 
B astien , 10 determ inations of th e  a p p a re n t su r
face tension of oxidised and  clean a lum inium  
were described, th e  effect of th e  oxide film 
being to  increase th e  value to  nearly  th ree  tim es. 
This re su lt is probably too low, as i t  is difficult 
to obtain  a surface of m olten alum inium  which 
is no t covered by a very th in  film o f oxide. T h a t 
film has such s tren g th  th a t  i t  is possible to  m elt 
a  long, freely suspended loop of a lum in ium  w ire 
by passing an  electric c u rre n t th ro u g h  it ,  w ith 
out ru p tu re , the  skin being strong  enough to  
re ta in  th e  w eight of th e  m olten m eta l. U sing 
th is m ethod quan tita tive ly , P o rtev in  and  B astien  
were able to show th a t  the  oxide skin had  a  te n 
sile stren g th  of 2 kg. per sq. mm. (1 . 3  tons per 
sq. in .). A lum inium  and m agnesium  can form  
skins of n itrid e  as well as of oxide.

A short lead w ire could be heated  in  th e  same 
way, e ither by passing an electric c u rren t or by 
enclosing in a heated tube, to above its  m elt
ing poin t w ithout frac tu re  if in a ir , being sus
ta ined  by its oxide coating, b u t in n itrogen  it 
broke directly  the m elting  po in t was ¡reached. 12

This p roperty  of alum inium  also affects alloys 
in which i t  is present. The difficulty of casting 
alum inium  bronze (the copper alloy containing 
8 to 10  per cent, of alum inium ) is caused by the 
form ation  of such a tough skin, which hinders
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pouring ana , by becoming broken into frag 
m ents, is en tang led  in the m etal, m aking a d irty  
casting. Brass forms a much less tenacious film 
during  pouring, and the zinc oxide which is pro
duced breaks up very readily , again  causing 
defects. A brass contain ing alum inium  forms a 
skin of the tough k ind, so th a t  a surface of 
such an alloy in  the  crucible shows little  evapora
tion  of zinc unless i t  be stirred , when the  pro
tective film is broken, and a puff of vapour 
escapes.

W hen the oxide is soluble in the molten m etal, 
no film is form ed, so th a t  copper, iron and  nickel 
pour in a clean stream , although they may con
ta in  solid m a tte r  in  suspension. Moreover, if 
two of the constituen ts of the  alloy can form a 
m ix tu re  of oxides w ith  a lower m elting point 
th an  th a t  of the alloy itself, th e  surface film 
will be liquid instead of solid. This, of course, 
is the case when a flux or a deoxidiser, such as 
phosphorus, has been added which reduces the 
m elting point of the  oxide m ix ture  sufficiently. 
The conditions of oxidation of some of the metals 
have been the  object of study a t the N ational 
Physical L aboratory . The film formed on molten 
tin , for example, may be e ith e r smooth and com
pact, or bulky and corrugated , the bulky form 
allowing oxidation to go on rapidly, whilst the 
o ther is p ro tective . 13 I t  was found th a t the 
difference corresponded w ith a difference in the 
arrangem ent of the m inute crystals of the  oxide, 
the loose film having the crystals arranged  a t 
random , w hilst the compact skin had a definite 
“  preferred  o rien ta tio n .”  This difference, which 
assumes g re a t im portance in  connection with 
the oxide films on solid m etals, deserves fu r th e r 
study in the case of molten m etals. The o rien ta 
tion  was determ ined by the  method of electron 
diffraction.

M agnesium  is another m etal which forms a 
troublesome oxide skin, which m ust be removed 
by a suitable flux if clean castings are to be 
obtained. According to D r. Greaves, an over- 
oxidised steel which has been killed w ith alumi-
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nium  is also liable to be contam inated  by frag 
m ents of an alum ina skin which become de
tached from the surface and en tang led  in the 
stream . I t  is known th a t  some of th e  other de- 
oxidisers used in  the  w ar as substitu tes for m an
ganese gave trouble from  th is cause. Such sus
pended particles n o t only in te rfe re  w ith th e  free 
flow, bu t give rise to inclusions in  the  solid 
m etal, in ju rin g  its quality .

F re e z in g  R ange
A pure m etal freezes a t  a co nstan t tem p era

tu re , bu t in  most alloys th e  process ex tends 
over a range, and the ex ten t of th is  range is of 
im portance in determ in ing  th e  flowing power. 
E utectic alloys, and such as occupy a m inim um  
on the freezing-point curve, as in  th e  alloys of 
copper and gold, freeze a t  a constan t tem p era 
tu re , like pure m etals. G uille t and  P o rte v in 11 
showed th a t  in the alloys of t in  w ith  lead and 
w ith b ism uth  the  curves showing th e  v a ria tio n  
of flowing power w ith  com position had  m axim a 
a t the  eu tectic compositions, w hilst th e re  was no 
such indication  in  th e  curves of viscosity, o r of 
its reciprocal, fluidity  in  th e  scientific sense. 
P ortev in  and B astien 15 concluded, from  a study  
of a num ber of alloys of low m elting  po in t, th a t  
the  flowing power varies (in any one system  of 
alloys) inversely as th e  solidification in te rv a l, and 
is th u s  g rea test for pu re  m etals and  eutec tics. 
This has been confirmed by o ther w orkers. The 
s ta tem en t th a t  “  I t  has been assumed in  th e  p as t 
th a t  th e  position of th e  liquidus on th e  tem 
p era tu re  axis for any p a rticu la r alloy gives th e  
po in t where th a t  alloy possesses zero flu id ity , ” 16 
is clearly incorrect, as m any investigato rs have 
shown th a t  flow takes place below th a t  tem pera
tu re , and the  results of P ro f. A ndrew ’s experi
m ents confirm th e ir  conclusions as to  the 
influence of the tem pera tu re  range of solidifica
tion. The very small num ber of points used in 
the  construction of th e  curves in  th e  Paper 
referred  to do n o t ju s tify  th e  deductions as to 
the  effect of the peratectic tran sfo rm ation  in the 
alloys of iron and carbon.



T e r n a r y  Alloys

E xperim ents have been extended to  ternary  
alloys, 17 and i t  is found, as m igh t have been 
expected, th a t  a te rn a ry  eu tectic, which freezes 
a t  a constan t tem pera tu re , has the  g rea test flow
ing power of all th e  alloys included in the  system. 
Once more the  flowing power is (roughly) in
versely proportional to  the  range of tem pera tu re  
over which solidification takes place. The con
clusions are in accord w ith th e  observed behaviour 
of phosphoric cast iro n , 18 which is well known to 
be more fluid th an  a sim ilar iron contain ing  less 
phosphorus.

The reason is to  be found in the separation  of 
the  p rim ary  crystals, which form a  shell, 
obstructing  the flow. As m entioned above, the 
h ab it of the  crystals affects th e  resistance which 
they  offer, and alloys w ith a long freezing range 
mostly deposit p rim ary crystals of the dendritic  
type. The effect is com plicated by the  existence 
of crysta l th ru s t, referred  to  la ter.

V o lu m e  C h an g e  on So lid if icat ion

The methods of determ ining the to ta l shrink
age of alloys used for castings are well known, 
and i t  is n o t proposed to review them  here. I t  
is, however, of im portance to  know the  actual 
change of volume during  th e  process of freezing, 
and th is subject falls n ex t to be considered. 
Several methods have been employed. The 
sim plest is th a t  of the d ila tom eter used in 
m easuring the coefficients of expansion of liquids, 
a rig id  vessel having a neck in which th e  level 
of the  liquid can be read. F or the  exam ination 
of th e  freezing range, special care has to be 
taken  th a t solidification takes place regularly 
from the  bottom  upw ards. This method was used 
for m etals by m ost of the  older w orkers.1'  Cor
rections have to  be made for the change of 
volume of the  mould w ith tem pera tu re , and any 
in te rn a l cavities cause errors. A lum inium  and 
some of its alloys were exam ined in  th is way, 
using electrical contacts to  determ ine the  level of 
the  m etal in  th e  refrac to ry  vessel.20 A second
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method consists in suspending th e  m etal in a 
crucible from one arm  of a  balance, the  c ru c ib le  
being immersed in a bath  of a liquid of know n 
density  and coefficient of expansion, and  m easui- 
ing the  displacem ent over a range of tem pera
tu r e .21 This m ethod, although i t  will give the 
to ta l volume change sa tisfactorily , as shown by 
th e  results of Sauerw ald ,22 suffers from  the  
defect th a t  th e re  is a  g re a t lag of tem p era tu re  
between the  bath  and the m etal, and therm al 
equilibrium  is p ractically  impossible of a t ta in 
m ent. Thus, in  one series of experim ents, the  
sudden change of volume of an tim ony on freezing 
was r  ecorded as 560 deg. C., whilst, th e  freezing 
po in t of antim ony is 631 deg. U sing a balance 
in th is way, i t  is n o t possible to  use a s t ir r e r  to  
obtain  equilibrium , and  unknow n tem p e ra tu re  
grad ien ts ex is t in th e  system.

M echan ism  o f  F re e z in g
In  order to obtain  a  more com plete p ic tu re  of 

the  process of freezing, experim ents w ere u n d e r
taken  in the  w rite r’s labora to ry  du rin g  his 
tenure of the cha ir a t  Sheffield U n iversity , to 
ensure th a t  readings of volum e were only m ade 
under conditions of therm al equilibrium . I t  was 
decided to  use a d ifferen tia l m ethod, and  an 
ap p ara tu s  was constructed23 an d  a fte rw ard s im
proved and used for an extensive series of 
m easurem ents of m etals and  alloys up  to  450 
deg. C .21 The ap p ara tu s consists essen tia lly  of 
two sim ilar bulbs of glass o r silica, im m ersed 
side by side in a s tirred  b a th  of oil o r fused salts 
so th a t  they  can be b rough t accura te ly  to  the  
same tem pera tu re , and com m unicating w ith a 
differential m anom eter. One of th e  bulbs con
ta in s a known q u an tity  of the  m etal, th e  space 
above i t  being filled w ith  n itrogen , w hilst the 
other contains only n itrogen . The differences of 
expansion or contraction  recorded by th e  m ano
m eter then  correspond w ith  th e  changes of 
volume of th e  m etal. M any p recau tions are 
necessary to  elim inate sources of e rro r. To en
sure clean specimens, i t  was found essential to 
m elt the  m etal beforehand in a high-frequency



induction fu rnace in  a  good vacuum , and while 
in th a t  s ta te  to  filter i t  th rough  a  fine capillary 
in o rder to  remove any skin of oxide. R eadings 
may be tak en  as slowly as is desired, th e  system 
being b rought to  a  steady tem p era tu re  before 
each ad ju s tm en t of the  m anom eter, so th a t  
therm al lag d isappears completely. A few of the 
results obtained by Goodrich are  shown in  F ig . 2.

The advantage of th is  method is th a t  i t  is 
possible to  m easure accurately  the  change of 
volume on freezing, d istinguishing th a t  p a rt 
which corresponds w ith the  separation  of 
p rim ary  crystals from  th a t  due to  the  eutectic.
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F i g . 2 .— S p e c if ic  V o l u m e / T em pe r a t u r e  
C u r v e s  o f  L e a d / T in  A ll o y s .

The only appreciable erro r may arise from  the 
production of small in tercrystalline cavities 
owing to  a p a r t of the  final contraction  occurring 
a f te r  the  mass of the  crystals has become rigid, 
thus m aking the  ap p a ren t contraction  slightly 
too small, b u t the  effect of th is  was found to  be 
only slight.

In  experim ents involving a g re a t lag of tem 
pera tu re , as when an  alloy is suspended in  a 
liquid w ithout s tirr in g , the  m easurem ents ind i
cate a range of tem p era tu re  of as much as 20 
degrees over which the  freezing of a pure metal 
occurs, th e  curves of expansion or contraction 
in the liquid and solid s ta te  being draw n, with
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an in term ed ia te  b ranch rep resen ting  th e  freez
ing. W ith  the  method employed by Goodrich, 
readings in the  solid and in the  liquid  s ta te  could 
be brough t to  only 0.2 degree C a p a rt , and the 
tem perature-volum e curves of an alloy could be 
draw n w ith an accuracy equal to  th a t  of a th e r
mal analysis, w ith the added advan tage  th a t  as 
much tim e as was required  to  ensure equilibrium  
could always be allowed. The process is, how
ever, tedious, as the  tak in g  of a complete curve 
occupies several days. P o in ts wrere determ ined 
both w ith increasing and w ith  fa lling  tem p era
tu re , and in  irreg u la r order, so as to  e lim inate  
any d rif t. The process of freezing proved to  be 
qu an tita tiv e ly  reversible.

Difficulties w i th  E le v a te d  T e m p e r a t u r e s
There is no reason why th is  m ethod should not 

be extended to  h igher tem p era tu res , u sing  silica 
or porcelain vessels. A special problem  presents 
itself in the  case, so im p o rtan t fo r th e  foundry- 
man, of cast iron and steel. G astigh t vessels 
for such high tem p era tu res  a re  n o t easy to  con
struc t, and so fa r  th e  d ila tom eter m ethod has 
not been used to  determ ine the  change of volume 
of these m etals on solidification. The m easure
m ent of the  contraction  in th e  liqu id  sta te , 
however, is no t so difficult. U sing a m olybdenum 
resistance furnace, and  de te rm in ing  th e  level of 
the  liquid surface by observing th e  reflection  of 
a molybdenum w ire lowered to  m ake contac t 
w ith i t  by a m icrom eter, i t  was found  possible 
to  m ake satisfactory  m easurem ents of th e  density 
of pu re  iron  above its  m elting  p o in t .25 Since 
the expansion of iron  up to  a tem p e ra tu re  ju s t 
below th e  m elting po in t has been determ ined 
accurately by X -ray  m easurem ents of th e  la ttice  
param eter ,25 th e  change of volume on freezing 
can be calculated. V alues are  given in  Table I I .  
The density  m ethod ju s t described also appeared 
to succeed w ith w hite cast iron, b u t as th e  results 
differed considerably from  those ob tained  by 
other methods they  are to  be tre a te d  w ith re
serve, the  rem oval of carbon d u rin g  the 
experim ent by the  reducing atm osphere (hydro
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gen +  nitrogen) which has to  be used, in tro 
ducing an erro r.

In  ano ther m ethod, also used for iron and 
steel,27 th e  m olten m etal is enclosed in a U-tube 
of refrac to ry  m ateria l, enclosed in  a furnace a t

T a ble II .—Volume. Changes on Freezing.

Metal or alloy.

Percentage 
change of 
volume on 
freezing.

(— indicates 
contraction, 

+  expansion.)

Author.

Tin .......................... -  2.97 Goodrich.
Lead -  3.85
Bismuth +  3.47
Zinc -  4.48
95 per cent. Sn +  5 per

cent. Sb -  2.81
85 per cent. Sn +  15

per cent. Sb.. -  1.91 It
50 per cent. Sn +  50

per cent. Pb -  2.30 it
87 per cent. Pb -f- 13

per cent. Sb.. -  2.15 it

Aluminium -  6.7 Stott.
87.4 per cent. A1 -f-

12.6 per cent. Si . . -  3.5
Y-alloy -  4.8 it

Iron -  2.86 ( M e a n  of
several.)

Iron -  2.4 Ericson.
Grey cast iron +  1 .2 ,,
White cast iron -  3.6 Honda and

Endo.
Copper -  4.0 Bornemann

and Sauer-
wald.

Silver -  4-7 Endo.
G o l d .......................... -  4-9 11

constan t tem pera tu re , w hilst a sim ilar U -tube  
contain ing  m ercury is kep t a t atm ospheric tem 
pera tu re . By applying gas pressure to  one limb 
of each U -tube, differences of level can he p ro 
duced, and a m easurem ent of these gives the
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ratios of the density  of the  m olten iron and 
mercury. This method has the  advan tage  of 
being independent of the  coefficient of expansion 
of the tubes, b u t is difficult on account of the 
lack of refractory  m ateria ls which are  im per
vious to gases a t  such high tem pera tu res.

Simplified Tests
M easurem ents have heen made also using very 

simple m eans.28 I f  a mass of m etal, preferably  
spherical, be cooled quickly from  th e  m elting 
point, in such a way th a t  a un iform  solid crust 
is formed, the contraction  d u ring  freezing will 
produce a hollow in the  in te rio r. In  th e  subse
quen t cooling, the con traction  of th e  hollow 
mass will be th e  same as if  i t  were solid, and 
by determ in ing  the  volume of th e  cav ity  when 
cold, the  percentage con traction  on freezing may 
be calculated. I t  has to  be assumed th a t  the  
mass re ta ins its  spherical shape, and th e re  is 
usually some d isto rtion . This is allowed fo r by 
m easuring any obvious depression in th e  surface, 
bu t such a correction is no t alw ays easy, and  
the  existence of d is to rtion  is responsible fo r the  
ra th e r e rra tic  resu lts  obtained. The m ethod 
was, however, applied to  iron , w ith  specimens 
varying from the  small shot produced by a free 
fall to  masses of 200 gram s. I t  was used by 
the same experim enter in  a study  of g rey  iron, 
and the results indicated  th a t  th e  expansion 
which all foundrym en know to  occur takes place 
du ring  freezing and not, as has sometimes been 
supposed, a fte r  solidification is complete, by a 
reaction in  the  solid sta te . In s tead  of a cavity  
in th is instance, a drop of m olten m eta l was 
formed, and  was ex truded  d u ring  freezing, 
appearing  on the  surface.

This expansion is, of course, caused by the 
form ation of g raph ite , which has a much larger 
specific volume th a n  e ith e r the  solution from 
which i t  is derived, or the  carbide which takes 
its place in a w hite iron. This is a m etal which 
would give very in te resting  results if i t  could be
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studied  over a wide range of tem pera tu re  in a 
d ila tom eter of the  k ind described above. The 
experim ental difficulties would be considerable, 
b u t the  work m igh t be justified on account of 
its  im portance to  th e  foundry industry .

A few of the most tru stw orthy  results are 
shown in Table I I .  The only pure m etals which 
expand on freezing are bism uth, antim ony and 
gallium , and th is  exceptional property  affects 
th e ir  alloys, neu tra lising  the contraction due to 
the  o ther m etal, to  an ex ten t depending on the 
composition. S to tt has shown how the  contrac
tion  of an alloy m ay be calculated w ith fa ir  
accuracy from  a knowledge of the behaviour of 
its com ponent m etals, rem em bering th a t  the 
varia tion  of specific volume w ith composition is 
not fa r  from linear, both in the liquid and in 
the  solid states.

Crysta l Thrust
A fac to r which is commonly ignored is th a t  of 

the  th ru s t which m ay be exerted  by growing 
crystals. An ap p aren t expansion during  solidi
fication is sometimes observed when determ ina
tions of density  show th a t  th e  volume has ac tu 
ally dim inished. The w riter has sum marised the 
history of the  subject on an earlie r occasion.3’ 
I t  will be enough to  m ention one fam iliar 
example. W hen plaster of paris is mixed w ith 
w ater in  a test-tube, the  mass seems to expand 
during  se tting , and the glass will burst. The 
volume a f te r  se tting  is, however, less th an  th a t  
of the  original plaster plus th a t  of the  w ater. 
The effect is due to  the  crystals pushing against 
one another, and increasing the  apparen t 
volume, the  resu lting  mass being porous. In  the 
same way, w ith  the  modification of K eep’s con
trac tio n  ap p ara tu s  employed by P rof. T urner, in 
which th e  m etal is cast in a sand mould in  the 
form of a T-shaped bar, one end of which is held 
by a fixed pin, w hilst the  o ther is a ttached  to 
an extensom eter, an expansion is often  observed 
d uring  se ttin g .30 This expansion increases as 
the  freezing range becomes g rea ter, th is resu lt



naving been confirmed for a num ber of copper 
alloys, especially those w ith  zinc. D eterm ina
tions of density  show th a t  th e  alloys have really 
contracted  d u ring  freezing, and th a t  the 
ap p aren t increase of volume is represented  by a 
considerable porosity, d is tribu ted  th roughou t the 
cast bar. A p a r t of th is  m ay be accounted for 
by the liberation  of dissolved gases du rin g  freez
ing, b u t th a t  th is  is n o t essential is shown by 
th e  exam ple of th e  se tting  of p laster, m entioned 
above. The grow th of a mass of crystals, if of 
dendritic  form, may, and often  does, lead  to  an 
outw ard push, the crystals seem ing to  repel one 
another as the  liquid betw een them  freezes. The 
resu lt is th a t  an  o u te r shell is form ed, and  th e  
con traction  of the  liquid m etal con tained  in  i t ,  
as i t  freezes in  its  tu rn , leaves sm all cavities, 
which may be so d is trib u ted  th a t  th e  casting  
appears solid unless exam ined u n d er th e  m icro
scope.

The addition  of zinc to  tin -base bearing  m etals 
was found to  cause in te rn a l porosity, an d  th is 
was a ttr ib u te d 31 to  expansion of th e  zinc du rin g  
solidification, followed by con trac tion  of the  
eutectic enclosed in  it. Z inc does n o t expand , 
and the effect is due to  th ru s t. Type-m etals 
which behave in  th is way give sharp  im pressions 
of the  mould, and i t  was long believed th a t  they , 
like bism uth and some of its  alloys, ac tu a lly  ex
panded, b u t determ inations of the  density  prove 
th a t  th is  is n o t so. A ntim ony, when p resen t to 
the  ex ten t of 10  per cen t., reduces th e  con trac
tion  to  a very small am ount. As th e  effect 
appears in the  outerm ost shell of crystals, i t  is 
chiefly found in  the narrow  portions of a cast
ing, and  becomes negligible where th e  section is 
large. F o r th e  purposes of th e  foundrym an 
th is ap p aren t expansion is th e  sam e as a tru e  
expansion in castings of small section, b u t i t  
has the  effect of m aking the  shrinkage allow
ance depend on th e  size. T rue expansion during 
solidification, as m entioned above, is exceptional 
in  alloys. Q u an tita tiv e  m easurem ents of crystal 
th ru s t have only been made w ith  non-m etallic



substances, and from  the  n a tu re  of th e  cast the 
property  could no t be expressed by a simple 
constan t.

Latent  Heat and Therm al Conductivity
There are , of course, o ther physical factors 

which en te r in to  th e  process of flow and  soli
dification. Such are the  la te n t h ea t and the 
therm al conductiv ity . More accurate  values of 
the la te n t hea t of fusion (or solidification) of 
metals a re  needed, only a few of the  pure m etals 
having been sa tisfactorily  studied. M easure
m ents of th is  p roperty  are in progress a t  the 
N ational Physical L aboratory , as are  de ter
m inations of the therm al conductivity  of metals 
and alloys in  the  solid s ta te . In  the
liquid s ta te  th is  p roperty  is of less im
portance, as convection, or tu rb u len t flow, 
brings about a quicker exchange of heat
th a n  conduction can  do, b u t in  steady or
stream line flow i t  will have an effect, and for 
th is reason some accurate  determ inations are de
sirable. The property  would in all likelihood 
vary  in  a  simple fashion over a range of alloys, 
so th a t  i t  would only be necessary to  make a 
few selected determ inations.

Segregation
N oth ing  has been said as to  th e  effects of 

segregation , b u t reference may be made to  a 
very fu ll review of th e  n a tu re  of inverse segre
gation , th e  form  which prevails in  m ost of the  
alloys used by th e  foundrym an .32 I t  is n a tu ra lly  
one of th e  factors which determ ine the  
quality  of th e  resu lting  casting , b u t i t  is 
of a  ra th e r  d ifferen t charac te r from  the  
purely physical properties considered above. 
M ention should, however, be m ade of a possible 
effect of th e  degree of superheating  to  which the 
m etal has been subjected before pouring . W hen 
beating  has been carried  fa r , and  th e  m etal is 
allowred to  cool before casting , certa in  properties 
appear to  depend on th e  m axim um  tem pera tu re  
which has been reached, th e  previous history  of
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the  liquid leaving an im press on its  properties. 
This is p articu la rly  tru e  of th e  g ra in  size. I t  is 
often found th a t  a  la rger g ra in  size is obtained 
when the  m axim um  tem p era tu re  reached has 
been high th a n  when i t  has been low, although 
the ac tua l degree of su p erh ea t a t  th e  m om ent of 
pouring is the  same. This m ay be explained in 
more th an  one way. I t  depends sometimes on the  
more complete elim ination  of suspended films, as 
of alum inium  oxide, which h inder th e  grow th of 
large grains, b u t i t  is no t c e rta in  th a t  th is  is 
the  only cauSei There is good reason to  suppose 
th a t  the  regu lar a rran g em en t of the  atom s in a 
crystal is not completely broken down when the  
m etal melts, b u t th a t  aggregates of atom s, like 
extrem ely m inute  crystals, rem ain . On cooling, 
these form the nuclei from  which crystals may 
grow. W ith  increasing tem p era tu re , these agg re
gates tend  to  break  up, so th a t  a strongly  super
heated liquid would con ta in  less nuclei, and 
would consequently give la rg er g rains. There 
are indications, especially in th e  case of bis
m uth, which has received m ost a tte n tio n , th a t  
th is actually  occurs. I t  is an  im p o rta n t question , 
which calls for fu r th e r  study.

A b e tte r  knowledge of th e  physical factors 
which affect casting  properties is of th e  g rea te s t 
im portance, and an  a tte m p t has been m ade in 
th is lecture to ind icate  which of them  deserve 
a tten tion , and which m ay be neglected fo r p rac
tica l purposes. The w rite r acknowledges freely, 
however, th a t  the  acquired skill of the  p rac tica l 
founder is som ething which, w hilst no t sub jec t to  
q u an tita tiv e  expression, stands high in th e  ran k  
of the factors controlling the quality  of th e  c a s t
ing, and it  would no t be r ig h t to  conclude w ith 
ou t a tr ib u te  to the  value of such an  In s ti tu te  
as th is, in which the men who have such know
ledge and skill can m eet to  com pare th e ir  
experience, and so to add to  th e  progress of th is 
ancien t c ra f t, now based on a scientific study  of 
metals.
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PA PER S  P RE S EN T E D  A T  
THE D E R B Y  C O N F E R E N C E

Paper No. 60« R E C O M M E N D A T I O N S  C O N C E R N I N G  T H E  
E S T A B L I S H M E N T  O F  C O S T S  IN A GREY 
I RON F O U N D R Y

By t h e  C o s t i n g  S u b - C o m m i t t e e  
o f  t h e  T e c hn i c a l  C o m m i t t e e

C o n s t i t u t i o n  o f  t h e  S u b - C o m m i t t e e

Following a  recom m endation of the  Technical 
Comm ittee, th e  princip le of th e  fo rm ation  of th e  
C osting Sub-Com m ittee was adopted  as a resu lt 
of a resolution of G eneral Council a t  th e  m eet
ing held in B irm ingham  in October, 1932. The 
Sub-Comm ittee was form ed in  th e  year 1933, and  
m et in itia lly  on J a n u a ry  13, 1934. The c o n stitu 
tion  of the  Sub-Com m ittee is as follows : —

M r. C. W. Bigg, Q ualcast, L im ited .
M r. F . O. Blackwell, The D avis Gas Stove 

Company, L im ited .
M r. C. C. Booth, Booth <fc Brookes, L im ited .
M r. V. D elport (convener), P en to n  Pub lish ing  

Company, L im ited.
Mr. W. A. Hodson, Ley]and M otors, L im ited .
Mr. H . J ,  Roe, B irm ingham .
M r. A. Young, B ritish  B a th  Com pany. 

L im ited.
SUM M ARY

A costing system is th e  only m eans of know ing 
w hether costs are recovered in  th e  selling price ; 
of m easuring any profit or loss m ade fo r a given 
ra te  of p roduction ; and  of know ing w hat re 
sources m ay become available o u t of income for 
fu r th e r  developm ent.

I t  is necessary th a t  the costing system  should 
be based on s tan d a rd  princip les in  o rder th a t  
costs may he established on a com parable basis 
for th e  whole industry .

F undam ental Principles.— (A) E ach  job should 
be charged w ith its  full costs, includ ing  its



proper share of overheads; (B) the  undertak ing  
should be divided in to  a num ber of departm ents, 
in each of which th e  various grades of m etal, 
types of castings, etc., should be classified; (C) 
all inventories and records should be kept 
methodically and correctly.

D iv ision s of the Sy stem .—There are four m ain 
divisions: (1 ) m elting ; (2) m oulding; (3 ) core 
shop, and (4) cleaning and fe ttling , together 
w ith the  following aux iliary  d e p a rtm e n ts : p a t
te rn  shop; m ain tenance dep artm en t; heat, ligh t 
and  pow er; despatch departm en t, etc.

D iv ision s of C osts.—The costs are divided into 
two chief groups : —

(1) D irect costs are  those item s which can be 
charged specifically aga in s t a job, and include:-—
(a) M e ta l, which is charged a t  the  ac tua l cost 
of th e  m etal going in to  good castings delivered.
(b) M oulding an d  C orem ak in g , covering the value 
of m oulding and corem aking labour expended in 
the m aking of moulds and cores, and when made 
specially for the  job, moulding boxes, pa tte rn s  
and tackle, (c) F e ttlin g  an d  C leaning, against 
which only d irect labour is charged.

(2) In d irect costs are those items which cannot 
be specifically charged aga in s t a' job, and  are 
an expense of the  departm en t to  be allocated to 
the various jo b s ; in the  case of m etal and  a cer
ta in  section of the fe ttlin g  and cleaning d ep a rt
m ent, these are  charged on a' tonnage basis, and 
other sections as a  percentage on d irect labour.

Melting D epartm ent
The object of th e  system, as applied  to the 

m elting departm en t, is to arrive  a t  th e  cost of 
the m etal a t  the spout per ton  of good castin gs  
produced.

Cost of M eta l.—The customer is to  be charged 
w ith actua l cost of th e  m etal going into good 
castings delivered, plus the  m etal losses. As 
regards scrap, the  custom er is to  be charged only 
w ith cost of any irrecoverable alloys. The cost o1 
home scrap is the same as th e  cost of pig-iron and 
bought scrap m ix ture going in to  th e  charge.
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M etal costs should be classified as betw een the 
various m ix tu res used.

Cost of M e ltin g .—The custom er is  to  be 
charged w ith to ta l m elting  costs, which inclu e 
labour, coke, power, m ateria ls, etc.. F rom  the 
point of view of m elting  costs, castings should be 
classified on the  basis of th e  proportion  of good 
castings to  m etal m elted. The item s of d irec t 
and in d irec t costs a re :  —

D irect costs : p ig - iro n ; bought s c ra p ; home 
sc ra p ; alloys.

Ind irect co sts: la b o u r; f u e l ; lim esto n e ;
gan is ter and supplies; p la n t m ain tenance  and 
repairs (labour and m a te ria ls ) ; la b o ra to ry ; 
ligh t and pow er; loose tools and  p la n t ; 
N ational H ea lth  and  U nem ploym ent in su r
ance; supervision; share  of fixed charges, etc. 
These ind irec t costs a re  to  be allocated  on a 

tonnage basis to  th e  various classes of castings 
in the  same way as m elting  costs.

Moulding D ep artm ent
D irect costs in  th e  m oulding d ep a rtm en t con

sist o f : m oulding labour, and  those m oulding 
boxes, p a tte rn s , tack le  and  requ isites th a t  can  
be identified specifically w ith  a  job. The castings 
should be classified in  accordance w ith  m ethod  of 
m aking the  mould.

Ind irec t co sts: m oulding in d ire c t labour
(which includes all labour which c an n o t be 
directly  charged to  a job, i.e ., shop labourers, 
c rane drivers, e t c . ) ; m oulding sand, inc lud ing  
th e  cost of p re p a ra tio n ; supplies and  tools (chap
lets, nails, shovels, riddles, e tc . ) ; fuel for d ry ing  
ovens, e t c . ; moulding boxes, foundry  tack le , p a t
te rn s, except when these can be charged d irec t to  
a job ; p lan t m ain tenance and  re p a irs ; N a tio n a l 
H ea lth  and U nem ploym ent in su ran ce ; super
vision ; share of fixed charges.

In d irec t costs and fixed charges should be allo
cated  on a  d irec t labour percen tage basis.

T h e C o re  D epartm ent
Cores m ust be identified w ith  th e  job fo r which 

they are  m ade, and  th e ir  cost should be applied
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to  th e  respective jobs. D irect costs, including 
labour and  m aterials, should be, as fa r  as pos
sible, charged to  each job, and core boxes and 
jigs, e tc ., made specially for a job should also 
be charged ag a in s t th a t  job.

In d irec t costs in c lu d e : corem aking ind irect
labour, which includes all labour which cannot be 
directly  charged to  a  job, i.e ., shop labourers, 
etc. ; core sand, oils, and compounds, including 
th e  cost of p rep a ra tio n ; supplies and tools (i.e., 
sprigs, w ire, brushes, shovels, riddles, e tc .) ; fuel 
for core ovens; tack le ; p lan t m aintenance and 
rep a irs ; N ational H ealth  and Unemployment in
surance ; superv ision ; share of fixed charges.

These should be allocated on a d irec t labour 
basis.

The Pattern Shop
The p a tte rn  shop is an aux iliary  departm ent, 

and all p a tte rn s  made for a specific job should be 
charged to  th a t  job. G enerally speaking, the 
same principles apply to the  p a tte rn  shop as 
those se t o u t fo r the  core shop. D irect costs 
include patte rn -m ak ing  m ateria l and labour. 
In d irec t costs include pattern -m ak ing  indirect 
labour; supplies and tools; p lan t m aintenance 
and rep a irs ; N ational H ealth  and Unemployment 
insu rance; supervision, and a share of fixed 
charges.

The Cleaning and Fettling Departm ent
The cleaning and fe ttlin g  departm en t covers 

all operations from the tim e castings are knocked 
ou t of th e ir moulds u n til they are cleaned and 
dressed, exclusive of special surface trea tm en t.

There are two sections: (a) where labour is the 
m ain item  of the cost and one casting  is dealt 
w ith a t  a tim e. All costs o ther th an  d irect labour 
are to  be allocated on d irect labour wages basis. 
Section (b) is applied where the m ain items of 
cost are  power and depreciation of p lan t and 
where several castings are  tre a ted  together. A 
simple system consists of adding up all the  costs 
perta in in g  to  th is section and allocating them  to 
each job on a w eight basis. F o r large foundries 
castings a re  to  be classified and separated  accord-
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ing to  tim e tak en , and in  each case the  cost of 
operation  should be allocated on a w eight basis. 
W hen castings can be tak en  o u t as they  are 
cleaned, such as in  sandblasting , they  should also 
be classified in  accordance w ith  th e  tim e  taken, 
and th e ir  cost allocated on a  ton -hour basis.

In d irec t costs in  th e  cleaning and  fe ttlin g  
d epartm en t inc lude: fe ttlin g  in d irec t labour, 
which canno t be d irectly  charged to  a job ; su p 
plies and tools (i.e ., ham m ers, chisels, shot, 
g rind ing  wheels, oxygen, acetylene, welding 
tools, e tc .) ; fu e l; p lan t m ain tenance  and  re p a ir s ; 
N ational H ea lth  and U nem ploym ent in su ran ce ; 
supervision, and a share of fixed charges.

In spection  charges are  usually  charged to  the  
job and in  rep e titio n  work they  are  d e a lt w ith 
as an oncost on productive departm en ts.

In  other au x ilia ry  dep artm en ts fo r g e n e ra t
ing heat, ligh t and  p ow er: th e  cost per u n it 
is worked o u t and  applied  to  th e  various d e p a rt
m ents, as explained. I f  a m ain tenance  and  re 
pairs dep artm en t exist, th e  ind iv idual cost is 
charged ag a in s t th e  ap p ro p ria te  section, sub
section or job, b u t fo r genera l repa irs  th e  cost 
is an  overhead on th e  ap p ro p ria te  d ep artm en t.

P ack in g  an d  despatch in g  are  considered as an 
overhead on the m oulding d ep artm en t.

F re ig h t can usually be determ ined  fo r each job 
and added a t  th e  end  of th e  cost sheet.

G eneral Overheads
The com parable production costs are  reached 

a t  th e  despatch poin t. G eneral overheads, such 
as d irectors’ fees, m anagem ent and  staff salaries, 
storekeeping, selling costs, financial charges, e tc ., 
a re  then  added on a t  th e  end  of th e  cost sheet 
and allocated as a percentage of m oulding and  
core shop wages.

FO R E W O R D
I t  should be unnecessary to  em phasise how 

essential i t  is for th e  m anagem ent of a  foundry 
to have a correct costing system. I f  no a ttem p t 
is m ade to  know th e  ac tua l cost of production



those who are  responsible for th e  fixing of prices 
and  for th e  finances of an undertak ing  a re  com
pletely in the d a rk  as to  when th e  business is 
opera ting  a t  a profit or a t a loss.

A t any tim e, a correct costing system is neces
sary, because unless costs a re  known, one cannot 
be ce rta in  th a t  they are recovered in the  selling 
price. A costing system is th e  only means of 
actually  m easuring any profit or loss made fo r a 
given ra te  of production, and of knowing w hat 
resources may become available ou t of income for 
fu r th e r  developm ent. Costing also shows in  w hat 
directions efficiency should be increased and 
w aste elim inated .

A costing system should n o t be used simply 
to work o u t average costs for ce rta in  pe rio d s; 
th is would be sufficient only in the  exceptional 
case of a foundry  m anufac tu ring  consistently one 
class of castings. In  th e  large m ajo rity  of cases, 
the production of a foundry comprises several 
types of castings of different weights, and differ
ing  also owing to  the  g rade  of the m etal and 
th e  com plication of the  casting  itself.

W here these conditions obtain , each class of 
casting  should be costed separa te ly ; otherwise, 
and unknow n to  the  m anagem ent, th e  profit made 
on some classes of castings can easily be offset, 
partly  o r en tire ly , by a  loss m ade on o ther 
types. I f  selling prices a re  based a rb itra rily , a t  
so much per ton , on an average cost of produc
tion , certa in  castings will be quoted a t  a price 
th a t  will discourage customers, w hilst others will 
be offered a t  such a low price as to  depress the 
m arket u n fa irly  for th a t  class of casting. A 
correct costing system is, therefore, an essential 
requirem ent for the  ind iv idual foundry, and  pro
vides an accurate  basis fo r estim ating  and 
checking selling prices.

W hilst th e  necessity fo r a  correct costing 
system is generally  recognised, the  benefits to  
the  industry  as a whole of a system based on 
s tan d ard  principles a re  not, perhaps, so widely 
appreciated . By th e  adoption of such a system, 
costs can be established on a comparable basis; 
differences in  costs for given types of castings
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can then  be accounted for by th e  p a rticu la r cir
cum stances of each foundry , due to  proxim ity 
of sources of supply, tra n sp o rt facilities, m anage
m ent and efficiency. In  fac t, a s tan d ard  cost 
system would be a m easure of a foundry s effi
ciency, allowing, of course, fo r the  m ateria l 
conditions under which the  foundry  m ust 
operate.

In  working out costs over a period, every item  
of expenditure  incurred  d u ring  th a t  period m ust 
be taken  into account and  absorbed in  th e  cost; 
the cost figure arrived  a t  for th e  production  
during  th a t  period will be reliable, provided th a t  
the principles governing the  system are  sound. 
W hen costing a given job (as, fo r in stance , a 
one-ton casting) or when costing fo r one class of 
casting, i t  is possible th a t  only a close approx i
m ation to the exact figure can be a rrived  a t .  
I t  can be sta ted , however, th a t  if a correct pro
cedure be used consistently , the  cost figure will 
be sufficiently close in  each case for all p rac tica l 
purposes. On the  o ther hand , i t  m ust be em 
phasised th a t  if the costs arrived  a t  by d ifferent 
systems be widely d ifferent, only one system  
may be correct, an d  all th e  o thers are  wrong.

A system embodying the  princip les th a t  have 
been adopted by experienced firms, which ob tain  
consistently com parable figures th a t  can be in 
terlocked (w ithout discrepancy) w ith  th e  finan
cial accounts of the u n d ertak in g , can  he con
sidered as a sound system. I t  has been the  
object of th is  Sub-Com m ittee to  e labora te  a 
system based on the  best cu rren t p rac tice  in  use 
by the most up-to-date foundries, and  th u s  to  
propose a stan d ard  set of costing princip les 
which can be adap ted  to  th e  requ irem ents of 
various types of foundries, and acceptable to  
the industry  as a whole.

F U N D A M E N T A L  P R IN C IP L E S
Three fundam ental principles form  the  basis 

of the whole system : —
(A) So fa r as is p ractically  possible, any

expense, including oncosts, incurred  in  m aking



a job should be a direct charge against that  
job;  in o ther words, each job should be 
charged with its full cost, including its proper  
share of overheads. As a resu lt, overheads 
should he broken up  and allocated in  a  fa ir 
proportion  to th e  various jobs undertaken .

(B) The undertaking should be divided into 
a number of departments, and where a varie ty  
of castings is m ade i t  is necessary, in  each 
departm en t, to classify the various grades of 
metal, and the various types of castings or 
cores.

The division of the  und ertak in g  in to  d epart
m ents makes for a more clear-cut and in telli
gible system, which m akes i t  easier to  trace  any 
po ten tia l source of waste or condition of ineffi
ciency. F u r th e r  sub-division w ith in  each de
pa rtm en t enables the  various factors of expen
d itu re  to  be allocated in  such a way th a t  each 
class of castings will bear its  proper cost in  con
form ity  w ith  p rincip le (A).

The division in to  departm ents and  sections 
does no t necessarily en ta il endless classification 
of all physical objects; i t  is m ainly a classifica
tion  on paper, by m eans of w ell-thought-out 
form s and  cost sheets, which, once adap ted  by 
the  m anagem ent to  a p a rticu la r undertak ing , 
forms th e  basis of norm al clerical work. The 
classification will be more or less extended in 
accordance w ith  th e  circum stances of each under
tak ing , and, generally speaking, the  sm aller the 
foundry  the more simple will be the application 
of th e  system.

(C) The th ird  princip le is equally im p o rtan t 
as th e  tw o first ones, and  embodies th e  metho
dical and  correct keeping of all necessary 
records and inventories, covering such items as 
stocks of raw  m ateria ls, supplies, partly- 
finished and finished castings, s c ra p ; issues 
from  s to re s ; daily cast reports and records of 
weights charged in to  the  cu p o la ; job c a rd s ; 
records of wages and tim es, etc.
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Such records and inventories are  essential as it 
is from these th a t  th e  figures co n stitu tin g  costs 
are  e x tra c te d ; they  a te  th e  founda tion  of the 
whole system. I f  records and inventories are  
not properly kep t, th en  th e  whole cost system, 
however sound i t  may be and  however scientific
ally i t  may be b u ilt up , will give incorrec t re
sults—in ju s t the  same way th a t  an  adding 
machine will give an incorrec t resu lt if the 
wrong key has been tapped .

Divisions o f  the System
The m anufactu re  of a  casting , owing to  its 

very n a tu re , is the  resu lt of a num ber of definite 
processes. The m etal m u s t be m elted ; moulds 
m ust be p repared  in  which the  m etal will be c a s t ; 
in a large num ber of cases, cores m ust be m ade 
and placed in  the  mould. F inally , before being 
despatched, gates, heads and  risers m ust be re 
moved from  the casting, which m ust have a clean 
appearance and generally pass inspection. E ach 
of these stages involves a special type  of labour 
and should bear a  ce rta in  quo ta  of overhead 
charges or oncosts, besides th e  ac tua l cost of the 
labour expended on the  p a rticu la r job.

In  applying the  princip le of classification 
already enunciated , i t  is, therefo re , n a tu ra l to  
divide the  undertak ing  in to  dep a rtm en ts  corre
sponding to  those stages. This division enables 
costs to  be checked a t  each stage, provides for 
a  fa ir  allocation of costs to  d ifferen t types of 
castings, and also perm its of a  closer contro l of 
the working of each departm en t.

The four m ain  divisions of th e  system, which 
apply to  any grey iron foundry, correspond to 
th e  following d ep a rtm en ts : —

I .—M elting departm en t.
I I .—M oulding departm ent.

I I I .—Core departm en t.
IV .—C leaning and fe ttlin g  departm en t.
In  addition , th ere  a re  a  ce rta in  num ber of 

auxiliary  departm en ts th a t  co n trib u te  to  the 
proper function ing  of th e  m ain divisions listed
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above. Among the most usual auxiliary  d ep a rt
m ents a r e :—The p a tte rn  shop; m aintenance 
d ep a rtm en t; heat, ligh t and pow er; and de
spatch, etc. In  the sm aller foundries these 
aux iliary  departm en ts need not all be considered 
separately , b u t in  an  u n dertak ing  of a certa in  
size, th e ir  use clarifies th e  costing system and 
enables a b e tte r  control of operations to  be 
effected.

M ELTIN G  D E P A R T M E N T
F a c to r s  G o v e rn in g  M elt ing  C o s t s

The object of the  system, as applied to the 
m elting departm en t, is to  arrive  a t  the cost oj
the m etal a t the spout per to n  of good castings 
produced.

Both for the  purpose of estim ating  a selling 
price and  fo r calculating  ac tua l costs over a period 
of tim e or for a given order, the  value or cost 
of all of the  following factors th a t  in tervene in 
the  operation  of the  m elting departm en t m ust 
be known, by m eans of the properly-kept records 
and in v en to rie s: —

(а) Price  of the various b rands of pig-iron 
and alloys.

(б) Cost value of home scrap.
(c) P rice  of bought scrap.
(d) P rice  of coke.
(e) P rice of limestone.
(/) P rice  of gan ister, bricks, supplies and 

tools.
(g) W ages of all labour employed in the 

m elting departm ent.
(h) Cost of repairs and m aintenance of 

m elting p lan t.
(i) Cost of power fo r blowers and other 

m echanical devices requ iring  power.
(j) O ther departm en ta l oncosts which, 

according to  the circum stances of th e  case, 
should be charged to the m elting departm ent, 
such as cranes, hoists, whole or p a r t  of labora
to ry  expenses, etc.
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(k ) P ercen tage of fixed charges, which in  
c erta in  cases should be charged to  th is 
departm ent.

The price of item s (a) and (c) to  (/) should be 
th e  price actually  invoiced for th e  m ateria ls 
“• delivered a t the’ y a rd .”  Any deprecia tion  of 
stock should be en tered  in to  a special account 
and charged aga in s t th e  stock account of the 
p a rticu la r item .

The following records m ust also he carefully  
k e p t : -—

(A) Inventories of the  stocks of p ig-iron, 
alloys, re tu rn ed  scrap, bought scrap, lime
stone, gan ister, etc.

(B) W eight of each charge going in to  th e  
cupola, each com ponent being w eighed sepa
rately .

(C) W eight of gates, runners , risers, w asters, 
overrun, etc., which re tu rn  to  th e  stock of 
home scrap.

(D) W eight of good castings, ob ta ined  from  
th e  foundry , cleaning and  despa tch  d ep a rt
m ents, including foundry  tack le  m ade.

(E) D aily  cast rep o rt.
Loss of m etal in  m elting  an d  hand ling  will be 

calculated from  th e  above records.
The costs of the m elting  departm en t com prise :

(1) cost of m e ta l; (2) cost of m elting , and  (3) 
oncosts.

C o s t  o f  Metal
The custom er should be charged w ith  th e  

actual cost of th e  m eta l going in to  good cast
ings delivered, plus th e  cost of m etal losses a ris
ing  from  the  m aking of those castings. H e  
should not be charged w ith the  cost of th e  m eta l 
going in to  the scrap re tu rn ed  to  stock, excep
tion  being made fo r high-priced additions. In  
th a t  case, the  to ta l cost of th e  alloys should be 
charged, except when th e  alloy scrap’ can be used 
again fo r a sim ilar type  of casting , in  w hich case 
an allowance should be m ade, p ropo rtiona te  to  
the value of th e  alloy present.
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The m etal costs include th e  cost of pig-iron, 
bought scrap and  home scrap, and  of any 
additions (ferros, nickel, e tc .) th a t  a re  charged 
in to  th e  cupola o r in to  th e  ladle. The cost of 
pig-iron, add itions and  bought scrap are  ob
ta ined  from  the  corresponding inventories. The 
cost of home scrap  will be the  average (mean) 
cost of th e  pig-iron and bought scrap th a t  go 
in to  th e  charge in  th e  proportion  in  which they  
are  charged, or, in  o ther words, th e  cost of the  
purchased m etal going in to  the  m ix ture .

The cost of m etal can be worked o u t :— (a) 
D irectly  for th e  ac tua l tonnage of good castings 
produced, in  which case th e  cost of m etal losses 
m ust be added and  calculated on th e  whole 
c h a rg e ; (6) for th e  to ta l tonnage of m etal
charged in to  th e  cupola, which will include m etal 
losses, in  which case th e  cost of th e  scrap re
tu rn ed  m ust be deducted a t  th e  same value as 
the m eta l m ix tu re . The cost, divided by the 
tonnage of good castings produced, gives “  the 
cost per ton  of th e  m etal m ix tu re  going in to  
good castings.”

M etal costs should be classified as between the 
various m ix tures th a t  m ay be used in the 
foundry. Scrap re tu rn ed  from these m ixtures 
should be stocked separately  and used only in  
conjunction  w ith th e  m ix tu re  from  which i t  
o rig inates. This is particu larly  im p o rtan t in the 
case of m ix tu res contain ing  alloys.

C o s t  o f  M el t ing
The custom er should be charged w ith the  to ta l 

m elting  costs applying to  a ll th e  m etal charged 
in to  th e  cupola for m aking  up  his order. 
W hereas in the  case of m etal costs the  custom er 
is charged only w ith  th e  cost of the  m etal going 
in to  good castings delivered, plus m etal losses, in 
th e  case of m elting costs he m ust also be charged 
w ith th e  cost of m elting th e  scrap  th a t  is 
re tu rned  to  stock, i.e ., gates, runners, wasters, 
overrun, etc., otherwise th a t  cost will no t be 
recovered.

The m elting  costs include p rim arily  the  follow
ing i te m s :—All labour employed in  the m elt-
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ing departm en t and stock-yard a ttacked  th e re to ; 
cost of coke; pow er; m ateria ls  ex  stores (lime
stone, gan is te r, etc .).

W hether the yield of good castings produced 
is large or small, m elting  costs a re  incurred  for 
all the  m etal m e lte d ; castings should, therefore , 
be classified on the  basis of th e  production  of 
good castings to  m etal m elted, consideration 
being given to  the  re la tive  w eigh t of runners, 
risers, e tc .; the  castings should be classified 
accoi'dingly on the  cost sheets, and  each class 
costed separately . The num ber of classes depends 
upon the  conditions of each un d ertak in g .

To determ ine m elting losses fo r th e  vai'ious 
classes of castings, th e  agg rega te  tonnage of 
good castings produced and of all scrap produced 
in  each class should be deducted from  th e  w eight 
of the  m etal m ix tu re  charged in to  th e  cxipola. 
The rem aining figui'es will give th e  m elting  
losses. A general check can  be ob ta ined  by 
tak in g  the  aggi'egate stock of p ig-iron and  of 
scrap' existing  a t  the beginning of th e  period of 
costing, plus pinchases, and deducting  from  th is  
tonnage the stock of p ig-iron and  scrap  ex isting  
a t  the end of the  period plus th e  tonnage of good 
castings pi'oduced.

O ncosts
A distinction  should be m ade betw een d e p a r t

m ental oncosts, which apply  d ire c t to  th e  m elt
ing departm en t, and fixed charges, a share  of 
which is charged to  th is  d epartm en t. D e p a rt
m ental overheads in  th e  m elting  d ep a rtm en t con
sist m ainly of supervising, p lan t re p a ir  and 
m aintenance, laboratory  expenses and p lan t 
depreciation. The salary  of any employee whose 
tim e is given to the  m elting dep artm en t should 
be charged to  th a t  departm en t.

P la n t rep a ir  and m ain tenance covers the 
cupola p la n t ; cranes and  hoists used fo r the 
operation of the m elting  departm en t, which in 
cludes th e  stockyard, blowers, e lec tric  gear, etc.

L aboratory  expenses m ust be charged accord
ing to circum stances. I f  a labo ra to ry  is 
used exclusively for cupola control and  m etal
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analysis, i t  should be charged to  th e  m elting 
departm ent. I f  a labora to ry  is also used for 
testing  sands, for m echanical te s ts  on castings, 
for m icrography, etc., i t  should be possible to 
break up the laboratory  expense between the 
m elting d epartm en t and th e  foundry , each bear
ing a share as a dep artm en ta l oncost.

M elting  p lan t deprecia tion  is, obviously, a 
departm en ta l overhead and should be added to  
cost of m etal. F ixed charges in  th e  m elting  
dep artm en t comprise a share  of re n t or depre
ciation  of buildings, insurance, and  local taxtr- 
tion, in  proportion  to  the  floor space occupied 
by the  m elting p lan t and  th e  stock-yards (pig- 
iron, scrap and coke).

D epartm en ta l oncosts and  fixed charges a re  
allocated to  the  various classes of castings in  a 
sim ilar way to  m elting  costs. in  each class, 
the  to ta l of m elting  costs and  oncosts, divided 
by the  tonnage of good castings produced, gives 
a cost per ton , which, added to  th e  cost per 
ton  of th e  m etal m ix tu re , gives th e  “  to ta l cost 
of the  m etal a t  th e  spout per to n  of good cast
ings produced.”

A p p l i c a t io n  o f  t h e  S y s te m
Cost of M eta l.— F o r each m ix tu re  th e  cost of 

m etal is calculated as shown in  Table I.
Cost of M elting and Oncost.— The various 

item s of cost of m elting  and oncost a re  added 
up for a period of costing (Table I I ) .

The castings are  divided in to  classes corre
sponding to  the  yields of good castings to  m etal 
melted. As the  m elting costs and oncost increase 
in  proportion  to  the tonnage of m etal m elted , 
the  to ta l am ount (B) of these item s of cost should 
be divided between each class of castings p ropor
tionately  to  the  tonnage of m etal m elted in each 
c la ss : i t  is then  a simple m a tte r  to  div ide the  
m elting costs and oncosts in  each class by the  
tonnage of good castings produced in  each class, 
and arrive  a t  a cost per ton  of good castings 
produced.

I f  a certa in  job is m ade from  m ix tu re  A and 
comes under Class No. 2, e.g., 65 to  70 p er cent.
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yield of  good castings to  m eta l m elted, th e  cost 
per ton  of good castings of th e  m eta l m ix tu re  
A is added to  m elting  costs and  oncost per ton 
of good castings p e rta in in g  to  Class No. 2, an 
the  resu lt gives “  th e  cost of th e  m etal a t  the 
spout per to n  of good castings produced ” for 
the job.

C O S TS  IN T H E  M O U L D I N G  D E P A R T M E N T

D i r e c t  C o s t s

D irect costs are  those which can be charged 
specifically to  a job. I n  order to  conform  w ith 
the first fundam enta l p rincip le—nam ely, th a t  
“ an expense incurred  fo r a job should be 
charged to  th a t  job ” —one should aim  a t  b rin g 
ing in as much as possible u n d e r th e  head ing  
of “  d irect costs.” Item s which m ust be con
sidered u nder th is heading a r e :— L abour, m ould
ing boxes, p a tte rn s  and  tack le  w hen specially 
made for a job, and ce rta in  consum able m ateria ls  
wherever i t  is possible th a t  such m ate ria ls  can 
be charged d irec t to  th e  job. In  o rder to  app ly  
the  principle th a t  w herever possible costs should 
be applied d irect to  th e ir  specific job, each job 
should be tim ed so th a t  the  co rrec t am oun t of 
d irect labour costs can be charged to  th e  job.

F urtherm ore , in  order to  be able to  apply  th e  
correct share of overhead costs to  each job , cast
ings should be classified in  th e  m oulding d e p a rt
m ent in  accordance w ith  the m ethod of p re p a r
ing  the  m ould; therefore , a d is tinction  should 
be made between machine-m ade moulds, h an d 
made moulds, loam m oulding, dry-sand moulds, 
green-sand moulds, and there  should be corre
sponding divisions in  d irect labour costs when 
m aking up  the periodical cost sheets. In  cer
ta in  cases the  m oulding m achine section should 
be sub-divided into sub-sections in  accordance 
w ith the  type of m achine used.

M oulding Boxes.—In  accordance w ith  one of 
the fundam ental principles of the system , when
ever moulding boxes are m ade fo r a  specific 
job, th e ir  actual cost, less scrap value, muBt be
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considered as a d irec t charge against th a t  p ar
tic u la r job. Any o ther boxes, purchased or made 
in th e  foundry  and used for general purposes— 
th a t is to  say, those th a t  are no t used for a 
specific job— should be debited a t  cost to  a “ box 
p a r t account.”  This account should be liberally 
depreciated  and the depreciation charged to the 
moulding d epartm en t as a departm ental over
head. This account should be credited w ith the 
scrap value of discarded boxes a t  the tim e they 
are scrapped.

F oundry Tackle .—This is tre a ted  in the  same 
way. W hen m ade for a specific job, it  is charged 
to the  jo b ; when made for general purposes, i t  
is debited to a special account and liberally de
preciated.

P a tte rn s .—The same principles apply to p a t
te rn s  as those established fo r moulding boxes; 
p a tte rn s  m ade fo r a specific job should be 
charged against the  job. The m ethod of estab
lishing p a tte rn  costs is explained in  a special 
section dealing w ith  the p a tte rn  shop considered 
as an  aux ilia ry  departm ent.

M ateria ls .— Such m ateria ls as chaplets, sprigs, 
wires, e tc ., should, whenever possible, constitu te  
a d irec t cost against the  job. W hen th is can be 
done, such m ateria ls should be the subject of 
a stores issue, aga in s t an identification such as 
an order num ber, which ensures th e ir  d irect 
charge to  th e  specific job. In  o ther cases the 
charge is to  be en tered  aga in s t the  foundry.

I n d i r e c t  C o s t s

In d irec t costs cover costs which, by th e ir  very 
na tu re , cannot be ascribed directly  to any p ar
ticu la r job. In d irec t costs com prise:—Ind irec t 
labour; m oulding sand ; miscellaneous supplies 
and tools; repairs, etc., and a share of general 
overhead expenses. As m any separa te  accounts 
as possible should be kep t, in order to  enable 
costs to  be properly analysed. A list of some 
such items is given a t th e  end of th is section.

Ind irec t Labour .—This account covers the 
wages of all labour employed in  th e  m oulding
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departm en t th a t  cannot be accounted fo r under 
the heading of “  d irec t labour ” ; i t  includes the 
wages of men occupied in  the  sand  m ixing and 
reclaim ing p lan t, th e  wages of m en in  charge 
of m ould-drying stoves, th e  wages of men in 
charge of repairs. The wages of m en whose 
duties are  divided betw een the  m oulding and 
ano ther departm en t should be divided in  p ropor
tion  to  the  tim e spen t in each d epartm en t.

M oulding Sa n d .—'New m oulding sand is in
cluded in th is account. L abour employed in  th e  
sand p repara tion  p lan t for reclaim ing used sand, 
and depreciation and m ain tenance of sand p lan t, 
are to  be charged against the  m oulding d e p a rt
m ent in  the  “  d epartm en ta l overhead ”  account. 
In  some oases, th e  sand p rep a ra tio n  p la n t can 
be considered as an  aux ilia ry  dep a rtm en t, th e  
to ta l cost of which is charged as a dep a rtm en ta l 
overhead of th e  “ m oulding d e p a r tm e n t” ; th is  
procedure enables a b e tte r  control of th e  cost 
and efficiency of th e  sand-p reparing  p la n t to  he 
effected.

M iscellaneous Supplies and  Tools.—In  general, 
the  cost of plumbago, blackings, e tc ., an d  loose 
tools should be spread over th e  m oulding d e p a rt
m ent. In  foundries th a t  a re  divided in to  
separate  sections, these costs should be allocated 
between th e  various sections, bearing  in  m ind 
the general princip le  th a t  “ a charge incu rred  
for a job should be a d irec t charge ag a in s t th e  
job ” : fo r instance, spare p a rts  or tools used 
specifically in  conjunction  w ith  m oulding 
machines should be charged to  th e  m achine 
moulding section. Special tools used for loam 
m oulding should be charged aga in s t th a t  section.

In  accordance w ith  the  same fundam enta l 
principle, fuel used in  th e  m ould-drying stoves 
should be a charge aga in s t the  dry  sand mould
ing section, as well as the  m ain tenance and 
depreciation of th e  stoves. Again, as fa r  as 
possible, chaplets, sprigs, wires, e tc ., should be 
charged against th e  job for which they  are  used. 
As previously s ta ted , w henever m ateria ls  can be
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charged d irec t to  a job th is should be done. 
The safest way to  ensure th a t  all such supplies 
are  accounted for is to  charge them  against the 
moulding dep artm en t a t  the  tim e they are issued 
from stock, and a proper system of stores issuing 
and accounting, w ith d irect charging wherever 
possible, should be in s titu ted .

R epa irs .—Unless men are  fully employed in 
doing rep a ir jobs, labour costs for repairs are 
included under the  general heading of “  in 
d irec t labou r.”  All m aterials and spare parts  
used in  th e  rep a ir  of moulding equipm ent and 
of ladles are to  be charged as a departm ental 
overhead aga in s t the  moulding departm en t, or 
its various sections, pro rata. In  the larger 
undertak ings, repairs and m aintenance of p lan t 
and equipm ent may constitu te  a separate  
aux ilia ry  d e p a r tm e n t: in  such cases the  costs 
of th is  aux ilia ry  departm en t are  classified and 
allocated to  the  four m ain departm ents and the ir 
respective sub-sections as departm en ta l over
heads.

Forem en, Clerks, e tc .—In  those undertak ings 
where a num ber of foremen and clerks are  fully 
employed in  th e  m oulding departm en t, the ir 
salaries constitu te  a departm en ta l overhead.

H eat, L ig h t and P ow er.—These item s of ex
pend itu re  can be m easured or closely estim ated 
in proportion to th e ir u tilisa tion  by the various 
sections of th e  m oulding departm en t. H e a t and 
lig h t can be allocated on a floor b asis ; power 
can be allocated on the  basis of consum ption of 
the  various p lants u tilising  power. This is a  
departm en ta l overhead. In  those undertak ings 
which opera te  th e ir  own power p lan t, these items 
constitu te  an aux iliary  departm ent, in which 
the cost per u n it of the  m edium  of power can 
be determ ined. This cost is then  allocated on 
the basis established in the  preceding paragraph .

F ixed  Charges.—These include ren t, rates, 
taxes, depreciation of buildings and p lan t, in 
surance, etc. F o r depreciation and insurance of 
buildings, a  d epartm en ta l fac to r can be worked
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out on a  floor basis. D epreciation  of p la n t and 
equipm ent should be com puted on th e  basis of 
value and  probable life  of each k ind  and type 
of p lan t. D en t, ra te s  and taxes a re  worked out 
on a floor a rea  basis.

An allocation should be m ade a t  th e  beginning 
of each year for each d ep a rtm en t or section of 
the  u ndertak ing . All item s of genera l expense 
th a t  can be definitely allocated to  th e  m oulding 
dep a rtm en t should be so charged. Such item s 
of general expense th a t  canno t be divided be
tween the  various departm en ts of th e  u n d e rta k 
ing, such as adm in is tra tio n  expenses, social 
charges, selling costs, ou tw ard  fre ig h t, financial 
charges, bad debts, etc., are  d ea lt w ith  a t  a 
la te r stage.

M e t h o d  o f  A l l o c a t i n g  O v e r h e a d s  in t h e  
Mo u l di ng  D e p a r t m e n t

The various methods of allocation, on th e  basis 
of d irect wages, tim e, space and  tonnage, were 
considered and  com pared a t  leng th  a t  several 
m eetings of th e  Sub-Com m ittee and  discussed by 
correspondence. I t  has been found  th a t  the  
sim plest and soundest m ethod apply ing  to  the  
average-size foundry  is th a t  based on d irec t 
labour. This m ethod is open to  some criticism  
in certa in  cases, b u t so a re  all th e  o ther m ethods. 
The Sub-Com m ittee has ru led  ou t th e  tonnage 
basis as definitely u n so u n d ; th e  space and  space
tim e methods have been found too com plicated 
and open to objections.

In  certa in  cases the  tim e m ethod would be 
acceptable, b u t i t  has been found th a t  fo r the  
m ajority  of cases, and in  view of th e  fac t th a t  
in any case wages m ust be accurately  recorded, 
the “  d irec t labour ”  m ethod is the  best to  adopt 
for a uniform  system, and the  one leas t likely 
to offer the risk  of inaccuracies and  com plica
tions. The Sub-Com m ittee therefo re  recom 
mends th a t overhead charges in th e  m oulding 
departm ent be com puted on the basis of “  d irect 
labour.”

W here a fa ir  num ber of appren tices a ré  em
ployed, i t  is recommended th a t  th e  percentage
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of overheads applied to  appren tice  wages should 
be increased in re la tion  to  the difference between 
o rd inary  m oulders’ wages and  appren tices’ wages, 
tak in g  in to  account the  relative num bers of 
men employed in  each category. A formula* 
is available which gives the  correct percentage 
applying to  each category, b u t if the  resu lt be 
obtained by approxim ation , care should be taken  
and a  check made to  ensure th a t  th e  full am ount 
of overheads has been accounted for.

The Sub-Comm ittee cannot offer recom menda
tions applying to  widely exceptional cases, ex
cept th a t  the  fundam ental principles of this 
system  should be applied, bu t th a t their detailed 
application should be adapted to  the circum
stances of the  case and governed by common 
sense.
N o t e .— K noeking-out costs m ust not be over

looked ; th e ir  tre a tm en t depends upon the 
organisation  of th e  foundry. In  most oases 
the knocking-out s ta tion  is in the  moulding 
d ep a rtm en t; in o ther cases in  the fe ttling  
departm en t. I t  may be trea ted  as a d irect 
o r an  ind irec t cost. In  any given case, the 
principles of the  system m ust be applied to 
th a t  p a rticu la r case.

* The formula is as follows, x being the percentage 
applying to the experienced moulder’s wage, and y the 
percentage applying to the apprentice’s wage :—

x per cent. =  100 — - ^  .M +  pA
y  per cent. =  px  per cent.

Where 0  is the amount of overheads to be allocated 
during a given period.

M is the total amount of wages paid to the experienced 
moulder during the period.

A is the total amount of wages paid to the apprentice 
during the period.

p  is the amount by which the unit wage of the appren
tice is smaller than the unit wage of the experienced 
moulder—i.e., if apprentice wage is J the moulder’s wage, 
or twice as small, p  =  2 ; if J, or three times as small, 
p  =  3.
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A p p l i c a t i o n  o f  t h e  S y s t e m

The following is a list of ce rta in  c u rre n t item s 
of cost th a t  make up the  overhead expenses re 
la ting  to the moulding departm en t. This lis t is 
not exhaustive and should be modified in  accord
ance w ith the  circum stances of each under
ta k in g ; i t  is given merely as a guide. C ertain  
headings, such as box p a rts , foundry  tackle, 
m ateria ls ex stores, are  included to  cover those 
items th a t  could no t be charged as “  d irect 
costs ”  against a p a rticu la r job.

L abour, unproductive : W ages.
,, ,, : Salaries.

: Stores.
,, ,, : Packers.

Box p a rts  : Labour.
,, ', ,  : M ateria ls.

F oundry  tackle : Labour.
,, ,, : M ateria ls.

Sand : Labour.
,, : M ateria ls.

(or cost of sand p rep ara tio n  aux ilia ry  d e p a r t
m ent.)

D rying stoves, labour and m aterials.
M ateria ls ex stores.
Coal dust.
M oulding machines, repairs, labour and 

m aterials.
P la n t repairs, labour and m aterials.
Salaries.
Coal and gas.
Power, ligh t and heat.
H andling  of m aterials, castings, etc.
W orkm en’s com pensation insurance.
N ational H ea lth  Insurance.
Unem ploym ent Insurance.
Laboratory  wages and salaries.

,, m aterials.
B en t and rates.
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D epreciation  of boxes.
,, ,, fixed and movable p lan t, etc.

Those item s th a t  can be allocated to  a p a r t i
cu lar section of th e  foundry  should be ex trac ted  
from  th is  list and  allocated to  the p roper sec
tion  ; fo r instance, the  cost relative to drving 
stoves, including fuel, should be charged to  the  
dry-sand mould sec tio n ; rep a ir and depreciation 
of m oulding m achines should be charged to  the 
m achine-m oulding sec tion ; tools used fo r loam 
m oulding should be charged to  th e  loam mould
ing section, etc.

All th e  o ther item s th a t  apply to  all sections 
of th e  foundry  are  th en  to ta lled ; th e  ra tio  of 
the  to ta l am ount re la tin g  to  these item s to  d irect 
labour costs in  th e  m oulding departm en t is 
tak en . In  each section of the  foundrv , the 
ra tio  of overheads specifically charged to  th a t  
section to  d irec t labour costs in  th a t  section is 
also tak en .

F o r  instance, if to ta l d irec t wages in  the 
m oulding dep artm en t du ring  a costing period 
am oun t to  £200, and all item s of ind irec t cost 
applying to  all sections of th e  foundry  to ta l 
£160, th e  percentage to  apply to  d irec t labour 
costs to  cover these item s is 80 per cent., o r for 
each 20s. of d irec t labour 16s. should be added. 
I f  d irec t wages in  th e  dry-m ould section am ount 
to  £120 and th e  overhead applying specifically to  
th a t  section am ounts to  £30, 25 per cent, of 
d irect labour costs should be added fu r th e r  for 
th a t  section, or os. fo r every £1. In  th e  same 
way, th e  m oulding m achine overhead m igh t be 
15 per cent, of d irec t labour costs for th a t  
section.

A pplying th is  to  a  job m ade from  m ix tu re  A, 
yielding 671 per cent, of good castings, made 
w ith  dry-sand moulds on a  m oulding machine, 
th e  overhead applying to  all sections of the 
foundry  will be 80 p er cent, of d irect wages 
chaTged to  th e  job, plus 15 p er cent, fo r the  
m oulding machines, plus 25 per cent, fo r the 
drv ing  stoves; therefore, the  percentage over
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head for th is job will be 120 per cent, of d irect 
wages. This g ives: —

£ s. d.
Cest of metal a t the spout, per ton of 

good castings (obtained from melting 
department, Mixture “ A,” Class 11) 4 4 0

Direct La bour . .  .. • • ■ • 2 15 0
Overhead—120 per cent, of L ..  . . 3 6 0(L)

Patterns, cores, boxes, etc. 0 15 0

T otal Cost , . .  . .  £11 0 0
This gives the  cost per to n  of good castings of 

the job up to  the po in t where i t  leaves the  
m oulding shop.

T H E  C O R E  D E P A R T M E N T

The core dep artm en t is ju s t  as m uch a p roduc
tive dep artm en t as th e  m oulding dep a rtm en t— 
therefore, core costs m ust n o t be considered as 
an overhead charge ag a in s t th e  m oulding d e p a rt
m ent, b u t m ust be calculated  in  th e  sam e way as 
m oulding costs. F u rtherm ore , cores m ust be 
identified w ith th e  job fo r which they  a re  m ade 
and th e ir  cost charged accordingly to  th e  respec
tive jobs.

W ages m ust be carefully  recorded, a sep ara te  
record being kep t of d irec t wages paid  to  th e  
corem akers, as th is  will be th e  basis fo r th e  allo
cation of overheads. F o r th is  purpose also, core 
jobs should be classified on th e  cost sheets, as 
between green-sand cores and  d ried-sand  cores, 
hand-m ade and  m achine-m ade cores.

As fa r  as is possible, efforts should be m ade to  
t r e a t  the  cost of the  sand, core oils, h inders, 
etc., co n stitu ting  th e  core m ix tu re  in  a d irec t 
m anner. The cost per cwt. of any  p a rticu la r core 
m ix tu re  can be ascertained qu ite  simply. The 
w eight of m ix tu re  requ ired  for any  p a rtic u la r  
core is also easily ascertained. In  th is  way the 
cost of a m ix tu re  for p a rticu la r cores can be 
arrived  a t.

Like m oulding boxes, core boxes and jigs m ade 
specially for one job should be charged to  th a t 
job. O ther equ ipm ent fo r ru n n in g  production 
shoidd be debited to  a special account and  liber
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ally depreciated , th is  depreciation  being charged 
as a  departm en ta l overhead aga in s t the  core 
departm en t. Core-irons, wires, grids, etc., 
should no t be overlooked. In  large engineering 
jobs they m ay rise to  a  considerable am ount. 
In  any case, they  should be properly issued from 
stores and properly accounted for.

D epartm en ta l overheads include, in addition 
to  the  items already m entioned in  the  section 
re la ting  to  th e  m oulding departm en t, m ain ten
ance and depreciation on such item s as the  core
d ry ing  ovens, core machines, etc. Core w astage 
in general should be charged in th e  core shop, 
and th e  resu lting  cost of good cores is charged 
to th e ir  respective jobs in  the foundry. As in 
th e  m oulding d ep artm en t, the  overheads of the 
core shop should be allocated to  th e  various jobs 
on the  “ d irec t labour ” basis.

T h e  P a t t e r n  Shop

This is considered as an aux iliary  departm ent. 
In  accordance w ith  th e  fundam ental principle 
of the  system, p a tte rn s  made for a  specific job 
should be charged to  th a t  job ; if made for a 
special client, th e  cost should be charged to the 
client. As in  o ther departm ents, the  expense of 
the  p a tte rn  shop inc ludes:— (a) D irect costs— 
i.e ., d irec t wages and m a te ria l; (b) in d irec t costs 
— i.e ., ind irec t m aterials, such as screws, varnish, 
pa in t, and  (c) overhead expense which cannot be 
charged direct.

As regards d irec t costs, these are  charged d irect 
to th e  p a tte rn s  m ade fo r special jobs, and to 
ru n n in g  p a tte rn s  respectively. Any ind irec t costs 
th a t  can reasonably be charged to  specific jobs 
should be so charged. All o ther overheads are 
calculated as a percentage of “ d irec t labou r,” so 
th a t  specific jobs should bear th e ir  proper share 
of such overheads. Then all new runn ing  p a t
te rn s  are capitalised , and th e ir  depreciation, 
together w ith m aintenance, repairs, and over
heads not already  charged to  specific jobs are 
charged as an oncost of the moulding d ep a rt
m ent.
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T H E  C L E A N I N G  A N D  F E T T L I N G  
D E P A R T M E N T

This departm en t covers all operations effected 
on castings from  the tim e when they  are  knocke 
ou t of the  mould u n til they a re  cleaned and 
dressed. Any o ther special tre a tm e n t of th e  su r
face of a casting—as, fo r instance, enam elling 
or o ther finishing operations—is n o t included in  
the cleaning and dressing d ep a rtm en t and  is ou t
side th e  scope of the  p resen t system.

I t  is recommended th a t  th e  cleaning and 
fe ttlin g  dep artm en t should he divided in to  two 
m ain sec tions:— (n) A section where labour is 
the  m ain item  of cost and where one casting  is 
dealt w ith  a t  a tim e, such as is th e  case fo r 
chipping, g rind ing , filing, w ire-brushing, e t c . ;
(6) a  section covering operations in  respect of 
which the  p rincipal item  of cost is power and 
depreciation of p lan t, and  w here a num ber of 
castings are  tre a te d  together, such as is th e  case 
for tum bling, sandblasting , pickling.

W ith  regard  to  section (a), labour is a d irec t 
cost applying to  each job, and  all dep a rtm en ta l 
overheads, including th e  cost of files, chisels, 
brushes, ham m ers, em ery wheels, etc., are  to  be 
allocated on a d irec t wage percen tage basis. In  
quite a num ber of foundries where p la n t is not 
used, th is  system will apply qu ite  simply.

As regards section (&.), a  simple system  con
sists of adding up all costs, includ ing  power, 
labour, depreciation  of p lan t, abrasives, shot, 
and departm en ta l overheads less any  portion  
charged to  section (a), and  allocating  th e  to ta l 
cost to  each job on a w eight basis.

F o r th e  la rg er foundries where various types 
of p lan t are  used, such as tum bling  barrels and 
sandblasting  p lan t, a more precise system  is 
recommended. I t  will be realised th a t  w eight 
is not th e  only fac to r th a t  in tervenes in  these 
types of p la n t; th e  tim e necessary to  clean 
various kinds of castings is ano ther variab le  fac 
to r, which depends more upon th e  shape and 
degree of in tricacy  of the  easting  th a n  upon its  
weight.
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In  tum bling  barrels, all th e  castings are  pu t 
in and  tak en  out a t  th e  same tim e, and if  there  
is only one barrel, its cost cannot be allocated 
otherwise th a n  on a w eight basis, b u t if  a 
foundry  uses more th a n  one tum bler, i t  should 
be possible, as a  resu lt of experience, to  allocate 
th e  barrels to  classes of eastings, p u ttin g  
together those castings th a t  tak e  th e  same tim e 
to  clean. T he d irec t cost of operation  of each 
barre l can be arrived  a t, and for each one th a t  
cost is charged to  th e  castings on a w eight b a s is ; 
the  overheads of the  tum bling  section should be 
added, also on a w eight basis.

In  sandblasting , in  those cases where th e  cast
ings can be tak en  out when they are  cleaned 
w ithou t d is tu rb ing  th e  o ther castings for which 
the operation  is not completed, the  castings can 
be classified or tabu la ted  in  accordance w ith the 
tim e taken  to  sandblast them . Experience will 
tell to  which class a p a rticu la r casting should 
belong. T aking in to  account th e  to ta l tonnage 
passed d u ring  a given period, the  cost of opera
tin g  th e  sandblasting  section, including over
heads, can then  be charged to  th e  castings on 
a ton-hour basis.

Castings Inspection  Charges.—W hen special 
inspection is effected for a specific job, the  cost 
should be charged to  the  job. In  o ther cases 
inspection costs should be charged as an oncost 
on th e  departm ents concerned.

O ther A uxilia ry  D epartm en ts .—In  under
tak ings th a t  operate  th e ir  own ligh t, h ea t and 
power p lan t, th is  should be considered as an 
aux ilia ry  departm en t, and the  cost per u n it 
should be worked out, tak in g  in to  account all 
overheads applying to  th a t  departm ent. The 
cost of heat, lig h t and power thus being known, 
i t  can be applied to  the  various departm ents 
of th e  und ertak in g , as explained in  the costing 
system.

I f  there  is a separate  m aintenance and repairs 
departm en t, whenever possible indiv idual costs 
should be worked o u t and charged to  the  appro
p ria te  place. F o r general m aintenance and
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rep a ir work, the cost is an overhead on the  ap 
p rop ria te  departm en t.

P acking and D espatching .—These item s should 
be regarded  as an  overhead, and  calculated  as a 
percentage of productive labour in  th e  m oulding 
departm en t.

F re ig h t .—This is an  item  th e  cost of which is 
usually determ ined for p a rtic u la r  jobs, and i t  
can be added a t  the  end of th e  cost sheet.

G E N E R A L  O V E R H E A D S

There are  a num ber of item s, add itiona l to  
actua l production costs, such as d irec to rs’ fees, 
workm en’s mess rooms and  clubs, financial 
charges, e tc ., which canno t easily be allocated to 
any p a rticu la r d ep artm en t. T here is also th e  
question of selling costs and  publicity .

A t th e  stage now reached i t  can be s ta ted  th a t  
all ac tua l m anu fac tu ring  costs have been con
sidered, and if such costs a re  calcu lated  by 
means of a system th a t  is un iform  fo r th e  in 
dustry , there  is available a basis upon  which 
such m anufac tu ring  costs can  properly and  fa irly  
be ascertained and recorded. The p o in t is, 
therefore, reached where th e  m ain  ob ject of th e  
Sub-Comm ittee has been fulfilled, provided th a t  
the principles th a t  they  have endeavoured  to 
establish prove acceptable.

As for the  item s of exp en d itu re  re fe rred  to  in  
th is p arag rap h  as “  general overheads,”  i t  is 
suggested th a t  they should be considered apaT t 
from, or in  addition  to , the  ac tua l m an u fac tu r
ing costs. The item s now u nder review vary  con
siderably from  one u n d ertak in g  to  ano ther. 
There are  cases where d irectors a re  in  charge  of 
a departm en t and  receive a fixed salary , which 
then  becomes a d epartm en ta l oncost. Some 
undertak ings may be in the  fo r tu n a te  position 
of having no financial charges. Some a re  no t of 
sufficient size to  finance and m a in ta in  w orkm en’s 
clubs, etc. Pub lic ity  and selling costs vary  
widely. These item s, by th e ir  very n a tu re , may 
tend  to  d is to rt the  tru ly  com parable value of 
actual m anu fac tu ring  costs arrived  a t  so fa r .



129

I t  is, therefore , suggested th a t  the  basic pro
duction cost figure is th a t  arrived  a t  a t  the 
despatch stage, and  before fre ig h t is added. 
Then, to complete the  costing process of any 
given u n d ertak ing , th e  general overheads m ust 
be added to the  m anu fac tu ring  cost figure, and 
allocated as a  percentage of productive labour on 
d irec t m oulding and  core shop wages.

The recom m endations se t o u t in th is report 
a re  postu lated  in th e  hope th a t ,  sub ject to  any 
ad ju s tm en ts and additions th a t  may arise from 
th e  discussion, they  will be accepted as guiding 
principles by th e  industry  a t  large, which will 
then  be provided w ith a  proved and comparable 
costing system.

F inally , th e  Costing Sub-Comm ittee is pre
pared to  rem ain  constitu ted  in  an advisory capa
city  in  o rder to  fac ilita te  th e  application  of the 
system, particu larly  as regards the  sm aller job
bing foundries, and to co-operate w ith such 
foundries in  adap ting  th e  system to  the ir 
p a rt ic u la r  case.

D I S C U S S I O N

M r . A. S u t c l if f e  suggested th a t  to  a practical 
foundrym an th e  P ap er was worthless. H e was 
prepared  to go w ith the  Costing Sub-Committee 
to tr y  to  apply its recom m endations to  a jobbing 
shop, and  he was not optim istic about the  re 
sults. No two men worked alike in a jobbing 
foundry . One would use more sprigs o r more 
facing sand th a n  ano ther ; one would make more 
w asters th an  another. Only the  ipoulders on the 
floor could produce th e  castings, and th a t  fact 
rendered costing difficult. There were also diffi
culties w ith  regard  to  p a tte rn s , some of which 
seemed to be constructed ra th e r  for appearance 
th a n  for use. How were they  to be costed P 
Sometimes they  were designed by the draw ing 
office and made by a joiner'; they  had to  be 
tw isted  in  various places, and a g rea t deal of 
tim e had to  be spent in  p u ttin g  them  rig h t. H e 
had no th ing  aga in s t th is P aper, bu t, being a 
craftsm an , he fe lt th a t  the  Sub-Comm ittee was

F
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cate ring  more for the rep e titio n  and  mechanised 
foundry th an  for th e  jobbing shop.

T h e  P r e s i d e n t , M r. C. W. B ig g  (a member 
of th e  Sub-Com m ittee) accepted M r. D e lpo rt’s in 
v ita tio n  to  reply to M r. Sutcliffe. H e said th a t  
if any of th e  m oulders used more sprigs th an  
they  should use, he would very quickly find out 
the reason. The m anagem ent should be capable 
of deciding th e  correct num ber of sprigs to  use 
for a job, and i t  should n o t be le ft to  the  discre
tion  of the  individual men on th e  floor. As to 
the  o ther questions raised by M r. Sutcliffe, he 
said th a t  to  every o ther m an in  th e  room they  
answered themselves.

M r. J .  H . C o o per  em phasised th a t  th e  p u r
pose of the P ap e r was to  help founders to  deal 
w ith th e ir problems from  th e ir  d ifferen t angles 
and to  secure th e  best possible resu lts . I t  
seemed, he said, th a t  M r. Sutcliffe was reg a rd 
ing the  P ap e r in  th e  w rong ligh t, overlooking 
the  fac t th a t  founding was team  work and was 
no t ind iv idualistic.

A Sim plif ied  S c h e m e  N e e d e d
M r . C. E . W i l l i a m s  (P as t-P resid en t), in  a 

tr ib u te  to  th e  Costing Sub-Com m ittee, com
m ented jocularly  th a t  perhaps he was to  blam e 
for having given them  th e  ta sk  of g e ttin g  th e ir  
figures and recom m endations to g e th er, for 
du ring  his year of office as P res id en t he had  sug
gested th a t  i t  would be a good th in g  to  im press 
upon th e  smalj jobbing founders particu la rly  
th a t  there  were o ther factors in  th e ir  costs be
sides pig-iron and coke. Sometimes i t  seemed 
to him th a t  a founder added together only th e  
costs of his pig-iron, coke and labour, add ing  
10 per cent, for p ro fit; th e  P a p e r contained sug
gestions which would enable the  small founder 
to arrive a t  cost figures which were n ea re r the  
t r u th  th a n  would be the  case if he shu t his eyes 
to th e  fac t th a t  th e re  were such th ings as sand, 
springs, blacking, etc. The work of th e  mem
bers of th e  Sub-Com m ittee had involved them  in
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considerable travelling  and expense, and the 
members had devoted a g rea t deal of th e ir  tim e 
to th e  work, which was very heartily  ap p re 
ciated  ; b u t i t  would be a good th in g  if  they 
could throw  ou t a somewhat sim pler scheme, su it
able for app lication  to  a jobbing foundry.

C o s ts ,  O v e r h e a d s  an d  P ie c e -w o rk
M r . J . R oxburgh  said i t  was perhaps safe to 

assume th a t  most foundries, w hether large or 
small, had some system of costing in  operation. 
P robably in  th e  beginning the  costing systems 
used in  some cases were devised and introduced 
by persons who were no t a ltogether fam iliar with 
or appreciative of the  d iversity  of products and 
processes used in the foundry . I t  was, there 
fore, a m a tte r  for congra tu la tion  th a t  the  Cost
ing Sub-Comm ittee, composed of foundrym en, 
had gone to the  trouble of investigating  costs 
from inside the  industry . H e believed th a t , 
generally speaking, the principles enunciated  and 
th e  recom m endations made in the  P ap e r could 
form  a basis upon which a proper costing system 
could be devised Therefore, he felt th a t  the 
industry  should accept the  recom mendations 
generally. The Sub-Comm ittee had pursued the 
correct course in  applying th e  overheads to the 
d irec t costs, b u t perhaps a poin t such as th a t 
was w orthy of still fu r th e r  a tten tion . I t  was 
well known th a t in  any scheme of paym ent by 
results the  prices set should be such th a t  an 
average m an could earn  tim e-and-a-quarter. For 
instance, in the case of a  piece-work job where 
500 hours was allowed, and where the  job was 
actually  done in 400 hours, the  m oulders earned 
a bonus of 100 hours. H e contended th a t  the 
overhead figure should apply to  the actual 
num ber of hours worked, i.e ., th e  400 hours, 
and  th a t  the  cost of the  ex tra  100 hours was 
merely added on. I f  the  cost of the 100 hours 
was £7, th a t  am ount should be spread over th*  
whole cost of th e  casting.

The Sub-Com m ittee were also to  be congratu
lated  on the  fac t th a t , in regard  to m etal and

f 2
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m elting costs, they  had gone a g re a t deal fu r th e r 
th an  they  had in  th e ir  prelim inary  rep o rt, and 
the bogie of the  price of domestic scrap had 
been brought n ea re r so lu tion  in  th e  p resen t re
po rt th an  in  the  previous one. I f ,  as they  had 
suggested, the  scrap resu lting  from  each type  of 
m etal m ix tu re  were weighed and booked o u t to 
its respective pile in  the  yard , and  any scrap 
used from  th is pile hooked back again  to  the  
foundry, a  correct record of each type  of scrap 
m ateria l would he obtained. The finished cast
ings resu lting  from each type  of m etal m ix tu re  
would also be recorded and, from  th is in form a
tion , th e  cost of m etal would resolve itself in to  
purchases of m etal and scrap  aga in s t each m ix
tu re , divided by the  w eight of finished castings 
obtained from  each m ix tu re .

This repo rt was of immense im portance to  the  
industry , and an executive of a foundry  should 
not only know his costs, b u t should be able to 
in te rp re t them  so th a t  they  would serve as a 
reliable guide to  help him  to im prove th e  effi
ciency of his departm en t. I t  was p a rticu la rly  
significant th a t  th e  P res id en t, in  his address 
th a t  m orning, had laid  p a rticu la r em phasis on 
the subject of costing in th e  foundry .

E s ta b l i s h m e n t  of F u n d a m e n ta l s
The P r e s id e n t  said th a t ,  as a p rac tica l m an, 

he had endeavoured to  found all his la te r  reason
ing on the  principles he had  acquired a t  the  
bench in  his early  days. M essrs. Q ualcast, 
L im ited, had  been m oderately successful, and  a 
trem endous am ount of th e  success i t  had 
achieved was a ttr ib u tab le  to  th e  rea lisa tion  of 
the  im portance of applying proper costing p rin 
ciples. Costing had a value as a dim ensional 
factor in  the  works as d is tinc t from  th e  office; 
th a t  was one of its  m ain  values to  th e  works 
executive, and he regarded  th e  cost book as the 
barom eter fo r the  works.

From  the  sta tem en ts made, he said, i t  m igh t 
be th ough t th a t  i t  was well nigh impossible to 
arrive a t a costing system fo r a  jobbing shop;



bu t, in  fact, th a t  was no t so. The Sub-Com
m ittee  was ou t to  establish principles. No 
m a tte r  how small a shop or how varied its  work, 
an  in te lligen t tr ia l  could be made of costing, 
and he was sure th a t  even M r. Sutcliffe would 
be keen about i t  if he would give i t  an un 
biassed tr ia l.

In  a tr ib u te  to  the  Costing Sub-Comm ittee, 
the P res id en t said th a t  th e  members had had  to 
devote a ce rta in  am ount of tim e to the work, 
but they  had all enjoyed it. H e proposed a 
h earty  vote of thanks particu larly , however, to 
M r. D elport, th e  convener, who had had to  de
vote a trem endous am ount of tim e to  the  for
m ulation of the  results of the Sub-Com m ittee’s 
discussion.

M b . C. C. B o o th , as a member of the Sub- 
Comm ittee and, therefore, as one who appre
c iated  the  enormous am ount of work M r. Del
p o rt had done, seconded the  vote of thanks. 
The members of the Sub-Comm ittee, he said, 
had discussed m any problems which they had 
m et in  th e ir  own works, and  g rea t credit was 
due to  M r. D elport for the able m anner in 
which he had in te rp re ted  th e ir  statem ents and 
had com m itted them  to  paper.

The vote of thanks was carried  w ith acclama
tion.

M r . D e l p o r t , responding, said th a t  the real 
fundam enta l m a tte r  contained in  the rep o rt had 
resulted from  the discussions of the views and 
experiences of the  whole of the  members of the 
Sub-Comm ittee, so th a t  any expression of thanks 
to h im  should be allocated to  the Sub-Committee 
as a whole.

Costing, he continued, was really a question of 
good m anagem ent, and there could no t be good 
m anagem ent in a foundry w ithout a costing 
system. H e hoped th a t  members of the In s ti
tu te  would study  th e  R eport and would con tri
bute constructive criticism s and suggestions; 
those criticism s and suggestions would be con
sidered and the  resu lts of the Sub-Com m ittee’s 
investigation  of them  would be embodied in a 
final repo rt.
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C O M M U N IC A T IO N S
A M eans  o f  S im p li f ica t io n

M r. S. H . R u s s e l l  (P as t-P resid en t and hon. 
tre a su re r of the  In s titu te )  w rote th a t  he fully  
endorsed all th e  recom m endations regard ing  the  
necessity of costs. The only criticism  was th a t  
it  appeared to be draw n up purely from  the  poin t 
of view of foundries m aking large q u an tities  
from  the  same p a tte rn , and th a t  the  average 
jobbing founder would be ra th e r  fr igh tened  by 
the am ount of d a ta  he was required  to  collect. 
The essential item s in costing w e re :— (1) Cost 
of m etal a t the sp o u t; (2) skilled-labour cost of 
producing the  casting  (i.e., m oulder and  core
m aker) ; and (3) the  cost of non-productive 
labour, i.e ., forem en, fe ttle rs , labourers and 
works staff. This could be expressed as a per
centage of th e  skilled labour cost, and  w hilst 
i t  was adm ittedly  som ewhat approx im ate , usually  
averaged out very closely, the  in tr ic a te  and 
cored work na tu ra lly  absorbing a b igger share 
of those non-productive costs.

An accountan t would quickly and easily advise 
a foundry  as to  th e  percen tage necessary to  add 
to the to ta l of these item s to cover overheads 
and a reasonable profit. H e had previously ex
pressed the opinion th a t  cost of m etal calcula
tion  could be simplified by om ittin g  all reference 
to  home scrap (th is being m ade orig inally  from  
the  bought m ateria ls). The cost of a charge of 
pig-iron and bought scrap was readily  obtained, 
and to  th is cost should be added th e  cost of fuel 
and m ateria ls per to n  of good castings produced, 
obtained by averaging costs and tonnage of p u r
chases and sales over a year. The fu rnacem en’s 
wages m ight be e ith e r allowed fo r or included 
in the to ta l percentage of non-productive labour. 
This m ethod, adm ittedly , was not so accurate , 
b u t if reasonable care was tak en  in  establish ing 
th e  basic figures, the  cost on any ind iv idual 
casting, even if only a one-off job, could be very 
quickly determ ined. I t  was m ost im p o rtan t 
th a t  a simple system of costing, reasonably
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accurate , should be introduced into every 
foundry , and i t  was th en  inevitable th a t  u lt i
m ately the  costing would be m ade individually 
more accurate  by the  more elaborate system ou t
lined in the  rep o rt of the  Sub-Committee.

M r. E . R . B r ig g s  w ro te : —
I would like first to congratu late  the  Sub-

Com m ittee on the  way in  which they  have
tackled th is difficult and controversial subject. 
I  th in k  they  were wise in confining themselves, 
in  the  m ain, to  laying down general guiding 
principles, as experience shows th a t  each busi
ness m ust work ou t its own m ethod in  detail
to  su it its own work and  to  conform generally
w ith its own organisation.

There are  several points upon which I  differ 
from the  findings of the Sub-Comm ittee, b u t I  
will confine myself to  two of them . The first is 
the  value of the  m etal. The method of arriv ing  
a t  th is  value is, I  suggest, incorrect, although 
I agree w ith  the  answ er obtained. Surely the 
home scrap has no value a t  all. I t  is tru e  th a t  
certa in  charges have been incurred  in direct 
labour and on-costs in m elting th is scrap, bu t 
these charges have been tran sfe rred  to  the 
account of the  good castings, and its value on 
re tu rn in g  to  the  cupola is nil. The am ount of 
home scrap produced per ton  of good castings 
m ust be ascertained over a long enough period 
to  secure average results in  order to determ ine 
the  p roportion  charged, which m ust be equal to 
th a t re tu rned . The cost of the m etal itself is 
th a t which is in  the  good castings plus the m etal 
lost. A sim pler and  more convenient way of 
s ta tin g  the  cost of the  m etal is per ton  of good 
castings, and m ix ture  “ A*” would be stated  
th u s :—

s. d.
10^ cwts. pig-iron (a) a t  80s. ... 42 0

cwts. pig-iron (b) a t 70s. ... 18 4
cwts. bought scrap a t 50s. ... 13 2

73 6



The lost m etal is tak en  a t  5 per cent, of the 
good castings, and is equ ivalen t to  th a t  given 
in the  R eport.

The second point upon which I  should like to  
make some comments is th a t  of th e  on-cost re 
covery. I  m ust jo in  issue w ith  the Sub-Com
m ittee  on th e ir  s ta tem en t th a t  the sim plest and 
soundest method is th a t  based on d irec t labour. 
This implies th a t  no o ther m ethod is as simple 
or as sound, a s ta tem en t th a t  can hard ly  be 
substan tia ted . The conditions of wages and 
methods of p'ayments in  foundries a re  such th a t  
the nearest approx im ation  to  accuracy in  the  
d is tribu tion  of on-costs is th e  m ethod of hourly  
rates. This method provides for the  v a ria tion  
in cost of service provided fo r th e  d ifferent 
classes of d irec t workers as well as fo r th e  tim e 
during  which they  u tilise  these services. E very  
foundry has a lim it to  the  num ber of p roductive 
hours available, and  each productive hour has a 
definite financial value according to  th e  facili
ties provided fo r the  operation  perform ed ; u n 
less these two factors, service and  tim e , are  
taken  into account in  d is tr ib u tin g  th e  ind irec t 
charges, there  is th e  probability  th a t  some cast
ings are being overcharged and others u n d e r
charged, which would ten d  to  cause unprofitable 
work to  flow in to  the  foundry  and keep th e  
more profitable lines away.
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W E A R  TESTS O N  FER R O U S ALLOYS

By O . W .  ELLIS*

[ A m e r ic a n  E x c h a n g e  P a p e r ]

In t r o d u c t i o n
About two years ago, a t  th e  Convention of 

th e  A m erican F oundrym en’s Association in 
Toronto, C anada, th e  au thor, in  collaboration 
w ith his colleagues, M r . J .  R . G o r d o n ]- and 
D r . G. S. F a r n h a m , ]  presented a  P ap e r on the 
wear resistance of w hite cast iron. The tests 
described in th a t  P ap e r were carried  o u t in end- 
discharge porcelain ja rs  (8.75 in. dia. and 
9.60 in . high), which- in the individual tests 
were charged w ith  e ith e r n ine cylinders (J in. 
high and f  in. dia.) or nine sand-cast balls 
( |  in . d ia .), together w ith  4 lbs. of silicon 
carbide and lbs. of w ater. The ja rs , loaded 
and sealed, were ro ta ted  a t  60 r.p .m . in  a 
m otor-driven mill of stan d ard  design. The cylin
ders, or balls, were weighed individually  a t  the 
beginning and end  of each of 10 runs of 160,000 
revs. each. A t the  end of each ru n  the per
centage losses in w eight of the  balls were cal
culated. The P ap er contained curves showing 
the losses in  w eight (w ith tim e) of various cast 
irons, as well as tables giving the  losses in 
weight of a  num ber of alloys in mgrms. per sq. 
cm. of original surface (“ wear numbers ” ) a t 
the end of 800,000 and 1,600,000 revs.

Among the conclusions reached by the au thor 
and his collaborators were the following: —

(1) Given a suitable abrading medium, the 
ball mill can be used to  measure the  wear re
sistance of w hite cast irons.
* Director, Department of Engineering and Metallurgy, Ontario 

Research Foundation, Toronto, Canada.
t  Metallurgist, Research Department, The International Nickel 

Company of Canada, Limited, Copper Cliff, Ont., Canada.
f Metallurgical Engineer, Department of Mines and Resources, 

Ottawa, Canada.

P a p e r  N o . 607
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(2) The h igher the  carbon con ten t of white 
cast iron, the less consistent (under the  con
ditions described) are  the  results of w ear tes ts 
on cast balls m ade from  these alloys.

(3) The higher the  carbon con ten t of w hite 
cast iron, o ther th ings being equal, th e  lower 
is its wear resistance under the  conditions 
described.

(4) V ariations in m anganese up  to  about 1 
per cent, have practically  no effect on the  
wear resistance of w hite cast iron, nor does 
the  addition  of th is elem ent (up to  6 per 
cent.) im prove w hite cast iron  con tain ing  lede- 
burite .

Effect o f  C a r b o n  o n  R e s i s t a n c e  t o  W e a r  
o f  I r o n - C a r b o n  A lloys

P erhaps th e  most in te res tin g  of these conclu
sions is the th ird . I t  was th o u g h t im p o rtan t 
enough to  w a rran t fu r th e r  experim ent, and two

T a ble  I .— Wear Numbers for Iron-Carbon Alloys (1J pr 
cent. Si) in  Silicon Carbide.

c.
Per cent.

Si. 
Per cent.

Mn. 
Per cent.

Relative loss 
of weight.

0.98 1.21 1.04 100.6
1.41 1.22 1.07 100.0
1.92 1.26 1.09 103.2
2.58 1.41 1.01 110.3*
2.97 1.27 1.01 124.9*

* Mottled.

series of tes ts  were made w ith  1 in . dia. sand- 
cast balls. Two balls of each alloy (Table I) 
were tested  in silicon carbide (J-in. g ra in ) in 
substan tia lly  the  way already described. The 
results of the  tes ts  are  given in  Table I.

I t  was believed th a t  fu ll confirm ation of the  
previous resu lts had  been obtained. H owever, 
macroscopic exam ination  of the  balls m ade from 
the  2.58 and 2.97 per cent, carbon m elts showed 
them  to  be m ottled , and therefore unsa tisfac
to ry  for dem onstrating  th a t  the  w ear resistance 
of w hite cast iron decreased w ith rising  carbon
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content. A new series w ith lower silicon was 
made, and th e  analyses of these alloys, also 
cast as 1-in. dia. balls, a re  given in Table I I , 
toge ther w ith  th e ir  re lative losses of w eight a fte r 
te s t in silicon carbide.

T a ble I I .—Wear Numbers for Iron-Carbon Alloys 
( |  per cent. Si) in Silicon Carbide.

c.
Per cent.

Si. 
Per cent.

Mn. 
Per cent.

Relative loss 
of weight.

0.95 0.72 1.05 102
1.43 0.79 1.07 100
2.02 0.75 1.15 101
2.41 0.72 1.20 104
2.95 0.80 1.05 111

T able  I I I .— Wear Numbers for Chromium Steels in 
Silicon Carbide.

C.
Per

cent.

Si.
Per

cent.

Mn.
Per

cent.

Cr.
Per

cent.

Relative 
loss of 
weight.

Group 1 2.02 0.75 1.15 _ 100
1.18 1.11 1.01 2.15 99
0.73 1.24 0.87 4.89 69
0.45 1.18 0.94 10.20 36
0.22 1.15 0.90 15.15 45

Group 2 2.02 0.75 1.15 _ 100
1.18 1.11 1.01 2.15 101
1.05 1.25 0.91 4.94 96
1.02 1.18 0.90 9.83 68
0.96 1.18 0.98 13.96 61

W e a r  T e s ts  on  A lloy  S te e ls  and  Irons 
in S ilicon C a rb id e

These resu lts fully confirm the  view th a t 
(under the  te s t  conditions described) the  wear 
resistance of w hite cast iron decreases as the  
carbon rises. Also, the  impression is created 
th a t  the wear resistance of steel falls w ith de
crease of carbon.. In  short, maxim um  resist
ance to  w ear in silicon carbide obtains in  alloys 
on the borderline between steel and w hite cast 
iron—alloys having a s tru c tu re  corresponding to
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th a t  of the  1.7 per cent, carbon alloy of th e  pure 
iro n /iro n  carb ide system.

Since the P ap e r referred  to  was published, 
much more work has been carried  o u t u nder tbe  
same te s t conditions. The resu lts have shown 
th a t  m any alloys of low B rinell hardness num ber 
resisted abrasion as well as, an d  o ften  b e tte r 
th an , alloys of high B rinell hardness num ber. 
M any pearlitic  alloys have been found superior 
to m artensitic  alloys, and m any au sten itic  
superior to  pearlitic . The ou ts tan d in g  fe a tu re  of 
the  tes ts  as a whole has been th e  m arked  
superiority  of th e  alloys con ta in ing  chrom ium . 
In  th is connection, figures in  Table I I I ,  chosen a t 
random  from  m any, em phasise the  points th u s  
fa r  b rought out.

C o n t in u o u s  Mill f o r  T e s t in g  t h e  R e s is tan c e  
o f  Balls t o  A b ra s io n

W hile the tests in  porcelain ja rs  w ere being 
made, resu lts were discussed from  tim e  to  tim e 
w ith in terested  persons, am ong whom was P ro f. 
H. E. T. H au lta in , head of the  D ep artm en t of 
M ining E ng ineering  a t  th e  U n iversity  of 
Toronto. He b rough t to  th e  a u th o r’s a tten tio n  
a continuous mill of his own design, employed in 
his dep artm en t to  te s t th e  g rin d ab ility  of ores. 
This mill could be readily  adap ted  to  wear- 
resistance tests on alloys in  the  form  of balls, and 
a fte r prelim inary  tes ts  had  been carried  out 
w ith th e  mill as i t  then  was, th e  necessary m inor 
changes (which requ ire  no description here) were 
made in its design.

F ig . 1 shows th e  continuous m ill, w ith  acces
sories, in  its la te s t form . The m inera l used as 
the medium of abrasion is fed in to  the  hopper 
seen a t  the  upper rig h t-h an d  corner of th e  illus
tra tio n , whence i t  flows on to  th e  continuous 
rubber belt which moves beneath . M eans are  
provided both for ensuring  and for reg u la tin g  
the  flow of m ineral from  the hopper to  th e  belt)

F rom  the  belt the  stream  of m ineral falls in to  
a sm aller hopper which is connected to  a  tube 
extending  in to  th e  mill. Tn th is  tube  a ro ta tin g
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cast-steel screw carries th e  m ineral forw ard into 
the  mill. The screw is cast w ith  a hole running  
axially  th roughou t its  length . T hrough th is  hole 
th ere  extends in to  th e  m ill a small copper tube 
by m eans of which w ater is supplied during  test

F i g . 1.— C o n t in u o u s  Mini, fo b  T e s t in g  
t h e  R e s is t a n c e  o f  B ales to 
A b b a s io n .

in  q u an tities  which may be varied  a t  will. The 
mill itself is rubber-lined and  is ro ta ted  a t  from 
30 to  60 r.p .m . by m eans of two shafts supported 
on su itab le  bearings, and connected by belting. 
The mill is divided in to  two p a r t s :— (1) A 
fro n t p a rt, consisting of a  single casting  (lined



w ith rubber), and (2) a back p a rt , consisting of 
a circular p late  (also lined w ith rubber) firmly 
a ttached  to  the  fro n t p a r t by m eans of bolts to 
which nu ts  are  fitted . The ground  m ateria l 
leaves th e  mill th rough  a cen tra l bole in  the  
fro n t p a r t  of th e  mill. This hole is approxim ately 
1J in. d ia., and is fitted  w ith  a  screen to  p re
ven t the  balls from  leaving th e  m ill. The sludge 
is caugh t in a galvanised iron shu te  which con
veys i t  to  buckets in  w hich i t  is removed as 
desired. M eans a re  provided fo r au tom atically  
sh u ttin g  off th e  mill if any p a r t  of i t  fails, b u t 
troubles have been encountered  desp ite  these 
autom atic  devices. E xperience has m ade i t  clear 
th a t  for continuous operation  i t  is necessary to  
sieve m ost m inerals so as to  e lim ina te  partic les 
sm aller th an  about 40 mesh.

T e s ts  in t h e  C o n t in u o u s  Mill w i th  
K i rk lan d  L ake  O r e

In  th e  first te s ts  carried  o u t in  th e  continuous 
mill, p rim ary  bowl sands* from  L ake Shore 
Mines, L im ited , were used as th e  ab rad ing  
medium. These sands, which gave b u t li tt le  
trouble in  the  mill despite th e ir  wide ran g e  of 
partic le  size, varied  in  th is  respect w ith in  the  
lim its shown in  Table IY .

In  passing, i t  is in te re s tin g  to  no te  th a t  from  
83 to  89 per cen t, of th e  sludge leaving th e  m ill 
was —200 mesh, and  th a t  less th a n  3 p er cent, 
was over 60 mesh.

At the  tim e of s ta r tin g  these te s ts  i t  was de
cided to ru n  th e  mill continuously fo r a week a t

* The primary bowl sands used as the medium of abrasion in these 
tests represent the coarse discharge of a classifier after the firBt 
ball mill. Practical experience shows th a t this material is some
what tougher than  the original ore. The ore was ground in  ball 
mills a t the mine, and was then classified, so th a t the — 325-mesh 
product of the ball mills was removed.

A partial analysis of one sample of these sands is as follows :_
Insoluble, 83-2 per c e n t.; lime, 3.62 per c en t.; magnesia, 1.85 per 
c en t.; pyrite, 1.92 per c e n t .; and loss on ignition, 5.65 per cent. 
A complete analysis of the ore of which these sands were a repre
sentative sample follows :— Silica, 50.55 per c e n t.; alumina 13 65 
per c e n t .; sodium and potassium oxides, 10.10 per cent ’• loss 
on ignition, 6.50 per cen t.; lime, 4.60 per cen t.; iron, 4.25 per cent 
magnesia, 2.90 per cent. ; sulphur, 1.00 per cent. ; carbon 0 09 per 
c en t.; molybdenite, 0.08 per c e n t.; lead, 0.02 per cent, • tellurium- 
0.02 per o en t.; copper, 0.01 per c e n t .; and gold, 0.59 oz. per ton’



a tim e, weighing the balls before and a fte r each 
week’s run . This procedure, once adopted, was 
used th roughou t the  en tire  series of tests with 
the sands. However, owing to difficulties m et 
w ith in  ru nn ing  th e  mill, th e  same w eight of 
sands did no t pass th rough  the  mill each week. 
In  la te r  experim ents, the  am ount of m ineral 
tre a ted  has been made the criterion  of the 
leng th  of th e  run . G enerally speaking, 500 lbs. 
of m ineral have been fed to the  mill during each 
ru n . The ra tio  of w ater to  sands was kep t a t 
30 per cent, th roughou t th e  test.

In  Table V  are  quoted the  analyses of the 
alloys used in  m aking the  balls. In  all cases 
the content of su lphur and of phosphorus re-

T able  IV.—Particle Size of Concentrates Used in Tests 
in Continuous Mill.

Particle size. Per cent.

+  60 45-60
60 to 80 10-15
80 to 100 9 |—101

100 to 150 Up to 10
150 to 200

-  200 11J-17J

spectively was less th an  0.04 per cent. The 
balls, su itably  m arked, were tested  and weighed 
in  groups of 10. The num ber of balls in the 
mill du ring  each run  varied  slightly, as is shown 
in  Table V I.

The w eight of halls undergoing te s t also varied 
from  ru n  to  run , as m ight be expected. In  
Table V II  are given the resu lts of th e  experi
m ents w ith the sands on a series of sand-cast 
balls, 1 in. d ia ., of various compositions, and 
1-in. dia. balls of o ther m aterials supplied to 
th e  au tho r th rough  the  courtesy of persons in 
terested  in  his tests. The S tellite balls were 
supplied by D r. C. W. D rurv , of the  Deloro 
Sm elting & R efining Company, L im ited, Toronto, 
O ntario. The forged steel balls were supplied
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T able V .— Chemical Analyses of Alloys Used in Making 
Balls for Wear T est in Bands.

Alloy c. Si. Mn. Cr. Ni. Mo.
Per Per Per Per Per Per

Number. cent. cent. cent. cent. cent. cent.

Ni-Hard 2 .72 1 .21 0 .43 1.58 4.62
A-16 1.24 1 .24 1.14 2 05 3.94
A-17 1 02 1 32 1.08 3 08 5.95
A-14 1 00 1 28 0 98 3 18
A-8 1 56 1 31 1 01 2.89
A-13 1 18 1 11 1 01 2 15
A-15 1 43 1 29 0 98 1 12 2.04
A -ll 1 58 1 36 5 85
A-12 1 39 1 17 1 03 1 06
A-19 0 62 1 47 5 84
A-10 1 57 1 30 4 02
A-22 1 51 1 27 1 24 1.20
A-18 0 68 1 50 3 67
A-25 0 82 5 48 1 16
A-23 1 24 3 64 1 23
A-24 1 03 4 50 1 18
A-4 2 58 1 41 1 01
A-21 1 48 1 44 1 25 0.67
A-7 1 47 1 28 0 96 1.97
A-9 1 55 1 36 2 14
A-3 1 92 1 26 1 09
A-6 1 53 1 36 0 95 0.99
A-20 1 47 1 40 1 32 0.36
A-l 0 98 1 21 1 04
A-2 1 41 1 22 1 07
A-27 1 26 0 44 14 83
A-5 2 97 1 27 1 01
A-36 1 82 5 05 0 96 2 68
A-3 8 0 42 4 89 0 94 2 59
A-3 5 1 12 5 24 1 05 2 62
A-43 2 95 0 80 1 05
A-42 2 41 0 72 1 20
A-39 0 95 0 72 1 05
A-41 2 02 0 75 1 15
A^O 1.43 0 79 1 07
A-50 1 .02 1 18 0 90 9 83
A-51 0 .96 1 .18 0 .98 13 96
A-47 0 .45 1.18 0 .94 10 20
A-A6 0 .73 1 .24 0 .87 4 89
A-49 1.05 1 .25 0 .91 4 94
A-48 0 .22 1.15 0 .90 15 16
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by M r. J .  B. Carswell, of B urlington feteel Com
pany, L im ited , H am ilton , O ntario. The copper 
balls were cast a t  th e  F oundation , and the  glass 
balls were purchased locally. The methods of 
m anufactu re  of these alloys were generally simi
la r  to those described in the  au th o r’s previous 
Paper.

In  Table V II are  quoted, for the  alloys listed 
in Table, V, th e  to ta l losses of w eight in mgrms. 
per sq. cm. of o rig inal surface of ball (surface 
of ball a t  commencement of the first run ). So 
th a t  these results may be com parable w ith others 
to be given la te r, the  w eight of sands trea ted

T a ble  VI.—Numbers of Balls Tested in Continuous Mill.

Run number. Number of balls in mill .

1 320
2 300
3 290
4 310
5 310
6 310
7 310
8 310
9 310

10 310
11 310
12 310

during  each ru n  is quoted a t  the heads of the 
columns. A very rough idea of th e  effect of 
vary ing  th e  am ount of sands tre a te d  can be had 
by com paring th e  losses in w eight from  run  to 
ru n . The m ill was no t ro ta ted  a t the  sam e ra te  
in all th e  experim ents covered by Table V I I ; 
in the  first te n  runs the  ra te  of ro ta tion  was 
30 r.p .m ., whereas in th e  last two it  was 
60 r.p .m .

C o m m e n t s  on  R esu l ts  of  T e s ts  in K irk land  
L ake  O r e

From  these results four sets have been chosen 
for graphical rep resen ta tion  in F ig . 2, where 
th e  fou r curves re fe r to  S tellite , N i-H ard , alloy
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A-17, and alloy A -ll , respectively. V ertical lines 
have been draw n to  ind ica te  c e rta in  stages in 
th is prolonged te s t, which were fe lt to  be of 
im portance. F or exam ple, d u rin g  the first four 
runs the  feed of sands was fa irly  constan t, 
du ring  the n ex t fou r i t  was changed, du ring  the 
nex t two i t  was changed again , and d u ring  the  
last two the  speed of th e  m ill was increased.

I t  is su rp ris ing  th a t , despite these changes 
in feed and speed, the rela tive  losses in  w eight

W eight of sand milled (lbs.).
F i g . 2 .—L oss in  W e ig h t  of V a r io u s  M a t e r ia l s

RELATED TO THE WEIGHT OE SAND MlLLED.

(as opposed to  the  to ta l losses in  w eight) of the  
balls used in  the  te s t  rem ained as constan t as 
they did. The re la tive  losses of w eight (S tellite  
=  100) of th e  alloys listed in  Table V are quoted 
in Table V III .

From  these results (Table V III)  have been 
taken a t  random  for g raphical rep resen ta tion  
(Fig. 3), those re fe rrin g  to N i-H ard , to  alloy 
A-17, to  alloy A -ll ,  and  to  th e  h ea t- trea ted  
forged steel balls. The relative losses in w eight 
of these alloys du ring  each of the  twelve runs
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are  p lo tted  in  F ig . 3, together w ith  the  average 
re la tive  loss in  w eight per ru n . In  th is  connec
tion , i t  will be noted th a t  for th e  hea t-trea ted  
forged steel balls the  maxim um  varia tion  from 
th e  average re la tive  loss of w eight (approxi
m ately  193) did n o t exceed 15—or a litt le  less 
th a n  8 per cent. This varia tion  from  the  aver
age, which is high compared w ith most of the 
o thers, is considered rem arkably small for experi
m ents o f th is  type.

The order of wear of th e  first five alloys in 
Tables V II and V III  was the same throughout 
the  en tire  tes t. There was little  to  choose be
tw een th e  n ex t e ig h t alloys, which constantly 
jockeyed for position. A t the  end of th e  test 
the  difference in w eight between th e  best and the 
w orst of th is  group of e igh t was about 6 |  per 
cent. only.

Alloys A-43 to  A-40 (Table V II) m erit 
special a tten tion . These were the  iron-carbon 
alloys of which balls rvere tes ted  in  silicon 
caTbide (see Table I I ) . W hen these alloys are 
tab u la ted  according to  the  relative w ear in  the 
sands, they reverse th e ir  order in  Table I I ,  as is 
shown in Table IX , where the relative losses in 
w eight of the  balls, in both sands and silicon 
carbide, a re  compared.

Of th e  s tra ig h t carbon alloys referred  to  in 
Table IX , the 3 per cent, white cast iron is bv 
fa r  the  best. I t  is also superior to  th e  2 and 
3 per cent, chrom ium  steels, alloys A-14 and A-13 
(see th e  sm aller values quoted in the  la s t four 
columns of Table V II).

T e s ts  in P o rc e la in  J a r s  w i th  Sands,  G r a n i te  
and  Silica as A bras iv es

The foregoing results were so surprising  when 
com pared w ith those of the tests in silicon car
bide th a t  i t  was decided to  find in w hat order 
alloys 43-40 (Table VTI) would stand  when tested 
in  the  porcelain ja rs , b u t w ith (1) sands, (2) 
g ran ite , and (3) silica, in  place of silicon carbide. 
The results of these tes ts  are shown in Table X.
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These tests dem onstrate  th e  im p o rtan t fac t 
th a t  the  order of w ear of these alloys, when 
tested  in  sands in porcelain ja rs , is th e  same 
as th e ir  order when tes ted  in sands in  th e  con
tinuous mill. The chances a re  good, therefore, 
th a t  tes ts  in  porcelain ja rs  are  likely to  serve 
as guides to  the  behaviour of allays in  la rger 
mills.

These tests also show th a t  th e  re la tive  losses 
of w eight of these alloys in  g ran ite  and  silica

1 0 0  !  2  3  \  5  S  7  B  9  /O  ' / /  72
RUN NUMBER

F i g . 3.—L oss in  W e ig h t  o f V a r io u s  
M a te r ia ls  f o r  E a ch  R u n .

lie in  the  same order as those in  silicon carbide. 
In  th is connection i t  m ay be well to  p o in t ou t 
th a t  the  order of w ear of these alloys, when 
tested  in  silica in  the  porcelain ja rs , was the  
same as th e ir order when tested  in silica in  the 
continuous mill, as is ind icated  in  th e  following 
section. This serves, again , to  support the view 
expressed in the last sentence of th e  previous 
paragraph .

T e s ts  in C o n t in u o u s  Mill w i th  Silica
The question na tu ra lly  arose w hether, if  silica 

for example, were substitu ted  for sands in  thé



continuous m ill, th e  3 per cent, carbon alloy, 
A-43, would stand  first in  order or las t (as it 
did in  th e  tes ts  referred  to in Tables I I  and X). 
W hen so tested , the  alloys again  reversed the ir 
order from  th a t  in  which they stood a fte r  te s t
ing in  sands (see Table X I).

T h e  A b ra d in g  M edium  and  i ts  Effect on  th e  
R e s i s tan c e  of A lloys  t o  A b ra s io n

I t  now became clear th a t  the  abrading medium 
was a fac to r of ou tstand ing  im portance in deter
m ining th e  re la tive  value of balls to be used 
in hall mills. Tests were therefore  s ta rted  in 
the continuous mill w ith  (I) silica, (2) feldspar, 
(3) m arble, and (4) ta lc . F o r these tests new 
balls were cast in  series, as follows : — (a.) F ive 
s tra ig h t carbon alloys ; (b) five 2% per cent,
chrom ium alloys ; (e) five 71) per cent, chromium
alloys ; (d) five 15 per cent, chrom ium  alloys ;
(e) five 2) per cent, nickel alloys. The carbon 
contents of th e  five alloys in  each group varied 
from about 1 per cent, to about 3 per cent.
The chemical analyses of these alloys are given
in Table X II.

The results of these la te r  tes ts  are set out 
in Table X II I .  U nder each of the  headings in 
th is tab le—silica, feldspar, m arble, and ta lc— 
are a rranged  four columns. In  these are given, 
for ten  balls of each alloy : —

(1) The losses of w eight which occurred d u r
ing each of two successive runs.

(2) The sums of th e  losses of w eight which 
occurred during  these runs.

(3) The relative losses of w eight which 
occurred during  these runs.
D uring  each run , 500 lbs. of m ineral were 

passed continuously th rough  the  mill. The ra tio  
of w ate r to m ineral in  the  feed was approxi
m ately 30 per cent, in  all cases. The mill was 
ro ta ted  a t  60 r.p .m . th roughou t the tests.

B efore tes ting , the  balls (in small groups) 
were tre a ted  in silicon carbide in  the  porcelain 
ja rs , and then  were given a prelim inary  ru n  in



th e  continuous m ill, du rin g  which 500 lbs. of 
m ineral were passed th rough . The objects of 
the  trea tm en ts  in silicon carbide and m ineral 
were to  clean the  balls and to remove the  sharp  
edges of the  identification  m arks. Thus was 
elim inated  to  a. large ex ten t, if no t en tire ly , one 
cause of v a ria tion  in  th e  resu lts  of the  tes ts

CL-23

F i g . 4 .—-Me t h o d  o f  I d e n t if ic a t io n .

in the  continuous mill—particu la rly  on th e  more 
b rittle  alloys. Q uite s ta r tl in g  inconsistencies 
were noted  in  th e  loss of w eight a t  th e  end  of 
th e  prelim inary  ra n  in  the  continuous mi'll 
These, i t  is believed, were due to  the  rem oval of 
com paratively la rge  chips from  th e  edges 
of the  identification  m arks, which were cu t 
in all th e  balls by narrow  em ery wheels. 
To obviate th e  inconsistencies resu lting  from  
th is  m ethod of m ark ing , th e  au th o r p ro
poses to  cast th e  balls for fu tu re  te s ts  w ith 
a small hole th rough  th e  centre, in to  which can 
be inserted  a length  of wire suitably  m arked for 
purposes of identification , as shown in  F ig . 4.

ENDS 
HAMMERED ODER

NUMBER 
STENCILLED AS 
IN  SKETCH 

BELOW
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C o m m e n t s  on  th e  R esu l ts  of  T e s ts  in Silica, 
F e ld sp a r ,  M arb le  an d  T alc

The w ear num bers in  Table X I I I  dem onstrate, 
in  th e  first place, the  differences in  th e  abrasive 
effects of th e  various m inerals used in  these 
tests. Consider, for example, one of the less 
b rittle  alloys—B-2, a s tra ig h t carbon steel con
ta in in g  about 1J per cent, of carbon. I n  silica 
(1,000 lbs.) th is  alloy lost 143 mgrms. per sq. 
cm. during  the  second ru n , and 143 mgrms. per 
sq. cm. du rin g  th e  th ird  ru n  (the first ru n  was 
the  prelim inary  one, and is n o t referred  to  in 
Table X II I ) .  The loss of w eight du ring  both

T a b le  IX .— Comparison of Wear Numbers Obtained in 
Silicon Carbide and in Sands.

c.
Per

cent.

Si.
Per

cent.

Mn.
per

cent.

Relative loss of weight.

SiC.* Sands.

0.95 0.72 1.05 102 123
1.43 0.79 1.07 100 120
2.02 0.75 1.15 101 119
2.41 0.72 1.20 104 117
2.95 0.80 1.05 111 100
(The alloy showing the least wear has been taken as 

the standard—100—in each case.)
* Taken from Table II.

runs was 290 mgrms. per sq. cm. In  feldspar 
(1,000 lbs.) th e  corresponding loss of w eight was
11.4 per cent, g rea ter. In  g rind ing  1,000 lbs. 
of m arble, th e  same alloy lost 72 mgrms. per sq. 
cm.—only one-quarter of its loss in  grinding 
the  same w eight of silica. In  ta lc  th is alloy 
lost 101 mgrms. per sq. cm. du ring  runs 2 and 3. 
The same general effects are observed in  all the 
alloys.

In  th e  second place, the  w ear num bers in 
Table X I I I  b ring  o u t a n  im portan t point which 
none of the  previous tests has elucidated, 
namely, the m arked differences in the  relative 
losses of w eight of th e  alloys in  different 
m inerals.
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A study of th e  results of the  tests in silica 
shows th a t  in  th is  relatively  hard m ineral* the 
w ear num bers of the  alloys (B -l = 100) vary be
tw een 96 and  130 only.

T a b l e  X .— Wear Numbers of Alloys Tested in Sands 
Granite and Silica (Porcelain Jars).

Alloy
number.

C.
Per cent.

Relative loss of weight.

Sands. Granite. Silica.

A-39 0.95 100.0 100.0 100.0
A-tO 1.43 95.4 107.8 106.4
A-41 2.02 91.4 120.6 118.2
A-42 2.41 91.2 138.6 133.6
A-43 2.95 87.4 167.2 155.0

T a b l e  X I.—Wear Numbers of Alloys Tested in Silica in 
the Continuous M ill*

Alloy
number.

C.
Per tent.

Relative loss of weight. 

Silica.

A-39 0.95 102.4
A-40 1.43 100.0
A-41 2.02 107.9
A-42 2.41 111.4
A-43 2.95 116.5

* All the balls tested—310 in number—in run 12 
(Table VII) were run in this test.

In  feldspar* the  spread of re la tive wear 
(B -l =  100) extends from  44 to 131, while in 
m arble,* a still softer m ate ria l, th e  spread ex
tends from  32 to  188.

These tests show th a t, while in  the  grinding 
of m arble, fo r exam ple, steel has an undoubted 
advantage over w hite iron, in  the g rind ing  of 
silica th is  advantage, though m ain tained , is 
much less significant. The results of the  tests 
on the  high-chrom ium  alloys are  particu larly  
en lightening. There would seem no justification

» The approxim ate num bers (on Moh’s scale) o f the  m inerals used
in these tests  are as follows :— Silica, 7 ; feldspar, 6 ; marble, 3 ; 
and  talc, 1.
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for usirig high-priced chrom ium  alloys in the  
m anu factu re  of balls fo r g rin d in g  highly 
siliceous m inerals. On th e  o ther hand , th e  use 
of, say, B-16 in the  tre a tm e n t of m aterials con
ta in in g  large proportions of feldspar or m arble 
m ight be qu ite  economical.

The rem arkably  low re la tive  losses of w eight 
of alloys B-26 and  B-27, in  both feldspar and 
marble, m erit a tten tio n . These alloys are  essen
tia lly  cast irons—not cast steels. Therefore, 
since alloys contain ing  eu tec tic  w ear more 
rapidly th a n  those free from  eu tec tic  (see n ex t 
parag raph ), i t  seems n o t im probable th a t  a re 
duction of carbon to , say, 0.5 p er cent, would 
give to  15 per cent, chrom ium  alloys still g rea te r 
resistance to  abrasion in  feldspar, m arble, and, 
possibly, ta lc , th a n  B-26 and  B-27. W hether 
such low-carbon stainless steels would be of com
m ercial value in  the g rind ing  of these m inerals 
could be determ ined only by ac tu a l tes ts .

In  th e  th ird  place, th e  w ear num bers given 
in Table X I I I  confirm th e  im pression crea ted  by 
the results of all th e  previous te s ts  (w ith the  
exception of those in  sands), nam ely, th a t  th e  
h igher th e  carbon con ten t of w hite cast iron , the  
lower is its  resistance to  abrasion. I t  would seem 
th a t  th e  resistance of w hite  cast iron  to  abrasion  
is lowered as the  am ount of eu tec tic  in  its  s tru c 
tu re  increases. This appears to  be t ru e  w hat
ever type of alloy and w hatever m edium  of 
abrasion are  considered.

Of the  s tra ig h t carbon alloys and  th e  2J per 
cent, nickel alloys i t  can be said th a t  in  general 
the borderline alloys (those corresponding in 
m icrostructure to  the  1.7 p er cent, carbon alloy 
of th e  pu re  iro n /iro n  carbide system) resist 
abrasion b e tte r  th a n  those of lower or h igher 
carbon content. Of th e  o ther alloys i t  can be 
said th a t  the  lower th e ir  carhon con ten t, th e  
g rea te r is th e ir  resistance to  w ear.

C o n c lu d in g  R e m a rk s
N umerous anomalies in these tests have yet to 

be explained. I t  is clear th a t  m ineralogical



hardness p e r se is not the only property which 
affects the wear of alloys of different types. 
Why. if such hardness were an important factor, 
should the relative loss of weight of alloy B-26, 
for example, be 107 in silica and 44 in feldspar,
T a b l e  X U.—Analyses of Alloys Used in Tests (see 

Results in Table XI I I )  with Silica, Feldspar, Marble 
and Talc.

Alloy
num
ber.

B -l
B-2
B-3
B-4
B-5

B - l l  
B-12 
B -l 3 
B -l 4 
B -l 5

B-16 
B -l 7 
B -l 8 
B -l 9 
B-20 
B-21 
B-22 
B-23 
B-24 
B-25

B-26 
B-27 
B-2 8 
B-29 
B-30

C.
Per

cent.

0.93
1.48 
1.89
2.48 
3.10

0.97
1.43 
1.95 
2.45 
2.77

1.01
1.47
1.97
2.47 
3.02 
1.00
1.43 
2.17 
2.63
2.98

1.07
1.56
2.05
2.58
2.98

Si.
Per

cent.

0.62
0.60
0.80
0.81
0.81

0.80
0.77
0.77
0.79
0.75

1.29 
1.50 
1.47
1.49
1.32 
1.22 
1.26 
1.17
1.32
1.33

1.29
1.30 
1.32
1.30
1.50

Mn.
Per

cent.

1.10
1.14
0.88
0.95
1.06

0.98
1.00
0.91
1.01
1.06

0.92
0.94
0.92
0.99
0.76
0.90
0.91
1.03
0.92
0.98

1.00
1.08
0.95
0.94
0.95

Ni.
Per

cent.

2.50
2.60
2.55
2.52
2.58

Cr.
Per

cent.

2.42
2.59
2.54 
2.46
2.54 
7.67 
8.05 
7.41 
7.56 
7.52

15.2
14.8
15.1
14.9
15.2

where silica and feldspar differ so little in 
mineralogical hardness? Why, also, should the 
relative abrasive effects of marble (Moh’s hard
ness, 3) and of talc (Moh’s hardness, 1) on the 
low-carbon, high-chromium alloys, B-26 and 
B-27, be so similar? The crystal structures of
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these and o ther m inerals m ust, of course, be 
considered in any discussion of th e ir  abrasive 
effects. I t  is probable th a t  in  its  influence upon 
the  w ear of m etals and alloys in mills, the 
arrangem en t of the atom s on the  crystal lattices 
is as significant as th e  m ineralogical hardness of 
abrasive m ateria ls. The energy absorbed in 
g rind ing  a substance of high m ineralogical h a rd 
ness, b u t w ith  g liding planes along which slip 
can readily  proceed, may quite  well be less than  
th a t  absorbed in  the  g rind ing  of a substance 
of low m ineralogical hardness, b u t w ith a  crystal 
s tru c tu re  more re s is tan t to  frac tu re  by cleavage. 
A t the  m om ent, the  relationship  between crystal 
s tru c tu re  and abrasive effect cannot be defined.

The acid ity  or a lkalin ity  of the solution in  the 
mill, produced e ither by tre a tin g  the  w ater before 
ad m ittin g  i t  to the  m ill or by reaction  between 
n eu tra l w ater and th e  m ineral being ground, is 
a fac to r which cannot be overlooked when con
sidering the  resu lts of w ear tes ts in mills of all 
types. E xcept in ce rta in  tes ts  now being made 
in end-discharge porcelain ja rs  w ith silicon 
carbide as the  m edium  of abrasion, the  au thor 
has thus fa r  le ft ou t of consideration the effects 
of the  p u  of the solution in  the  mill upon the 
w ear num bers of th e  alloys under tes t. In  all 
instances save the  exceptions m entioned, un 
tre a te d  Toronto ta p  w ater (pH, 7.5) has been 
used, and  up to  th e  present th e  pn  of the sludge 
leav ing  th e  mill has not been m easured a t all. 
H ere is a  wide field aw aiting  exploration. For 
exam ple, the  question m ight well be asked 
w hether th e  traces of potassium  cyanide, which 
were present in  the  sands used in  the  tests the 
results of which are collated in Tables VIT and 
V III , determ ined the  order of w ear of the 
straigh t-carbon  alloys. As will be remembered, 
in these tests alone were the high-carbon alloys 
shown to  be superior to the low-carbon in the ir 
resistance to  abrasion.

M any o ther factors, affecting by th e ir  varia
tion  th e  outcome of tests in small mills, cannot 
be referred  to  here. N or a t  the p resent time
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does the au th o r claim  th a t  th e  resu lts of these 
small-mill tests can be used to  p red ic t accurately  
the perform ance of alloys (as balls) in large mills 
—though a few commercial tes ts  encourage him 
to  hope th a t  resu lts of tes ts  in  sm all mills may 
serve as a rough guide to  procedure on a la rger 
scale.

A c k n o w le d g m e n ts
The au th o r desires to  acknowledge his in 

debtedness to  those a t  th e  O ntario  R esearch 
Foundation , who have assisted h im  in th is work, 
particu larly  M r. J .  R . Gordon, who u n til 
October las t was in  continual con tac t w ith  th is  
problem, and  M r. Edw in N ugen t, who has been 
responsible for the  m an u fac tu re  of th e  alloys 
and for the operation  of the  m ill. M ention m ust 
be made, too, of the  assistance rendered  by M r. 
Geoffrey Coleman and M r. Gordon Coleman, 
both members of th e  F o u n d a tio n ’s staff.

The au th o r also g ra te fu lly  expresses his th an k s  
for the  encouragem ent given h im  in  th is  work 
by D r. H . B. Speakm an (d irector, O ntario  R e
search Foundation ), and for th e  kindness of M r. 
A. L. Blomfield (m anaging d irector, L ake Shore 
Mines, L im ited, K irk lan d  Lake, O nt.) who sup
plied the sands used as g rind ing  m a te ria l in  some 
of the te s ts ; of P ro f. H . E . T. H a u lta in  who 
loaned the  continuous mill used in  m any of th e  
tests, and  of D r. C. W. D ru ry  and  M r. J .  B. 
Carswell (to whom acknow ledgm ent has already 
been m ade). To m any o thers th e  au th o r  tenders 
his thanks for counsel and criticism , among 
whom may be m entioned specially M r. W . H . R . 
Burrows, P res id en t of C anada E lectric  C astings, 
Lim ited, O rillia, O ntario , and to  Miss L. L. 
B lackburn the  au th o r is indeb ted  for h e r assist
ance in  the final p repara tion  of th is  P a p e r foi 
publication.

D IS C U SS IO N
In troducing  his P aper, M it. O w e n  W . E l l i s , 

Si*ld lle wished to express his appreciation  of 
the honour th a t  was done him  and his colleagues
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of th e  O ntario Research F oundation  in  choosing 
him to present the  A m erican Exchange P aper. 
One po in t of in te re s t was th a t  he happened 
to be an E nglishm an and have been chosen as 
a C anadian  to  p resen t the American Foundry- 
m en’s A ssociation E xchange P aper. There were 
two th ings which had pleased him very much 
in  connection w ith his v is it: one was the  occa
sion of seeing P ro f. T urner, his old professor, 
honoured by the  In s titu te  of B ritish  Foundry- 
m en. (H ear, hear.) The second was his g rea t 
pleasure, as one who served his tim e w ith  the 
G reat W estern R ailw ay, in  coming to  Derby, a 
railw ay cen tre  of th e  first m agnitude.

Difficulties in C o m p a r in g  R esults
M r . J .  G. P earce opened th e  discussion, and 

said he would like to  say how warm ly the  In s ti
tu te  welcomed Mr. Ellis, for everybody remem- 
oered th e  work he did in  th is  country, and fol
lowed w ith in te res t the  work he was doing in 
the  d is tinguished position he now held. H e had 
had th e  pleasure of seeing the  laboratories of tlie 
O ntario  R esearch F oundation , and he though t he 
was rig h t in saying th a t  he gave the  first public 
lecture in  the new buildings there. O ntario 
had p u t up these buildings in much the  same 
fa ith  as the B ritish  showed in  th is  country, and 
he looked upon th is occasion w ith g rea t pleasure 
as an opportun ity  of renewed contact w ith old 
friends. W ear results were usually based on a 
te s t approxim ating  to service conditions, and 
i t  was thus difficult to compare the  figures 
obtained by M r. E llis w ith those from other 
sources, because the conditions of the  te s t were 
so different. Thus he found th a t  a higher carbon 
in white irons lowered wear resistance, a con
clusion con trary  to th a t  found under o ther con
d itions, although the  conclusion respecting 
chrom ium  would be generally accepted. The 
repo rt, however, as a whole will be welcomed as 
a pa instak ing  piece of work, which should 
in terest those concerned w ith g rind ing  problems.

o
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H a rd n e s s  a n d  W e a r  R e s i s tan c e
Mr . F . J .  Cook (P ast-P residen t) sa id  th e  P ap e r

was a very good basis for th is very in te restin g  
problem. He would like to  ask if M r. E llis had 
found th a t  hardness was of itself a reliable guide 
as to  the  w earing qualities of th e  m etal, and  had 
he found th a t  some of th e  so fter alloys im proved 
by w ear hardening?

M r . E l l is , in  reply, said th a t  th e  m ost recen t 
work tended  to  show th a t  in  th is  p a rtic u la r  type  
of abrasion, harden ing  or w ear harden ing  
scarcely en tered  in to  it. I t  m igh t be, of course, 
in  la rger mills where balls were falling  th rough  
g rea te r distances. H e had tu rn e d  his a tten tio n  
to  th e  effect of atm ospheres p a rticu la rly , in  
small porcelain jars.

R u b b e r  as  W e a r  P r e v e n t iv e
M r . E . M ill in g t o n  said th a t  w hilst i t  was no t 

his in ten tion  to  re fe r to  th e  m etals used in  th is 
research, on which th e  au th o r was to  be con
g ra tu la ted , he would, however, like to  re fe r to  
an experim ent in  which an  a tte m p t to  solve the  
w ear tak in g  place on th e  ham m ers of a coal 
pulverising m achine was m ade. V arious alloys 
were tr ied  w ithou t any m arked  success. N o ting  
the  high resistance to  w ear of th e  m odern m otor 
ty re , i t  was though t th a t  ham m ers coated w ith 
rubber m igh t solve the  problem. A fte r dis
cussing the proposal w ith  the  rubber exp erts, 
hamm ers were “  sleeved,”  b u t i t  was found  th a t  
a few hours’ work wore the  rubber away, and  the  
experim ent failed. H e wondered if  th e  au th o r 
had tr ied  rubber, and, if  so, w ith w hat results .

Mr . E l l i s  said th e  mill re fe rred  to  was lined  
w ith rubber and stood up  very well and looked 
as if i t  were going to  last for a  num ber of 
years w ithout w earing th rough . A num ber of 
mills in  N o rth  C anada had been lined w ith  
rubber. The difficulty had been b inding the  
rubber to  th e  mill. H e th ough t th e re  was a 
likelihood th a t  in  mills rubber m igh t come in to
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its own when, methods of applying the rubber 
to  th e  steel have been discovered.

M r . J .  H .  C o o per  said one th ing  which 
in terested  him was the  reference to  manganese 
steel. H e found in  m aking th is steel th a t  the 
best results were given w ith  about 12i to  14 per 
cent.

M r . E llts said h e  chose 14 per cent, as the 
desirable figure. H e th o u g h t th a t  th e  na tu re  
of the  atm osphere in  th e  te s ting  ap p ara tu s was 
of very g re a t im portance.

M a r te n s i t i c  M a te r ia l s  fo r  W e a r  R es is tance
D r . A. B. E v e r e s t , a fte r  expressing appre

ciation  of the  P ap er, s ta ted  th a t  M r. Ellis was 
carry ing  out w ear te s ts  u nder ideal conditions. 
In  ball mills, th e  life in  service was generally so 
short th a t  tests could be carried  o u t on different 
m ateria ls u nder ac tua l service conditions or 
under conditions closely re la ted  to  them , and the 
results of such tests  could usually  be given an 
im m ediate in te rp re ta tio n . The trouble w ith  most 
w ear testing , as fo r exam ple in the  automobile 
industry , was th a t  in  o rder to  obtain results the 
ra te  of wear m ust be accelerated generally by 
having insufficient lubrication . U nder such con
ditions a quick resu lt could be obtained, b u t i t  
was often difficult to  in te rp re t th is resu lt in 
term s of life in  service.

D r. E verest th o u g h t one of the  most im por
ta n t  points arising  from  the present P aper was 
th a t  th e re  did no t seem to  be a definite re
lationship between hardness and w earing quality  
even under conditions where apparen tly  the  wear 
was purely abrasive, and th is emphasised once 
again the  fac t th a t  resistance to  w ear is de ter
mined by m any factors, am ongst which, besides 
hardness, were toughness, corrosion resistance, 
heat resistance, and so on. In  some of the 
results shown by th e  au tho r i t  would appear 
th a t  th e  w ear occurring in  ball mills showed 
frequently  no relationship  to  hardness, and u n 
doubtedly toughness was frequently  of more im-

o 2



portance th an  hardness in th is respect. This 
fac t was brought ou t in a particu la rly  in te re s t
ing m anner when studying  some of the  harder 
m artensitic  types of cast iron. In  th is connec
tion  some very in te restin g  resu lts nave recently  
been obtained from  irons in  which the 
m artensitic  s tru c tu re  was associated w ith small 
q uan tities of austen ite . Such irons were 
produced, fo r example, by the  add ition  of about 
7 per cent, of nickel, and  had given e x tra 
o rd inarily  good results. In  the  case of a pum p 
handling coal washing slu rry , in  w hich o rd inary  
steel im pellers were la s ting  only one day, special 
steels and  w hite oast iron  were g iv ing  fou r or 
five days, w hilst th e  alloy cast iron w ith  the  
mixed au sten ite-m artensite  s tru c tu re  gave some 
four or five weeks. In  such irons th e re  was u n 
doubtedly available im proved toughness and 
corrosion resistance, both of which have u n 
doubtedly an  im p o rtan t effect in  resisting  the  
corrosion and erosion likely to  tak e  place u nder 
these working conditions.

Mr . E l l i s  said th a t  he had had sections of 
liners from ball m ills to  exam ine, and the im 
pression gained was th a t  the am ount of w ear 
hardening was very sm all indeed. Users of ball 
m ills seem ed to  th ink  it  was converted to  a 
m artensitic structure.

A u s te n i t i c  C a s t  I ro n  D ri l l ing  M a ch in e ry
M r. F ra n k  H u d son  said he had  been privileged 

to complete a research in to  th e  p roduction  of 
valve m ateria ls su itable for use in oilfields for  
handling drilling  m ud. In  d rilling  an  oil well, 
mud was forced down the  bore to  bring  up  the  
d e tr ita l m a tte r  cu t away by th e  d rill, and to 
do th is very high pressures were needed, often 
exceeding 1,000 lbs. per sq. in. I t  could be 
readily appreciated  th a t  the equipm ent on th is 
service wears ou t rapidly  and en ta ils high m ain 
tenance charges. A t th e  present tim e the U nited  
S tates probably holds a monopoly in the  supply

164
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of such equipm ent, and he was asked if i t  were 
not possible to  develop improved p lan t for th is 
service. H e set o u t to  conduct w ear tests on 
various m etals by m ounting specimens on a disc, 
not unlike the  im pellor of a cen trifugal pump, 
and ro ta tin g  th is through  the  mud laden mix
tures, and  i t  was perhaps in teresting  to record 
th a t the  results obtained tended to  follow those 
given by M r. E llis in his Paper. F or example, 
a specimen of n itrogen  hardened steel having a 
hardness of over 900 B rinell, a fte r  runn ing  200 
hours, showed a w ear loss of 84.4 grms. per 
sq. m etre per 24 hrs., w hilst austen itic  cast iron 
having a hardness of only 166 under identical 
conditions only wore a t the ra te  of 16.4 grms. 
per sq. m etre per 24 hrs. Even gunm etals w ith 
a B rinell hardness of around 70 gave b e tte r 
results so fa r  as w ear was concerned th an  many 
of the  hardened steels. A whole series of tests 
em bracing over 40 ferrous and and non-ferrous 
m etals clearly indicates th a t  w ear in  the 
presence of a corroding agen t in  many cases is 
not determ ined by hardness, b u t appears to  be 
essentially connected w ith the corrosion resisting 
properties of the m etal.

C o r r o s io n  Fa t igue
M r . E l l i s  said he had been wondering w hether 

in  some of his tests there  was no t the question 
of corrosion fa tigue . H e believed corrosion 
fatigue merely m eant th a t  the  m ateria l was going 
to lose weight more rapidly. H e though t th a t  
in ball mills corrosion fa tigue  did play a p a rt, 
and the  stresses m ust be very high during  the 
life of the ball in  the mill.

H a rd n e s s  and  M ach inab il i ty
A M ember said the  discussion had raised 

two points upon which he had done work. Using 
Brinell hardness in relation to w ear was one 
th ing , b u t in  his opinion i t  had no re lation  to 
m achinability. A t one end only of the scale of 
Brinell hardness one obtained rem arkably good
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w ear and m achinability . From  a m achining 
point of view, he fe lt B rinell hardness was likely 
to be more m isleading th an  helpful.

M e . E l l is , agreeing  w ith w hat the  speaker 
had said in  regard  to m achinability , said he had 
always insisted when discussing th is po in t th a t  
Brinell hardness num bers were no c rite rion  of 
m achinability .

V o te  o f  T h a n k s
T he C hairm an tendered  to  M r. E llis th e  th an k s

of the  In s titu te  for the  p rep a ra tio n  of th e  P ap e r, 
and Me . P . A. R u s s e l l ,  seconding, said  th a t  he 
had read  the  P ap e r w ith very g rea t in te re s t. I t  
was ra re  to have exchange Papers p resen ted  m  
person, and he was particu la rly  glad to  welcome 
Mr. Ellis.

Mr . E l l i s ,  in  acknow ledging, said he m uch
appreciated  the  hosp ita lity  shown him  a t th is  
meeting. H e had enjoyed every m inu te  of it.
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A D D IT IO N A L  D A TA  O N  T H E  
M A N U F A C T U R E  O F  IN G O T  MOULDS*

By R. B a l la n t in e  (M e m b e r )

This con tinuation  of the  au th o r’s previous 
P ap er, “  R ecent Developments in  th e  P roduction  
of In g o t M ould C astings ” will provide g rea te r 
a tten tio n  to  m anu factu ring  d e ta il and  dwell 
more fully on resu lts of observations in  practice.

A l te r n a t iv e  M ethods
The au th o r has given a g rea t deal of though t 

to a lte rna tive  methods of production, and also 
to the  m ateria ls used. I t  is common practice in 
many works to  ram  moulds and  cores for pro
ducing castings up to  10 tons in  d ry  sand, e ither 
by hand  or pneum atic ram m er, b u t exceeding 
th is w eight a tra n sfe r to the  loam m ethod is 
generally adopted. In  America the  tren d  would 
appear to  be in favour of cement-bonded sands, 
as instanced by the  Valley M ould Company 
adopting the  R andupson process. This system 
has much to commend it , b u t i t  is questionable 
if a complete change-over would m ake for g rea ter 
economies, in speedier production, and the  u lt i
m ate lives secured.

A t th e  Mossend W orks of the Fullwood Foundry  
Company all moulds and cores are  produced in 
sand, and m achines are  exclusively used for 
jo lting  castings up to  20 tons. In  excess of th is 
weight pneum atic ram m ers are  introduced, and 
in analysing the  desirable fea tu res in the  respec
tive systems, i t  is the  au th o r’s opinion th a t  the 
la t te r  p ractice has many advantages.

* The first p a rt of this Paper is omitted as it  is a summary of 
the Paper “  Becent Developments in the Production of Ingot Mould 
Castings ” read before the Lancashire Branch and Falkirk Section, 
and included in this volume. Illustrations of some of the opera
tions referred to  will he found in the Paper “  Becent Develop
m ents, e tc .”—Ed.

P a p e r  N o . 608
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R a m m in g  an d  Jo l t in g
H and ram m ing of cores and  m id p a rts  cannot 

be compared to  jo ltin g  by machines, e ither for 
speed or consistency. Controlled p repara tion  oi 
sand by m echanical m eans has undoubtedly con
trib u ted  to the  fine resu lts obtained. Jo ltin g  
tre a ts  the  mass sand as a  u n it , w hereas hand 
ram m ing is a localised movem ent. The form er 
method ensures a m inim um  v aria tio n  in  density , 
and F ig. 1 indicates where these varia tions occur

|
_1_I i

'A'

-1—

F ig . 1.— T y p e s  A, B a n d  C. T h e  Core H ard
n e s s  i s  I n d i c a t e d  a t  D o t t e d  L in e  X .

in the  core s e c t io n s - ( A )  R ec tan g u la r, (B) 
square and (C) which is fluted, m ay be e ither 
octagonal or duodecagonal. All show sim ilar 
characteristics w ith  the  degree of hardness in
dicated by dotted  lines (X).

The sligh t varia tions referred  to do no t affect 
the resu ltan t casting  in any way. There is defi
n ite danger, however, if a sand be used which 
has a low perm eability . W hilst, i t  m ay be 
argued, un iform ity  is no t accomplished even by 
jo lting , one can easily b ring  to  m ind th e  m any
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hard and soft ram m ing oddities which passed 
under th e  name of cores or moulds when relying 
on th e  hum an elem ent.

I t  is frequently  said th a t the skilled a rtisan  
will produce a casting second to  none when 
properly ram m ed, b u t th is is a mechanical age. 
The advent of the engineer to  the foundry has 
revolutionised practice generally, and to a very 
g rea t ex ten t in the q u an tity  production of in 
got moulds.

H ot T ears
H ot tea rs  in  ingo t moulds can be definitely 

traced to two causes : — (1) F in s ; and (2) contrac
tion. These two objectionable features have a 
d irec t association w ith each other. F ig . 2 shows 
an inverted  type  mould in section; the  r ig h t 
hand view shows in deta il th e  effect of both in 
te rn a l (core) fins (A) and ex ternal (mid part) 
fins (B). The placing of a  loam stam p (C) which 
can be lim ited, b u t, un fo rtunate ly , cannot be 
elim inated, m ust be curtailed . Common practice 
is to  place the  stam p on the core some distance 
from  the edge. The reason p u t forw ard by the 
practical moulder for th is position is th a t.m o is
tu re  is absorbed by the  dried core if placed a t 
the ed g e ; consequently, softening of the core is 
the resu lt. N atu ra lly , he an tic ipates crushing 
when placing th e  cope in  position when closing, 
and th is  is qu ite  a  reasonable precaution from the 
m oulder’s viewpoint, b u t hopelessly wrong when 
th e  casting  is exam ined. F ig . 3 shows p a r t sec
tion  of w hat actually  happens. Both fins set 
very rapidly, especially when hem atite  irons are 
used. The free movement of the  casting is re
stric ted  when in itia l expansion and n a tu ra l con
trac tion  takes place.

The core, being top heavy, allows the casting 
to  ease from  th e  core and settle downwards, b u t 
the  fins definitely cu rta il th is movement, as 
F ig . 3 indicates. I t  is obvious th a t  the  heavy 
body of m etal is suspended, and results in the 
weak points tak in g  the  s tra in  and the  form ation 
of hot teai s. These defeots move horizontally,



not exactly uniformly, but at distances compar
able w ith fin thicknesses. W hen i t  is borne in 
mind th a t  inverted  moulds have head boxes laid 
on top of them  in  steelworks p ractice, as shown 
in  F ig . 4, the problem of in te rn a l hot te a rs  be
comes serious. Added top pressure makes the  
steel more searching and the  ho t te a r  fu ll of

A Ex p e c t e d  B  A c t u m .
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C o p e

F i g . 2 .—-Sh o w in g  H ot T e a r s , I m p r o p e r  L oam 
S t a m p  and  F i n s .

free g raph ite  is a ttacked , dam aging the  mould 
and eventually  causing “ stickers .”

I t  is ad m itted  th a t  the  m achining of these 
mould castings will ensure freedom from  these 
defects, and various m achining allowances, vary 
ing from  five to  ten  inches, a re  recom mended, 
yet is one sure these a fte r  operations are essen-
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tia l when i t  is known th a t  sound castings can 
be produced w ithout hot tea rs?  The le f t hand 
portion  of F ig . 2 indicates how in te rn a l ho t te a r  
defects can be avoided. A loam stam p, restric ted  
in  q u an tity , is placed a t  th e  edge of the  core. 
A fte r th e  cope has been removed, the  surplus 
loam is trim m ed off and slightly bevelled. An
o ther loam stam p is placed in ternally  so th a t  
any percolation of m etal will n o t en te r th e  ash 
centre. This ensures a  double check. Contrac-

F ig . 3 .— P a b t  S e c t io n  o f  a  M o u ld  C a s t in g  
a f t e r  C o o l in g .

tion  of the casting is no t impeded, because the 
loam stam p responds to  the  slight bevel.

E x te rn a l (mid p a rt)  fins B a re  objectionable. 
The necessity for under level finishing of sand 
to avoid crushing can be elim inated when 
machined boxes are  used. N evertheless, i t  is sur
prising  how often  th is m oulder’s tra it for safety 
is encountered despite the  provision of machined 
boxes. A continual source of trouble is loam 
stam ping. A t (F) in  F ig . 2 the  mid p a r t  is 
shown on the drag. The very irregular angle
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plates used for supporting  mid p a r t sand, coupled 
to  th e  black face of th e  boxes, may m ean loam 
stam ping to  a dep th  of over an inch when closing.
Steam  gathers a t  X , softening the mould face, 
and subsequent scabbing occurs. The obvious 
remedy is m achined boxes.

G ating
Investigations on proper ga ting  have revealed 

m any th ings in  the  past. W hat may be accepted 
practice in certa in  foundries operating  on special-

F ig . o .— D o w n - g a te s  t h r o u g h  C ope a n d  M jd  
P a r t .

ised work may be the very opposite p ractice in 
equally efficient foundries engaged on sim ilar 
work. As sta ted  previously, drop-gates, e ither 
of the pencil type or rec tangu lar section, have 
been elim inated, as much cleaner tops are 
secured by the  down-gate and in-gate a rrange
m ents. W hile F ig . 5 is elem entary i t  shows 
th ree  down-gates encountred. Type A, which is 
considered proper, is the type in  use. The 
d iam eter varies in  size, and  numbers depend on 
the casting ’s weight. Type B is unsatisfactory ,



but it  is am azing how often  one sees th is type 
in practice. The flow of m etal is governed by 
the ap e rtu re  a t th e  cope and  mid p a rtin g . A 
tim e-record of pouring  reveals th e  extended 
pouring tim e for filling th e  ingot mould casting . 
I f  the pouring tim e be unduly  prolonged, the  
sluggish hem atite  iron churns aga in s t the  core
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F i g . 6 .— P e n c il  G ates on I n v e r t e d  M o u l d .

and m id p a r t  walls crea ting  skin defects. An 
equally bad a rran g em en t is shown a t  C, and 
is more commonly used th an  is cred ited . The 
down-gate th rough  the  cope determ ines th e  pour
ing ra te  irrespective of the  la rg er d iam eter 
down-gale m  the  mid p a rt.

F ig. 6 indicates the method fo r top pouiring 
an inverted mould by pencil or rectangular gates.
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The gate  on the  le f t will spread despite the 
accuracy of vertical se tting , b u t the one on the 
rig h t shows w hat actually  occurs in  practice. 
E ith e r an acu te  angle leading outw ards or in 
wards is obtained. M etal en te rin g  the  mould 
im pinges e ither on th e  core or mid p a r t  in  its 
downward travel. This is m ost objectionable, 
and, moreover, pellets are  formed and  never

appear to  be re-absorbed despite the heavy body 
of m etal in the  wall thickness.

ln -gates are all rec tangular. The to ta l cross 
sectional area of in-gates is equal to  the down- 
gate  cross sectional area  directly  feeding the 
in-gates. I t  is good practice to keep th e  lower 
in-gate slightly larger th an  the  upper if two be 
used from the one down-gate. I f  no a ttem p t be 
made to  regu late  the  ra tio  of in-gate to  down-
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gate , and th e  form er is in  excess of the  la tte r , 
a trick ling  of m etal from  the  h igher ga te  tends 
to  cause surface blemish in  th e  casting.

The plan  view in F ig . 7 is th a t  of an 
octagonal mould in  the  mid p a r t  box, and a lte r
native  m ethods of ga tin g  are  shown. The righ t- 
hand half gives th e  im pression of gates running  
aga in s t each o ther, and  to a certa in  ex ten t they 
do, h u t the  stepped effect for two ladle pouring 
shown in F ig . 8 dem onstrates th a t  disturbance

F i g . 9 .— F actors  I n f l u e n c in g  F l a k in g  on  
C o r n e r  S c a l in g .

is no t severe. F u rth e r , if th e  core be tu rned  
and set according to the  dotted  line in  F ig . 7, 
the fluted p a r t becomes parallel to  th e  in-gate 
en try , consequently lim iting  the  tendency to  
d istu rb  the  core projections.

A lternatively , th e  le f t hand plan, which shows 
in-gates following each o ther, would ap p ear in 
theory to  lie much more satisfactory  fo r produc
ing fluted octagonal o r duodecagonal mould 
castings. The au th o r does not, however, favour



th e  w hirling action of m etal en te rin g  th e  mould, 
especially for cores m ade in  dry  sand. There 
are e ig h t and tw elve poin ts of a tta ck  in  cores 
of th is type. W hirling  m eta l is particu la rly  
severe ; blackwash scales rap id ly  and fusion of 
the  sand and casting  occurs. I f  th e  moulds were 
cylindrical, th is system would be adopted 
exclusively.

Flaking o r  C o r n e r  Scaling
A d istu rb ing  fac to r in m any ingo t mould 

foundries is the  flaking o r scaling a t  corners, 
and m any explanations are  p u t forw ard  why 
th is should occur so frequently . There is a  feel
ing in  some quarte rs th a t  th e  problem is a 
m etallurg ical one, and th e  prac tica l investiga to r 
rare ly  a ttr ib u te s  th is  problem to  wrong foundry  
practice. The au th o r disagrees w ith  both 
opinions. In  F ig . 9 is a cross section of a 
10-ton mould and core. The section is square 
and the  ash cen tre  is shown in  position. Diffi
culties are rarely  encountered due to  flaking of 
corners on any of th e  moulds m anufactu red , b u t 
the problem has arisen. I t  has been frequen tly  
asked why th is should happen  when th e  same 
m etal has been used, a correct pouring tem pera
tu re  established, and  no change m ade in  the  
system of m anufactu re . The construction  of 
the core is of v ita l im portance in  overcom ing th is  
trouble. F ig . 9 reveals a large sand  a rea  a t 
A as compared w ith the  am ount a t  B. Added 
to  th is, th e  corners are definitely h a rd e r a t  the  
fillets.

In  view of th is, th ree  factors should be borne 
in m ind : —

1. I f  th e  body of corner sand be large, 
thereby increasing th e  leng th  of trave l to  the 
ven t of gases evolved, trouble arises.

2. I f  the  sand skin a t  corners be trow elled ex 
tensively, and glazed before blackw ashing, the 
trouble is aggravated .

3. I f  sand be used which is m ore suitab le  
for th e  m anufactu re  of o rnam en ta l castings, 
then  flaking or scaling cannot be avoided.
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The ra re  occasions on which th is  scaling has 
appeared have been effectively d ea lt w ith  by 
lim iting  th e  sand a rea  and by having good v en t
ing properties in  th e  core sand used. A large 
g rained  sand, w ith a m inim um  bond, giving high 
perm eability , should be used. The addition  of 
gas-form ing m aterials, such as coal dust, saw
dust, e tc ., is unnecessary. The removal of fines 
is essen tia l in  reconditioned sand and  a liberal 
coating of blackwash as a facing is recommended.

A 34-Ton In v e r te d  Mould C as t ing
The end view of a  34-ton inverted  mould cast

ing  shown in  F ig. 10 gives a tru e  indication

F i g . 10 .— An o t h e r  Y ie w  o r  t h e  34-ton  
I n v e r t e d  M ould  C a s t in g  s h o w n  i n  

F i g . 8.

of th e  core outline, and th e  very uniform  m etal 
thicknesses th roughou t the  casting. W hilst the 
com pensating m eta l surrounding  th e  liftin g  
handle looks “  m assive,” i t  is nevertheless u n i
form. The effect of handle insertion  tends to  
densen the  heavy snug p a rt. A pocket core 
underneath  fu r th e r  assists by ensuring uniform  
cooling.

The angled view showing top  and side, as in 
Fig. S clearly demonstrates the m inim um  fin
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allowance on the outside of the  casting , and  the 
trim m ed inside is free from  any kish o r cold-shut 
m arkings. F ou r in-gates can be seen and these 
a re  fed by a second ladle. These, and  another 
six, however, are arranged  for tw o ladle pouring. 
On the  o ther side of th e  casting , six in-gates 
are placed, four below the  m iddle belt and two 
above. P ou ring  is tim ed  so th a t  the  ladles finish 
together. S ix risers are  placed on th e  broad
sides, i.e ., th ree  on each side, and  the  rise r basins 
are  so arranged  th a t  d ra in in g  of th e  pouring  
heads is assured. P o u rin g  tim e fo r th is  p a r
ticu la r casting  is 41 m inutes and  th e  second 
ladle commences pouring  two m inu tes a f te r  the 
first. The influx of fresh m etal livens consider
ably the  sluggish tops form ed from  th e  first 
ladle. Feeding is never p ractised  even on cast
ings such as these.

The core weighs approxim ately  5 tons in 
the green s ta te . S ix  rec tan g u la r grids of very 
ligh t section are used and  are  placed hori
zontally ; and no iron u p rig h ts  a re  included. 
The whole s tru c tu re  which is shown before e n te r
ing th e  stove is ca rried  on th e  core p la te . A p art 
from the  ven ting  properties of th e  ash centre, 
the liftin g  rods are  accom modated and  can  move 
freely and respond to  any undue s tra in  se t up 
in  the tr a n s it  of th is  core. The m id -p a rt is an 
all-m achined box for producing these castings. 
Cross m em bering of the  broad sides is advan tage
ous, as any tendency to  sp littin g  while in  service 
is definitely curta iled  by the  varied-angled webs 
shown.

Lives obtained from inverted  type moulds 
give a much sm aller average th a n  those 
obtained from  common moulds, and th is  is 
only to  be expected when types are com pared. 
Some of these 34-ton inverted  castings give lives 
as high as 57 heats.

A 21-Ton O r d i n a r y  M ould C a s t in g
In  Fig. 11 an end view is given of a 21-ton 

ordinary  mould casting  w ith  elongated semi
closed top. The clean outline and sound edges
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y e  again  evident. The angled view as shown 
in  F ig. 12 conveys a  b e tte r impression of general 
s truc tu re . W hen i t  is pointed o u t th a t  the core 
for th is  casting—quite  9 ft. h igh—is jo lted  suc
cessfully w ithou t u p rig h t reinforcem ents and 
subsequent sprigging, the  job is simplified con
siderably, and moreover, becomes an ordinary 
production job.

From  castings of th is  type  70 lives a re  re
corded, w ith an average well over 60. The

F i g . 1 1 .— A  2 1 - t o n  O r d i n a r y  M o u l d  
C a s t i n g .

pouring tim e in th is  instance is slightly over 
3^ m in., and g a tin g  is a rranged  for one ladle 
pouring. Two down-gates, placed a t  one end, 
feeding tw o in-gates each, are sufficient. A 
little  la titu d e  can be allowed in  the  placing of 
in-gates in  th is  case, and as no bottom  belt is 
incorporated  in  th is design the  danger of m etal 
churn ing  against p ro jecting  m id p a r t  sand is 
elim inated. The slightly  larger bottom  in-gates 
a re  placed 6 in . from  th e  drag  jo in t, w ith the 
sm aller ones above, 30 in . ap a rt. The pouring 
tim es of the two exam ples given make fo r in te r
esting comparisons, for whereas the  34-ton in
verted mould is given 4^ m in. only, th e  21-ton



ordinary  mould slightly  exceeds 3-J m in. Con
densed, i t  m eans there  a re  13 tons more m etal 
poured, not in slightly  under 1 m in ., b u t over 
a  period of 4 |  min.

F rom  a comparison of th e  “ o rd in a ry ” and 
“  inverted  ” moulds* th e  reason for a lte rin g  
the  pouring  speeds is ev iden t ; as both  a re  cast 
w ith  liftin g  snugs on top, and  a re  g a ted  sim i
larly , ye t th e  m etal in  r is ing  acts differently  
in  each case. In  th e  inverted  m ould th e  m etal 
tends to  fall from  th e  top-heavy core face by 
a churning action when rising , and  when nearing  
th e  to p  i t  becomes sligh tly  chilled, causing  
in te rn a l surface defects, unless filled rap id ly .

As a large body of m etal is located on top  of 
the 21-ton o rd inary  mould pouring  tim e can he 
'essened. The m etal in  th is instance ten d s to  
lean on the  core when rising  in  th e  mould. 
Obvious conclusions can be draw n from  these 
observations, th e  m ost im p o rtan t of which is th a t  
pouring tim e on th is type  of work is mostly 
governed by casting  design.

In  F ig . 13 a group of jo lted  cores is seen. 
The one on th e  le f t is th e  core ac tua lly  used in  
th e  m aking of th e  21-ton casting . These cores 
are all iin th e ir  green s ta te . Successful jo ltin g  
can only be accomplished when special pro
visions are made fo r th e  m an u fac tu re  of the  
p a tte rn  and core box. I t  is fu tile  to  
im agine th a t  a  p a tte rn  and coreboxes b u ilt 
for hand ram m ing can be tra n sfe rre d  to 
machines fo r production. Special care m ust 
be exercised in  construction , a p a r t  from  
w eighty tim ber used, and  a lte rn a te  corner sp lit
tin g  in square and rec tan g u la r coreboxes is essen
tia l. A fte r jo lting , th e  core is released by u n 
doing the  corner bolts, and  th e  sligh t clearance 
obtained enables the  operator e ith e r to  tak e  
away the  corebox in  “  o rd inary  ” cores, o r to 
remove the  core in  “ inverted  ”  types.

Serious differences can arise in  dim ensions if
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th e  coreboxes are c o n s t r u c t e d  in  tim ber, d e s p i t e  
heavy iron reinforcem ents. A definite tendency 
to  bulge arises in  th is  type a t  approxim ately 
the  second bottom  cross bar. The differences in 
m ost cases are  trifling , b u t, nevertheless, i t  is 
desirable to  m a in ta in  a high s tan d ard  of 
accuracy. I t  has been found in  p ractice th a t 
w orking slightly under o rd inary  ru le  sizes a t the 
base has m aterially  helped in  m ain ta in ing  the

F i g . 1 2 .— A n o t h e r  V i e w  o r  t h e  2 1 - t o n  I n g o t  M o u l d  s h o w n  i n  F i g . 1 1 .

stipu la ted  draw ing size. Iro n  coreboxes do not 
show the  same bulging tendency. A much tru e r  
core is obtained from  th e ir  use, b u t th e  sw eating 
effect can “  s ta r t  ”  sand on th e  flats which may 
mean scabbed cores if  undetec ted .

Top and  bottom  m ild steel p lates p u t on the 
p a tte rn  should cover th e  cleading. E nd  bridges 
will suffer in a short period if th is  safeguard 
is om itted. Likewise, the  covering steel plates 
on th e  corebox should cover the inner cleading 
and ex te rna l bars. W hen cleading both pa tte rn s 
and coreboxes, narrow  tim ber should n o t be used- 
Too m anv jo in ts are  objectionable, and these in 
tu rn  should be extensively dowelled. This pre-
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caution  lim its the “  spring ” or “ elasticity ” 
of narrow  tim ber.

I t  is not generally appreciated  th a t  first-class 
p a tte rn s  and coreboxes have a d irec t bearing on 
finish and serviceability of ingot mould castings, 
as in many o ther castings of am ple m etal th ick 
nesses, pa tternshop  procedure becomes a second
ary  consideration. The a u th o r’s experience :s

F i g . 13.—On  t h e  L e f t  i s  a Conn fo r  a 21-ton  O r d in a r y  M o u ld  and

THOSE ON THE R lG H T  AHE JO L T E D  CO RES FOR 8 -  AND 9-TON C A S T IN G S .

th a t  if one is to m anufactu re  a first-class casting , 
the prior operations and  m ateria ls  used should 
be m inutely stud ied . W hy ta lk  of m oisture con
ten t of sand, if a new unvarnished or unpain ted  
p a tte in  be usedP I t  is only reasonable to  assume 
even when first-quality  yellow pine is used the 
wood absorbs th e  m oisture and swells. Is  i t  not 
much better p ractice to construct p a tte rn s  and
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corehoxes of good quality  tim ber, namely yellow 
pine, and  give a refractory  coating of varnish 
p a in t to  im part skin to the wood and u ltim ate 
skin to  the  casting? The question of proper 
p a tte rn s  and coreboxes is equally im portan t 
as P a t  D w yer’s text-book on proper gates and 
risers. A combination of these two subjects

F ig .  14 .— E n d  V i e w  o f  a  2 6 - to n  C a s t in g .

appeals to  the au thor more forcibly th an  m etal
lurgical theorising or sand experim entation.

C o re  E x p an s io n  and  Design

A duodecagonal ingot-m ould core standing 
11 ft . 6 in. high, weighing approxim ately 3J tons, 
in its  green sta te , and w ithout u p rig h t irons for 
stiffening, looks much more like a fluted column 
in arch itec tu re  th an  a core. An end view of 
the casting produced from th is twelve-pointed



core is seen in  Fig- 14. The severe te s t to  which 
these points are  subject can be best appreciated  
by s ta tin g  th a t  th e  m eta l is 13 in. th ick  and the  
casting  w eight 26 tons.

Check m easurem ents on various cores have lea 
to  in te restin g  results . R eg ard in g  th is  type, 
m easurem ents taken  before and  a f te r  d ry ing  re 
vealed an increase in  h e igh t barely  -|% in ., and 
a corresponding increase in  d iam eter. O ther 
checks have given sim ilar resu lts , b u t on the  
34-ton inverted  core of rec tan g u la r section no 
appreciable difference was noted before and  a f te r  
drying, and these results have been consistently  
m aintained.

I t  would certa in ly  appear from  p rac tica l 
observations on large bodies of sand—as such 
cores are—th a t  core shape determ ines to  a  very 
g re a t ex te n t th e  am ount of expansion which 
takes place. I n  a large slab core, a very  
slight increase in  heigh t was recorded-— 
barely v6- in .—which is negligible on 10 f t . 6 in.

There are, therefore , th ree  core types, a  duo- 
decagonal ; an inverted  re c ta n g u la r ; and  an 
o rd inary  rectangle, w ith  only a  m arked  differ
ence in  th e  first.

The study of th is  sub ject from  an  everyday 
angle is well w orth  con tinu ing , and  in  ingot 
mould work, w ith  heavy bodies of m eta l, and 
massive bodies of sand, in te res tin g  com parison 
can be made. I t  is from  a study  of p lain  cas t
ings th a t  knowledge is  gained, and th e  same 
principles when adap ted  to  th e  m ore involved 
methods of foundry  work will establish a founda
tion  fo r recording fu r th e r  progress.

The au th o r wishes to  express his indebtedness 
to  th e  d irectors of th e  Fullwood F ound ry  Com
pany, L im ited, for th e ir  consideration in  g ran ts 
ing him  perm ission to  continue his P ap e rs  on 
the subject of ingot moulds.

D IS C U SS IO N
M r. B allantine in  in troducing his P a p e r  said  

it  was open to  discussion w hether the lives of
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ingot mould castings were a tru e  indication  of 
quality . H e fe lt i t  was an economic question, 
and bore upon production and relative costs. 
M r. C. W. Bigg, in  bis address, used a  phrase 
“ systém atisation  of effort.” H e felt th a t  was 
essential. F ounding  may be likened to  a grow
ing tree , ironfounding being th e  “ t r u n k .” 
“ B ranches ” were “ straggled  ”  and numerous. 
Some showed the benefits of controlled develop
m ent, w hilst o thers were “  gnarled  ” w ith old 
tim e “  grow ths.”  A “  g ra f tin g  ”  of research 
and practice, coupled to  m atu re  experience and 
youthful enthusiasm , fu rthered  the “ tree  ” 
analogy by bearing  “  f r u i t .” This was essen
tia lly  a p rac tica l P ap e r, and he would like to 
appeal to  th e  p rac tica l foundrym en present to  
ask questions.

In f luence  o f  M a te r ia l  S h o r t a g e
M r . J .  R o x b u r g h  said th a t  there  was no 

doubt th a t  the  m anufactu re  of ingot mould 
castings was a very im p o rtan t p a rt of the  in
dustry . The developm ent of ram m ing the cores 
in  synthetic sand was one which has made the 
most ou tstandng  con tribu tion  to the  progress of 
th is  p a rticu la r aspect of the industry . Mr. 
B allan tine made a rem ark th a t  the  lives obtained 
from  an ingot mould were not altogether indi
cative of th e  quality  of the  casting. U n
fo rtunate ly , th a t  is the  only method by which 
the quality  of an ingot mould can be measured, 
and to-day, owing to  the fac t th a t  i t  was not 
easy to  get hold of hem atite  pig-iron, he believed 
th e  steelworks would extend the  use of ingot 
moulds beyond the  lim it they  were now doing. 
Also the  question of the difficulty of obtaining 
supplies of hem atite  pig-iron m ight resu lt in 
the  specification for ingot moulds being slightly 
altered , and probably in  th e  n ex t twelve months 
i t  m ight he possible to  collect some in teresting  
d a ta  on the  m etallurgical side of ingo t moulds. 
H e believed th a t  M r. B allan tine has already 
obtained some in te resting  d a ta  on th is m atter,



188

particu larly  in regard  to  m anganese and silicon 
contents. Mr. B allan tine  did n o t cast heads 
on his ingot mould castings. H e contended 
th a t  if the top surface of his casting  were 
machined, in  all probability , he would encounter 
defects, due to sand, blacking o r “  d raw ing .” 
In  Sheffield on these larger ingo t moulds a point 
is made of incorporating  a head on th e  cast
ings, which is subsequently m achined off, and 
in th a t  way one saw th a t  the  top side was clean 
and sound, and in ac tua l service th a t  top  side 
was brought to  th e  bottom . The question  of 
runners was also a very controversial one, and 
M r. B allan tine  had shown two types of ru n n e rs ; 
w hat he called th e  cen trifuga l ingates and the 
stepped ingates. On th e  la rg er moulds c en tr i
fugal ingates had always been used by the 
speaker w ith extrem ely good resu lts . They 
were used so th a t  a spin was im parted  to  th e  
m etal, and in  the  case of th e  la rg e r moulds 
some of the  ingates en tered  a t  a h igher level to  
m ain ta in  the sp inn ing  action  of the  m etal. H e 
did no t propose to  en large on th is  subject, as he 
had  prepared  a P ap e r on the  m an u fac tu re  of 
la rger ingot moulds, and had d ea lt with the 
m a tte r on th e  practical and  technical sides.

R u n n e r s  a n d  F e e d e r s

M r. B allantine said, as regards the  question 
of runners, he could not b u t believe th a t  w ith 
cen trifugal ingates th ere  was bound to  be a  scal
ing effect. The abrasive action was very severe, 
particu larly  w ith sluggish hem atite  irons. M ore
over the points of a ttack , in octagonal and 
duodecagonal cores, were subject to  an eddying 
effect clue to  core shape. I t  appeared  very 
s trange th a t  hours and hours should be spen t on 
feeding and p u ttin g  heads on castings of th is 
description.

M r. A. Sutcliffe pointed ou t th a t  th ere  were 
some th ir ty  or fo rty  heads cut from cylinders, 
callender bowls, and rams in  his foundry at the  
moment, some of them  weighing up to  a ton.
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If  any one of these heads were sectioned they 
would show holes inside, of serious dim ensions. 
Surely th is was preferable to having them  in 
th e  actual casting, which would be th e  case if 
no head were used.

Mb. B allantine said he had examined 
thousands of ingo t moulds, and he could not 
trace  cavities due to  lack of feeding.

M r. A. M arshall asked for more inform ation 
about the  liftin g  irons for the  5-ton core used 
for the  mould shown in  F ig . 10.

Mu. B allantine said there  were no u p righ t 
irons in the  cores fo r F ig . 10 o r F ig . 14. There 
were two lifte rs  in  the  form er, and th ree  were 
used fo r balance in  the  la tte r . There was a top 
covering on the  irons which kep t the lifte rs 
from  responding to  any Movement, and fu r th e r
more, they  would be cushioned w ith  the  ashes 
surrounding  them .

C o s ts  an d  Mould Life
Mb. A. Campion said th a t  he wished io  con

g ra tu la te  Mr. B allantine upon the P aper which 
he had presented. H e though t th a t  in the au thor 
they had  an excellent example of the benefits 
to be derived from the in troduction  of new 
blood into a section of the foundry industry . 
M r. B allan tine  was a com paratively new e n tra n t 
in to  the  ingot mould business, having previously 
been engaged in  th e  production of castings of 
a very different type. H e had however set to 
work to  study th e  possibilities of im proving the 
technique of ingot-m ould production and had 
been successful. I t  had for long been the 
custom to value a mould according to  the
life as represen ted  by th e  num ber of heats,
a method no t a ltogether satisfactory  and
one which often  led to  a good deal of dis
cussion between the steel m aker and the foundry. 
So fa r  as he could g a ther from the P aper, Mr. 
B allan tine’s idea was to  evaluate the mould from 
the angle of cost of moulds per ton  of ingots 
produced. H e considered th a t  if th e  cost of



production of the  moulds could be sufficiently 
reduced a mould w ith a sho rte r life  m igh t he 
more economical th an  one w ith  a longer life. 
M r. Campion was inclined to  th in k  th a t  M r. 
B allan tine was correct in  his con ten tion  and 
th a t  iie had  gone a  long way tow ards achiev
ing his objective. M oulds did n o t always 
fail th rough  cracking or crazing  d u ring  use, 
m any had th e ir useful life reduced by m is
handling and m a ltrea tm en t in  th e  works.

Mr. B allan tine  had made w hat appeared  to  be 
somewhat d isparag ing  rem arks about w hat he 
called m etallurgical theorising  and  sand  experi
m entation , b u t really  the  au tho r, like so m any 
others who claimed as he did to  be purely prac
tica l men, did not actually  m ean w hat th e  sen
tence appeared to  convey. I t  is m erely a difference 
of language, because the  au th o r had  in  an  earlie r 
p a r t of the  P ap e r stressed and righ tly  stressed 
the  im portance of correct sand condition as re 
gards perm eability  and bond streng th . Sand 
contro l was a m eans of g iving those properties 
a q u an tita tiv e  value, which was essential to  the  
m aintenance of constan t condition of sand.

H e though t th a t  M r. B allan tine  had h it  the 
rig h t nail on the head when he sta ted  th a t  half 
the  b a ttle  in ingot mould m aking  is to obtain 
a su itable core centre so as to  p erm it of relief 
when contraction  of th e  casting  occurs. He 
wished M r. B allan tine success in  the  achievement 
of his ideal in  th e  production of ingo t moulds 
a t  an economic figure, and looked forward to 
read ing  more P apers from  him.

M b . B allantine, th an k in g  M r. Cam pion fo r his
rem arks, said th a t  perhaps as a practical m an 
he was falling  in to  some of th e  failings of his 
research friends. Some of the  sand tests in 
his previous P a p e r gave 126 as the  num ber of 
perm eability from  A .F .A . appara tu s.

M e. J .  C. J ones said he noticed th ere  were 
difficulties and troubles which were due largely  to  
the  foundry itself ra th e r  th a n  th e  m ateria ls .

190
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H ig h - P h o s p h o r u s  C o n t e n t  M oulds

M r. B a l l a n t i n e  said he had  occasionally a n d  
unknow ingly had a very high-phosphorus content 
iron and the  moulds had given s p l e n d i d  lives 
in th e  steelworks.

S t r u c t u r a l  C h a n g es

M r. J .  H o g g  said w hat was of in te res t to  him  
and had caused him  to  th in k  was th a t  when 
the ingo t mould was cast a t  th e  beginning he 
took i t  fo r g ran ted  th a t  the m etal in  th e  cast
ing had a norm al form  of carbon content. W hen 
the steel-m aker had used the  ingot mould and 
had sent i t  back to  the  foundry , had  i t  been 
noticed w hether th e  s tru c tu re  of the  m etal then  
compared w ith  th e  orig inal s tru c tu re?  I t  had 
occurred to  him  th a t  the  carbon would be 
higher and i t  would be in te resting  to  know w hat 
Mr. B a llan tine’s thoughts w ere; w'hether he felt 
th e  iron had  undergone a transfo rm ation  and 
w hether he th o u g h t i t  was possible to  get i t  back 
to its  form er condition.

M r . B a i/ l a n t i n e  said h e  never used discarded 
ingot moulds, b u t relied upon the  pure hem atite. 
He had exam ined moulds which had reached 
lives well over 200 and they show a crocodile 
surface effect. The open m a trix  in  th e  wall 
centre was due to  the  lack of feeding, and the 
benefits could be seen in  the  longer lives obtained. 
He could only speak of the  p rem atu re  failures 
and study in  these, the probable causes of 
failures.

Influence  o f  C o m p o s i t i o n

M r. N. L. E v a n s  said the  firm w ith  which 
he was connected used castings which were- fired 
from the  outside, and th ere  had been a sus
picion for some li tt le  tim e th a t  a phosphorus 
con ten t of about 0.3 per cent, was associated 
w ith an abnorm ally short life. Could M r. 
B allan tine s ta te  the phosphorus con ten t of the 
“  high-phosphorus ”  ingo t mould to  which he 
made r e f e r e n c e ?
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M r. B a l l a n t i n e  said he traced  a t  one period 
two moulds w ith a phosphorus co n ten t of about
0.3 per cent, and found th a t  th e  life in  the  
steelworks was norm al. A large  fac to r in  the  
u ltim ate  life secured from  these castings was 
undoubtedly steelworks usage.

M r . J .  H . C o o p e r  asked w hat would be th e  
percentage of d ifferentiation  in  th e  v a ria tio n  of 
casting  tem pera tu res?  Also, was i t  custom ary to 
h ea t t r e a t  moulds before using them  for th e  first 
tim e? W hen they had  cases of 100 to  120 ingots 
per mould they  made one envious. H ad  M r. 
B allan tine  found he obtained a  skin on the 
m etal?  The m etal which was m ixed w ith  high 
m anganese iron very often  gets a  rough  surface 
on the  top  d u ring  pouring  which i t  was nearly  
impossible to get clear.

M r . B a l l a n t i n e  adm itted  th a t  he did g e t  these 
difficulties in  casting. H e was fo r tu n a te  i n  s o  
fa r  as he supplied common moulds f r o m  s t o c k  
and sen t them  to  d i f f e r e n t  s t e e l w o r k s .  As already 
sta ted , in  two steelw orks average lives vary  on 
exactly sim ilar moulds from  62 to  125. S teel
works usage was th e  g rea te s t fac to r in mould 
l i v e s .

T y p es  o f  F a i lu re s

M r . J .  B l a k i s t o n  said th ere  were two types 
of failures in ingo t moulds. The first, cracking, 
which was peculiar to  p la te  moulds, an d  the  
second, crazing, which afflicts reg u la r shaped 
moulds. M any ingot mould foundries were 
attached  to  steel works and did n o t ex is t to  m ake 
a profit, b u t solely to  produce moulds as cheaply 
as possible. Therefore, i t  behoved th e  ingot 
mould m anufac tu re r to  concen trate  on investi
ga ting  his m ethods of production. The steel 
m anu fac tu re r generally used the  scrapped moulds 
by m elting  in  his own furnaces. The steel works, 
therefore, were only concerned w ith  th e  produc
tion m oulding cost of th a t  mould, and really  th is 
was th e  sole charge to  them , and th is  should be 
borne in  m ind when discussing ingo t moulds.

A point th a t  had been raised was th e  m an-
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gañese content. Some personal p ractical experi
m ents showed th a t  up to  1.2 per cent, manganese 
a satisfactory  life was obtained, and above 1.8 per 
cent, th e re  was an im provem ent in  th e  life.

H e th o u g h t there  were several iron and steel 
works in  America now producing moulds from 
basic iron. H e did no t th in k  phosphorus was 
such a v ita l m a tte r  to  the lives of the  moulds. 
H e knew of moulds which have been sen t out 
w ith phosphorus con ten t as much as 1 per cent, 
and no com plaint had been made.

As an ingot mould m ust have a  perfect skin, 
he would like M r. B a llan tin e’s opinion on the 
method of m ixing and of application of black
ing. H is experience of spraying blacking has not 
been satisfactory  and he found i t  gave dummy 
scabs.

Blackings fo r  Ingo t  Moulds
M r. B a l l a n t i n e  said good quality  blacking was 

essential and no th ing  less th an  one six teen th  of 
an inch p u t on w ith a  brush should be used. I t  
should then  be washed down w ith a camel h a ir 
brush and w ater. H is foundry  was never 
troubled  w ith  scabbing. The scabbing to which 
M r. B lakiston referred  was not due to  the  black
ing b u t to  the  low perm eability  of th e  sand 
used. H e was in  a fo r tu n a te  position in  Scotland 
as the  deposit of Scotch ro tten  rock sand seems 
em inently suitable for the  m anufactu re  of ingo t 
moulds.

A M e m b e r  suggested th a t  when one cast iron 
on to  steel the steel would pick up carbon from 
the  cast iron. Thus when steel was poured in to  
an ingot mould was there  transference of carbon 
from  th e  skin P

M r . B a l l a n t i n e  said the question seemed to  be 
one of equilibrium  of h ea t in the mould and 
h ea t in  th e  steel. The high tem pera tu re  of the 
steel when pouring in to  the  mould resulted  in 
sudden shock to  th e  mould casting, despite prior 
heating . So th a t  i t  would appear non-feeding of 
castings has a definite advantage in as much th a t  
the open grained  wall cen tre  cushioned th e  in itia l

H
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shock and lessened th e  tendency to  sudden sp lit
tin g  of the  mould.

Long Life H i g h - P h o s p h o r u s  M oulds

M r. J .  R o x b u u g h , rev ertin g  to  the  sub jec t of 
th e  phosphorus con ten t, said th a t  if  one m ixed, 
fo r the  sake of argum ent, a percen tage of com
mon iron w ith  h em atite , i t  would m ean i t  would 
still he necessary to  incorporate  in  th a t  m ix tu re  
80 per cent, of low phosphorus iron  (to ob tain  
a  phosphorus con ten t of 0.3 p er cen t, in  th e  cast
ing ). From  personal experience one of th e  best 
in g o t moulds he had  m ade was ab o u t 3 tons in  
w eight, and i t  actually  had  about 340 lives w ith 
a  con ten t of 0.35 per cen t, of phosphorus. H e 
fe lt th a t ,  probably due to  th e  shortage of hem a
ti te , some in te restin g  resu lts would be obtained.

A mem ber said  D r. Tomlinson and  him self 
had  investigated  h ea t resisting  iron  and  had 
shown th a t  i t  was n e ith e r a  desirable nor neces
sary  fac to r to  have low phosphorus.

A vote of th an k s  was passed to  M r. B allan tine.
M r. C. W . B i g g , th e  chairm an , apologised 

fo r having to  leave the  m eeting , and his place 
was ta k e n  by M r. F . J .  Cook.

C O M M U N I C A T I O N

T h e  V a r i a t io n s  f r o m  t h e  U s e r s ’ A n g le

M r . J .  6 . P e a r c e  w rote th a t  anyone who had  
seen ingot moulds produced a t  th e  works w ith  
which th e  au thor was associated would app re
ciate  th e  care and  th o u g h t he had  devoted to  th is  
m a tte r  and the  excellence of th e  resu lts  obtained. 
F rom  the  po in t of view of mould production  
th is  and  th e  previous P ap e r were of g re a t value. 
The au th o r righ tly  stressed the  varia tio n s in  life 
obtained on th e  same type of mould by d ifferen t 
steel works, b u t i t  m ust n o t be fo rg o tten  th a t  
steel works also find varia tions in  life  in  m oulds 
from  different foundries m ade to  the  sam e design 
and  subjected, as f a r  as possible, to  th e  same 
conditions of use. W hen la rg e  q u an titie s  of 
moulds were used, th e  effect of day to  day v a ria 
tions in  steel works p ractice  could be ta k e n  in to
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account- There was, however, now a strong sp irit 
of co-operation between m akers and users of 
ingot moulds which offered the  best possible 
augury  of success in  securing long-life moulds 
and b e tte r  ingot surfaces, in  support of which 
may be quoted th e  recen t report, Section V I of 
the  Seventh R ep o rt on th e  H eterogeneity  of 
Steel Ingots, of th e  Ingo t M ould Sub-Comm ittee 
of the Iron and Steel In s titu te .

a2



196

P a p e r  N o . 609 FO U N D R Y  A N D  L A B O R A T O R Y  C H A R A C 
TER ISTIC S O F  C U P O L A  C O K E

By H. O ’N eill ,*  M .M et., D.Sc., a n d  J. G. P e a r c e , f  
M.Sc., F .Inst .P .,  M.I.E.E. ( M e m b e r )

In  1929 and 1933 th e  B ritish  C ast Iron
R esearch Association carried  o u t c e rta in  cupola 
tr ia ls  on various b rands of D urham  coke which 
suggested th a t  fu r th e r  foundry  and  laboratory  
experim ents would be of in te rest. D u ring  1934 
one of the  au thors (J . G. P .)  and  M r. E . M illing
ton (then chief m e ta llu rg is t of th e  L .M .S . R a il
way Company) drew up a  program m e for
extensive work on a  range of cokes, and  ob
ta in ed  th e  co-operation of th e  N o rth e rn  Coke 
Research Com m ittee, the  F u e l R esearch  B oard  
and  th e  Chief M echanical E n g in eer of th e
L .M .S. R ailw ay Company. The la s t m entioned
perm itted  a cupola a t  D erby Locomotive W orks 
to be used for fu ll scale tr ia ls , though , owing to  
pressure of production , i t  was decided n o t to  
employ cokes which m igh t undu ly  jeopard ise  the  
work of the  associated foundry , desirable as it  
would have been from  th e  experim ental p o in t of 
view to  use cokes covering a w ider range  of 
quality .

The m ain  object of th e  research was to  ex 
am ine th e  ex ten t to  which ex is ting  labora to ry  
te s ts  give useful ind ications of th e  foundry  
behaviour of cupola cokes. A secondary object 
was to  determ ine the  p rac tica l o rder of m e r it of 
these cokes, th e  price and  rep u ta tio n  of which 
varied  considerably.

The work may be considered in th ree  sections 
as follows : —•
Section I .—F oundry  tr ia ls  using a cupola w ith 

a daily m elt of abou t 60 tons of a un iform  
grade of m etal, ca rried  o u t a t  D erby, as 
ind icated  above.

* Chief M etallurgist, L.M.S. Railway, 
t  Director, British Cast Iron Research Association.
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Section 11.—Carbon and  sulphur pick-up tests on 
the  B .C .I.It.A . experim ental Balanced-Blast 
cupola using known and uniform  charges. 

Section  I I I .—L aborato ry  tes ts  of a physical, 
chemical and m icrostructural na tu re .

I. F O U N D R Y  T R IA L S

E ach practical tr ia l  consisted of a norm al day’s 
run  on a cupola engaged in th e  m anufactu re  of 
ra il chairs, F ig . 1 being a draw ing of th e  fu r
nace used. I t  was nom inally of 8 to  9 tons per 
h r. capacity  and continuous m elting th roughout 
the  day was possible w ith the  exception of a 
1-hr. stoppage a t  m idday. W hen i t  was found 
necessary to  re ta rd  m elting, the  blast was cu t off 
completely and a corresponding tim e allowance 
made. The w eight of patching m aterial required 
to patch  th e  cupola to s tandard  contour a fte r 
a ru n  was debited against the  coke (Table II )  
and indicates the  ex ten t of the dam aging action 
of the  slag.

The m elting  ra te  was calculated from the tim e 
of blast on to  blast off, due allowance being made 
for all stoppages. W orking conditions were s tan 
dardised as follow s:—■

(а) The cupola was patched to  . s tandard  
dim ensions before each te s t under the  super
vision of two members of the L.M .S. Research 
D epartm ent-

(б) Following the usual procedure in th is 
foundry, the  bed was lighted  on the  previous 
n igh t and a  s tan d ard  w eight of coke was 
charged. The heigh t from the  top of the  bed 
to the  charging sill had been taken  and the 
bed was replenished to th is  he igh t before 
charging the m etal. A ir was blown through  to  
bring  the  bed to  a  uniform  tem pera tu re  imme
diately before charging began. The blast was 
n ex t sh u t off and the cupola charged to sill 
level. The b last was then  applied and the 
charges were m ain ta ined  as fa r  as possible a t 
sill level th roughout the  day.

(c) A m etal to charge coke ra tio  of 16: 1 
was used, all m etal, coke and flux being
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weighed The m etal consisted of 95 p er cen t, 
railw ay chair scrap and  5 per cen t, m angani- 
ferous pig-iron (1.5 per cent. M n min-)- The 
following were th e  w eights employed : —

1st m etal c h a r g e   20 cwts.
R em aining m etal charges ... 16 cwts.

Coke charges th ro u g h o u t ... 1 cwt.
Lim estone charges th ro ughou t... 20 lbs.

A ir  S upp ly  a n d  E x i t  Gases
The a ir  supply was delivered by a fan  ru n n in g  

a t as constan t a speed as possible, and  any 
varia tion  from norm al in th e  supply could there-
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fore be a ttr ib u te d  to th e  coke. The cupola was 
provided w ith two separa te  w ind belts hav ing  
five tuyeres on the  upper and e igh t on the 
lower. P ressu re  read ings were tak en  on each 
belt a t  frequen t in tervals by m eans of w ater 
gauges. Volume readings were ob tained  from  a 
P ito t tube inserted  in  th e  b las t m ain supply
ing  both wind belts. R ecords were also made of 
blast tem p era tu re , hum id ity  of th e  atm osphere, 
barom etric pressure and w ind d irection , and 
these are  given in  Table I .

Analyses of the  cupola gases tak en  from  a 
side tu b e  s itua ted  3 f t .  below th e  charg ing  sill 
and halfw ay in to the  cen tre  were obtained  each 
m orning and afternoon, and the  resu lts averaged. 
The C 0 2 con ten t was generally  abou t 18.5 per 
cent., w ith  oxygen less th a n  0.7 p er cent.

Slag a n d  Metal
Test-bars and  te s t castings w ere ta k e n  from  

the  first ladle and a t  11 a.m ., 2 p .m . and  4 p.m . 
during  each tr ia l. The percentage of scrap  m ade 
was also noted. The m ake of slag was weighed 
(see Table I I )  and its chemical analysis obtained  
(see Table X ), together w ith  th a t  of th e  castings.

T e m p e r a t u r e  M e a s u r e m e n t
M etal tem pera tu re  a t  th e  spout was ta k e n  a t  

frequent noted tim es th roughou t each m elt hy 
m eans of an  “ O ptix ” optical pyrom eter. This 
is one of the  fou r in s tru m en ts  recom m ended in 
the  S ix th  R eport on the H eterogeneity  of Steel 
Ingots (Iron  and  S teel In s titu te ) . The m ain  diffi
culties to be overcome in  ob tain ing  reliable read 
ings of m olten cast iron when using  an  optical 
pyrom eter are, (a) ca lib ration  of th e  pyrom eter 
under foundry  conditions; (b) th e  presence of 
an incandescent oxide film which a t ce rta in  tem 
pera tu res in te rfe res w ith  the  tru e  read in g ; (c) 
the presence of steam  and fum es in th e  foundry  
atm osphere.

F requen t calib rations of the  pyrom eter used 
were made against a stan d ard  P t /P t - R h  therm o
couple using m olten cast iron. The tem pera-
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tu re s  recorded can be regarded as being w ithin 
+  5 deg. C. of tru e  tem pera tu re .

D ue to  th e  relatively  narrow  range of observed 
tem p era tu res  w ith the  different cokes and the 
fac t th a t  the  m etal th roughou t the  tests was of 
sim ilar composition, i t  follows th a t  the  surface 
conditions of the  m etal rem ained fairly  constant. 
C are was taken  always to  focus the pyrom eter

a t  th e  same position on the m etal stream , and 
readings were not taken  when foundry opera
tions resulted  in  the  form ation  of steam  fumes 
in the  v icin ity  of th e  cupola. The m etal tem 
p e ra tu re  never rose sufficiently high for trouble 
to be experienced w ith fum es from the  m etal 
itself. R eadings tak en  by two operators did not 
differ by more th an  + 5 deg. C.
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S am pling
Coke was delivered to  the  foundry  in sheeted 

wagons which were unloaded in to  barrows. A 
sm all sample was taken  from, each barrow  load 
and  in  th is way a large rep resen ta tive  sample 
was obtained which was dealt w ith  according to
B .S .S . No. 496, en titled  “  Sam pling and A naly
sis of Coke.”

R esu l ts  of  C u p o la  T e s ts
The m ain observations made in  th e  foundry  

d u rin g  the practical tr ia ls  a re  recorded in 
Table I. The cokes are  th e re  a rran g ed  in  de
creasing order of mean m etal tem p era tu res  as 
determ ined by graphical in teg ra tio n  from  the  
m ean hourly tem p era tu re  records given in  
F ig . 2. The tem pera tu res used in  th is  railw ay 
cha ir foundry  are  lower th a n  those requ ired  in 
m any o ther foundries.

R eferring  to  F ig . 2, cokes F  and K  show a 
m arked drop in  m etal tem p e ra tu re  du rin g  the  
afternoon  and  th is can be only a tt r ib u te d  to  
the  bed being used fa s te r th a n  i t  is being re 
placed. O ther cokes such as G and  J 2  show an 
increased m etal tem p era tu re  du rin g  th e  a f te r 
noon. In  the  case of coke G2 th e  d iam eter of 
th e  cupola a t  the  th ro a t was en larged  and  th is 
is reflected in  lower pressures and increased 
volumes of a ir . N atu ra lly  the  m elting  ra te  
of the coke was increased, b u t desp ite  th is 
the  curve shows the  same general fea tu res  as 
observed in  th e  curve of coke G.

The m ean of the  recorded b last tem p era tu res  
is 12.6 deg. C., and of th e  hum id ities, 58 per 
cen t. Cokes H  and J1  were tes ted  w ith  b last 
tem pera tu res of 10 deg. C. and 8 deg. C. respec
tively, w hilst the  hum id ities were 19 per cent, 
and  17 per cent, above th e  average respectively. 
These te s ting  conditions may ten d  to  lower the  
m eta l tem pera tu res fo r cokes H  and  J l .

R epea t tes ts were m ade on cokes L, G, and 
J ; the  first and  second tes ts  being designated  
by the indices 1 and 2. L3 was carried  o u t two 
years a f te r  th e  others on a c u rre n t supply of
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coke. D uring  th is  tim e the  cupola sh a ft leng th  
had been reduced by 1 f t . ,  and th e  u p p er w ind 
belt operated  w ith six tuyeres in stead  of the  
previous five. The resu lts for coke L agree 
fa irly  satisfactorily , w hilst th e  h igh m elting  ra te  
and  lower tem pera tu re  for G2, as com pared w ith  
G l, may he ascribed to  th e  increased cupola 
patch ing  size. J1  and J2  do no t agree well, 
and the  values for the  labora to ry  tes ts  repo rted  
in  Tables IX  and X IV  show correspondingly d if
ferences. This points to  ir reg u la ritie s  in  the  
supply of m ate ria l and does no t commend coke 
J .

T a b l e  IV .—Blast Pressures andVolumes.

Coke reference.
Mean blast 

pressure in wind 
belt. Ins. W.G.

Mean volume 
of air. Cub. ft. 

per min.

B 9.65 1,130
D 9.15 1,120
F 9.70 1,135
J 8.55 1,140
L 10.20 1,285
I 9.60 1,245
H 10.40 1,085
316 6.30 1.175
317 9.80 1,180
M 9.30 1.235

C r i t e r i o n  o f  M e r i t
I f  the  adopted w orking conditions for th e  

cupola be accepted as an equitable compromise 
i t  follows th a t  th e  best coke from  th e  therm al 
po in t of view is th e  one giving the h ighest m etal 
tem pera tu re , provided th a t  th e  m elting  ra tes 
of all th e  cokes are  equal. A lternative ly  fo r a 
given satisfactory  m etal tem p era tu re  the  coke 
w ith the  h ighest m elting ra te  is therm ally  the  
best. A high m elting ra te  tends to  penalise the  
tem p era tu re  owing to  decreased tim e of p reh ea t
ing in  th e  cupola shaft. I t  can otherw ise be 
a d isadvantage, and inquiry  shows th a t  economy 
generally results from  cokes g iv ing h igh tem pera
tu res w ith  relatively  low m elting  ra tes.

The order of m erit given in Table I  is free from  
am biguity , since the  b e tte r  cokes all have good
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m elting  rates. Before deciding th a t  it  represents 
the  prac tica l order of m erit, slag behaviour and 
m etal quality  m ust be exam ined.

Slag F o r m a t io n
In  Table I I  are  given the  patching require

m ents and slag yields obtained during  the tria ls , 
the cokes having been placed in the table in  the 
previous order of m etal tem peratu res. Analyses 
of the  ashes and slags were made, and i t  was 
observed th a t  cokes from  the same coalfield had 
sim ilar ash compositions as regards silica-alum ina 
ra tio  and SO, content.

The ash contents reported  by two different 
laboratories working on the same sample have 
been averaged. The m axim um  ash in  the series 
is about 9.5 per cent, (coke K ) and the minim um 
3.5 per cent, (coke H ).

The m axim um  am ount of patching m aterial 
per ton  of m etal was required  for cokes F , D, 
I and E , and th is  was consistent w ith the 
chemical analysis of th e ir  ash and slag. Cokes 
J1  and K  produced the  h ighest yield of slag and 
the la t te r  is high in ash. This is consistent w ith 
the high FeO conten t, 25.2 per cent., of the  slag 
from Coke J1  caused by the low working tem 
peratu re .

I t  is ev iden t th a t  the  ho tte r cokes have not 
consistently caused g rea te r dam age to the cupola, 
and so slag form ation does no t call fo r a recon
sideration  of the  order of m erit given in Table T.

Metal  Q u a l i ty
The quality  of the  castings made from the 

different cokes may be judged from Table I I I .  
The corresponding chemical analyses from each 
cast have been obtained and may be consulted 
a t the In s ti tu te ’s office.

The m echanical tests show no evidence of in
ferior m etal for the h o tte r cokes, b u t the per
centage of scrap chairs is high in  L I, L2 and G2. 
The scrap figure is not a reliable criterion  in 
the  present case, however, as the conditions of 
moulding and fe ttlin g  varied a g rea t deal.
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Chemical analysis showed a su lphur con ten t of 
abou t 0.12 per cent, in the  castings from  all of 
the cokes except M, and th is value is no t u n 
suitab le  fo r ra il chairs. The first m etal of each 
tr ia l was highest in silicon and manganese, and 
lowest in  su lphur and phosphorus, because the 
first charge consisted of 10 cwt. of chair scrap 
and  10 cwt. of m anganiferous pig-iron (1.5 per 
cent. Mn m in.). Owing to  its  lower tem pera
tu re  the  first m etal gave in ferio r mechanical 
properties.

The carbon and sulphur figures obtained on 
the tes t castings have been plotted w ith the  ta p 
ping tem pera tu res of tho m etal from which these 
castings were poured. W hen the  actua l carbon 
figures of the  castings were considered, i t  was 
found th a t  due to differences in  silicon and  phos
phorus con ten t, especially on the  m etal from  the 
first tap , com parative results were no t obtained. 
I t  was therefore  decided to ad ju s t the  carbon 
conten ts of th e  castings to  a uniform  silicon and 
phosphorus content, using a fac to r of 0.3 per 
cent, carbon fo r each 1 per cent, silicon or phos
phorus present. A mean silicon +  phosphorus 
con ten t of 2.95 per cent, was taken  as standard  
and  assum ing th a t  the silicon +  phosphorus of 
a certa in  casting  was only 1.95 per cent., then 
0.3 per cent, carbon was deducted from  the 
ac tu a l to ta l carbon figure.

I t  was th u s  found th a t  in almost every case, 
as th e  to ta l carbon rose, the  su lphur content 
fell, and vice versa. The su lphur con ten t gener
ally increased w ith tem pera tu re  and in  some 
cases, for example, cokes H , F  and K , the  curves 
for tem pera tu re  and sulphur show m arked 
sim ilarity .

II. C A R B O N  A N D  S U L P H U R  PICK-UP TESTS
In  the  practical tr ia ls  on cupola cokes carried 

ou t a t  D erby, th e  m etal charge consisted chiefly 
of scrap ra il chairs. A lthough th is m aterial 
yielded m etal of sufficiently uniform  composition 
for the  purpose of the tests already described, 
i t  was th ough t th a t  little  useful d a ta  would be
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obtained on the  carbon and sulphur pick-up from 
the cokes, owing to  the  slight varia tions in the 
composition of the  m etal known to  occur from 
the character of th e  scrap used. I t  was there
fore decided to  exam ine th is p roperty  of the 
cokes in  the  experim ental B alanced-Blast cupola 
of the  B ritish  C ast Iro n  R esearch Association. 
I t  was no t possible to  carry  out these tr ia ls  on 
the whole series of cokes tested  a t  Derby, as in 
some cases insufficient m ateria l was available.

E x p e r im e n ta l  C u p o la  C o n d i t io n s
The experim ental B alanced-Blast cupola has 

an in te rn a l d iam eter of 24 in. in the m ain tuyere

T a b l e  V II.— Carbon and Sulphur Pick-Ups.

Coke
ref.

Mean 
carbon 

pick-up. 
Per cent.

Mean 
sulphur 
pick-up. 
Per cent.

Sulphur per cent. in coke.

Total. Com
bustible. Fixed.

B 0.94 0.046 0.59 0.25 0.34
D 1.07 0.060 0.77 0.66 0.11
F 1.15 0.044 0.55 0.51 0.04
J1 1.03 0.061 0.69 0.67 0.02
LI 0.97 0.052 0.73 0.68 0.05
I 0.93 0.053 0.72 0.68 0.04
H 1.03 0.039 0.56 0.55 0.01
316 1.07 0.058 0.72 0.63 0.09
317 0.92 0.048 0.66 0.55 0.11
M 0.87 0.074 0.75 0.65 0.08

zone and well, and is flared ou t a t  a level 10 in. 
above the centres of the m ain tuyeres to  32 in. 
diam eter. D uring  the  tests the m ain valves 
were set w ith a po rt opening of 1 in. and the 
bottom and middle rows of auxiliary  tuyeres 
were fully open. The aux iliary  tuyeres in the 
top row were closed. The bed was made up to 
the level of the top  row of aux iliary  tuyeres 
and burned th rough  by the use of the kindling 
tuyeres. The method of kindling  was s tandard 
ised so th a t , as fa r  as possible, the condition of 
the bed was sim ilar for each test. The cupola 
was also patched to a s tandard  size a fte r  each 
test. The presence of fumes prevented reliable



m etal tem pera tu res from  being tak en  w ith  th e  
O ptix pyrom eter, b u t they  were h igher th an  
those required from  the  la rg er cupola.

A ir  S upp ly
The se ttings of the  tuyeres and the  speed of 

the m otor d riv ing  th e  fan  was th e  same fo r each 
te s t, b u t b last pressure and volume read ings 
showed th a t  the  am ount of a ir  supplied was no t

T a b l e  V III.— Order of Merit from Cupola Trials when 
Making Rail Chairs.

Order of 
merit.

Coke
reference.

Coalfield of 
origin.

1 L Durham
2 G Durham
3 P t Lancashire
4 A Durham (blended)
5 F S. Wales
6 C S. Yorkshire
7 I Durham
8 H*J Durham
9 B ft Lancashire

10 E S. Wales
11 M (Blended)
12 K Scotch
13 D S. Yorkshire
14 J t Scotch
15 316J Durham \  Special
16 317 J Durham f  experiment.

* Conditions of humidity and blast temperature 
during test may have slightly penalised this coke, 

f  P and B are from the same pit. 
j  Small size, tending to give lower temperatures.

constan t, due, no doubt, to  the  way in  which 
the  different cokes packed in  th e  bed. The 
m aterials charged in to  the  fu rnace  w ere, of 
course, sim ilar in  each te s t, and  Table IV  gives 
the mean figures for pressure and  volume of a ir.

C h a r g e s
Since low carbon con ten t charges, when m elted 

in the cupola, ten d  to  pick up more carbon th an  
medium or high carbon charges, i t  was decided



T
ab

le
 

IX
.—

Ch
em

ica
l 

An
al

ys
es

 
and

 
Ca

lo
rif

ic 
Va

lue
 

of 
Co

ke
s.

215
:a

lo
ri

fi
e

B
.T

h.
U

.
lb

. D
et

er


m
in

ed
.

13
,2

20

12
,9

30 o o o o > o i o o o o o o
O C O C O C l O l ' O H O O i M ' t  

^  © ©̂  h  00 CO rfc 
c-i" c o  co " c < f co " CO CO CO CS? c s f  CO 13

,2
60

13
,2

60
13

,1
00

G
ro

ss
 

c 
va

lu
e,

 pe
r

B
y

ca
lc

u
la

ti
on

.

13
,3

50
13

,3
00

13
,0

00
13

,2
00 o o o o o o o o o o o  

0 0 0 0 ' 0 » 0 0 > 0 0 0 1 0  
©  c o  c o  ©̂  r h  i >  o  h o  ® >o  
co" co"  CO co"  CO CO CO co"  co"  o f  co" 13

,3
50

13
,0

00

13
,1

00
 

13
,2

50
 

1

rd0;

o

Fi
xe

d 
ca

rb
on

. 
Pe

r 
ce

nt
.

92
.7

92
.5

90
.5

92
.0 ■ ^ 0 * 0 ' - t i ' ^ C O b O » 0 ' —

O ' N ^ O i O W f l J H O O ’i
X O O O O C Î O O C 1 C 3 C 5 0 5 92

.7
90

.7

90
.8

91
.3

,e 
an

al
ys

is
 

ci 
to 

diy
 

eo
ke

.

V
ol

. 
M

at
te

r.
 

Pe
r 

ce
nt

.

0.
9

0.
6

0.
8

0.
6 m m  x  o  œ co x  © - 1 i o a  

0 - l o ^ O O r - ^ O ^ H O O 0.
9

0.
4 CO t >

I—1 r—{

CÖ
s
Roftp* M

ea
n 

as
h.

 
Pe

r 
ce

nt
.

6.
4

6.
9

8.
7

7.
4 a x ^ o t ^ o i > < o x ^ o

C © Î O ^ G © I O C O O O I > O O C 5 » 0 6.
4

8.
9

7.
9

7.
0

43
c

T
ot

al
.

0.
73

0.
78

CO CO 
t -  |>
©  ©

O O i O < M N © O h C O X h  
o  t '  O  1 ^  I O i o  O  P -  I d  t '

o c o o o o o o o o o 0.
69

0.
74

0.
72

0.
66

«
©

Ph

fn
3

R

0.
05

0.
04

C 5 l C T ^ ^ T t < r - H r i H » O C l O l O ^
C ' l O O O l O O C O O O O ' - d

o o o o o o o o o o o

<M ,
^  1 o 0.

09
0.

11

CG

C
om


bu

st
ib

le
. S

9'0

6
9

0

M i O ^ H X lX ‘O lC C ' l i O C O < D
f O O » O T h C O i O < M O C O i O O

o o o o o o o o o o o 0.
67

0.
63

0.
55

M
oi

st
ur

e
pe

r 
ce

nt
. 

(1
05

de
g.

C
.)

0.
5

0.
4

0.
9

0.
6 0 > T ) l > ® C O O i O C l O i - 1 

o o o ^ o a ^ o o o i o c ' i 3.
6

0.
3

0.
7

1.
1

C
ok

e it ® *  i  
£  Z

r- Cl
C O

- h  (M 
►"5 ^ 31

6
31

7



21G

to employ a  50 per cent, steel m ix tu re  fo r these 
tests. H em atite  pig-iron (broken in to  q u a rte r  
pigs) was used, th e  whole consignm ent being de
livered a t  one tim e, and by carefu l sam pling 
32 pigs were selected for analysis. Steel in  the  
form of fishplates was sam pled in  the  same way, 
tw enty  p lates being selected for analysis. The 
mean compositions of th e  m aterials and of th e  
50: 50 m ix tu re  are given in  Table V.

Owing to  the relatively  sm all am ount of coke 
available and also owing to  the  difficulty of 
handling la rg e r quan titie s  of m etal w ith  th e  
staff available, i t  was necessary to  lim it these 
tr ia ls  to  a m elt of 35 cwt. The following 
charges were used : —

Metal charges . . 5 cwt. \ Ratio w  . 1
Coke charges . . 56 lbs. J
Limestone ..  21 lbs.

The charges were applied by hand , care being 
tak en  to  see th a t  they  were evenly d is tr ib u ted  
and kep t level. The steel was p u t on first, fol
lowed by the  hem atite , th e  coke and  lim estone 
being charged together.

T a p  S am p lin g

As fa r  as possible an a tte m p t was m ade to  ta p  
each charge as soon as i t  was m elted, and  in  
every case six fu ll tap s  of approx im ate ly  5 cwt. 
were obtained. The m etal was cast in to  pigs, a 
te s t block being poured when half the  ta p  had  
been pigged. The te s t block was sam pled for 
analysis by d rilling  completely th rough  from  
top to bottom  w ith  a  ^-in. d iam eter drill.

R esu l ts  o f  T e s t s — S u lp h u r  P ick -u p
The to ta l carbon and su lphur con ten ts of each 

individual ta p  a re  given in  Table V I.
I t  will be seen th a t  w ith  th e  exception of coke 

L the  su lphur con ten t of th e  m etal, as would be 
expected, is h ighest in  the  first ta p . Speaking 
broadly, the  su lphur con ten t th en  falls progres
sively d u ring  th e  rem ainder of the  m elt. Table
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V II shows the mean pick-up figures for sulphur 
and carbon, together w ith the su lphur contents 
of th e  cokes from  Table IX . There is a slight 
tendency for high carbon pick-ups to  be associ
ated  w ith  low su lphur pick-ups.

The to ta l su lphur in coke is determ ined by 
th e  usual laboratory  m ethod described in  B.S. 
Specification 496-1933, Sam pling and Analysis 
of Coke. S u lphur in the  ash can also be de te r
mined and the  difference is known as the  com
bustible su lphur. The 1933 tes ts  referred  to  
above suggested th a t  su lphur pick-up is more 
closely re la ted  to  the combustible su lphur con
te n t th an  to  th e  to ta l su lphur con ten t, b u t the 
num ber of cokes then  tr ied  was too lim ited to 
perm it a  definite conclusion. I t  is a m a tte r 
of common experience th a t  su lphur pick-up do^s 
not depend en tire ly  on to ta l su lphur, which 
cannot, in  consequence, be regarded as a guide 
to  sulphur pick-up. The present tests, however, 
do not give the  conclusive evidence th a t  was 
an tic ipated  on the relationships between sulphur 
pick-up and combustible or to ta l sulphurs.

The to ta l su lphur figures plotted against mean 
sulphur pick-up are  shown ;n F ig. 3. Speak
ing broadly, th e  h igher the  to ta l and combus
tib le su lphur in the  coke, the  h igher the  sulphur 
pick-up obtained. A part from the  resu lt on 
B, there  appears to  be a  ra th e r  closer connec
tion  between su lphur pick-up and combustible 
su lphur th an  between sulphur pick-up and to ta l 
sulphur.

C a r b o n  Pick-up
E xam ining the carbon pick-up in the indivi

dual taps, i t  is seen th a t  w ith the  exception <>* 
cokes D and 316, the  carbon content is highest 
in the second tap . A possible explanation  of 
th is is th a t  the  m etal is no t sufficiently hot in 
the first tap  to show a high carbon increase, 
hu t du ring  the m elting of the second charge the 
bed is still high and a t  a high tem pera tu re . 
Coke M gave the  lowest and coke F  the highest 
pick-up, and i t  will be found th a t  the increase
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in carbon of the  m etal m elted w ith  th is  coke 
rem ained consistently high. M ost of th e  cokes 
tested  showed a more or less rap id  fall in  carbon 
in successive tap s a f te r  the  second tap . Cokes 
I  and H  gave a m etal of fa irly  uniform  carbon 
conten t, b u t a lower carbon increase th an  
coke F .

C o n c lu s io n s  f r o m  t h e  C u p o la  T e s ts

From  consideration pf th e  previous Tables i t  
may be concluded th a t  since none of th e  cokes 
gave m etal of in ferio r m etallu rg ical p roperties, 
the therm al values—and th e  m etal tem p era tu re  
in p a rticu la r—will suffice to  apprecia te  the  
m erits of the  fuels.. In  Table V II I  the  order 
of m erit is recorded aga in s t th e  coke reference 
le tte r  and th e  coalfield of orig in .

The au thors have every confidence in th is  
order of m erit and the tr ia ls  have modified the  
views h ith e rto  adopted  by some of th e  L .M .S . 
foundries. The best cokes in th is  lis t were quoted 
a t  th e  ovens in  1934 as about 30 per cent, 
cheaper th a n  a ce rta in  popular coke, and  43 
per cent, cheaper th a n  an o th er coke in  Table 
V III . The sa tisfac to ry  use of cheaper b ran d s in  
various L .M .S. cupolas em ployed on general 
foundry work indicates th a t  th e  research resu lts 
obtained above were not pecu liar to  the  cupola 
employed for the  tr ia l.

I t  should be explained th a t  sam ples 316 and 
317 refer to  pieces of the  same D urham  coke 
chosen fo r tr ia l  from  d ifferent positions of the  
charge in the  oven. T hus: —

No. 316 was the “ outer ends,” i.e., the portions 
adjacent to the oven w all; whilst

No. 317 was the “ inner ends,” i.e., the portions a t the 
core of the charge.

These tr ia ls  were made a t  th e  suggestion of 
Professor H . L. R iley, and  as th e  w eights avail
able were small a bed of coke A had  to  be used. 
The results are  therefo re  n o t s tric tly  com parable 
w ith those on th e  o ther samples.



III. L A B O R A T O R Y  TESTS
To< ob tain  correlations between cupola and 

laboratory  resu lts the  cokes were nex t exam ined 
by the  following procedures:-—•
Chemical . . Analysis (cokes and slags) Tables IX , X

T.i i.

Wet oxidation test .. X I
Combustibility ,, X I
Reactivity ,, X I

Physical . .  Shatter ,, X IV
Calorific Value IX
Porosity X V
Compression Strength X V
Abradability X V

Structural . . Macrostructure (Rose’s
Method) .. .. X IV

Microstructure . . . . X V I
M ost of these tes ts  are well known, b u t the 

following b rief descriptions of some of them  
m ay be u sefu l: —

W et O xidation T est. '—The ra te  of oxidation of 
carbon in  the  coke by a solution of chrom ic and 
phosphoric acids is determ ined. G raphite  is 
oxidised more rap id ly  th a n  “  amorphous ”  car
bon by these reagents, and so a high value of 
C 0 2 as reported  in  the  te s t results indicates a 
relatively  large am ount of g raph ite  present in 
th e  sample. I t  has been suggested th a t  high 
g rap h ite  is a desirable p roperty  in  a m etallu rg i
cal coke.

S h a tte r  T est.—Coke is allowed to  fall four 
tim es th rough  6 ft . on to  a steel p late according 
to  the  procedure outlined in B .S.S. No. 496/1933. 
The sh a tte r  index was determ ined by sieving 
th rough  both 2-in. and 1^-in. screens. A high 
sh a tte r index m eans a high resistance to  break
age both in tran sp o rt and  in the cupola stack, 
and  frequently  indicates good therm al properties. 
The index is expressed as the percentage weight 
rem aining on 2-in. and  1-J-in. screens.

C om bustibility T e s t.—This is a m easurem ent of 
the capacity of the  coke to reac t w ith a ir. Coke
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is heated  in  a c u rre n t of a ir  or oxygen and its 
ign ition  tem p era tu re  noted. This ign ition  tem 
p era tu re  depends upon the  ap p a ra tu s  used, and 
so the  la t te r  m ust be standard ised . The ra te  of 
com bustion is determ ined, as well as the  m axi
mum steady tem p era tu re  obtained.

R eactiv ity  T est.—This is a m easurem ent of the 
e x te n t of th e  reaction  of coke w ith  carbon 
dioxide. In  the  Fuel Research B oard m ethod’ 
the  volume of carbon monoxide obtained from 
100 mis. of carbon dioxide gas when passed in a 
stream  over cokes m ain ta ined  a t an arb itra rily  
selected tem p era tu re  of 950 deg. C. under s tan 
d a rd  conditions is m easured.

The “  R I  value ” is the  prim ary reactiv ity  
value of the  coke as obtained above for th e  first 
100 mis. of carbon dioxide, and has a theoretical 
m axim um  value of 200.

The “ R I I I  value ” is obtained by continuing 
th e  experim ent u n til th e  volume of gas obtained 
from  successive determ inations is substantially  
■constant. R eactiv ity  values can be considered 
from  th ree  aspects, (a) the  m agnitude of R I 
and R I I I ,  (b) the  difference between R I and 
R I I I ,  and (c) th e  smoothness of th e  curve 
obtained for th e  change from  R I to  R III .

Macro structure by Rose’s M ethod .—A typical 
piece of coke is coated w ith a m ix ture  of plaster 
of P a ris  and m agnesia, and is sectioned longitu 
dinally  w ith a hack saw a fte r  the  coating has 
set. The sawn face is soaked in  w ater and  more 
coating  m atei'ial applied. A fter th is  has set the 
section is rubbed down w ith emery on a  glass 
p la te , and m ay be photographed to  show the 
am ount of Assuring in  the  coke. The la t te r  is 
likely to  bear some re lation  to  the sh a tte r index.

C h e m ic a l  A nalysis

The resu lts of chemical analysis are given in 
Table IX , the  cokes being a rranged  as before 
in  descending order of therm al m erit. F rom  the 
proxim ate analysis i t  is possible to  calculate the
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approximate calorific value by means of an em
pirical formula dependent on the ash and vola
tile contents of the coke. The actual calorific 
power as determined in a bomb calorimeter is 
given alongside for comparison, and it will be 
observed that the agreement is  good. The carbon 
content is perhaps the most im portant item  in 
the chemical analysis of a coke, but is of no 
great u tility  in the present tests.

Cokes H  and F  are high in fixed carbon and 
low in volatiles, but they do not stand par
ticularly high in the authors’ practical order of 
merit. Coke F gave the highest carbon pick-up 
(see Table V II) and there is fair correlation 
between this quantity and the percentage of 
fixed carbon.

The compositions of the coke ashes are given  
in Table X  together with those of the correspond
ing cupola slags.

A fter consideration of these chemical results 
it must be concluded that none of them deter
mines sufficiently well the m elting merits of the 
cokes.

T h e r m o - C h e m ic a l  L a b o r a t o r y  T e s t s
The results of various reactivity tests are 

given in Table X I.
Detailed study of Table X I does not show th at 

any of these laboratory results taken singly will 
indicate the m elting m erits of the cokes.

I t  emerges that by placing the specimens in 
the order of their wet oxidation test results 
they bec ome segregated into groups of the appro
priate coalfields. The indicated order of decreas
ing graphite content is as follow s:— South W ales, 
Durham, Scotch, South Yorkshire and Lanca
shire. This method of coalfield grouping will be 
considered later.

M a c r o s t r u c t u r e
The preparation of sections of coke by Rose’s 

method presents no difficulties, but the "question 
arises as to  whether a selected piece can leg iti
mately serve as a sample for a given brand. 
The . authors have not seen this point dealt with
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F ia . 4.— R o s e ’s  T e s t  on  t h e  M a cr o  s t r u c t u r e  o f  C o k e . (.Facing page 225
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F ig . 6.—M acrostructures and M icrostructures of Cokes I , L, A, E, an» ü .
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very fully, and  th e ir  own exam ination  of i t  has 
only been slight.

In  selecting a  sample for m acrostructu re the 
aim  was to  ob tain  an  average piece showing both 
the “  cauliflower end ”  (i.e., portion ad jacen t 
to oven wall) and the  inner coke. F ig . 4 illus
tra te s  th e  appearance of sections of brands L, C 
and G sam pled from  different deliveries over 
periods of tim e as reported  in  Table X II.

Besides th e  m acrostructure, the cell form ation 
has also been exam ined in the  way described

T a b l e  X II .—Repeat Rose's Tests.

Ref.
on

Fig.
4.

Batch period 
of sample.

Mi
Black

crostruetu 
cell wall, 
per cent.

re.
Linear

Traverse
1.

Traverse
2. Mean.

La Original (1934) 47 53 50
Lb 1 year later 44 41 43
Lc 2 years ,, 46 43 45

Ca Original (1934) 66 70 68
Cb 1 year later 30 43 37
Cc 13 months later . . 31 41 36

Ga Original (1934) . . 54 56 55
Gb 2 years later 59 45 52

la te r in  th is  P aper. The authors are of the 
opinion th a t  cokfes L' and G have m ain tained  a 
s tru c tu ra l consistency d u ring  the  tim e period 
m entioned, and th a t  a selected macrospecimen 
has given a reliable indication of struc tu re . 
Coke C, however, has changed, for whilst Cb 
and Cc duplicate  quite  well, they differ greatly  
from  Ca. F rom  quite  an independent source the 
au tho rs  have heard  th a t  coke C is variable in 
quality  fo r cupola work. The general form  of 
the cokes and the  points to be noticed in the 
m acrostructure have been described according to 
the scheme set out in Table X III .

i
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The u pper portions of F igs. 5, 6 and  7 are  
reduced photographs of the  longitudinally  sec
tioned cokes arranged  from  le ft to r ig h t in de
creasing order of sh a tte r  index (2-in. screen). 
A description of th e  s tru c tu res  is a ttem p ted  in 
Table X IV .

S h a t t e r  P r o p e r t i e s
The results fo r the  sh a tte r  te s t will be found 

in  Table X IV , and  since th e  2-in. screen values 
give a  m ore open scale th a n  th e  l j - in . ,  th e  
form er have been adopted fo r purposes of re fe r
ence. There is a suggestion th a t  cokes of small 
o rig inal size sometimes yield sh a tte r  values 
ra th e r  h igher th a n  th e  average. R esults 
obtained several m onths before th e  p resen t re 
search commenced a re  also given and  ind ica te  
reasonable reg u la rity  of values fo r th e  various 
brands.

T here is a sligh t ind ica tion  from  Table X IV
th a t  the sh a tte r  indices are  decreasing as th e  
cupola m erit of th e  coke decreases. F ig . 8 shows 
th is effect graphically , and  w hilst th e  genera lisa
tion  is to  be tak en  very broadly, th e  au thors 
find th a t  sh a tte r  index is a  more consisten t 
guide to  the  m erit of cokes from any  coalfield 
th an  any o ther single laboratory  te s t  re su lt 
exam ined in  the  p resen t investiga tion . Cokes 
w ith a sha tter index  (2 in .) o f less th a n  80 have 
not given the best results in  these trials and  
m ight always be viewed as do u b tfu l fo r  cupola 
purposes.

I t  is difficult to establish  a precise correlation  
between m acrostructu re  an d  sh a tte r  value, b u t 
if the long itud inal fissures are  d is tin c t, long and 
clearly connected to  a d is tin c t system  of tr a n s 
verse fissures enclosing only small p rism atic  areas 
of coke, th en  th e  sh a tte r  te s t resu lt will be low. 
Thus i t  will no t be su rp ris ing  th a t  coke K  is 
the  most easily sh a tte red  of the  series.

T h e  E x te r n a l  S ize
The ex te rn a l size and shape of th e  specimen 

also m erit consideration , fo r if la rge  pieces have
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survived quenching a t  th e  oven and  tra n sp o rt
therefrom , the  sh a tte r  resistance is likely to  be 
good. In  th is  respect i t  has been found th a t  
small pieces resu lting  from  the  sh a tte r  te s tin g  
of large pieces have th e  same p rism atic  index  as 
the la t te r .5 Specim en I  (index 86) (F ig . 6) is 
badly fissured b u t its  shape is more prom ising 
th a n  th a t  of specimen J  (index 73) (F ig . 7), and 
i t  is alm ost devoid of transverse  fissuring. A 
q u an tita tiv e  system m ight aim  a t  aw ard ing  m arks 
to each coke for the  various m acrostruc tu ra l 
features suggested above as co n tr ib u tin g  to  
sh a tte r  resistance, or a lte rn a tiv e ly  a se t of s ta n 
dard  m acrographs could be employed. I f  th e

230

F ig . 8.— S hatter I ndex  and Melting  Quality .

average size of the  coke is sm all i t  will ten d  
to reduce the  cupola tem pera tu re .

M ic r o s t r u c tu r e  an d  Cell  H a r d n e s s
Cokes w ith  a high degree of com bustib ility  a re  

said* to  have a high resistance to  abrasion  and 
a pronounced cell s tru c tu re  d isplaying con tinu ity  
in the  d is tribu tion  of th e  cells and  a large pro
portion of m inu te  pores in  th e  cell walls. Beilby5 
has sim ilarly outlined th e  m icro struc tu ra l 
fea tu res favouring  reac tiv ity  as (1) la rge  area  
of reactive surface, (2) m inu te  cells w ith  th in  
cell walls and (3) accessibility of reac tin g  gases 
to the  in te rio r of th e  coke. The au tho rs  have 
a ttem pted  to  determ ine th e  cell size d is trib u tio n  
and cell space ra tio  of the  p resen t sam ples.
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Photom icrographs of Rose's sections x 6 (Figs. 
5, 6 and 7) were traversed  over an actua l coke 
length  of 1.66 cm. and the  in tercep ts of black 
cell wall and w hite cell space determ ined. F is
sures or black patches of m ineral m a tte r  were 
avoided as much as possible in  these m easure
m ents. The readings of tw o traverses were 
averaged, and the frequency-cell size curves ob
ta ined  are  shown in  F ig . 9. The cokes have thus 
been divided in to  th ree  groups according to  cell 
size d is tribu tion , and w hilst th e  division was 
readily m ade fo r m ost specimens, cokes H , P  
and M proved to  be ra th e r  special cases. The 
results a re  sum m arised in  Table X V I.

A m ethod is now being tr ied  for the  rap id  
determ ination  of cell space ra tio  sim ilar to  th a t  
used by B arkas6 fo r wood. A photoelectric cell 
is fitted  in  place of the  eyepiece of the  Vickers 
projection  microscope and th e  Rose's macro- 
section is placed on the  specimen stage. In  
th is  way th e  ra tio  between black and w hite on 
the  object can he determ ined.

A few experim ents have also been made 
regard ing  th e  m echanical p roperties of the  coke 
m ate ria l when free from m ajor fissures. I t  was 
fe lt th a t  the  s ta tic  compressive s tren g th  and the 
ab radab ility  of small test^pieces were m ore likely 
to be associated w ith constitu tion  and combus
tib ility  th an  m echanical tes ts  on large specimens. 
Cubical pieces frac tu red  in  compression afte r 
th e ir  to p  and  bottom  surfaces had been bedded in 
the  te s t m achine w ith  cim ent fondu  gave the 
results recorded in  Table XV.

G rinding tests were made in  an l l f - in .  by 
4f-in. dia. steel cylinder contain ing  th ree  f  in. 
dia. steel rods and ro ta ted  for a s tandard  tim e 
of 2 hrs. a t  30 r.p .m . The in itia l coke charge 
of 100 grm s. was screened to  be between B.S. 
sieves 8 and 16, i.e ., 0.081 in. and  0.0395 in. 
apertu res, and the  m ateria l was afterw ards given 
sieving analysis up to  B .S.S . 300. The increase 
of surface area or g rindah ility  index (C) was 
determ ined by Cross’s m ethod,’ and fo r purposes 
of com parison the  reciprocal of th is  may be con
sidered as th e  resistance to  abrasion.
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Prof. R iley (N orthern  Coke R esearch 
Com m ittee) has k indly carried  ou t m icro-im pact
tes ts  on the cokes by a m ethod which he will 
shortly  publish. Two gram s of properly sampled 
m ateria l graded betw een B .S. sieves 14 and  25 
are  im pacted w ith  steel balls fo r 800 revs, in a 
tu b e  ro ta tin g  about its  transverse  axis. The 
breakage is determ ined by sieving analysis and 
the  “ m icro-im pact index  ” or resistance to  a b ra 
sion is expressed as th e  percen tage of o rig inal

A c tu a l M ean Col! S/ZC  -  Cm.

P i g .  9 .— G r o u p in g  C o k e s  b t  Cell S iz e .

m ateria l rem ain ing  on B .S. sieves 25 and  72. 
The au thors have tak en  th e  liberty  of re fe rrin g  
to  the  percentage on 72 B .S .S . alone as a sim 
plified abrasion index. R esu lts a re  given in  
Table X V, and  i t  will be observed th a t  th e  
L .M .S. and N .C .R .C . abrasion te s ts  ag ree  qu ite  
well.
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Discuss ion  o f  t h e  R esu lts
Table X V I has been draw n up largely on the 

basis of m icrostruc tu ra l observations fo r com
parison purposes. In  an  endeavour to obtain  a 
h in t as to  where generalisations m igh t be made, 
Table X V II has been p repared  by a rb itra rily  
selecting a' division in  th e  values of ce rta in  su it
able tes ts  below which th e  resu lt is called “ low ” 
and  above which i t  is “ h ig h .”

I t  can be said fa irly  definitely th a t  the th ree  
cold cupola cokes B, K  and J  gave low results 
for the  five tests reported  in  Table X V II , and the 
converse tendency is noticeable for the hot cokes.

The negative and very low (H I—B.III) re 
ac tiv ity  values for th e  dense uniform  cokes, C, 
B, K  and J  are in teresting , and indicate th a t  
the fuel becomes more reactive as i t  burns away. 
This suggests a  rela tive increase of the  surface 
area  of the cell walls as combustion proceeds, 
possibly by p ittin g , in  the  m anner suggested by 
B u rrag e ,8 during  the  ac tivation  of charcoal. 
The degree to  which such p ittin g  or surface en
largem ent occurs m ight well he affected by the 
m icro-constitution of the bitum inous conglome
ra te  which was th e  source of th e  coke. A nega
tive  (R I—R II I )  value is said to  be abnorm al 
and has previously been associated w ith  beehive 
cokes by the  F uel R esearch B oard .2 From  the  
same source has come the suggestion th a t  low 
reactiv ity  cokes a re  m etallurgically desirable, 
and th a t  low R I I I  values correspond w ith high 
sh a tte r  resu lts . The present work w ithin its 
own narrow  lim its does no t confirm th is sugges
tion. M o tt13 has reported  th a t  low reactiv ity  
gives high coke bed tem pera tu res, b u t considers 
th a t  the fuel size may be of g rea te r im portance 
th a n  reactiv ity . A probable difficulty regard ing  
th e  reactiv ity  te s t is the  selection of an a rb itra ry  
combustion tem p era tu re  of 950 deg. C., for 
whilst i t  probably places cokes in the  correct 
order of reac tiv ity  a t .this tem pera tu re , the  
order m ight be different a t 1,300 deg. C .8. In  
th is respect R iley10 sta tes th a t  w hilst below
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1,000 deg. C. “  am orphous ”  carhon is more re
active to oxygen th an  g raph ite , above 1,000 deg. 
C. th e  reverse is probably true .

As regards the  com bustibility te s t, th e  only 
observed po in t of in te re st was th a t  the  ra te  of 
combustion (and the  C O : C 0 2 ra tio ) appeared 
g rea test w ith  cokes P , C, M, J l ,  K  and B, and 
these a re  fuels w ith  th e  g rea test num ber of cells 
per cm. (Table X V I). S upport is n o t provided 
for th e  view14 th a t  a high ra te  of combustion 
corresponds w ith a low sh a tte r  index and a low 
ap p aren t porosity te s t resu lt (Table X V ).

By considering the  cokes on a basis of the ir 
'la tiv e  coalfields, certa in  tendencies have been 
isolated which a re  ind icated  in Table X V III.

In  a given group th e  cupola tem pera tu re  
decreased w ith decrease of w et oxidation, re 
ac tiv ity , com bustibility, C O : C 02 ra tio , and 
sh a tte r  resu lt. The carbon pick-up of the 
D urham  cokes increased w ith  th e ir  w et oxida
tion  te s t results.

The fac t rem ains th a t  in  sp ite  of all th e  labora
to ry  te s ts  the  safest m ethod of judging  an 
unknow n coke of th e  present series is by means 
of a controlled prac tica l tr ia l. This view is 
supported  by the  resu lts of the  work of the 
M idland, N o rth ern  and Scottish Coke R esearch 
Comm ittees, opera ting  in  conjunction w ith the 
Iron  and  Steel In d u s tria l R esearch Council. 
Since th is R ep o rt was prepared, a P ap e r sum
m arising the  work of these Comm ittees has been 
presented to  the  Iron  and Steel In s titu te  by 
Evans and  R idg ion .11 The au thors s ta te  “ . . . i t  
is frequen tly  a m a tte r  of considerable difficulty 
to  express qu an tita tiv e ly  th e  difference between 
cokes by m ethods of testing  a t  p resen t avail
able.”  They add th a t  “ th e  sh a tte r  te s t has 
proved a useful tool, b u t is no t in  itself com
pletely satisfacto ry  as a m easure of the  streng th  
of the  coke,”  and th a t  “  if any th ing , th e  in 
form ation available suggests th a t  cokes of high 
specific reac tiv ity  to  gases are  no t desirable 
fo r cupola or b last fu rnace  p rac tice ,”  and
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finally “ W hilst labora to ry  tes ts  have th e ir  
value, the  u ltim ate  effective m ethod of te s tin g  
coke is in  actua l service.”  The same view is 
confirmed by recen t G erm an w ork.12

Q uite a p a rt from  th e  conclusions to  be draw n, 
i t  is th o u g h t th a t  th e  d a ta  presen ted  fo r a wide 
varie ty  of tests will be useful in  showing values 
obtained from  a group  of cokes from  th e  p rin 
cipal coalfields fo r th e  period 1934-36, and  th e  
varia tions to  be expected.

S u m m a r y
(1) Cupola resu lts of th e  behaviour of fou rteen  

d ifferent foundry  cokes are  given. A very com
plete laboratory  exam ination  of th e  cokes is also 
reported , special a tte n tio n  hav ing  been devoted 
to m acrostructu re  and m icrostructu re .

(2) Coke m erit for a- cupola charge ra tio  of 
16: 1 has been assessed on a  basis of m eta l tem 
pera tu re . C erta in  cokes were proved to  be as 
good as m ore fam ous brands of h igher price.

(3) D eterm inations of th e  su lp h u r and  carbon 
pick-ups from  e ig h t of th e  cokes were m ade in  a 
small experim ental cupola. B roadly speaking, 
the  su lphur pick-up of th e  m eta l was d irectly  
proportional to  th e  to ta l, and  to  th e  com bustible 
su lphur contents of th e  fuels. The carbon 
pick-up tended  to  increase w ith  (a) th e  cell-struc- 
tu re  openness; (b) th e  com bustib ility  te s t ra te , 
and (c) th e  fixed carbon con ten t. In c iden ta lly  
th e  fixed su lphu r decreased as th e  w et oxidation 
te s t value increased.

(4) Cupola m eta l tem pera tu res  were d e te r
m ined to  w ith in  about + 0 .5  per cen t., b u t th e  
results for the  best and  w orst cokes only differed 
by about 5 per cen t. The field for co rre la ting  
cupola and laboratory  te s ts  th ere fo re  proved 
u n fo rtu n a te ly  to  be very narrow . U nder these 
circum stances none of the  te s ts  can  yet be relied 
upon to  p red ic t the  prac tica l cupola p roperties of 
a1 coke of unknow n orig in , b u t th e  m ost helpful 
in th is  respect was th e  sh a tte r  te s t.

(5) C orrelations between th e  various te s ts  
themselves and th e  cupola resu lts h in t  a t  the
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following generalisations for these p articu la r 
sam ples: —

Cokes g iving low m etal tem pera tu res are low 
in :

(a) S h a tte r  index.
(b) R a te  of w et oxidation.
(c) (R I — R II I )  reac tiv ity  value.
(cl) R esistance to  abrasion.

and high in  :
(a) D ensity  of cell s truc tu re .
(b) R esistance to s ta tic  compression.

(6) I f  these few cokes a re  considered in  groups 
of th e ir  na tive  coalfields, the  following generali
sations suggest them selves: —

A decrease of cupola m etal tem pera tu re  is 
associated w ith a  decrease in  :

(a) S h a tte r  index.
(b) R a te  of wet oxidation.
(c) (R I — R II I )  reac tiv ity  value.
(d) CO : C 0 2 ra tio  in  th e  com bustibility  tes t.
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D IS C U SS IO N
The Chairman (M r. F . J .  Cook) said th a t 

th is was a P ap e r th e  industry  had been 
seeking for m any years and one which 
perhaps had n o t carried  th e  subject as fa r  as 
one would have wished, b u t M r. M illington, the 
o rig ina to r of the research, was present, and  he 
invited  him to  speak.

W e t  O x i d a t i o n  a n d  R eac tiv i ty  F a c to r s
M r. E . M illington said th a t , as M r. Cook 

had  referred  to  his having been responsible for 
th is  research in  the  first place, and  although now 
re tired  from  active service, i t  was w ith pleasure 
th a t  he would m ake a few observations. He 
congra tu la ted  D r. O’N eill and M r. Pearce on 
the excellence of th e ir  report, which he 
characterised  as a complete subject presented in 
m asterly fashion. The origin of the  report was 
based on previous work carried  ou t by the 
L.M . & S. R ailw ay Company, in  which valuable, 
b u t inconclusive, results had been obtained. 
Since i t  was his du ty  to advise the buying de
p a rtm en t on th e  quality  desired, th is had to be 
based largely on the  experience of the  various 
foundries, w ith  uneconomical results.

In  view of his own work and th a t  of others, 
such as the Fuel Research S tations, and the 
N orthern  Coke Com m ittee, i t  was fe lt th a t  a com
prehensive research would be justified having for 
its object th e  form ulation  of a  specification for
th e  purchase of foundry  coke having the de
sired properties. This proposal was discussed 
w ith M r. Pearce, who welcomed the  scheme w ith 
enthusiasm . All the  known available tes ts as 
given in  th e  P ap e r were brough t in  so as to 
cover the  ground as fa r  as possible. As to the 
results obtained, i t  was clearly shown th a t, a p a rt 
from th e  physical side, such as the  sh a tte r, macro- 
and microscopic tes ts , li tt le  was to  be gained 
from  w hat m ight be described as the  purely 
chemioal side. B u t th is was no t known, and the
research was justified  in  th a t  i t  had a t  least
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cleared the ground for the tim e being. This 
did not dismiss from further study the ultim ate 
service of the now rejected te s ts ; on the other 
hand, it might intensify a closer study of these 
methods, such as wet oxidation, reactivity, etc. 
On reflection, it  was perhaps not surprising that 
the chemical tests, and in a measure the physi
cal ones also, had failed in their object. For, 
after all, it  was the properties and the behaviour 
of the coke while in an incandescent state 
supporting a heavy burden, that one de
sired to know, and what might be satisfactory  
in the relative cold m ight be altogether different 
in the hot state. I t was now possible to divide 
cokes into groups identifying their district 
origin, and by grouping the methods of testing  
to formulate a restricted specification. Up to 
the present, however, the ultim ate tests rested 
with the cupola.

Finally, he would like to congratulate the 
members of his old staff for the excellence of 
their work, and to extend these to his friends 
of the British Cast Iron Research Association.

R o u t in e  A c c e p ta n c e  T e s t s
M r . P earce said he would like to say with 

what pleasure he looked back on his early con
tact with Mr. M illington on this research. The 
Paper proved that coke was just as complicated 
as pig-iron and cast iron. The Paper raised the 
question of the position of chemical tests, be
cause he thought that analyses were the most 
common tests applied to coke. I t  could be stated  
that their value was that, when one bought coke, 
one wished to buy carbon, and if  these tests 
were made, it  could be stated how much of the 
outlay was being expended on that constituent. 
Also, chemical tests were very good checks on 
regularity from delivery to delivery. How far 
were these results applicable to the purchase of 
foundry coke? The answer was that in a lim ited  
degree, they were applicable. If one was com
pelled for transport reasons to buy coke wholly 
from one coalfield, these tests could definitely
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be used to sort ou t one coke from another. 
These results, of course, would not apply to 
blended cokes, and th e  fu tu re  m ight provide 
fu rth e r ligh t on correlating  the different fields. 
In  a general way, the  tests as a whole showed 
up the good cokes as the  best, although an 
isolated bad resu lt of one te s t on a coke would 
not ju s tify  its condem nation.

M elting  P ra c t i c e  as C o n t r o l l i n g  F a c to r
M r . B en H ird  said th is subject was im por

ta n t , and no doubt all foundrym en would agree
th a t  bad coke would spoil the  best of iron.
Thus coke was a fundam ental factor in produc
ing good iron. I t  m ight be possible to  use in 
ferior coke for railw ay chairs, b u t the  economy 
was very lim ited. To obtain  good results, the
best coke was necessary, especially if the cast
ings were to  be machined and subjected to 
pressure tests, and i t  would certainly prove to 
be the most economical.

He agreed w ith Mr. M illington th a t the 
fu tu re  research in  th is subject would be in the 
direction  of a close study of the  reactions in the 
cupola during  m elting. One line of investiga
tion suggested was the effect of the ash content. 
Was there  a  possibility th a t  a high percentage 
of ash formed a slag when the coke b u rn t and 
covered the  carbon particles', thu s preventing 
proper combustion?

The most reliable tes t available was the 
sh a tte r tes t. I f  a coke would no t carry  the 
burden of iron, and w ithstand the  abrasion of 
the descending charges, it  became disin tegrated , 
and created  bad m elting conditions; th is  was 
especially im portan t when mechanical charging 
of the cupola was used.

C h e a p  C o k e  May Give S a t is fac t io n
M r . P earce said there  was much to be said 

for the point th a t  the  best coke was the  cheapest, 
bu t th e  L .M .S. foundries were now using cokes, 
the recom m endations of which were based on
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this work, and, so far as he could say, no com
plaint had been recorded. The present situa- 
•tion with regard to coke must be considered, 
because foundries may be forced to use coke of a 
different or inferior brand from that to which 
they were accustomed. The situation was not 
as bad as during tbe coal strike, but all metal
lurgical assistance should be made use of in 
burning coke of a different kind from that 
obtainable under normal conditions. H e did not 
think, with regard to the ash content, that the 
coating of slag on the coke would seriously in
terfere with combustion. I t had been found in 
the blast furnaces that increase in the ash con
tent of the coke had a much bigger effect than  
would be expected from the mere increase in 
the ash. The shatter test, too, had to be taken  
with some little reserve. On cupola coke it  
turned out to be the best available test, but the 
shatter test was not accepted by all experts as 
absolutely reliable on all cokes. The Committee 
which concerned itself with the Durham fields 
thought it very good, but the Committee con
cerned with the Midland fields was not so satis
fied, and for that reason attention was being 
called to the Cochrane or drum test.

Influence of C o k e  S ize
M r .  J. R o x b u r g h -  said that, as a foundry mana

ger engaged on high-class engineering castings, 
it appeared to him that a great deal of the 
success of cupola coke, apart from the coke itself, 
depended on the efficiency of the cupola practice. 
Obviously, there must be a certain bed of coke, 
a certain separating charge, a definite volume of 
air, blast pressure and so forth, and he had 
definitely proved and always maintained in per
sonal practice that the use of a good quality coke 
was essential. I t was also necessary to have 
white hot metal, apart from the cost. There 
was no mention in the Paper with regard to the 
size of coke, and he fe lt that whether the coke 
was large or small or whether it  was uniform  
in size, either uniformly large or small, had
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som ething to  do w ith the successful use of coke. 
The au thors of th is P ap e r were to  be congratu
la ted  on the work they  had carried  out, and if, 
as a resu lt of the  research, i t  had  been proved 
th a t  ce rta in  tes ts  were of no commercial value, 
he still fe lt th e  work had been w orth while, and 
if in th e  fu tu re , due to  fu r th e r  research, tests 
were m ade which could be applied usefully in  a 
foundry, he th ough t foundry m anagers would 
be only too pleased to  have th e  knowledge of 
those tests.

In f luence  o f  C u p o la  Design
M r . J .  H . Cooper said he had personally given 

th is subject g rea t consideration and for many 
years he had  carried  o u t much research work 
on it. The po in t which had given him much 
concern in th is  P ap er was the  shape of the 
cupola in which the  te s t has been carried  out. 
In  p ractice he found th a t  to  have a cupola to 
work well i t  was necessary to  have a t  least a 
heigh t equal to the  d iam eter runn ing  s tra ig h t 
above tuyeres. H e  found th a t  gave the  best 
conditions. H e could not see how i t  followed 
th a t  there  was a* difference in  the analyses of 
th e  slag from 25 to  about 6 per cent. FeO. 
There m ust be some reason for th is variation . 
The sole idea, he though t, was to  try  and keep 
the tuyeres from  becoming blocked. H e did not 
th in k  he had  ever seen a cupola made in  the  
form outlined in  the  P aper. Perhaps i t  was 
m ade for th e  te s t. W ould the  authors recom
mend in  actua l p ractice a cupola made to  a 
design of th is  descrip tion?

The coke ra tio  was no t much b e tte r th an  one 
had in  Scotland. Some cokes were distilled to 
destruction , so th ere  was no t the same calorific 
value. M any foundrym en had adopted cupolas 
to work w ith square tuyeres which had given 
excellent results . H e th o u g h t when using a 
cupola th e  chief points were to  burn  the  coke 
to  C 02, reduce oxidation to  a m inim um  and try  
to  keep th e  tuyeres clean.

M r . F . J .  Cook sa id  th e  p r im a ry  o b jec t of 
th e  research  was to  see if  th e  L .M .S. Railw ay
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could find a coke cheaper than the very high 
priced one they had previously used, and to see 
if they got value for money from the dearer 
material. This work afforded a very good oppor
tunity to carry out a full research on the cokes 
being tried with a view to extending, the know
ledge of coke and its behaviour under standard 
working conditions.

R o u t in e  T e s t in g
Me . P . A. R u s s e l l  said he had been extremely 

interested to see the results of this research, and 
he was particularly interested in the conclusion 
that there was nothing like a practical trial. 
Fortunately, it  was not difficult for th e  average 
foundry to conduct this.

He endorsed the views expressed in the dis
cussion that cupola control was more important 
than coke control, and his experience was that 
many complaints originally attributed to coke 
ultimately proved to be due to faulty cupola 
operation. There were instances when the coke 
was at fault, and for this reason he would like 
to know whether the authors had been able to 
evolve, as a result of these experim ents, any 
improved method of “ truck to truck ” checking 
of coke supplies.

W ith reference to coke size, to which the 
authors referred, he agreed that large coke was 
preferable to small coke, even if the large coke 
had to be broken for use. He understood this to 
be because coke with good shatter value did not 
break up very much in transit. Another rough 
check on the strength of coke was to examine 
the dump at the end of the melt. This gave an 
indication of how the coke had stood up to the 
cupola conditions.

Me . P e a r c e  said it  was very difficult to  arrive 
at a definite figure for cokes and Table X IV  gave 
the best possible statem ent with regard to the  
average form of the individual pieces. One of the 
earlier pieces of work referred to in the 
introduction was concerned with coke size and 
the authors did arrive at a conclusion. For a 
given size of cupola there was an optimum size
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of coke, b u t practically  speaking i t  was difficult 
for foundrym en to  control the  size of coke. If 
bad, i t  got sm aller in  tra n s it , and, if large, i t  
was probably good, and i t  was doubtful w hether 
it  would break up in  tran s it.

C ontinuing, M r. P earce said D r. O’Neill had 
told him  th a t  the  L .M .S .R . had not altered  its 
procedure w ith regard  to  tru ck  to  tru ck  check
ing. M r. R ussell’s question was a  pe rtin en t 
one and the  best re su lt could be got o u t of th is 
P ap er by finding th e  best way of checking coke 
as deliveries were received. I t  was practically 
impossible to  apply Rose’s te s t as a rou tine  test. 
The cokes which caused bad reports from  the 
foundry  were those which showed the  variability  
of s tru c tu re  from  sample to  sample, u nder th a t  
te s t. The tim e distance from Ca to  Cc was
about two years and  showed variab ility  in  coal
and process of carbonisation.

M r .  R u s s e l l  p o i n t e d  o u t  t h a t  t h e  j o u r n e y  
w h i c h  t h e  c o k e  h a d  t o  u n d e r g o  w a s  i n  i t s e l f  a  
f o r m  o f  s h a t t e r  t e s t .

S h a t t e r  T es t in g
M r. B r a d l e y  said th a t  in  the  sh a tte r tes t 

which he had  found to be m ost consistent, the 
size of the  coke definitely did affect the  resu lt,
and small coke contents tended to  give a  high
resu lt and  in  th a t  way the  te s t was n o t too 
satisfactory . I t  was quite  tru e  th a t  the  sh a tte r 
index, speaking generally, was the  best test. 
H e th o u g h t if he had a sh a tte r  index of not 
less th a n  80 on a 2-in. screen and no t less th an  
90 per cent, fixed carbon, one could generally 
assume the cupola would ru n  quite  satisfactorily .

Sm all  C o k e  a n d  Loss of M elting  Efficiency
M r . J .  H ird  said a  recen t personal experience 

was ra th e r  in teresting . H e had trouble  w ith 
cold iron  and iron in  th e  tuyeres. F ind ing  th a t  
in the coke there  was a lo t of small pieces he 
tr ie d  a ru n  th e  n ex t day, b u t elim inated the 
small coke. H e had  exceptionally ho t m etal 
and no sign of iron in  the  tuyeres.



M e. P e a r c e  asked w hether th e  coke was 
screened o r hand-picked.

Me . H ird  said i t  was hand-picked, e lim ina ting  
pieces below 3 in . by 3 in.

M r. P e a r c e  th o u g h t th a t  was a very im p o rtan t 
point and actually  bore upon b las t-fu rnace p rac
tice, where the tem p era tu re  rose if  the  fines were 
elim inated. H e was indeb ted  to  M r. H ird  for 
m aking th a t  point. M r. B rad ley ’s suggestion of 
30 per cent, on a 2-in. screen fo r a sh a tte r  te s t 
formed a good working basis for coke w ithou t 
involving too m uch tim e in  te s tin g .

M r. J .  K . S m i t h s o n  said  some years ago he 
screened several tru ck s of b last-fu rnace  coke 
and analysed th e  smalls separately , finding them  
to be very considerably h igher in  ash th a n  the  
large coke. This fac to r no doubt explained  to  
some ex te n t th e  im provem ent in  cupola w orking 
to which Mr. J .  H ird  referred  when he 
had separa ted  th e  smalls from  his coke.

M r. Sm ithson in  a  w ritten  com m unication gave 
figures (Table X IX ) for th ree  m akes of average 
quality  D urham  P a te n t  b last-furnace coke, show
ing the  proportions of m ateria l u nder ^ in ., over 
|  in. and u nder 1 |  in ., and  over 1J in ., to  
gether w ith  the  complete analysis of each size. 
The h igher ash con ten t of the  sm aller m ateria l 
is very m arked, and i t  would seem th a t  th e  value 
af th is  m ateria l in  th e  cupola is very small, and 
tak in g  in to  consideration th e  probable d e tr i
m ental effects i t  seems th a t  i t  will be well 
w orth while to  discard the smalls, which can be 
generally used for d ry ing  stoves, etc.

The h igher ash con ten t of the  sm all coke 
seems to  ind ica te  or suggest th a t  th e  tendency 
to  b reak ing  in  handling  and service m ay be in 
some degree connected w ith th e  size and d is tr i
bution of th e  ash particles, and th a t  th is  is 
a field for fu tu re  investigation . Possibly th e  
practical m an who is n o t in  a position to  m ake 
chemical and physical te s ts  of his coke will 
find th a t  a record of th e  small coke from  various 
m akes will provide him  w ith  a  fa irly  reliable 
criterion  of th e ir  com parative m erits.
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M b . P e a r c e  said  these figures were very 
valuable. I t  was obvious th a t  screening could 
be applied to m any foundries w ithou t w asting  
any of the  consignm ent, because th e  small coke 
could be used up elsewhere.

A M e m b e r  said if slag were covering coke, i t  
would have th e  re su lt of im proving the  combus
tion  of coke, and he asked if  th e  d ifferen t types 
of coke could be screened and  th e  d iffe ren t effects 
given.

M b. P e a r c e  suggested th a t  M r. S m ithson 's 
figures ind ica ted  w hat would be expected  if  th is  
were done, in  th e  light of M r. J .  H ird s  experi
ence.

A M e m b e r  raised  th e  question of ta k in g  gas 
analyses a t  different levels in th e  fu rnaces, and 
M r . P e a r c e  said th a t  had  never been done, 
although i t  has been suggested and  considered. 
In  dealing w ith gas from  a cupola, one was 
faced w ith  not hav ing  th e  same conditions from  
poin t to  po in t e ith e r horizon tally  or vertically . 
The furnace never seemed to  a rr iv e  a t  th e  con
dition  of equilibrium . N o t only from  p o in t to  
point in  the  stack , b u t from  in s ta n t to  in s ta n t, 
th e re  were changes in  th e  analyses of th e  gas, 
and a t  p resen t a personal view was t h a t  one 
could not a ttach  much im portance to  cupola gas 
analyses. Done on a sufficient scale i t  would 
be justified.

C u p o la  G as  A na lys is
Mb. C o o p e r  said a m ethod adopted in  G erm any 

was to  ta k e  an o rd inary  sleeve brick  and  in se rt 
i t  a t  45 degrees in  th e  cupola approxim ately  
4 f t . above th e  top  tuyere . W hen th e  CO, was 
rang ing  from  16 to  18 per cent, and  a f te r  th e  
cupola has been blown in  the  te s t fo r gas was 
made, and  i t  was so ru n  u n ti l th e  cupola  was 
blown down. A sleeve brick  was used in con junc
tion  w ith a n  o rd inary  iron tu b e  and  th e  gas 
could be tak en  th rough  to  th e  CO, recorder or 
gas appara tu s. This was a  m ost satisfactory  
method and  qu ite  reliable.

A vote of th an k s  was passed to  th e  au th o rs  on 
the proposition of Mb. Cook .
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T H E  E L IM IN A T IO N  O F  G A S E O U S  IMPURITIES P a p e r  N o .  610 
IN A L U M IN IU M

By P ro fe s s o r  G e o rg e s  C h a u d ro n

[F rench  E xchange P aper]

I t  is, indeed, a g rea t personal honour to have 
been chosen to  subm it to  the Conference an E x
change P ap er, b u t a t  the  sam e tim e i t  is a  very 
heavy responsibility , because the au tho r has de
voted th e  whole of his activ ities up  to  the 
present to  problems of chem istry, and he would 
be grea tly  a t a loss if he had to  deal w ith a 
question of d irec t in te rest to  foundry practice.
H e has assum ed th a t  th e  In s titu te  would be 
in terested  in  some observations of a chemical or 
physico-chemical n a tu re  which the au th o r has 
recently  m ade, and  which m ight have some more 
or less rem ote application  to  the  very compli
cated practice associated w ith the  foundry in
dustry .

In  the  course of the  last two years, th e re  has 
been perfected  in  the  a u th o r’s laboratory  a  new 
method fo r the  degasification of m etals, by means 
of which i t  is possible in  particu la r to  effect the  
complete de term ination  of the  gases of alum i
n ium .1 2 I t  was therefore considered th a t  i t  
would be possible to a tta ck  with new and more 
pow erful m eans an  im p o rtan t problem, which is 
th a t  of the  gases in  alum inium . This problem 
may be divided in to  two p a r ts : —

(1) To ascerta in  the value of the  usual 
methods for the degasification of a lum in ium ; 
and

(2) To provide the  conditions enabling this 
m etal to  be rem elted w ithout recharging i t  
w ith  gases.
A ctually, the  foundry  industry  can procure 

alum inium  of a very high degree of p u rity , b u t 
i t  m ust be pointed o u t a t  once th a t  neither the
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hydrides, th e  carbonyls, nor even th e  n itrides 
are determ ined. In  m any foundry  operations, 
however, gases may give rise to  blow-holes which 
render the castings useless. I t  is a well-known 
fac t th a t  these gases a re  chiefly libera ted  a t  the  
moment of solidification, and i t  has righ tly  been 
said th a t  in m any oases i t  m ay be qu ite  decep
tive to have a p u rity  corresponding to  99.99 if 
the last hundred th  p a r t consisted of gases.

T h e  N e w  D isc h a rg e  M e th o d  o f  D e g as if ica t io n
Before describing th is new m ethod of de

gassing m etals, i t  is desirable to  recap itu la te  
some experim ents on the ex trac tio n  of gases in  
vacuo. I t  has been clearly proved by num erous 
au thors3 th a t  ex trac tio n  in  the  solid o r liquid 
s ta te , even in  very high vacua, has always been 
an extrem ely leng thy  and incom plete operation .

A. V illachon4 has stud ied  th is  question  w ith  
alum inium , and has shown th a t  i t  is possible to 
remove the  m axim um  am ount of gas by hea tin g  
in  th e  solid sta te , b u t th a t ,  even a f te r  experi
m ents lasting  several m onths, ex trac tio n  is still 
very incom plete. A discussion on th e  causes of 
th is fa ilu re  would seem profitable. The ex trem e 
slowness of the  rem oval of the  gases has been 
explained by a ttr ib u tin g  i t  to  th e  low ra te  of 
diffusion of th e  gases in  th e  in te rio r of th e  
sample, especially when th e  m eta l canno t be 
raised to  a very high tem pera tu re . T here is, 
however, an  observation which con trad ic ts th is  
hypothesis and which indicates th a t  the  diffusion 
is appreciable even a t  the  o rd inary  tem p era tu re . 
F or instance, a sample of alum inium  m ay be 
heated  in  a very h igh  vacuum  a t  a te m p e ra tu re  
of 550 deg. C ., the  gases being removed as fa s t 
as they a re  liberated . This experim en t can be 
continued u n til a poin t is reached w here no 
fu r th e r  appreciable rem oval of gases is observed. 
I t  is th en  found th a t  each tim e th e  sam ple is 
le ft for some hours a t  the  o rd inary  tem p era tu re , 
the ex trao tion  being arrested , a  fresh  libera tion  
of gas is observed on subsequently reh ea tin g  the  
sample. This experim ent m ay be repea ted  a
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very large num ber of tim es, which obviously 
proves th e  existence of an  appreciable diffusion 
a t  th e  o rd inary  tem pera tu re .

I t  was therefore  th ough t th a t  the  liberation 
of gases was particu la rly  difficult when the gases 
were leaving the  boundary of the  m etallic la ttice , 
and th a t , in  short, a  mass of m etal could be 
im agined as being surrounded by a skin which is 
no t very perm eable to gases. Physicists explain 
th a t  a t  the  boundary  of th e  m etallic la ttice  there  
exists a, po ten tia l b a rr ie r  which would play the
Dart of th is  sk in  exactly.

The au th o r has advanced the  hypothesis th a t  
if  th is po ten tia l b a rrie r could be disturbed, i t  
would be possible to  ex tra c t rap id ly  th e  gases en 
closed in  th e  m etal, and to  do th is he has 
employed the  bom bardm ent in  a  discharge tube 
w here th e  projectiles were ions and electrons. 
The sample to  be degassed is made th e  cathode 
in  a discharge tube. F o r m any reasons, which it  
would no t be of in te re st to  en large upon here, 
a bulb of ra th e r  large d iam eter and  of very 
definite dimensions was selected (Fig. 1). This 
bulb is connected to  a m ercury vapour pump 
which delivers into a cascade of m ercury en
abling the  gases removed to  be collected. The
electric discharge passes a t a very low in tensity
—a few m illiam peres—and a t  a tension which 
m ay be as h igh as 130,000 volts. I t  is im portan t 
to note th a t  under these conditions th e  bom bard
m en t of th e  sam ple does no t produce any appre
ciable rise in  tem pera tu re . This cold ex traction  
is of the  g re a te s t in te rest because i t  is thus 
possible to  investigate  th e  p a r t played by the 
gases in th e  m e ta l; for example, th e ir  influence 
on the  electrical conductivity , the  mechanical 
properties and the dimensions of the  la ttice , but 
th a t  has been studied  by o thers,“ and i t  would 
be digressing to  discuss i t  fu rth e r.

I t  is necessary to  po in t o u t th a t  in  order to 
effect th e  degasification, i t  is by no means neces
sary  to bombard th e  whole of th e  surface of the 
sample. On th e  con trary , i t  is possible, for 
instance, to  ex tra c t all th e  gases from a  long
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F i g . 1 .— D is c h a r g e  T u b e  f o r  t h e  E x t r a c t io n  
o f  G a s e s .
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alum inium  w ire by in troducing a very short 
leng th  in to  th e  tube, or, again , i t  is possible to 
effect th e  degasification of a  long alum inium  
s tr ip  by coiling i t  and th en  placing i t  in the  dis
charge tube . These experim ents show clearly 
th a t  diffusion m ay ta k e  place in  the  cold. 
F inally , th is  m ethod enables much g rea te r quan
titie s  of gases to  be ex trac ted  from  alum inium  
th a n  th e  am ounts obtained by previous investi
gators in  th is  field.
T a b l e  I .— Comparison of Oas Extraction Results obtained 

by Various Processes.

Method of extraction.
Volume 

liberated per 
100 grams. 

Ml.

Heating a t 600 deg. C. for 1 month in a 
vacuum higher than —!jg mm. of 
mercury 12.5

Fusion and extraction in a vacuum 
higher than mm. of mercury 20

Discharge tube .. 192

C o m p a r i s o n  o f  t h e  V o lu m es  o f  G as E x t r a c te d  
by H e a t in g  in  vacuo, by Fusion in  vacuo  and  
by t h e  N e w  M eth o d

Table I  sum m arises th e  au th o r’s results on 
the  same sam ple.6

The n itrogen  which is combined w ith th e  alu
m inium  in the  form of n itrides may be estim ated 
by th e  following well-known method : —The metal 
is dissolved in  caustic soda th e  solution is boiled 
and th e  am m oniacal vapour is collected in  a 
t i tr a te d  liquid. I t  was of in te re s t to  ascertain  
w hether the  new m ethod of ex trac tion  gave the 
same resu lts as th e  chemical m ethod. I t  will be 
seen from  Table I I ,  which sum marises some ex
perim ents, th a t  th e  relationsh ip  A +  B = C is 
substan tia lly  confirmed.

The resu lts given in Table I  confirm th a t  
heating  in  vacuo, e ither in th e  liquid or solid

K



268

sta te , does no t allow of a  complete degasifica
tion  of alum inium , in  fac t, i t  may be said th a t  
th is is f a r  from  being th e  case.

C o m p a r i s o n  of I n d u s t r i a l  M e th o d s  of 
D e g as if ica t io n

I t  is now proposed to  consider th e  simple 
methods which have very often  given prac tica l 
results, nam ely, those in which an  in e r t  gas is 
bubbled th rough  th e  liquid  m etal, and  th e  
methods in which th e  liquid m eta l is s tirred  w ith  
fluxes. Table I I I  sum marises the  results obtained.

None of these m ethods produces a m eta l freed 
from  its  gases, b u t th e re  is obviously an  ap p re
ciable reduction  in  th e  conten ts, th e  n itrogen

T a b l e  II .— Gas Extraction results from Diverse 
Processes.

The nitrogen is calculated 
in ml. per 100 grams of 

metal.

A.* B. C.

Aluminium, 99.99 per cent.
pure 7.2 3.1 10

Commercial aluminium,
99.7 per cent, pure 12.5 2.8 13

Calcium (99 per cent, pure,
sublimed) 45 55 118
* A denotes the  nitrogen extracted  by new method. B the 

nitrogen determined chemically a fte r extraction, this being there
fore the  residual nitrogen, because in these experim ents which 
were carried out a t the  commencement of the  investigations, 
degasiflcation was not carried to  completion. C denotes the 
nitrogen determined chemically on the  in itia l metal.
figure having decreased by abou t 50 per cent. 
P rac tice  has shown, however, th a t  m etals th u s  
tre a ted  and there fo re  only p artly  degasified have 
given every satisfaction .

I t  is found in  fa c t th a t  these p a rtly  degasified 
m etals no longer exh ib it any blow-holes a f te r  
solidification, even if th e  la t te r  is effected in  
vacuo (“ R ochage ” * in  vacuo). This te s t  is, in  
fact, extrem ely sensitive, solidification takes 
place in  a vacuum  of th e  o rder of one m illi
m etre of m ercury, and  th ere fo re  u n d e r these

• •• Eochage ” is the quantity  of gas liberated on solidiiication 
It is sometimes accompauied by spitting, as in the case of oxidised 
silver.—V.C.F.
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conditions any bubbles which would tend  to  form  
wTould occupy a  volume several h und red  tim es 
g rea te r th an  .a t  atm ospheric pressure— theo re tic 
ally alm ost 760 tim es g re a te r  (F igs. 2 and  3).

F o r the  prac tica l details of th is  te s t, 
(“  Rochage ”  in  vacuo), reference should be 
m ade to  an artic le  by th e  au th o r’s collaborator 
M oreau.’ R everting  to  th e  n itrogen  dete rm ina
tions ind icated  in  Table I I I ,  i t  should be noted  
th a t, in  the  first place, th e re  is a fa ir ly  good 
agreem ent betw een th e  resu lts found by the  
discharge m ethod and  the  resu lts  found by th e  
chemical method. I t  should be noted, however,

F i g .  2 .— V e s s e l  f o r  C a r r y i n g  o u t  t h e  
“  R o c h a g e  ”  T e s t  in  V acuo.

th a t  th e  n itrogen  estim ated  chemically is always 
sm aller in  q u an tity  th a n  th e  to ta l n itrogen  as 
determ ined by th e  discharge m ethod, whence i t  
may be concluded th a t  very probably Borne of the  
n itrogen  is occluded in  th e  m etal and  is n o t 
combined w ith th e  alum inium . F inally , these 
n itrogen  determ inations show th a t  th e  con ten t 
of 5 ml. per 100 gram s appears to  be a  lim it 
of solubility. Above th is  con ten t, i t  would seem 
th a t  the  n itrides are  free in  the  liquid  m etal, 
because they  can be removed from  th e  alum inium  
by filtra tion . The same observation has been 
made in the  case of m agnesium .'
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I t  certa in ly  seems th a t  th e  n itrogen  con ten t 
m ay suffice to  ind ica te  w hether a m etal is u n 
safe to  employ in  th e  foundry , and, as will be 
shown la te r, will clearly dem onstrate  th a t  the  
o ther gases in  excess m ay a c t in  the  sam e way. 
Above certa in  contents, which a re  com paratively 
high, of carbon monoxide and  hydrogen, the 
m etal m ay likewise sp it.
Influence  o f  t h e  C o m p o s i t i o n  o f  t h e  G a se o u s  

A t m o s p h e r e  an d  t h e  M e l t in g  T e m p e r a t u r e  
on  t h e  G as  C o n t e n t  a n d  on  t h e  “  R o ch ag e  ” 
o f  t h e  M etal

In  these experim ents, two facto rs were varied  
in succession : —

(1) The m etal was m elted in  an electric f u r 
nace and, while the  tem p era tu re  was m ain-

F i g . 3 .— S e c t io n  o f  A lu m in iu m  I n g o t s
AFTER THE “  R oC H A G E  ”  TEST in  VilC UO.

ta in ed  constan t, a given gas was in troduced , 
and

(2) F or a  given gas bubbled th ro u g h , the  
tem p era tu re  was varied.
This program m e of work has no t yet been com

pleted, b u t i t  is considered th a t  th ere  are  suffi
cient facts already available to  enable several 
conclusions to  be draw n from  them . T able IV  
sum marises these experim ents. I t  m ay be said 
th a t  below 900 deg. C., em ploying tem p era tu res  
between 800 and 850 deg. C., i t  has n o t been 
possible appreciably to  charge th e  m eta l w ith 
gas, b u t above 900 deg. C. th e  m ere fusion in  a 
blower-operated gas furnace of a sample of 
alum inium  which originally  did n o t exh ib it any 
“  Rochage ”  is sufficient to  render i t  gassy. I t  
has, on the con trary , been possible to  effect
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several successive fusions in  th e  electric furnace 
w ithout observing any charging w ith  gas pro
vided 950 deg. C. was no t exceeded. These ex
perim ents are  sum m arised in Table V.

These experim ents clearly show th e  advantage 
of hea ting  in  th e  electric furnace. An electric 
fu rnace  was used having a nichrome resistance, 
whilst the  atm osphere above the  crucible was a ir  
which could only be renewed w ith difficulty be
cause th e  refractory  tu b e  employed as a muffle 
was carefully closed w ith an asbestos plug. From  
the  figures in  the  second column of Table Y, 
it  will be seen th a t  a very sligh t form ation of 
n itrid e  occurs between 900 and 950 deg. C., bu t

T a b l e  V .—Showing Influence of Temperature.

Nature of the metal and 
treatment.

N 2 ml. per 
100 grams.

“ Bell-jar ” 
test.

Original metal 4.8 No gas 
evolved.

Same metal melted in the gas 
furnace (T. 900 to 950 deg. C.)

Same metal melted in the 
electric furnace (T. 900 to 950 
deg. C.)—

10.3 Gas
evolved.

1st melting 4.8 No gas 
evolved.

2nd 5.2
3rd . . . . 5.2
4th 5.6 »» »»

the action  of the  n itrogen  (molecular n itrogen) 
is only rap id  well above 1,000 deg. C., as may 
be seen from  experim ent 8 of Table IV . H ydro
gen and  carbon monoxide combine much more 
rap id ly  w ith  alum inium  even a t  950 deg. C ., as 
shown by experim ents 3 and  4 of Table IV . 
N itrogen , o r more exactly  n itrides, are  therefore 
n o t th e  only cause of th e  sp ittin g  of alum inium .

These experim ents clearly show th a t  the  solu
bility  of the  hydrides, carbonyls and n itrides of 
alum inium  increases w ith  th e  tem pera tu re , b u t 
th a t  th is  solubility is still very high in  the  liquid 
s ta te  in  th e  v ic in ity  of th e  m elting point, and 
even in  th e  solid sta te . The sole effect of p rac
tica l methods of degasifieation is therefore  to
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destroy th e  su p ersa tu ra tio n  acquired a t  h igh  tem 
p eratu res. I t  would certa in ly  appear th a t  the  
foundrym an has no th ing  to  fe a r  from  gases pro
perly dissolved in  the  m etal ( th a t is to  say, in 
equilibrium  w ith the  la t te r ) .  The au th o r will 
no t give any advice from  the  prac tica l p o in t of 
view, b u t c e rta in  conclusions follow from  these 
experim ents : — (1) O verheating of th e  alum inium  
is the  first enem y of the  found rym an ; and  (2) 
gases of combustion m ust no t come in  con tac t 
w ith th e  m etal.
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C O M M U N I C A T I O N S
M r . F . H u d s o n  wrote th a t  all foundry  m eta l

lurgists should be particu la rly  indebted  to  P ro f. 
C haudron fo r his m ost in te re s tin g  P a p e r. The 
problem of th e  gaseous im purities p resen t in 
m etal was a  m ost im p o rtan t one, hav ing  a con
siderable bearing  upon practica l p roduction  
problems, and i t  was a problem fo r which the  
average m e ta llu rg is t h ad  usually  li tt le  fac ilities 
available for developing in  th e  m anner i t  de
served. In  th e  foundry  i t  was being increasingly 
recognised th a t  gases played a la rg e  p a r t  in  th e  
successful production  of castings, and  w hilst th e
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practica l w orker would do as much as possible 
to coun terac t th e ir  effect, he m ust look to  men 
like P ro f. C haudron to  supply knowledge on 
th e  various fundam enta l factors entailed .

In  th is  p resen t P a p e r  perhaps one of the  most 
im p o rtan t fac ts b rough t to  ligh t was th e  doubtful 
value of tes ts  conducted in  vacuum , -and one 
sincerely hoped th a t  th e  discharge tube method 
m igh t in  the  fu tu re  be extended to  th e  investi
ga tion  of m etals o ther th a n  alum inium . I f  th is  
coulcT be done i t  would be of infin ite value to 
th e  practical w orker, particu larly  w ith respect 
to  alloys con ta in ing  nickel such as th e  s tra ig h t 
nickel-copper alloys, which were extrem elv sus
ceptible to  th e  effects of gas absorption and 
fu rnace  atm osphere.

M e. A. D c x l o p  w rote th a t  he had  read P rof. 
C haudron’s P ap e r w ith  very g re a t in te rest, anrl 
was sure  th is  con tribu tion  to  th e  knowledge of 
gaseous im purities in alum inium  would help 
tow ards th e  overcoming of th is  problem. H e 
was particu la rly  in terested  in  the  methods de
scribed fo r the  determ ination  of th e  gaseous 
con ten t of alum inium . As pointed  o u t in  the 
P ap er, th e  am ount of dam age done by the 
presence of gases in  th e  m etal was o u t of all 
proportion  to  th e  am oun t present, tak en  on a 
percentage basis.

W ith  th e  “ spark  ”  m ethod of degasification, 
used in conjunction  w ith  th e  bell j a r  te s t, much 
inform ation  regard ing  th e  efficiency of the  prac
tica l m ethods used in  th e  foundry for the  removal 
and  protection  of th e  m olten m etal from  gaseous 
im purities could he obtained. H e would be very 
pleased if P ro f. C haudron would give a few 
more details of th e  bell j a r  te s t, and if  he would 
say if he considered th a t  th is  te s t  could be 
applied to  o th e r alloys such as h igh  nickel- 
co n ten t bronzes.

M e. J .  S. G. P r i m r o s e  wrote th a t  he con
sidered th e  principal idea in the  P ap e r showed 
clearly th a t  th e re  was usually much more gas 
con ten t in  cast alum inium  th an  was generallv 
shown by th e  ord inary  method of analysis. The 
very in te resting  method of electron bombard-
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m ent m igh t seem fan ta s tic  to  a foundrym an, 
b u t the  results quoted in  th e  several tables given 
in the  P ap e r b rough t to  lig h t a fac t which could 
not be ignored in  p rac tica l founding. T hat 
there  was nearly  te n  tim es as m uch gas rem ain 
ing in  th e  solidified m eta l as was form erly e s ti
m ated, made the p resen t methods of p a r tia l de
gasification in the  endeavour to  e lim inate  pin 
holes appear alm ost fu tile , and  th e  success in 
producing sound castings m ust therefo re  appear 
to  be m ainly due to  carefu l m elting  prac tice , 
such as was recommended a t  th e  close of the  
Paper. U ndoubtedly the  care tak en  n o t to  over
h ea t th e  m elt was very im p o rtan t, and  th e  
second claim  th a t  gases of com bustion m u s t n o t 
come in  con tac t w ith  th e  m etal was m uch more 
difficult of accom plishm ent except in  th e  case 
of th e  ideal electric fu rnace  m elting . Once th e  
dam age was done and  the  gases, which appeared  
to  be chiefly carbon monoxide and hydrogen, 
were in  solution in  th e  m olten m eta l, i t  would 
be a very useful app lication  of th e  “  spark  ”  
method of showing th e ir  presence, if  i t  could 
be devised to  ex tra c t them  thoroughly  from  
the  m etal before pouring  i t  in to  th e  casting . 
Perhaps th e  au th o r could s ta te  if  th e  app lica
tion  of electron bom bardm ent to  m olten  m etal 
in  a  crucible contained in  a h igh vacuum  would 
have the  same desirable effect in  ex trac tin g  
th e  dissolved gases as his resu lts in  Table I  
showed th a t  i t  had on th e  solid m etal.

A u t h o r ’s Reply

P r o f . G. C h a t jd r o n  w rote th a t  he was ex 
trem ely in terested  in the  rem arks following the  
p resen tation  of his P ap e r. H e wished to  em pha
sise th a t  the  m ethod of determ in ing  of gases 
called the  “  spark  te s t ”  had already  been 
utilised  in his laboratory  for m etals o ther th a n  
alum inium , and  especially by his collaborator, 
M r. M oreau, who had  used th is  process fo r the  
determ ination  of hydrogen absorbed by iron  in  
th e  course of cutting-off runners and  risers by 
the oxygen blowpipe. M r. M oreau’s work had 
also covered th e  gas contained in  m agnesium ,
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gold, copper, silver, palladium , p latinum , etc. 
All these results would be p rin ted  in  his thesis 
for his doctorate, to be published n ex t m onth.

In  reply to  M r. D unlop, who asked if the  bell- 
j a r  method of te s tin g  could be generally  applied, 
i t  was possible to  s ta te  th a t  th is  m ethod had 
given good service in  the  laboratory  for th e  prac
tica l te s tin g  of m agnesium  and its  alloys, as well 
as for copper, and certa in  of its  alloys. Every 
tim e, however, th ere  was a new ad justm en t to 
m ake, i t  was necessary to  choose a suitable 
crucible which did no t reac t w ith  the  m etal and

t
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also to  determ ine the tem p era tu re  a t  which the 
vacuum  had to  be created. M r. L. M oreau had 
carefully  set ou t th e  conditions for the  list so 
f a r  as alum inium  was concerned.

The “  spark  ”  m ethod of gas ex trac tion  did 
not apply only to  m etals in the  solid sta te . I t  
could serve equally well for degassing m etals iD 
the form  of very th in  sheets or small d iam eter 
wires. This m ethod was completely different 
from  th a t  which consisted of bom barding m etal 
w ith electrons and of th u s  heating  i t  to  a very 
high tem p era tu re  in  vacuo (degassing by w ire
less valves). F o r the  spark  method the  m etal 
rem ained v irtu a lly  a t  room tem peratu re .
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Finally , th e  au tho r stressed again, the  c a r
dinal conclusion of his researches, i.e ., th a t  the 
‘ ■ spark  ” m ethod allowed the  determ ination  of 
th e  gas con ten t in alum inium , b u t in com paring 
the  results obtained w ith those given by th e  bell- 
ja r  m ethod, i t  was shown that- all gases did not 
play th e  same p a r t  in  th e  foundry . Those which 
appeared to e n te r in to  the  category  of “ super
sa tu ra te d  ”  le ft th e  m etal a t  th e  m om ent of 
solidification and gave rise to  blowholes. The 
others rem ained in  solution in  the  solid s ta te  
and had no appreciable influence on th e  p roper
ties. The classical d iagram  which showed th e  
solubility of hydrogen in  th e  solid and  liquid 
states in alum inium  was well known. Such a 
d iagram  showed a  d is tinc t d iscon tinu ity  a t  the 
m elting po in t of alum inium . I t  was n o t th o u g h t 
th a t  th is  d iscontinu ity  was of g re a t im portance, 
bu t th a t  th e  “ rochage ” (evolution of gas a t 
solidification) was simply due to  th e  evolution 
of dissolved gas a t high tem p era tu re , th a t  was 
to  say, by supersa tu ra tion .

The diagram , F ig . A, was therefo re  p u t fo r
ward, and on i t  were shown sections of th e  curve 
AB and BC which m et a t  th e  p o in t B, th e  m elt
ing po in t o f alum inium . The curve BC, which 
corresponded to  th e  liquid  s ta te , showed th a t  th e  
solubility of th e  gas increased very rap id ly  w ith 
th e  tem pera tu re . M etal tak en  to  th e  tem p era
tu re  T absorbed a  volume of gas corresponding to  
th e  o rd inate  of th e  p o in t C. By rap id ly  cooling 
and w ithou t s tir r in g  (or churn ing), one could 
arrive  a t  th e  po in t shown a t  D. D uring  solidifi
cation th e  gas in  su p ersa tu ra tio n  corresponding 
to  d b was evolved. T h a t was th e  “  rochage ” 
of alum inium . The m etal, however, re ta in ed  a 
qu an tity  of gas of which th e  value was given by 
the o rd ina te  of p o in t B.

I t  should be pointed  o u t th a t  for o th e r m etal, 
th e  “ rochage ” could be due to  o ther causes, as, 
for example, in  th e  case of copper. H ere  th ere  
was a reduction  of th e  oxide by hydrogen dis
solved in th e  m etal and in  the  case of silver by 
a  brusque change in  th e  solubility of silver 
oxide.
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RE M E LT IN G  A L U M IN IU M  IN T H E  FO U N D R Y  P a p a r  N o . 6 1 1

By H. Röhrig

[Germax  E xchange P apeb]

M etals are  valuable m ateria ls, and  alum inium , 
which can only be converted in to  th e  m etallic 
s ta te  a t  the  expend itu re  of considerable quan ti
ties  of e lec trical energy, is indubitably  one of the 
m ost valuable m etals employed in  industry . The 
rem elting  of alum inium  therefore signifies the  
preservation  of values, and th is  object will be 
accomplished more completely th e  more the  losses 
a re  reduced in  q u an tity  and  th e  b e tte r  the 
qua lity  of the  orig inal m etal can be preserved 
or restored.

The principal objects to  be achieved in  rem elt
ing  a re  accord ing ly :— (1) P reven ting  loss of sub
stance ; and  (2) preserving or resto ring  the 
quality . Before proceeding to  discuss the  factors 
w hich a re  m ateria lly  responsible fo r a tta in in g  
these objects, some of th e  fea tu res wherein 
alum inium  and its  alloys differ from  the  heavy 
m etals w ith  reg ard  to  rem elting  will be con
sidered.

W henever any of the  heavy m etals th a t  are of 
im portance in  foundry  practice have been ren 
dered un fit fo r norm al rem elting  by im purities 
o r by additions m ade for alloying purposes, they 
can be refined by reducing  processes to  give a 
m etal of resto red  value. A t some moment, there
fore, th ey  d isappear from  th e  scrap-m etal 
m arket. I n  th e  case of alum inium , such a pos
sib ility  does no t ex is t if  one excepts th e  method, 
so f a r  only considered theoretically , of recon
ve rtin g  th is  m etal in to  v irg in  m etal by electro
lytic Tefining, em ploying the  Hoopes process. 
In  th e  case of th is  ligh t m etal, therefore , the 
supply of scrap m etal m ust necessarily increase 
as th e  p roduction  of new m etal increases. Thus,
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in the  U n ited  S ta tes of A m erica, where the  col
lection and  rem elting  of scrap alum in ium  would 
appear to  be organised b e tte r  th a n  in  any other 
country, the  proportion  of rem elted  alum inium  
during  the  la s t few years has been 46 per cent, 
of the  to ta l production.

N e w  Difficulties
A fac to r which is also charac te ris tic  of th e  

ligh t m etals concerns the  v ariab ility  of the com
position of th e  scrap  m etal. D u rin g  th e  first 
decades of th e  use of alum inium , th e  scrap  m etal 
substan tially  contained  as alloying components 
e ith e r copper or zinc, o r both these heavy m etals 
together. Iro n  also occurred as an  im purity , 
th is  being p a rtly  due to  th e  app lica tion  of in 
app rop ria te  rem elting  conditions. W ith  th e  ex 
tended use of S ilum in o r A lpax, silicon appeared  
in  addition  to  copper and  zinc. Fo il constitu ted  
an im p o rtan t source of lead  and zinc as im p u ri
ties in  scrap alum inium , since alum inium  foil 
m ixed w ith  t in  or lead foil is o ften  m elted. 
N ickel appeared  in  the  rem elted alum inium  
alloys, p articu la rly  a f te r  th e  in tro d u c tio n  of Y- 
alloy and th e  RR-alloys, and m agnesium  is be
coming increasingly noticeable as an  im p u rity  of 
scrap alum inium  now th a t  alloys of th e  ty p e  of 
M agnalium  and B irm abrigh t have gained  im 
portance. This developm ent has occurred in  the  
space of a few decades and  is still con tinu ing . 
An exam ple of th is  is th e  scrap w ith  an  oxide 
film produced anodically. The rap id  developm ent 
of new types of alloys th u s produces fluctuations 
in  th e  n a tu re  of th e  scrap m etal, while a fu r th e r  
consequence is th a t  th e  scrap m eta l alloys o ften  
do not correspond, even fundam entally , in  th e ir  
composition w ith  th e  new alloys, b u t lag  behind 
them .

A fac to r which increases th e  difficulty of col
lecting and  so rting  scrap consisting of alum i
nium  and  alum inium  alloys, un like heavy m etal 
scrap, is th a t  the  colour of th e  various k inds is 
the same or only differs slightly. C opper and 
brass and the  num erous k inds of brass and
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bronzo a re  easily d istinguished, b u t to differen
tia te  alum inium  alloy scrap con tain ing  zinc or 
silicon, especially when the  pieces of scrap m etal 
are  oily and d irty , is only possible w ith the aid 
of expert knowledge, and even then  no t w ith
ou t ce rta in  expedients, such as chemical spot 
tests.

A fu r th e r  difficulty, which is no t of im portance 
in  th e  case of e ith e r copper, brass or bronze, is 
th a t  alum inium  alloy scrap often  has a coating 
of p a in t, which n o t only gives ri?v to  difficulties 
in sorting , b u t is a  source of trouble  du ring  m elt
ing and  favours th e  absorption of gases.

F inally , i t  m ay be m entioned th a t  in  th e  case of 
lig h t m etals, i t  is necessary to  tak e  in to  con
sidera tion  th e  fa c t th a t  i t  is alm ost impossible to 
e lim inate  unw anted  alloy com ponents du ring  
rem elting . I t  m ust therefore generally be ex
pected th a t  any m etallic components contained in 
the  charge will reappear in the  u ltim ate  m elt. If 
necessary, they may be d ilu ted  by th e  addition  of 
pure alum inium , and the  proportion in  which 
they  a re  to  ex is t together m ay be predeterm ined 
by suitab le  m ixing of different portions of the 
scrap m etal. F o r th is purpose, however, i t  is 
indispensable to  know exactly  th e  composition 
of th e  ind iv idual portions m elted, and th is  can 
only be a tta in ed  if careful analyses a re  first made 
by skilled chemists. I t  is necessary to  add th a t, 
as fa r  as th e  au th o r is aw are, there  is one excep
tion  to th is. M agnesium  may be elim inated  from 
an  alum inium  alloy by two d ifferent methods 
even under norm al m elting  conditions, th a t  is to 
say, w ithou t superheating  th e  m elt and w ithout 
dim inishing the  a ir  pressure. I t  may be con
verted  in to  m agnesium  sulphide by in troducing 
copper sulphide in to  th e  m elt and  thence m ay be 
caused to  pass in to  the  slag, or i t  m ay be caused 
to  re a c t w ith  a heavy m etal chloride, for ex
ample, m anganese chloride, volatile magnesium 
chloride being form ed. In  both cases, the  
rem oval of th e  m agnesium  is secured a t  the 
expense of in troducing  ano ther m etal in to  the 
m elt. In  ce rta in  cases, however, th is  substituen t
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metal may be less troublesome than the substi
tuted metal, while in addition the conversion of 
manganese chloride to manganese is accompanied 
by an effective degasification and purification of 
the melt.

A C o m p le x  P ro p o s i t i o n
The enumeration of the factors which make the 

remelting of aluminium and aluminium alloys 
more difficult than the remelting of heavy metals 
could be continued a good deal further. Men
tion may be made of the pronounced tendency of 
aluminium to oxidation and the readiness with 
which it  absorbs gases, particularly hydrogen. 
But even apart from this, no one can deny 
that, more than in  any other fields of remelting, 
the remelting of aluminium alloys is a job 
which only the really experienced expert is cap
able of performing satisfactorily, and th at any 
mistakes which may be made have their reper
cussions more so than in other fields. I t  is not 
intended to deal here with the wide field of 
remelted aluminium in its entire breadth and 
scope, that is to  say, the various sources of 
scrap, dross and ash, their sorting, purchase, 
evaluation, and so forth. These are problems to 
which special firms devote their attention and 
which furthermore have already been dealt with  
excellently in the pertinent literature.* I t  is thus 
preferable to confine the subject to cases where 
alloys are melted and made into castings from 
the works’ own scrap or other scrap of known 
composition and nature. The alloys offered for 
sale by the remelting works, if  their use in the 
foundry is not to give rise to difficulties, should 
be supplied with reliable analyses, and they 
should also have passed through a carefully con
ducted process of purification in order to free 
them from gas and oxide. Of course, the com
position of such alloys put on the market by 
remelting works can only be checked, if  neces
sary, with the assistance of a chemical labora
tory, while the gas content may be checked by 
close observation of a carefully machined and

* “ Secondary Aluminium,” by R. J . Anderson. D.Sc., Cleve
land, Ohio. 1931.
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polished section of th e  ingots. The gas conten t 
m ay also be estim ated  by observing th e  surface 
of a slowly freezing sample of m etal, i.e ., one 
cast in  a  mould m ade of non-m etallic m ateria l, 
such as sand' or carbon, or finally by applying a 
te s t in  which the m etal is allowed to  freeze in  a 
heated  mould in  vacuo. E ach te s t in  which the 
m eta l u nder investigation  is m elted is, of1 course, 
only reliable if the  m elting operation  itself has 
been carried  ou t w ith the  necessary care ; in 
o ther words, if th e  m elting  tem p era tu re  was no' 
too high and the  furnace atm osphere was satis 
factory , and in pa rticu la r was free from  wate 
vapour or hydrogen.

S ta n d a r d i s a t io n  W o u ld  Help
The selection and  handling  of rem elted alumi 

n ium  would be fac ilita ted  very considerably if 
standard isa tion  of the  composition were to  be 
introduced on a w ider scale th an  up to  the 
p resen t in  m any countries. In  doing th is, i t  is 
not sufficient merely to  fix the m inim um  and 
m axim um  values of the  desired alloy constitu 
ents, such as copper, zinc, silicon, m anganese or 
o thers, b u t, on the  con trary , i t  is also desirable 
to  fix a reliable upper lim it for the  unw anted 
m etallic im purities, such as tin , lead, iron and 
others. F o r a long tim e, no m ethod was avail
able for the  reliable determ ination  of the  oxide 
con ten t of alum inium  alloys, b u t it  is probable 
th a t  the  method recently  described by G. B. 
Brook and A. G. W addington* enables the  oxide 
con ten t to  be determ ined in a dependable 
m anner.

PR IN C IPA L  O B JE C T S  IN REMELTING
P re v e n t in g  M etal l ic  Losses

O xidation is the  principal source of the  loss 
of m etal. The lower the  m elting tem pera tu re  
and the p u re r the  m etal, th e  less the oxidation. 
U nder norm al conditions, alum inium  and its 
alloys should no t he heated  above from  730 deg.

* "T h e  Determination of Alumina in the Presence of Metallic 
Aluminium,” by G. B. Brook and A. G. W addington, J . Inst, of 
Metals, Vol. 4, P a rt 4, April, 1937, 772.
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C. to 750 deg. C. I t  seems th a t  ce rta in  im puri
ties, such as sodium, calcium and even m agne
sium  increase the  tendency of alum in ium  to  
oxidation. W hen a m elt was m ain ta ined  a t  con
s ta n t tem p era tu re  and vigorously s tirred  from  
tim e to  tim e, i t  was observed th a t  th e  thickness 
of the  oxide film newly form ed on th e  surface 
gradually  dim inished, th e  longer th e  m elt was 
allowed to  stand , and  i t  was also found th a t  the  
sodium content of the m elt g radually  fell. The 
sodium  was found again  in th e  oxide films re 
moved from  th e  m elt.

O xidation of alum inium  occurs to  an  undesir
able ex ten t even before m elting  if, th rough  u n 
suitable storage, alum inium  scrap is exposed to 
the action of m oisture. Since the  resu ltin g  cor
rosion products con tain  w ater, th e  abso rp tion  of 
hydrogen by the  m elt will also be considerably 
prom oted in th is  case. M etal con ta in ing  hydro
gen, in o ther words gassy m etal, can only be 
made fit fo r use again  if  i t  is k ep t in th e  m olten 
condition fo r a long tim e a t  the  lowest possible 
tem p era tu re  and  in  a sa tisfac to ry  fu rnace  atm o
sphere. This prolonged m elting  period in  its 
tu rn  again  results in oxidation  to  a ce rta in  
degree.

Loss of m etal th ro u g h  ox idation  also occurs 
when sheet, tu rn in g s , w ire and so fo r th  are 
m elted d irect, i.e ., when th ey  a re  no t placed in  
an already ex isting  b a th  of m olten m etal. There 
is no need to  com m ent specially on the  fac t th a t  
the num erous tough  oxide films form ed on sheet 
m etal scrap  u n d er the  action  of the  fu rnace  
atm osphere, when th e  scrap rem ains exposed to  
the a ir  u n ti l i t  melts, rem ain  very  stubbornly 
in the  melt.

Use o f  Fluxes
D espite th e  fa c t th a t  th e  oxygen in  th e  fu r 

nace atm osphere contribu tes to  th e  ox idation  of 
th e  m etal, i t  is generally  inadvisable to  m elt 
w ith a reducing flame, because th e  absorption  
of gas by the  m elt is thereby  prom oted. As a 
general rule, a slightly  oxidising fu rnace  atniQ-
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sphere is to be preferred . The loss of m etal is 
m ainly due n o t so much to  d irec t oxidation as to 
the fa c t th a t  th e  oxide films enclose particles of 
m etal and p reven t them  from  coalescing. S u it
able fluxes a re  employed for libe ra ting  these 
enclosed droplets of m etal. Such fluxes should 
be capable of dissolving and slagging th e  oxide 
films—any reduction  is, of course, ou t of the 
question. F o r th is purpose, they m ust have a 
sufficiently low m elting point. F luxes which only 
melt above 750 deg. C. are  usually ju s t as use
less as those which vaporise below 600 deg. C. 
C ryolite possesses a high solvent action for oxide, 
and really useful fluxes are  produced by m ixing 
it  w ith  common sa lt and potassium  chloride for 
lowering its m elting point. The use of calcium 
chloride is only advisable if  th e re  is ce rta in ty  
th a t  th is  hygroscopic sa lt will no t introduce any 
m oisture in to  the  m elting furnace, which would 
cause th e  m etal to  be gassy. Zinc chloride is 
frequently  employed as flux for ligh t m etal melts, 
probably7 n o t least of all on account of its  cheap
ness, b u t i t  should be rem em bered th a t  its  effect 
may be im paired  by a w ate r conten t, since th is 
sa lt tends to  absorb w ate r from the  a ir  du ring  
storage, while, fu rtherm ore , i t  should be borne 
in  m ind th a t  zinc chloride reacts w ith the  m olten 
alum inium  and th a t  zinc is absorbed by the 
m etal tre a te d  w ith  th is  salt.

In  th is  connection, .i t  should also be mentioned 
th a t  tre a tm e n t of th e  m elt w ith halides whicn 
reac t with, i t ,  resu lting  in  reduction  of th e  sa lt, 
also appears to  effect a d im inution  in  th e  sodium 
con ten t of th e  m elt. This is indicated  by the 
fa c t th a t  a m elt of th e  modified eu tec tic  Al-Si 
alloys (A lpax) rap id ly  loses its  im proved pro
perties by tre a tm e n t w ith  a ce rta in  q u an tity  of 
a heavy m etal chloride, so th a t  th e  castings sub
sequently  ex h ib it th e  coarse frac tu re  of unim
proved Al-Si alloys.

P h e n o m e n o n  of D ross  Incandescence
M elters of a lum inium  are  all acquainted  w ith 

th e  incandescence of th e  dross floating on the
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b a th  of m etal which occurs when th e  h o t dross 
comes in to  con tac t w ith  th e  a ir. V arious 
a ttem p ts  have been m ade to  exp lain  th is  pheno
m enon of incandescence, th e  existence of a sub
oxide of alum inium  having even been suggested. 
Probably the  m ost obvious exp lana tion  of the  
phenomenon is th a t  m etallio  a lum inium  d is
persed in  th e  dross in  a very fine s ta te  of d iv i
sion burns when i t  comes in to  co n tac t w ith  the  
a ir. The occurrence of th is  phenom enon in  the  
m elting  fu rnace  should therefo re  be regarded  
as a sign th a t  the  fu rnace  atm osphere con tains 
too much oxygen. A fu r th e r  consideration  pos
sibly connected w ith th is  phenom enon is the  
following. In  th e  reaction  which is accom panied 
by incandescence, th e  oxide is converted  in to  a 
corundum -like modification of h igh specific 
g rav ity  and considerable hardness. T he h igh  
specific g rav ity  causes these portions to  sink 
into th e  in te rio r of th e  m olten b a th , an d  i t  is 
no longer possible to  remove them  by skim m ing 
the  bath . The ex trem e hardness is noticeable 
when castings m ade from  such m elts are  
m achined w ith  c u ttin g  tools. P robably  nobody 
would a ttr ib u te  to  norm al inclusions of oxide 
films the  fac t th a t  th e  c u ttin g  tools lose th e ir  
edge, such films being fa r  too soft and  th in  to  
dam age th e  c u ttin g  edge of a  chisel o r d rill, 
b u t th is  would, on th e  con trary , req u ire  th e  com
pact inclusions of the  corundum -like oxide.

Oil C o n t a m i n a t i o n
In  add ition  to  oxidation , a fu r th e r  cause of 

m elting losses which ought no t to  be overlooked 
is the  con tam ination  of th e  scrap by oil. Old 
engine casings are  coated w ith  oil and  th e  oil 
results in  th e  accum ulation of d ust, sand  and 
o ther particles of d ir t  which considerably con
tam in a te  th e  m elt. Any im purity  unnecessarily 
introduced in to  th e  m elting  fu rnace  im plies, 
however, a loss of m etal, and  i t  is  consequently 
d isadvantageous to  charge th e  fu rnace  w ith  such 
scrap w ithou t the  la t te r  hav ing  previously been 
degreased. F in e  la th e  tu rn in g s  o ften  contain  
even la rger am ounts of oil and proportions of oil
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am ounting to  15 or 20 per cen t, of th e  w eight 
of the  m etal a re  by no m eans uncommon. The 
heavy clouds of soot which are  produced when 
such quan titie s  of oil are  b u rn t and  which per
m eate th e  m elting  shop may be avoided by de
oil ing th e  tu rn in g s  in  su itable ap p ara tu s by 
m eans of substances which dissolve the  oil. Both 
th e  oil and the  solvent may be recovered w ithout 
tro u b le .'

F u rn a c e  Design
U nsuitable m elting  furnaces are to  be regarded 

as a fu r th e r  source of loss of m etal. I t  has 
a lready been pointed  o u t th a t  th in  pieces of 
m etal should be im m ersed in  an already existing  
bath  of m etal, and th is  can only take  place 
effectively if th e  m elting furnace is of suitable 
construction . Consequently, small crucible fu r
naces will n o t be so su itab le  fo r th is method of 
rem elting. The risk  of overheating  the  melt 
can only be effectively countered  if means for 
regu la ting  the  fu rnace  tem p era tu re  are actually 
provided. D espite the  h igher cost per calorie, the 
electrio resistance fu rnace  is therefore  very 
advantageous in  m any cases fo r th e  rem elting  of 
alum inium . Town’s gas contains no small quan
titie s  of hydrogen and  is often  the  cause of the 
absorption of gas. Coke should be quite  dry 
because, as a lready s ta ted , steam  is decomposed 
by th e  m olten alum inium . The hydrogen passes 
into th e  m etal and  th e  oxygen oxidises some of 
the  m etal. I t  has been repeatedly  observed 
th a t  th e  gas-content of th e  m elt is higher in 
sum m er th an  in  w inter. This is not due to  the 
position of the  moon o r to  a  depression over Ice
land, b u t to  the  fa c t th a t  th e  combustion a ir 
passing th rough  th e  fu rnace contains 4 or 5 times 
more m oisture in sum m er th an  in the dry w inter.

Virg in  M etal  A d d i t io n s
One of the most effective means of minim is

ing the rem elting  losses is th e  addition  of virg in  
m etal. I t  is preferable not to  employ the  re- 
m elted pure alum inium , b u t the  m etal from the 
electrolysis works, since th e  la t te r  m etal still 
contains effective quan tities of flux, unlike the
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rem elted pure alum inium  which, is “  shorter 
011 casting. The ex ten t to  which the  casting  pro
perties of a m elt which is “  d ry ,”  in  consequence 
of its con ten t of oxide films, may be im proved 
by the addition  of 10 to  20 per cent, of e lectro
lytic aluminium, is often  su rpris ing .

Losses caused by the splashing of m etal du ring  
tran sfe r or tran sp o rt of the  la t te r  are  easy to 
avoid and therefore too o ften  overlooked. In  
the same way, losses of m etal due to  confusion 
of the different kinds of alloys in th e  foundry  
and  workshop may be reduced m erely by m eans 
of a su itable o rganisation . I n  both cases, con
siderable sums may he saved.

Q u a l i ty  P r e s e r v a t io n
This im p o rtan t problem has already  been 

touched upon here and  th e re  in  the  discussion 
of the prevention of losses. The excellent 
m achining properties of alum inium  alloys when 
worked w ith cu ttin g  tools is one of th e  g re a t 
advantages of the  lig h t m etal, b u t i t  becomes 
questionable if the  casting  is perm eated  by 
hard  oxide inclusions. As already  m entioned, 
such inclusions are  caused by the  com bustion of 
fine particles of m etal in terspersed  in  th e  slag. 
There is yet ano ther way by which they  may 
pass into th e  m elt. The application  of anodic 
oxidation of alum inium  has recently  become in 
creasingly im p o rtan t. The oxide films produced 
on alilm inium  in  th is  way are  5 to 20 ¡jl th ick , 
and the  film is considerably h a rd e r th a n  the  
oxide film produced n a tu ra lly . The loss which 
occurs on m elting scrap coated w ith  anodically 
produced oxide films is considerably g rea te r 
th an  th a t  occurring w ith  norm al scrap. I t  is, 
of course, possible to  pickle th e  p a rts  w ith  
caustic soda solution and to  dry  them  before 
m elting, b u t while th is m ethod p revents th e  
th ick  oxide film residues from  passing in to  th e  
rem elted m ateria l, i t  is necessary to  tak e  in to  
account th e  ra th e r  considerable loss due to  m etal 
dissolved in  th e  alkali solution. B oth  d isadvan
tages may be obviated by add ing  one or two per 
cent, of a su itable flux when m elting  th e  scrap.
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C o r r o s io n  R esis tance
The question of th e  resistance to  corrosion ana 

the  gas con ten t of the  rem elted alum inium  is 
closely connected to  the  oxide film content. I t  is 
a well-known fa c t th a t  places lacking in homo
geneity  always ex h ib it a tendency to  corrosion. 
Oxide inclusions cannot be removed by any 
m echanical o r h ea t-trea tm en t, and therefore they 
always form  places a t which the a ttack ing  agents 
can gain  access to  the  in te rio r of the  parts . This 
danger is enhanced by the  fac t th a t  gas residues 
are  occluded w ith  p a rticu la r stubbornness on the 
oxide film inclusions, and th e ir  presence very 
considerably increases the  num ber of places of 
open stru c tu re . All founders are acquainted 
w ith  the  small or large spongy places which are 
often  so large as to  render the  soundness of the 
casting  doubtful. In  such cases, unless the  o ther 
conditions of m elting render all skill unavailing , 
only th e  tre a tm e n t of the  m elt w ith an efficient 
flux will rem edy m atters. In  carry ing  out such 
trea tm en t, th e  flux should n o t be merely 
sca ttered  on the  surface or stirred  below the  su r
face, b u t should actually  be subm erged as fa r  as 
the  bottom . I t  is often  more effective to  add 
portions of flux in  succession ra th e r  th an  exces
sive am ounts all a t  once. F o r subm erging the 
flux, wide bell-shaped appliances, open a t  the 
bottom , a re  no t as su itable as appliances which 
are  provided w ith cast-in slots and ta p e r down
w ards to  a poin t. I t  has already been indicated  
th a t  fluxes contain ing  adequate quan tities of 
cryolite are  particu la rly  serviceable. A reliable 
m ix tu re  consists of

2 p a rts  of cryolite,
2 ,, ,, common salt,
4 ,, ,, potassium  chloride,
1.5 ,, ,, a lkali sulphate.

I ts  action may be assisted by adding a sufficient 
q u an tity  of v irg in  m etal du ring  the  m elting 
operation.

The oxide con ten t of rem elted m etal should 
be k ep t as low as possible particu larly  from  the 
po in t of view of the  ab ility  of the surface tq
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tak e  a polish and also because even th e  sm allest 
defective places, such as those produced by oxide 
inclusions, show up when th e  p a rts  a re  subjected 
to  anodic oxidation . There is hard ly  a m ethod 
of im proving the  surface of a lum inium  alloys 
which brings out th e  defects in  th e  s tru c tu re  
more prom inently  th a n  anodic ox idation . All 
a ttem p ts  to  p reven t costly w aste a re  illusory if 
these oxide inclusions canno t be successfully 
removed.

Degasify ing  M o l ten  B a ths
A large num ber of m ethods have been recom 

mended for degasifying the  m olten baths. In  
G erm any, the  in troduction  of chlorine gas or 
chlorides has been successfully u rged . These 
methods are  more su itab le  for rem elted alum i
nium , th e  sim pler and  cheaper th e i r  app lica
tion , and the  desired object is o ften  a tta in ed  
even by s tirr in g  in a heavy m eta l chloride which 
reacts in  contac t w ith  th e  m olten alum inium . 
M ixtures con ta in ing  organic chlorine compounds 
have also proved efficient. In  any case, when 
a double tre a tm e n t is necessary fo r de-oxidation 
and degasification, i t  is essential to  ca rry  o u t 
the  degasification las t. Alloys con ta in ing  m ag
nesium in  p a rticu la r exh ib it a tendency  to  re 
newed gas absorption  when they  a re  s tirred  
again.

Generally speaking, i t  is p referab le  (and 
cheaper) to  avoid any th ing  which prom otes the  
absorption of gas and  th e  ox idation  of th e  
m olten m etal ra th e r  th a n  la te r  to  have to  go to  
the trouble of e lim inating  these q u a lity -im pair
ing inclusions. W hen i t  is necessary to  m elt 
down fine tu rn in g s  or scrap and  so fo rth , they  
will be in troduced  in to  th e  b a th  th ro u g h  a sa lt 
covering of sufficient thickness. The composi
tion  of such sa lt ba ths will also be selected so 
th a t  th e ir  m elting  point is low and  so th a t  th e ir  
oxide dissolving power is as g re a t as possible.

As well as by the presence of oxides and  gases, 
the quality  of rem elted alum inium  is frequently  
im paired by a h igh con ten t of unw anted  m etallic
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im purities. A h igh iron content—and here much 
may be gained by prophylactic m eans—renders 
the alloys b r itt le  and also reduces the  efficiency 
of h ea t- trea tm en t by causing the form ation  of 
te rn a ry  insoluble Al-Cu-Fe compounds. I f  the 
unw anted alloy constituen ts are present in  an 
excessive am ount, the re  is no o ther m eans th an  
th a t  of d ilu ting  them  by adding pure alum inium . 
H ere, again , v irg in  alum inium  is always more 
efficient th an  rem elted pure  alum inium , espe
cially if good elongation figures are  to  be rehab i
lita te d  in  th e  new alloy.

R aw  m ateria ls  are  no t inexhaustible, and th is 
undoubtedly  also applies to  th e  raw  m aterials 
necessary fo r the  production of alum inium , de
spite  th e ir  being so widely dissem inated. To 
economise in  alum inium  is expedient, because, 
a p a r t  from  a  num ber of raw  m aterials, consider
able q u an tities  of energy have to  be consumed 
in its production. Losses in  q u an tity  and quality  
can only be avoided by careful operation guided 
by experience.

D IS C U S S IO N
H err R ohrig, when refe rrin g  to  the  section 

of his P ap e r dealing w ith th e  degasifying of 
molten baths, added th a t  chloride tre a tm e n t had 
been in troduced successfully in E ngland.

M r. A. L ogan pointed to  sta tem en ts made in 
the P ap e r touching upon the  “  quality  ”  of 
alum inium  alloys from  the  foundrym an’s point 
of view. One such s ta tem en t was th a t  “ The 
ex ten t to  which the  casting  properties of a m elt 
which is ‘ d ry ,’ in  consequence of its content 
of oxide films, may be im proved by the  addi
tion of 10 to  20 per cent, of electrolytic alu
m inium  is often  su rp ris in g .” In  o ther words, 
he said, by adding from  10 to  20 per cent, of 
electro ly tic alum inium  th e  “ quality  ” of the 
m ateria l was improved.

W ith regard  to  the  s ta tem en t in the  P ap e r 
th a t the  oxide con ten t of rem elted m etal should 
be k ep t as low as possible, p articu la rly  from the 
point of view of the  ab ility  of the  surface to 
take  a polish, he asked w hat was a low and a
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high oxide co n ten t; in  o ther words, w hat were 
the lim its of alum inium  oxide con ten t?

M e. A. D u n l o p , discussing th e  equation  re 
ferred  to  by H e rr  R ohrig , in  which copper sul
phide was reduced, asked w hether a sim ilar re 
action occurred w ith  nickel sulphide and  m ag
nesium. H e also asked w hether the  m agnesium  
sulphide was easily disposed of.

“  D ry  ”  Alloys
H e r e  R o h r ig -, replied  th a t  th e  m agnesium  

sulphide was n o t easily disposed of. D ealing  
w ith  M r. L ogan’s reference to  th e  s ta tem en t 
concerning the  im provem ent of th e  casting  p ro
perties of a  m elt which was “  d ry  ”  by th e  ad 
d ition  of from  10 to  20 per cent, of e lectro ly tic 
alum inium , he said th a t  th e  expression “  d ry  ” 
m eant a m etal in  which the  flow was s h o r t ; th e  
flow could be im proved or lengthened by th e  use 
of a flux con tain ing  cryolite. H e recalled an 
experience a t  a facto ry  which was m elting  gheet 
scrap and whore they  used v irg in  alum inium  
from th e  electrolyte. On one occasion, in stead  
of having the v irg in  alum inium  from  th e  electro
lyte, they had  re-m elted pure  alum inium , and  in 
consequence had  experienced g re a t difficulties. 
B listers had  occurred on th e  sheet. H e had  sug
gested the  add ition  to  th e  m etal of a flux con
ta in in g  cryolite. When th a t  was added, the  
m etal flowed b e tte r  in  the  m ou ld ; th e  m etal-cast 
was “  longer,”  i t  had b e tte r  flu id ity  and  the  
blisters had  d isappeared  in  consequence of the  
rem oval of th e  oxide conten t. Subsequently  the  
factory  had  reverted  to  th e  use of the  v irg in  
alum inium  from  th e  electrolyte.

I t  was difficult to  say w hat should be th e  oxide 
content of the rem elted m etal, 0.05 per cent, 
being an am ount th a t  should n o t be surpassed.
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N O T E S  O N  T H E  ST R U C T U R E  A N D  C H A R A C - P a p e r  N o .  612 
T ER ISTIC S O F A L U M IN IU M  ALLOYS

By H. C. Hall ,  M.Met.,  F.I.C.

There is a considerable volume of published 
research dealing w ith th e  properties of cast 
alloys of alum inium . M uch of i t  is, however, 
very specialised and theoretical, and its applica
tion  to  norm al foundry  practice is n o t very 
obvious. I n  th is P ap e r i t  is proposed to discuss 
some of the  p roperties of alum inium  alloys, 
m aking a survey of p resent knowledge, w ith p ar
ticu la r reference to s truc tu re , life  and physical 
strength .

A lthough th e  u ltim ate  n a tu re  of molecular 
s tru c tu re  of m etals is of fundam ental im port
ance, governing as i t  does the  specific g rav ity , 
modulus of e lastic ity  and general characteristics, 
no a ttem p t will be made to  pene tra te  in to  th is 
still controversial subject. In itia lly , i t  is 
proposed to  consider w hat happens when a pure 
m etal solidifies in  a mould. As is well known, 
the m etal s ta r ts  crystallising from various centres 
o r surfaces when i t  has cooled (about 660 deg. 
C. in  the  case of pure alum inium ).

The g ra in  size of m etals and alloys of a p ar
ticu la r composition and cast u nder particu la r 
conditions is ex trao rd in arily  constant, as is indi
cated  by frac tu re  and micro exam ination . This 
may be p artly  due to  characteristic  grouping 
ju s t p rio r to , and du rin g  solidification. Also, i t  
appears th a t  when th e re  is a considerable solid 
solution of one m etal in  ano ther th e  g rea ter 
affinity between them  results in  e ither a g rea te r 
num ber of crystals in  a given volume, or m arked 
dendritic  tendency due to more g radual solidi
fication. The la t te r  is also observed when a 
pure m etal solidifies in  the  presence of a con
siderable proportion  of a constituen t of much 
lower m elting  point.
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In  the  case of a lum inium  th e  macro s tru c tu re  
is no t much affected by eutec tics o r compounds 
which largely m ake up  th e  cell walls of th e  micro 
s truc tu re . I f  an  alloy of alum inium  con ta in ing  
only a small am ount of m etal capable of being 
re ta ined  in  solid solution is rap id ly  cooled from  a 
tem pera tu re  considerably above its  m elting  point,

F i g .  1 .— R a p id ly - C o o le d  A lu m in iu m  c o n 
t a i n i n g  1 .4  PER CENT. F e  AND 0 .3  PER 
c e n t .  S i .  x  5.

very large m acro crystals are  generally  observed. 
In  the  case of alum inium  con ta in ing  1 .4  per 
cent, iron, 0.3 per cent, silicon, th e  large 
crystalline s tru c tu re  as shown by m acro
etching in  F ig . 1, is found on micro exam ina
tion  to have a de ta il form , such as is ind icated  
by F ig . 2. Slower cooling as the  resu lt of cas t
ing in  a sand mould generally  prom otes



crystallisation  from  num erous centres w ithout the 
developm ent of sufficient energy in  a given tim e 
to  perm it an extended orderly arrangem ent, i.e., 
large m acro crystals m ade up of u n its  w ith p re
dom inant ax ia l tendencies (F ig . 3).

F ig . 4 shows the  usual so-called idiomorphic 
crystals o f1 irreg u la r ex ternal, b u t w ith  definite
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F i g .  2 .— M a c r o s t r u c t u r e  o f  A r e a  M a r k e d  
i n  F ig .  1. x  100

in te rn a l sym m etry or packing as indicated. The 
dark  line across the  illu s tra tion  is where the 
section shown in the  upper half meets w ith the 
lower ha lf section a t  r ig h t angles. A suggests 
th e  possible production of a cube by “  sp litting  
off ” p arts  of an  idiomorphic crystal along 
cleavage planes. B shows a crystal w ith sub
sidiary crystals, these having slight varia tion  in
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crystal o rien ta tion  re la tiv e  to  each o ther, owing 
to  im purity  or in te rn a l stress, a f te r  solidification 
has taken  place. E  shows the  im purity  e jec ted  to  
th e  cell walls.

The crystalline axes o r cleavage planes of 
ad jacen t crystals m ay be d ifferen t, as shown in  
the case of f) and C. The etching is generally

F i g .  3 .— C r y s t a l  S t r u c t u r e  R e s u l t i n g  f r o m  
S lo w  C o o l in g  i n  a  S a n d  M o u ld ,  x  10.

g rea te r if a plane happens to  he a t  a  ce rta in  
inclination  to  the  surface—a s  ind icated  on the  
lower p a r t of the  illu s tra tio n , or th e  am oun t of 
a tta ck  may depend on electrolytic effect; neigh
bouring crystals hav ing  a p o ten tia l difference 
due to  v aria tio n  in  ind iv idual o rien ta tio n . The 
resu lting  steps a t  crystal junctions show up  as 
a line on microscopic exam ination .
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One may conclude th a t  molecular packing is 
closest inside the cells. This is generally con
firmed by controlled density  estim ations—- 
e lim inating  o ther variables as fa r  as possible— 
and th e  more cell walls the re  are  in  a u n it 
volume the  lower is the  density. In  alum inium , 
crystal-grow th may tak e  place easily, two or more 
cells becoming one by simple annealing  ; th is 
confirms the  theory  th a t  the  boundaries are  not

F i g .  4 .— I d io m o r p h ic  C r y s t a l s  o f

I r r e g u la r  E x t e r n a l , bu t  R egular
I n t e r n a l  S y m m e t r y , x  300.

-in the  n a tu re  of ultra-m icroscopic oxide films 
since in  the  case of alum inium  such would resist 
solid diffusion owing to its  im perm eable na tu re .

The s tren g th  of the  s tru c tu re  depends both 
on cohesion between the  constituen t crystals a t 
the  cell walls and also on the cohesion a t crystal 
cleavage planes, e tc ., inside. On deform ing a 
ductile m etal, slip takes place along these planes, 
b u t cell-v all accommodation is also necessary for
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change of shape w ithout frac tu re . Thus, b rittle  
cell walls due to  th e  ejec tion  of im purities or 
metallic compounds d u ring  solidification and  
cooling in  the  mould m ay even in  very small 
q u an tity  have a g rea t effect on ductility .

Resistance to  fa tig u e  is d ifferen t since b reak 
down may occur w ithou t any m easurable plastic 
deform ation. I t  has been proved, however, th a t  
a t th e  region of stress concen tra tion , the  
m ateria l should, fo r reliable service u n d er m ost

F i g . 5 .— P ok es in  a 6 p e r  c en t . C o ppe r  
A l l o y , x  150.

conditions, be capable of accom m odation, accom
panied by an increase in  hardness w ithou t crack 
developm ent. Tihis tends to  sh if t th e  locality of 
stress concentration  to  ad jacen t parts . A t the 
same tim e its  m agnitude is autom atically  reduced 
owing to its  d is tribu tion  over a la rg er volume 
of m ateria l.

In  th e  case of m agnesium —a m etal which 
crystallises according to  the  hexagonal system— 
very m inute in terce llu lar pores are  m uch more
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common, owing apparen tly  to the g rea te r diffi
culty  in packing or dovetailing hexagons a t  the 
boundaries of crystals. Such pores are particu 
larly  im portan t when considering fa tigue  res ist
ance. A lum inium  alloy sand castings will con
ta in  cavities or pinholes if they are  contam inated 
when in  the liquid condition by the  disengage
m ent of hydrogen, carbides of hydrogen, and 
carbon monoxide, e tc ., du ring  solidification. The 
developm ent of these defects is fac ilita ted  by the 
considerable contraction th a t  takes place sim ul
taneously, i.e ., when th e  m etal is changing from 
the liquid  to  the solid s ta te . In  chill castings the 
gases are  generally trap p ed  in solution owing to 
rap id  cooling. There is no separation  of slag as 
in steel, however, b u t there may be local in te r- 
crystalline weakness, due for instance to  the 
separation  of a copper-alum inium  compound from 
its alum iniuim rich m atrix  owing to  th e  differ
ence in  coefficient of contraction . This may be 
one reason for the  low streng th  of alloys com
pared w ith  th e ir  calculated values from physical 
d a ta .

Pinholes a re  often found, on microscopic ex
am ination , to  be associated w ith copper segrega
tion  in spite  of the  solid separation  of the la tte r  
tak in g  place a.t a much lower tem p era tu re  than  
th a t  a t  which the pinholes form. F ig . 5 shows 
the  pores in a  6 per cen t, copper alloy, which 
suggest th a t  some k ind of association has existed 
even in  th e  liquid sta te . S im ilarly an  oil-water 
emulsion often has a ir  bubbles trap p ed  in it.

I t  should be observed th a t  the mechanism of 
solidification has been considered by Desch, who 
investigated  the  supposition th a t the in itia l 
s tru c tu re  produced in  an  alloy was comparable 
w ith foam cells which appeared p rio r to normal 
crystallisation . The mem branes, according to 
th is theory, a re  sim ilar to  th e  “  amorphous 
cem ent ” o f  Posenhain , both consisting of less 
pure m etal than  th a t  inside the  cells ; th is  will 
be re fe rred  to  again  when considering 
“ flu id ity .”

L



Modified Alloys
Common unavoidable im purities in alum inium  

are  silicon and iron. The form er if  below 0.3 
per cent, may be in  a so-called solid solution in  
th e  alum inium , and is then  invisible u n d e r the  
microscope. About 20 per cent, silicon can be 
dissolved in m olten alum inium  a t about 800 deg. 
C. in  sp ite  of its  own h igh m elting  po in t of 1,600 
deg. C. On cooling to  room tem p e ra tu re  i t  is 
largely throw n o u t again . F ig . 6 shows the  
sildcon-aluminium equilibrium  d iag ram , w herein
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F ig . 6 .— S i-A l E q u ilib r iu m  D iagram , and  
th e  E f f e c t  o f  S i  on t h e  P h y s ic a l  P r o 
p e r t ie s  o f  a Sand-C ast M o d ified  A l lo y .

i t  is seen th a t  the  eutec tic  composition is 12 per 
cent, silicon, solidifying a t  576 deg. C. The 
dotted  lines show th e  undercooling effect of 
modification by traces of sodium. R ap id  cooling 
produces a sim ilar effect to  a  sodium  addition , 
as i t  increases both tensile s tren g th  and  the  
ductility . The curves on the  lower p a r t  give an 
approxim ate idea of the  change in  u ltim a te  
stren g th  and d u c tility  w ith increase in  silicon. 
This is a modified alloy cast in  sand.



Fig. 7 shows the  s tru c tu re  of an unmodified 
alloy contain ing  12.7 per cent, silicon, in  which 
the  silicon in  excess of th a t  necessary for form ing 
the  eu tec tic  is in  massive particles. F ig . 8 shows 
the same alloy modified by 0.6 per cent, co b a lt; 
an am ount of 0.1 per cent, lith ium  and stron tium  
would have a sim ilar effect.
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A lu m in iu m  C o p p e r  Alloys
Modification appears to a lte r  th e  solubility of 

silicon in alum inium , tend ing  to  re ta rd  the ir

F i g . 7 .— U n m o d if ie d  A l u m in iu m -S il ic o n  
Allo y  c o n t a in in g  M a s s iv e  P a r tic le s  
o f  S il ic o n , x  100.

separation  on cooling. The fact th a t  casting 
from a very high tem pera tu re , say 950 deg. C., 
into a chill mould produces a finer g ra in  struc
tu re  th a n  casting  from  about 700 deg. C. in  the 
same mould, suggests th a t  separation  or group
ing of the  silicon and alum inium  takes place 
above the  ap p aren t solidifying tem pera tu re . 
This is confirmed by soaking a molten eutectic 
alloy a t about 600 deg. C. in the  crucible with-

l2



ou t s tirr in g , wlien i t  is found th a t  the  lighte* 
constituen t, silicon, tends to  rise. F o r sim ilar 
reasons a copper-alum inium  alloy w ith  ahout 
12 per cent, copper, tre a te d  in  th e  same way, 
may have tw ice as much copper a t  th e  bottom  of 
the  pot a f te r  stand ing . Z inc behaves in  a 
sim ilar m anner in sp ite  of its g rea te r solubility 
in  alum inium . This is one reason fo r p re fe rrin g  
alloys w ith  relatively  small percentages of heavy 
constituen ts, particu la rly  for large m elts o r if
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F i g .  8 .— A lu m in i i jm - S i l i c o n  A l l o t ,  c o n 
t a i n i n g  12.7  p e r  c e n t .  S i l i c o n ,  M o d i f i e d  
BY 0 .6  PER CENT. COBALT. X 100.

th e  alloy be required  to  rem ain  m olten in  the  
furnace for a considerable period.

I t  may be noted  in  th is  connection th a t  induc
tion-electric m elting  tends to  m a in ta in  un ifo rm ity  
of composition by the  s tirr in g  effect which tends 
to set up eddy cu rren ts. This m ay, however, 
increase oxidation  if th e  alloy is inadequately  
protected  by surface flux.
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Copper was probably the  most im portan t 
constituen t of alum inium  alloys used in the 
past, and w ith  more th a n  3 per cent, of 
copper, w hether chill or sand cast, there  
is a cellular s tru c tu re  such as shown in F ig . 9, 
which is a 6 per cent, sand-cast alum inium  alloy. 
The netw ork is the  copper-alum inium  compound 
CuA12—a very -brittle constituen t—and i t  is 
understandable th a t  d u c tility  is much decreased

F i g . 9 .— C ellu la r  S tr u c t u r e  oe 6 pe r  c e n t . 
S and-C a st  C o pper  A l u m in iu m  Al l o y . 
x 150.

by its  presence in  the  form  shown. W ith  the 
common 8 per cent, copper alloy, sand-cast, there  
is about 12 per cent, of compound by volume, 
and th is  reduces th e  duc tility  on the  tensile tes t 
from about 25 per cent, elongation in the  case of 
commercial a lum inium  to  2 per cent. This is 
fu r th e r reduced by low tem pera tu re  heai-creat- 
m ent a t, say, 150 deg.

Efforts to  e lim inate the cellular form ation of 
copper-alum inium  eu tectic, particu larly  in  sand
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castings w ith  ab o u t 8 per cen t, copper, and  thus 
to  increase the  ductility , have n o t been very 
successful, though  1.0 per cent, iron  and  about
0.25 per cent, ti tan iu m  are beneficial. B eryllium  
and lith ium  also have a sim ilar influence.

A nother very im p o rtan t co n stituen t of 
alum inium  alloys is th e  compound m agnesium  
silicide, M g2Si. Since silicon is always p resen t

F i g . 10.— A l u m i n i u m  c o n t a i n i n g  M a g n e s i u m  
S i l i c i d e . x 300.

in comm ercial alum inium  and has a s trong  
affinity for m agnesium , i t  follows th a t  M g,Si 
is always p resen t when m agnesium  is added to  
alum inium . In  th is case (F ig . 10) d is tin c t 
cellular form ation  is no t produced. N everthe
less M g2Si has a g rea t effect on th e  physical 
properties. Copper alum inide and m agnesium  
silicide are th e  two most im p o rtan t constituen ts 
of alum inium  alloys from  th e  h e a t- tre a tm e n t
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point of view, and both go into solid solution in 
a lum inium  contain ing  them., if heated  a t  about 
500 deg. C. for a su itab le  period, i.e ., about half 
a n  hour for chill-cast alloy and a t least t h r e e  
hours fo r a  sand-cast alloy. Fig- 5 shows the 
6 per cent, copper alloy tre a ted  in  th is way. 
Silicon also has a  sim ilar, though less m arked, 
hardening effect, even w ithout magnesium.

COPPER OR M A G N E SIU M - SIU C ID E P ER  C EN T  BY VOLUME

F i g . 1 1 .— V a r i a t i o n s  o f  U l t i m a t e  T e n s i l e  
S t r e n g t h , D u c t i l i t y  a n d  B r i n e l l  H a r d 
n e s s , w i t h  a n  I n c r e a s e  i n  C o p p e r  a n d  
M a g n e s i u m  S i l i c i d e  ( C h i l l  C a s t  a n d  
H e a t - T r e a t e d )

Table I  shows the  relative solubility of various 
constituen ts of alum inium  alloys a t  o rd inary  tem 
p e ra tu re  and a t  ab o u t 500 deg. C. The con
siderable difference in solubility a t  the  tw o tem 
peratures when alloys are  capable of consider
able response to  hea t-trea tm en t is notew orthy.

Quenching from  the  solution tem pera tu re  
trap s  a large proportion of th e  Cu A12 and 
M g2Si or Si in  the solid-solution sta te . If  more
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th a n  one is present m u tu a l effect on ind iv idual 
solubility in the  alum in ium  is observed, as would 
be expected. O ther constituen ts also com plicate 
the  behaviour of alum inium  alloys, so th a t  phase 
and equilibrium  investigation  may be very 
difficult when, fo r instance, iron  about 1.0 per 
cent, is present. The compound M gZn2 behaves 
sim ilarly to  M g2Si, although its  solution tem 
p era tu re  is lower, i.e ., about 450 deg. C.,. and 
its optim um  ageing tem p era tu re  ab o u t 100 
deg. C.

H a rd n e s s  a n d  S t r e n g th  D e v e lo p m e n t s
Solution tre a tm e n t is, of course, carried  o u t in 

o rder to  develop m axim um  hardness and

Table I.—Solid-solubility of Various Elements in 
Aluminium.

Constituent.

Temperatures.

10 to 30 deg. C. 
Per cent, 

by weight.

490 to 510 deg.C. 
Per cent, 

by weight.

Copper 0.25 4.1
Magnesium 130 12.0
Silicon 0.20 1.1
Magnesium silicide . . 0.45 1.4
Manganese 0.20 1-0
Lithium 2.40 2.8
Silver 1.5 40.0
Cadmium 0.05 0.8
Zinc 3-2 42.0

streng th , bu t, as is well known, th is  re su lt is 
not fully  achieved w ithou t subsequent ageing 
or p rec ip ita tion  tre a tm e n t. This la t te r  m ay be 
practically  complete by storage a t  norm al a ir  
tem p era tu re  for a  week or so. C ast alloys, how
ever, as a ru le, require  artific ia l hea t, i.e ., h e a t
ing to  about 150 deg. C. fo r 12 h rs ., th e  h a rd 
ness thereby  increasing from  about 75 in  the  
so lu tion-treated  condition to  as much as 150 
Brinell. The changes in  m echanical p roperties 
may be considered to  be largely  due to  the  
in tim ate  association of one volume u n it  of th e  
constituen t Cu or M g2Si (by atom ic dispersion
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in the  alum inium  space la ttice  d u ring  solution 
trea tm en t) w ith about 50 un its  of alum inium . 
The (resultant group, i.e ., 51 in  volume plus a 
slight increase due to the new arrangem ent or 
packing, has special properties. F o r instance, 
on p rec ip ita tion  tre a tm en t th e  Cu o r M g2Si, 
which is present as a d is to rting  fac to r in  each 
group, tends to  cause in te rn a l stress by diffusion 
and segregation, which upsets the  norm al easy 
slip along crystal planes, ac ting  apparen tly  as 
if to  increase the  in te rn a l fric tion . Thus, under 
ex ternally  loading plastic, deform ation is less,
i.e ., th e  m ateria l is harder.

F rom  tes ts  i t  can be shown th a t  w ith about
2.0 per cent. Cu or M g2Si by volume there is, 
as previously suggested, a maximum effect due 
to hea t-trea tm en t when about 50 volumes of 
a lum inium  are associated w ith  one u n it of these 
compounds. I f  more compound th an  th is  pro
portion is present, hardness is no t increased in 
proportion, bu t ductility  decreases m arkedly 
owing to  the excess CuA], or M g2Si being de
posited a t cell walls, these tak in g  little  p a r t in 
the changes du ring  solution and ageing tr e a t
m ents.

r ig . jrl snows .at volume percentages the  h a rd 
ness and ductility  varia tion  and m axim a obtained 
by complete hea t-trea tm en t w ith an increase in 
copper and m agnesium  silicide.

H e a t - T  r e a t m e n t
H ea t-tre a tm en t does no t resu lt in  serious 

volume dim ensional change so long as precau
tion  is taken  to  avoid d istortion  a t the  mom ent 
of actual quenching from  the  “  solution ” tem 
pera tu re . On th e  o ther hand, hea t conductivity 
is considerably reduced by i t  as compared with 
the alloy in the  “  as cast ” or “ annealed ”  con
d ition . This may be im portan t when consider
ing piston and  cylinder-head castings for high 
power in te rn a l combustion engines.

Q uenching a large casting  which has consider
able local v a ria tion  in section results in  local 
in ternal stress. Subsequent norm al ageing tr e a t
m ent does not tend  to  reduce th is, and may
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even aggravate  i t ,  owing to the  sim ultaneous 
increase in  hardness which occurs. Such stress 
may approach the  elastic lim it of the  m ateria l 
and cause the  casting to  fa il under relatively 
ligh t loading in  service. A sem i-anneal t r e a t
m ent w ith some consequent sacrifice in Brinell 
hardness and elastic lim it, may be beneficial in 
such a case.

F ig . 12.— S t r u c t u r e  o f  R .R .50 A llo y , 
S a n d  C a s t  f r o m  710 d e g . C . x  100.

C astings are  often  given an ageing off p re
c ip ita tin g  tre a tm en t only a t  about 150 deg. C., 
p rim arily  to  prevent fu tu re  d istortion . Some 
increase in hardness and reduction  in ductility  
is noted as a  rule. This is more m arked with 
chill-cast alloys in which more CuAl2 and M g2Si, 
etc., are re t lined in  solid solution owing to  re-
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latively rap id  cooling in  the  mould'; th is  is 
equivalent to  a  mild solution tre a tm en t. A fter 
about 6 hrs. a t  150 to  170 deg. C . in te rn a l 
stresses due to  casting  con traction  a re  generally  
elim inated  completely if th e  m ate ria l is n o t solu
tion  trea ted . The alloy R R50 is tre a te d  in  th is  
way since the  gain  in s tren g th , obtained by the  
duplex trea tm en t, is no t sufficient to  w a rran t

■r; i > 7 . <t P '7 y r » ' < 5 f e -  -  tv
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F i g . 13.— S t r u c t u r e  o f R .R .53  A l l o y , 
S and C a st  f r o m  710 d e g . C . x  100.

the added cost. W ith  h igher M g2Si, however, as 
present in RR.53C, or ex tra  copper, a consider
able increase in  u ltim a te  stress results . Both 
trea tm en ts  im prove m achinability .

Table I I  shows a comparison betw een RR50, 
RR.53C and RR53 fully hea t-trea ted  and also 
precip ita tion  trea ted .



These alloys, like those of the  res t of the 
series, are  characterised  by fineness of grain , 
p a rtly  owing to  carefully-balanced composition 
and p artly  due to the  presence of titan ium , 
which is now generally acknowledged to  have a 
g rea t refining effect. The s tru c tu re  of RR50 
and RR53 alloys is given in  Figs. 12 and 13 re 
spectively. Their u tility  is particu larly  in the

F i g . 14.— S e c t io n  t h r o u g h  a W a ter- 
C ooled  A er o - E n g in e  C y l in d e r  s h o w 
in g  t h e  W o r k in g  T e m pe r a t u r e  at 
V a r io u s  P o in t s .

field of heavily-stressed engine parts . Both were 
sand-cast from  710 deg. C. and given low tem 
p era tu re  h ea t-trea tm en t only.

F ig . 14 shows the section of a water-cooled 
aero-engine cylinder, th e  tem pera tu re  obtained 
during  ac tua l service being indicated. The pis
to n  may be made of RR.53 or RR.53C alloy, 
which a re  somewhat more res is tan t to hea t th an  
RR.50, h u t more difficult to  cast. Y alloy is



even more difficult to  handle, particu la rly  for 
the  production of sand  castings. F ig . 15 shows 
the tensile s tren g th  curves for IiR .50, R R.53 
and Y alloy com pared w ith  several o ther alloys 
up to 350 deg. C. The Y-alloy te s t is m ade on 
forged h ea t-trea ted  alloy RR53 chill cast and 
heat-trea ted .

e
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F ig . 15.—-Te n s il e  S t r e n g t h  C u r v e s  f o r  
R .R .50, R .R .53  and Y A llo y  an d  o th e r  
A llo y s  c o m pa r e d .

I f  the  hot tensile te s t resu lt and th e  lim iting  
creep s treng th  of a casting  alloy be both  re la 
tively good a t  the tem pera tu res  p revalen t in  
more highly stressed regions in  the  engine, it  
may be concluded th a t  service will be sa tisfac
to ry  if o ther conditions a re  norm al.

A lum inium  contain ing 8 to  12 per cent, copper 
is liable to  be too ductile a t  about 300 deg. C.
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If  other constituen ts such as m anganese, m ag
nesium or silicon are  added, particu larly  when 
used for sand castings, in  an a ttem p t to  correct 
th is fau lt, th e  characteristic  brittleness of these 
alloys in  the  cold is fu r th e r  increased, or heat 
conductivity  may be seriously reduced, as is the 
case w ith  m anganese addition . F o r instance, a 
10 per cent, copper and 90 per cent, alum inium

F i g . 1 6 .— S ur fa ce  F old in  a H ig h  M ag
n e s iu m  Al l o y , x  10.

alloy has a value of 43  per cent, th a t  of copper, 
and if 1 per cent, m anganese be added, i t  is then  
only abou t 30 per cent, (in the range 0  to  300 
deg. C.).

Hi g h - M a g n e s iu m  Al loys

H ig h -m a g n e s iu m  a llo y s  a r e  also  v e ry  se n s it iv e  
to  o th e r  a d d i t io n s ,  a n d  a r e  n o t  su ff ic ie n tly  r e 
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sis tan t to hea t for most engine p a rts . This may 
be partly  due to th e ir  liab ility  to  oxide flaws and 
skin blemishes, owing to  th e ir  reactive tendency 
e ith e r w ith the  oxygen in  the  a ir  or d u ring  cast
ing, p articu la rly  in the  mould. Even the  sand 
of a dry  mould may contain  combined m oisture, 
which causes skin oxidation  if the  alloy contains

F i g . 17. A  C ra ck  A sso c ia t ed  w it h  a  
S u r fa c e  F old  P a s s in g  t h r o u g h  
E u t e c t ic  P a r t ic l e s , x  500.

,Cf n t - ^ g n e s iu m  with consequent 
liability  to  folds and leaky castings.

Pig. 16 shows a surface fol. 
shows an associated crack 
the eutectic particles. Surface 
sand mould to reduce reactiv ity  of th e  in te rn a l

I, w hilst P ig . 1 7  
passing th rough  
tre a tm e n t of the
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face, as employed in the production of m ag
nesium base castings, should be fu r th e r  in 
vestigated.

C ast alloys contain ing  about 4 per cent, mag
nesium, together w ith  relatively small additions 
of o ther m etals for refining or hardening pu r
poses, though much superior in  the  forged con
d ition  to  o ther forging alloys, are  no t so in the 
sand-cast condition, when considering original 
and final physical properties a f te r  exposure to 
a ir, w ater, or saline spray. F o r instance, under 
boiling-water conditions as a water-cooled cylin-

10 3

*1 «•«>+«« ffSStc *
TH4E

F i g . 18.—P h y s ic a l  P r o p e r t ie s  o p  H i g h - Z i n c  
A l l o y s .

der casting, RR50 shows b e tte r  to advantage 
th a n  a 4 per cent, m agnesium  alloy. H igh-zinc 
alloys such as 2L5 are liable to surface disin
teg ra tion , even in the a ir , due to electrolytic 
ac tion ; sim ilarly, the  copper eutectic in high- 
copper alloys results in  rap id  surface corrosion, 
p articu la rly  in  the  presence of m oisture.

High-Zinc Alloys
H igh-zinc alloys are  too susceptible to  hea t for 

use if th e  tem p era tu re  in  service exceeds about 
90 deg. C. owing to  th e ir  tendency to  soften w ith
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m oderate heat. This soften ing  persists 011 cool
ing, b u t a f te r  a tim e  a  ty p e  of ageing a t  o rd i
nary  atm ospherio tem p era tu re  resu lts  in the 
B rinell hardness rising  from  about 57 to  as 
much as 100 (Fig- 18). I t  appears th a t  th is  
cycle of change which takes place each tim e  the  
engine is ru n  and cooled aga in  often  resu lts in 
local cracking a f te r  com paratively  sho rt service.

F i g .  19 .— R i g h t - h a n d  s i d e  : 1 .5  p e r  c e n t . 
N i c k e l  A l u m i n i u m  A l l o t . L e p t - h a n d  
s i d e  : A l u m i n i u m  A l l o y  c o n t a i n i n g  1 .4
p e r  c e n t .  N i c k e l ,  2 .4  p e r  c e n t .  C o p p e r . 
x  1 5 0 .

W ith tim e, th e  ductility  is alm ost completely 
lost, even if th e  p a r t  is in  store.

N ickel, when alloyed w ith  alum inium , is more 
finely dispersed th a n  o ther m etals of h igh  m elt
ing point. Iro n  comes n ex t in  o rder, and  these 
two m etals form  w ith  silicon and  alum inium  com
plex eutec tics which a re  n o t liable to  coarse 
segregation if n o t more th a n  ab o u t 1.5 per 
cent, of e ith e r is p resen t; th e  sam e holds good



307

if th e ir  to ta l does n o t exceed abou t 2.5 per cent. 
Fig. 19 shows, on th e  r ig h t hand  side, a chill 
cast alloy con ta in ing  1.5 per cent, nickel (with 
iron ab o u t 0.3 per cen t.) . N ickel also associates 
well w ith  copper in  alum inium  alloys, a tr ip le  
eu tec tic  being produced. The n a tu re  of th is 
alloy, con ta in ing  1.4 per cent, nickel, 2.4 per 
cent, copper and  0.3 per cen t, iron, is shown on 
th e  le f t  hand  side of F ig . 19.

O ther heavy m etals of high m elting tem pera
tu re  should only be p resen t to  a  small ex ten t 
since they  tend  to  resu lt in  segregation. Conse
quently  un ifo rm ity  of m elt composition is difficult 
w ith  more th a n  abou t 0.3 per cen t, to ta l of 
chrom ium , vanadium , molybdenum and  tungsten , 
etc. M anganese, owing to  its  g rea te r solubility, 
m ay be used in  qu an tity , b u t i t  is liable to  resu lt 
in  brittleness. In  oasting  alloys castability  
and flu id ity  a re  of v ita l im portance. F o r th is 
purpose the  th ree  te s tin g  outfits shown in  Fig. 20 
a re  useful.

The castab ility  te s t is m ade up  of two 
rig id  steel bars, between and also around the 
ends of which a p a rticu la r alloy is cast under 
s tan d a rd  conditions. The longer th e  b ar can lie 
cast w ithout crack ing  th e  less liable is th a t  alloy 
to  give trouble in  the  foundry. W ith  4 per cent, 
copper alloy 6 in. can be cast, w ith  12 per cent, 
copper, 10 in ., w ith  12 per cent, zinc, 11 in ., w ith 
12 per cent, silicon, 16 in . and w ith  RR.50 
14 in. C asting is generally carried  o u t a t  about 
680 deg. C. This tem p era tu re  is also used when 
te s ting  fo r fluidity . Table I I I  gives the 
leng th  or volume obtainable w ith  various 
alloys. The volume method is more easily 
carried  out. The reason th a t  various alloys 
give such different results in  te s ts  is not 
fully  understood. To ob tain  a good re 
su lt w ith  th e  castab ility  tes t, th e  alloy 
generally  requ ires to  have a low contraction  d u r
ing solidification. O ther factors which affect the 
resu lt a re  its  s tren g th  and  duc tility  ju s t a fte r 
solidification, and  th e  re la tiv e  solidification 
range. Table IV  gives th e  solidification ranges
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of various alloys and the volume contraction  a t 
the m om ent of solidification from the  completely 
liquid to th e  completely solid sta te .

The separation  of compounds or eutectics ju s t 
a f te r  solidification by rap id  diffusion is often 
associated w ith  tem porary  “• ho t shortness ” and 
th is may cause cracks if the  core stresses in the 
mould are considerable.

High  Silicon Alloys
In  hiigh-silicon alloys, approx im ating  to 

the eu tec tic  composition, cavities are often 
found a t  large changes of section, due in 
p a r t to  th e ir  very small solidification 
range. I t  also appeals th a t  there  is a 
critical percentage of silicon between 0.5 and 
1.8 per cen t., which tends to  resu lt in  cracked 
castings, owing to  the existence of sufficient 
eu tectic (m elting point 570 deg. C.) to cause 
in tercellu lar weakness ju s t a fte r  solidification, 
b u t insufficient to  resu lt in liquid comm unication 
w ith  runners or risers. Feeding is thus inade
quate. The addition  of nickel, however, and 
small am ounts of o ther m etals have a corrective 
effect even in  the range indicated.

A small reduction  in  coefficient of expansion 
is realised by raising  the  silicon conten t from 
2 to  12 per cen t., i.e ., from  about 0.000023 to 
0.000021 (range 0 to  200 deg. C.). M uch has 
been m ade of th is  ; i t  m ust be borne in  m ind, 
however, th a t  a 12 per cent, silicon alloy is too 
soft fo r even m oderately stressed p a rts  even 
under relatively  cold service conditions. If  i t  be 
stiffened up by small am ounts of copper, magne
sium, m anganese, e tc ., i t  is fiable to be deficient 
in  ductility , particu la rly  if given a high tem 
p era tu re  h ea t-trea tm en t. As heat-resisting  alloys 
these compositions are restric ted  in  th e ir  appli
cation, owing to th e ir  relative weakness above 
250 deg. C. ; fu r th e r, th e ir  hea t conductivity  is 
much lower th an  more heat-resisting  alloys con
ta in in g  1 to  2 per cent, silicon. These conclu
sions have been confirmed by perform ance when 
used for pistons, etc.
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Flowiability is no t quite  th e  sam e as “  vis
cosity ,”  since surface tension and th e  re la tive  
tendency to  form oxide skin  are both p a rticu 
larly im p o rtan t when casting  in to  a sand mould.

E lem ents producing stable solid solutions tend  
to decrease fluidity . I f  p resen t beyond th e  lim it 
of tru e  solubility, they  th en  ap p ear to  produce 
a kind of emulsion which may o r may n o t in 
crease fluidity. Substances th a t  produce preci-

CASTABILITY TEST IN  SAND W IT H  C H IU  BARS.

F LU ID IT Y  T E S T . 
CHILL M OULD  

¡E VA LU A T IO N  B Y  ,  
T H E  W E IG H T  O F  E j

THERMOMETERS

F LO W AB IL ITY  TEST. 
SAND  M O U LD

F ig .  20 .— A p p a r a t u s  f o b  T e s t i n g  L i f e  a n d  
F l u i d i t y  o f  A l u m i n i u m  A l l o y s .

p ita ted  compounds dissem inated in  the  liquid 
generally increase flu id ity  ; if p resen t in  consider
able q u an tity  they  ten d  to  m ake the  alloy no tice
ably sluggish. This m ay be corrected in some 
cases, however, by increasing  th e  tem p era tu re , 
when floating crystallites may be converted in to  
more rounded forms o r be p artly  dissolved; or, 
again, they  m ay become completely liquid and 
have no im p o rtan t fric tional influence. This 
subject is, however, very complex and contro
versial.



Fig. 21 shows alum inium  contain ing  a m an
ganese alum inium  compound in  rounded form 
produced by rap id  cooling from  a relatively  high 
tem pera tu re , and F ig . 22 shows th e  crystalline 
form  as the  resu lt of slow cooling. Two per 
cent, m anganese and traces of copper and 
titan iu m , etc., are  p resen t in  each case. A 
sim ilar difference is observed if the  liquid alloy 
is ag ita ted  before casting  instead of being heated 
to a h igh tem pera tu re .

F i g . 21 .— A l u m in iu m  A llo y  c o n t a in in g  
A l u m in iu m -M a n g a n ese  C o m p o u n d . T h e  
R o u n d ed  F o r m  is  P ro du ced  by  R a p id  
C o o l in g , x  150.

F lu id ity  is much influenced by the  presence 
of suspended oxide. P u re  alum inium  is not 
liable to  contain it. I n  alloys, such oxide is 
o ften  associated w ith  the  occluded gas bubbles 
in regions high in  dissolved hydrogen, carbides 
of hydrogen, and carbon monoxide, owing to 
contam ination  by furnace gases o r m oisture. 
The efficiency of flux depends m ainly on its
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liability to coagulate such dispersed oxide. The 
action is generally stim ula ted  by the production 
of chloride from chlorides in the  flux which pro
duce hydrochloric acid gas w ith  th e  hydrogen 
in the  m etal. This gas, being insoluble, rises 
w ith the  oxide to the  surface. The evolution  of 
nitrogen or fluorine from  a flux m ay also be 
beneficial, and the  gas itself in  the  fo rm er case 
may be bubbled th rough  the  alloy fo r s tirr in g  
purposes, e ith e r in the  fu rnace  or ladle.

F i g .  22.— S a m e  A l l o y  a s  i n  F i g .  21, b u t  
C r y s t a l l i n e  S t r u c t u r e ,  p r o d u c e d  b y  
S l o w  C o o l i n g ,  x 150.

The addition  of traces of a lkali m etal may 
modify surface tension, and such add itions as 
chlorides o r florides may be added shortly  be
fore casting, to  increase the  fluidity . O palescent 
tin ts  on the  exposed surfaces of runners and 
risers ind ica te  th e  presence of dissolved alkali 
m etal, and, when these a re  noted, pinholing is 
very unlikely to  be observed in  the  casting  con
cerned.
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Being in the  n a tu re  of a survey, th is  P aper 
has touched on a wide range of su b jec ts ; con
sequently acknowledgm ent is due to  many 
workers and a u th o rs ; tim e and space make indi
v idual (recognition impossible. The au th o r would 
like, however, to record his indebtedness to  M r. 
E. J .  W hitehead for photom icrographical work 
and Rolls Royce, L im ited, for permission to  pub
lish th is P aper.

Table IV .—Solidification Range, and Liquid Contraction 
for Various Alloys.

Solidification Liquid
Alloy. Range. Contraction.

Deg. C. Per cent.

Aluminium (commercl.) 657 — 655 (2) 8-4
8 per cent, copper . . 620 -  550 (70) 6-2

12 per cent, zinc 620 -  590 (30) 5-8
12 per cent. Silicon 570 -  567 (3) 3-4
4 per cent, magnésium 647 -  595 (52) 5-8
3 per cent, nickel 642 -  635 (7) 5-7

R.R. 50 630 — about .—

600*
* Less distinct owing to complexity of composition.

D IS C U SS IO N
M e. Arthur L ogan congratu lated  the 

organisers of the  D erby conference, and  the 
L ite ra ry  Com m ittee, on hav ing  arranged  so 
in te restin g  a symposium on non-ferrous foun
dry  subjects and on having recognised a t 
last th a t  cast iron  was not the  only 
m etal which was made in to  castings or 
which foundrym en had to  handle. I t  was 
high tim e the  In s titu te  recognised the  value and 
im portance of non-ferrous alloys and non-ferrous 
founding. A lum inium  and alum inium  alloys 
were rap id ly  coming in to  th e ir  own, and were 
achieving the prom inence and im portance which 
th e ir rem arkable properties w arran ted . Civili
sation  was now en te ring  upon th e  A lum inium  
Age. One of the  most ou tstand ing  features of 
modern social conditions was m obility; cheap and 
rap id  tra n sp o rt had done more to revolutionise
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our manner of living since the war than had 
almost any other single feature. The efficiency 
of the modem internal combustion engine was 
definitely dependent upon aluminium alloys; 
even the railways were beginning to wake up 
and to use aluminium alloys to promote the de
sign of locomotives of greater speed and effi
ciency. He was, however, interested in  the  
Papers particularly as a manufacturer of alumi
nium pistons for internal combustion engines.

The Paper by Mr. H all provided much useful, 
interesting and original information, and raised 
many points which would provide fru itfu l ground 
for discussion. Commenting upon a statem ent in 
that Paper that crystal growth might take place 
easily in aluminium, two or more cells becoming 
one by simple annealing, Mr. Logan asked what 
were the minimum temperatures at which that 
occurred, and whether the statem ent referred to 
pure aluminium only or to alloys of aluminium.

Another statem ent to which the author drew 
attention was to the effect th at “ pinholes were 
often found, on microscopic exam ination, to be 
associated with copper segregation.” I t  was also 
an unfortunate fact, he said, that pinholes and 
porosity were often associated w ith oxide inclu
sions.

Flowing P o w e r

It was very interesting to note that the author 
had studied the castability and fluidity of vari
ous aluminium alloys, for those properties were 
of paramount importance from the foundry point 
of view. H e asked for some further details of 
the castability and fluidity tests, and of the 
practical manipulation— details of the apparatus 
used, etc. In experim ental work he had found it  
extraordinarily difficult to secure consistent re
sults, and to  fix conditions as to temperature, 
etc., to be exactly the same in each test.

The reference in the Paper to the fact that 
fluidity was much influenced by the presence of 
suspended oxides led Mr. Logan to a considéra-
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tion  of the general problems which beset the 
alum inium  founder. One of th e  v ita l factors in 
alum inium  founding was th e  “  quality  ” of the 
m ateria l. T ha t was a very nebulous and  in 
definite p roperty , b u t every foundrym an who had 
to  deal w ith  alum inium  would appreciate  w hat 
was m ean t by th a t  term . There was no doubt, 
for instance, about the difference between an 
ingot of correct and newly-made alloy from

F i g . 23 .— A l u m in iu m  A llo y  w it h  7 pe r  c e n t . 
C o ppe r  (A ctual S iz e ).

virgin  m etal and  the  same m ateria l a f te r  re
peated m eltings. The difference was a difference 
of “  qu a lity .”  A lthough the  general chemical 
com position of the  alloy rem ained the  same, 
there would be still a big difference between a 
casting  m ade from  a new ingot and one made 
a fte r , say, ten  m eltings. The causes of th a t  
difference were difficult to  define; ye t th e  lack of 
“  qua lity  ”  was a v ita l factor, and could be 
shown to  be a d irect cause of high proportions
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of scrap in production. Repeated melting was 
accompanied by gas absorption, oxidation and 
oxide firm entanglement, resulting in poorer cast
ing properties, lack of fluidity, greater porosity 
and very frequently large grain size. He asked 
what was the connection and relation between 
11 quality,” gas content and grain size. I t  
seemed apparent that in certain alloys there was 
some definite and complicated inter-connection. 
How, then, was the foundryman to determine 
the all-important but elusive factor of 
“ quality? ”  What was the criterion? Could 
the aluminium oxide content of the material 
alone, or the nitrogen content and/or the 
measured gases be used as a criterion, as hinted  
in M. Chaudron’s French exchange Paper ? Or 
must those factors be combined with castability  
and fluidity tests? Or would castability and 
fluidity tests alone serve as criteria?

N o m e n c l a t u r e
Mn. V. C. F a u lk n e r  (Past-President), discuss

ing the problem of nomenclature, said th at in the 
translation of M. Chaudron’s French exchange 
Paper the word “ Rochage ” was used, and he 
had discovered by reference to other Papers 
that that was definitely to be associated with 
the problem of gas evolution during freezing. 
Apparently there was no omnibus word in the 
English language which would cover that par
ticular phenomenon, and he asked whether mem
bers of the Institute could suggest a word giving  
a close translation to  the word “  R ochage,” thus 
eliminating the necessity for the use of an 
expression each time.

Again, Professor Desch had made a very nice 
compromise with regard to nomenclature in the 
course of the “ Edward Williams ” lecture which 
he had delivered on the previous day. For 
generations at least the steel and iron foundry- 
men had used the word “ life  ” in expressing 
the ability of the metal to fill the mould. Then 
the metallurgists, in the course of their re
searches, had noted the same phenomenon and,
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approaching the  subject from  various angles, had 
h i t  upon th e  horrib le word “  castab ility .”  I t  
was pleasing to  note th a t  Professor Desch had 
used th e  expression “  flowing pow er,”  and M r. 
F au lk n e r suggested th a t  th e  expression “ flowing 
power ”  m igh t be standard ised .

M b. E . N o b l e , re fe rrin g  to th e  use of chills 
and  the  benefits of rap id  chilling, asked if M r. 
H all had  had  experience of u ltra  rap id  cooling 
by m eans of water-cooled moulds.

Mb. A. D i j n l o p  asked if  M r. H all had had 
experience of th e  use of mould m ateria ls of high 
therm al conductiv ity , such as carborundum  and 
carborundum  m ixtures.

M e. J o n e s , poin ting  to  th e  reference, in  M r. 
H a ll’s P ap er, to  opalescent tin ts  on th e  exposed 
surfaces of runners and risers, ind icating  the 
presence of dissolved alkali m etal, and  th e  s ta te 
m en t th a t  when those t in ts  w ere noted, pin- 
holing was very unlikely in  th e  casting , asked 
in  w hat p a rticu la r illoys M r. H all had noted 
those tin ts .

A U T H O R ’S R E PLY
Mb. H a l l , replying to  the  discussion on h i s  

P aper, said th a t  various mould m ateria ls had 
been used w ith  a view to  increasing the hea t con
ductiv ity . C arborundum  and m etallic powders 
had been used, chrome iron ore had been used, 
as well as certa in  dualities of sand. There were 
advantages in th e ir use, particu larly  in regions 
where e x tra  streng th  was specially im portan t.

H e  had done some work on u ltra -rap id  chill
ing w ith  nickel and chromium. The chilling or 
cooling from the liquid s ta te  of an alloy contain
ing 1 per cent, chrom ium and the  balance alum i
n ium  resulted  in a considerable proportion of the 
chrom ium  being trap p ed  in solid solution, if  the  
alloy were cast a t a tem pera tu re  considerably 
above its  m elting  po in t (say 100 deg. C. above) 
in a  mould which was relatively  cold. In  th a t  
case, the  harden ing  a f te r  ageing, which suggested 
there was some solid solution, m ight be about 43, 
whereas i t  was only about 16 in  the  case of a
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specially pure alum inium  casting , tre a ted  u n d er 
the  same conditions. In  th e  case of nickel i t  
was more difficult to  achieve the  solid-solution 
sta te . There seemed to  be a  so rt of breakdow n 
ra th e r  sim ilar to  th a t  of m arten site  from  aus- 
ten ite , h u t the  fine dispersion th a t  could be 
obtained seemed to produce the  harden ing  and 
refining phase of th a t  m etal, and  particu la rly  
in alloys which had  a tendency to  under-cooling. 
I t  appeared, however, th a t  n e ith e r of those 
m etals under so-called equilibrium  conditions 
were soluble in  alum inium  up  to  a  tem p e ra tu re  of 
abou t 600 deg. 0 . Chill quenching m ethod m igh t 
produce more stable solid solution, when sub
jected  to  heat, th a n  th a t  produced by th e  nor
mal solution and ageing tre a tm en t.

O x id e  F ilm s
W ith regard  to  th e  problem of oxide films, he 

had found a g rea t advan tage  in  using  ce rta in  
fluxes, and the  cryolite orig inally  p resen t in  th e  
alum inium  seemed to  increase fluidity . T h a t ex
plained th e  advantage, re fe rred  to  by H e rr  
R ohrig, of adding new alum inium  which also, 
contained traces of cryolite from  th e  electro
lytic fluxing process. The bubbling of n itrogen  
through  the m etal had  been proved to  reduce 
the am ount of oxide owing to  th e  e lim ination  
of o ther gases, and n itrogen  itself, n o t being 
very soluble, was easily b rough t to  th e  surface. 
A nother m ethod which had  been found useful 
in  the  case of ce rta in  alloys was to  h e a t the  
oxidised m etal to  a ra th e r  high tem p era tu re  
and  th en  to t r e a t  i t  w ith  a special flux. Some 
people had suggested th a t  th a t  tre a tm e n t, in  an  
ordinary  gas- or oil-fired furnace, would increase 
the carbon percentage, which was d e tr im e n ta l; 
bu t if ce rta in  fluxes were used subsequently, a t 
about 720 deg. C., a1 m uch m ore fluid m eta l was 
obtained th an  hy ju s t heating  to  a tem p era tu re  
sufficiently high to  cast.

H e agreed fully w ith M r. F au lk n er th a t  
“ flowing power ” would be a very m uch b e tte r



319

te rm  th an  “ castab ility ,”  even though i t  m ight 
not express qu ite  the same quality .

Influence  o f  C a r b o n
Carbon was irather an  in te restin g  im purity  in 

alum inium , and  i t  seemed n o t to  have been in
vestigated  very much. In  some chrom ium  alloys 
there  seemed to  be carbides of a different na tu re  
from  those in  steel'; they  were perhaps tr ip le  
eu tectics or even quadruple  eutecticB, which were 
ra th e r  persisten t, and he fe lt th a t  some of the 
best heat-resisting  alloys were in te rfe red  w ith 
by the  presence of th e  carbon. So fa r  he had 
no t been able to  find very good methods of elimi
na tin g  it . I n  chrom ium  and  molybdenum and 
tungsten  alum inium  alloys i t  m ight reach about
0.1 per cent. H e d id  no t know w hether anyone 
had confirmed those results. The combustion of 
alum inium  alloys for carbon estim ation was very 
exciting  sometimes, due to  the  violence of the 
reaction ; in  o rder to  secure concordant results, 
i t  was generally necessary to mix th e  alum inium  
w ith a large proportion  of m ild steel of known 
carbon conten t, and th en , by sub trac ting  from  
the  to ta l the am ount of carbon in  th e  iron, to 
arrive  a t  the  am ount in  th e  alum inium .

Of course, some alloys were m uch more easy 
th a n  o thers to  refine and clean. The problem of 
fluxes had been considered fa irly  thoroughly, b u t 
n o t very system atically, and if anyone could 
u ndertake  a serious research  on fluxes, the  re 
sults would rep resen t a  very valuable addition  
to  th e  m ateria l which was accum ulated by the 
In s titu te . The work m ight be applied to  pure 
alum inium  and also to  some of the common 
alloys in  use.

R eplying to  M r. Jones, M r. H all said th a t  
the opalescent t i n t  had  been observed on high- 
silicon alloys, on m oderately high-copper alloys 
w ith  alum inium , and on alloys con tain ing  small 
q u an tities  of copper, nickel, silicon, iron and 
titan iu m . W hen the t i n t  was noted  one did not 
usually find the  small pinhole roughnesses a t  the 
tops of th e  run n ers  o r risers which were generally
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associated w ith  pores in the  bigger sections of 
the castings.

M r. H all in tim ated  th a t  he would ex tend  his 
reply, if necessary, by m eans of a w ritte n  com
m unication.

A U T H O R ’S W R IT T E N  REPLY
W ith respect to  M r. L ogan’s query as to  

crystal grow th, these photographs (F ig . 23) m ay 
be of some in te rest. They a re  of a chill cast 
alloy contain ing  7 per cent, copper balance com
m ercial alum inium . The m eta l was a t  710 deg. 
C. and  the  mould a t  350 deg. C. The sections 
( |  in. d iam eter bar) were polished and  etched.

W .B. shows th e  g ra in  size as cast.

W .2 d it to  plus 24 hrs.
hea tin g  a t  200 deg. C.

W.25 d itto  plus 8 hrs. 
hea ting  a t  250 deg. C.

W .3 ditto, plus 4 hrs.
hea ting  a t  300 deg. C.

W .4 d it to  plus 2 hrs.
h eating  a t  400 deg. C.

W.5 d itto  plus 1 hr.
heating  a t  480 deg. C.

The masked refining effect due to hea tin g  (pre
c ip ita tion ) a t  200 deg. C. is to  be noted . C rystal 
grow th due to  annealing  is n o t m arked  u n til 
300 deg. C. is reached. Alloys h igh in  zinc also 
show th is, those relatively  low in  copper and  
zinc are  less liable to  change in  g ra in  size. D if
fusion a t  annealing  tem p e ra tu re  is also m arked  
in alloys con ta in ing  considerable silicon and  m ag
nesium. Change in  m icro -struc tu re , due to  hea t- 
trea tm en t, is less liable to  occur in  alloys th a t  
have been very slowly cooled from  th e  liquid 
sta te .

Queries were also m ade in  connection w ith  
the  1 castab ility  ’ te s t and  th e  o ther a p p a ra tu s  
shown in F ig . 20. The form er is d raw n  about 
rs n a tu ra l size. I t  is an open mould 14 in . deep, 
th e  ‘ w aist ’ cen tra l portion  is paralle l for 
li% in. wide (not qu ite  as shown in F ig .) . The

All slowly 
cooled a f te r  
tre a tm e n t.
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two rings shown on th e  flu id ity  tes te r, are  to  
p reven t overflow, they  can he m ade of sheet 
iron  and  are  about § in . in  w idth. The chill 
and  bottom  p la te  a re  kep t free from  scaling or 
ru s tin g  black lead—finishing w ith  a  brush  and 
rag  to  wipe off excess. The form er is 10 in. long, 
2 | in . square, w ith  a  0.8 in . square hole in  it. 
th e  slots a t  the  bottom  0.040 in . These being 
fo u r in  num ber (and 0.8 in . wide) as ind icated  in 
th e  sketch.

The flowability o u tfit is a closed sand mould, 
th e  feed being 21 in. dia. and  4 in. h igh. The 
am ount of m etal used in  these last tw o tests 
is controlled sufficient to  completely fill each 
as used.

si
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P a p e - No. <13 T R E N D S  IN T H E  N O N - F E R R O U S  F O U N D R Y

By L. B. H u n t ,  M.Sc., Ph .D .  ( M e m b e r )

To a ttem p t to ou tline th e  c u rre n t tren d s  of 
developm ent in the  non-ferrous foundry  is an 
unenviable task , if only fo r th e  reason th a t  i t  is 
alm ost impossible to  arrive  a t  a satisfac to ry  defi
nition of the non-ferrous foundry . The ac tiv ities 
and outlook of the small brass foundry , fo r ex
ample, are  obviously very d ifferent from  those of 
the firm producing large quan titie s  of alum inium  
or m agnesium  alloy castings for th e  special 
requirem ents of the  m otor vehicle and  a irc ra f t 
industries, while th e  production  of zinc-base pres
sure die-castings involves a fu r th e r  set of factors 
bu t m ust necessarily be included as an  im p o rtan t 
section of th e  industry . E ach branch  has its  own 
problems and each is m aking  its  own develop
m ents ; these are well known to  those engaged in 
th e  ind iv idual sections of th e  in d u stry , b u t i t  
will be readily  adm itted  th a t  m any of th e  p rin 
ciples underly ing foundry  technique and progress 
in these more or less w a te r- tig h t com partm ents 
a re  essentially  th e  same. F o r  th is  reason the  
au th o r will a tte m p t to  m eet th e  request for a 
P ap er dealing in  a  broad way w ith  p resen t tren d s  
and probable fu tu re  developm ents by describing 
w hat appears to  him  as th e  m ost im p o rtan t 
factors bearing  upon the  m an u fac tu re  of cast 
non-ferrous m etal products in general, b u t w ith 
pa rticu la r reference to  those developm ents which, 
now fully ap p a re n t in  one branch  of the  in d u stry , 
show prom ise of m ore w idespread influence in 
others, and  also to  ce rta in  developm ents in  com
petitive  m ateria ls  and fab rica tin g  m ethods as 
they affect th e  non-ferrous foundry.

I t  will be convenient to  group these facto rs 
under th ree  headings, covering (1) m ateria ls , 
(2) methods, and  (3) products. A ce rta in  am ount 
of overlapping is unavoidable, b u t th is  appears 
to be the most logical system upon which to  base 
such a discussion.
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I. MATERIALS
The objectives in  all foundry  work may be 

taken  as im provem ents in  soundness, streng th  
and economy. In  w hat ways are the  m etallurgical 
m ateria ls available to  th e  non-ferrous foundry 
to-day con tribu ting  tow ards the  a tta in m en t of 
these objectives? Among the m ost im portan t 
factors a re  th e  rem arkable im provem ents in the 
p u rity  of the  p rim ary  m etals du ring  the p ast few 
years, and th e  developm ent of new and improved 
alloys of h igh s tren g th  properties. The g rea t 
strides th a t  have been made in the  production of 
h igh-purity  m etals have not all been of imme
d ia te  p rac tica l value to the  foundry , however ; 
oxygen-free h igh-conductivity  copper, for ex
ample, con ta in ing  less th an  0.004 per cent, of 
im purities, and m elted and cast in  an inert 
atm osphere, obviously cannot be re-m elted for 
foundry use and still rem ain th e  same product, 
while the h igh-purity  alum inium  produced by the 
Gadeau process, and averaging over 99.99 per 
cent, p u rity  has not ye t found any foundry app li
cations, although i t  will qu ite  probably find 
em ploym ent in th e  production of special alloys 
before long. H owever, alum inium  of over 99.8 
per cent, p u rity  has been m ade available by the 
exercise of carefu l control in th e  production of 
alum ina from bauxite, in th e  production of 
carbon electrodes, and in the  reduction  of the 
metal.

The ou tstand ing  achievem ent th a t  concerns 
foundrym en is the production of 99.99 per 
cent, zinc by th e  process of frac tional d istilla
tion. I t  has been established th a t  the  produc
tion  of successful zinc-base die-casting alloys 
demands a very h igh-purity  basis m etal, and for 
th is reason a p lan t was la id  down in th is country 
in 1934 by the  Im peria l Sm elting C orporation, 
L im ited, for the fu r th e r  refining of the  zinc 
produced by the v ertica l-re to rt process. By the 
fractional distillation  process a zinc is produced 
w ith a p u rity  well above 99.99 per cent., lead 
having been reduced to  well below 0.001 per cent, 
while cadm ium  and iron rem ain  to  the  ex ten t 
of about 0.001 per cent. G reat care is, of
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course, taken  in th e  subsequent production  of 
th e  die-casting alloys th a t  no con tam ination  
takes place, and sim ilar care is necessary in  th e  
use of these alloys in  the  d ie-casting  shop. The 
resu lt of th is  developm ent has been a  m arked  
im provem ent in  th e  physical p roperties of th e  
alloys, freedom  from  in te rc ry sta lline  corrosion, 
and dim ensional stab ility  under adverse atm o
spheric conditions.

In t e r n a l  C o m p e t i t i o n
In te rn a l com petition am ong th e  p rim ary  

m etals is a fac to r w orthy of some consideration . 
This is affected n o t only by technical advantages 
and lim ita tions b u t also by questions of avail
ab ility  and price. A lum inium  casting  alloys 
have, of course, ea ten  som ewhat in to  th e  field 
of the  brass and bronze foundry , as in to  th a t  
of the  iron foundry , and have recently  been 
assisted in th is by th e  h igh price of copper. 
A lthough no s ta tis tics  are  available, i t  is known 
th a t  the  consum ption of a lum inium  alloy sand- 
and die-castings has increased very m arkedly  
during  th e  past few years. The use of alu- 
m inium -alloy cylinder-heads is increasing , b u t 
an in te restin g  m ovem ent in  th e  opposite d irec
tion  is the tendency—chiefly in  th e  U n ited  S ta te s  
—to  tu rn  to  copper as a basis fo r m otor vehicle 
cylinder heads. H igh-conductiv ity  copper alloys, 
contain ing  a  small percentage of chrom ium , have 
been employed for th is  purpose.

The increasing consum ption of m agnesium  alloy 
castings is reflected in the  steps which have been 
and are  being tak en  to  produce m agnesium  in 
th is country  on a large scale. I t  is likely th a t  
a reduction  in  the  p rice of th is  m etal will even
tually  resu lt from  these activ ities, and  will be 
followed by a fu r th e r  increase in  consum ption.

The rap id  grow th in th e  consum ption of zinc- 
base die-casting alloys over th e  past few years 
has n o t been a t  the  expense of o th e r non-ferrous 
m etal products to  any appreciable ex ten t, b u t 
ra th e r  a t  the  expense of cast iron, m alleable 
iron and, more recently , of sheet steel pressings.
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Consum ption of these alloys has increased from 
about 6,000 tons five years ago to  13,000 or
14,000 tons per annum  a t  the  present tim e, the 
m ajo r p a r t  of th is  increase having tak en  place 
over the  past two years, or since h igh-purity  
zinc has been available.

S e c o n d a ry  Metal
M any of the  requirem ents of the  non-ferrous 

foundry are m et by secondary m etal of one kind 
or another, and here a noticeable and desirable 
tendency is tow ards the  production of secondary 
ingots by refiners specialising in th is business. 
W ith  increasing control of the v irg in  ¡metals avail
able, the varied  n a tu re  of the  scrap en tering  the  
foundry becomes increasingly dangerous, and 
m ust obviously be avoided as fa r  as possible. 
The obvious solution to  the difficulties presented 
by th is problem and by the increasing quan tities 
of re-worked m etal in  circulation  is to  tu rn  the 
whole problem over to  th e  specialist, who will in 
any case have m any subsidiary problems to tackle 
in connection w ith th e  control of his furnace 
atm ospheres and the  action of his fluxes. I f  
these be handled thoroughly, the re  is no reason 
why secondary alloys having excellent and con
sisten t physical p roperties should not be pro
duced.

N e w  a n d  Im p ro v ed  Alloys
The non-ferrous foundry is constantly  being 

provided w ith im proved m ateria ls as the  resu lt 
of continuous research on th e  constitu tion  and 
properties of the alloys of the principal basis 
m etals. The range  of high stren g th  non-ferrous 
casting  alloys was well described by M urphy1 in 
1935, and need n o t be re ite ra ted  here. In  the 
case of a lum inium  alloys in  the  past year or two 
the  m ajor tendencies have been the  increasing 
use of h ea t-trea ted  alloys, im provem ents in the 
hea t-trea tab le  alum inium -silicon alloys contain
ing from 6 to  10 per cent, of silicon, and the 
use of grain-refining additions such as titan ium  
and cerium . Gwyer and  Dyson2 repo rt th a t  the
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tages over some of th e  o ther h ea t- tre a ted  alloys, 
are easier to  cast, give less troub le  in  the  
foundry, and seem less liable to develop in te rn a l 
cracks and s tra in s  on quenching from  h igh tem 
peratures.

Several new m agnesium  alloys are  in course 
of development, including a cerium -cobalt-m an- 
gañese alloy which re ta in s  an  appreciable propor
tion  of its  s tren g th  a t  tem p era tu res  up  to  300 
deg. C., and is sta ted  to  be suitab le  fo r pistons. 
Im provem ents are needed an d  may be expected 
in m agnesium  alloys particu la rly  su itab le  for 
pressure die-casting.

M ould M a te r ia l s
The increasing a tte n tio n  which is being given 

to th e  tre a tm e n t and control of m oulding sands 
is too well known to  foundrym en to  requ ire  
emphasis. This is only one exam ple, in  fac t, 
of the  m ajor tendency tow ards g rea tly  increased 
precision and control which characterises all th e  
activ ities of th e  non-ferrous foundry .

In  add ition , th e re  is evidence of a  slow b u t 
valuable increase in  th e  knowledge of th e  pro
perties of sand, particu la rly  a t  those tem pera
tu res  a t which i t  is really  im p o rta n t to  know 
som ething more abou t them —the  tem p era tu res  
a t which castings are  poured. H udson3 has pub
lished th e  resu lts of his investigations on th is  
subject, and has ind icated  possible m ethods for 
controlling th e  properties of m ould and  core 
m ateria ls a t  elevated  tem p era tu res  w ith  th e  
object of e lim inating  or m inim ising scabs, ho t 
tea rs , dim ensional inaccuracies and o ther defects.

Considerable in te re s t is being tak en  in  the  
possibilities of using m ateria ls  o th e r th a n  sand 
for moulds. The R andupson  process, em ploying 
a weak ty p e  of concrete, gives a  m ore rap id  
ra te  of solidification th an  sand, and  a g rea te r 
perm eability . Q uite recently  Hudson* has de
scribed an investigation  of several p lastic  m ould
ing compositions in  respect of th e ir  therm al con
ductiv ities. F rom  th is  w ork i t  is established

32tJ
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th a t  the  commonly-used moulding sands have a 
low and  fa irly  constan t therm al conductivity, 
and th a t  i t  is a p rac tica l proposition to  produce 
p lastiq  m oulding compositions having a con
ductiv ity  superior to  th a t  of steel and almost 
equal to  th a t  of copper. Such m ixtures, based 
upon g rap h ite  or carborundum  w ith additions 
of ben ton ite  and a liquid b inder, can be used 
repeatedly, and will undoubtedly w a rran t fu r th e r 
investigation  and tr ia l.

In  th e  die-casting branch of the industry  the 
mould m ateria l problem is more or less acute, 
and im proved die steels are constantly  in  de
m and. Steels are  required which will w ithstand 
rap id  heating  and cooling, have a high therm al 
conductiv ity , and be m achinable in  the  soft 
sta te . The difficulties encountered natu ra lly  
vary  w ith the  casting  tem pera tu res employed, 
and become ap p aren t w ith  the  alum inium  alloys. 
W ith  the  copper alloys, however, th e  die steel 
problem is actually  th e  lim iting  factor, and any 
fu rth e r developm ents in brass pressure die-cast
ing will be en tire ly  dependent upon the pro
vision of im proved mould m aterials.

II. M E T H O D S
W hen considering the m ethods employed in 

the non-ferrous foundry, the fac to r previously 
a p p aren t—increasing precision and control—is 
again in evidence, b u t is accompanied by another 
m ajor fac to r, the  tendency tow ards the p lanning 
of operations in advance by foundry engineers 
and the  consequent sm aller p a r t played by the 
skilled operative. I t  is not proposed to  en ter 
into a discussion of the  re lative m erits of the 
various types of m elting equipm ent now avail
able, bu t i t  can be said th a t  in choosing such 
equipm ent, the  tendency is to  give g rea te r con
sideration  to  the  possibilities of rig id  control 
of the fu rnace atm osphere, pouring tem pera tu re  
and composition of the  charge ra th e r  th an  to 
th e  question of first cost. The ideal m elting 
conditions are  obviously those in which contam i
nation  of the  m elt is impossible, and electric are
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resistance and induction  furnaces offer consider
able advantages in  th is  d irection . A t th e  same 
tim e, by reason of m arked  im provem ents in  the  
m anufactu re  of crucibles and  in  th e  design and 
construction  of furnaces, th e  possibilities of con
tam ina tion  by gaseous o r non-m etallic im p u ri
ties have been considerably reduced w ith  o ther 
types of m elting  equipm ent.

C le a n s in g  M e th o d s
I t  is well known th a t  considerable research 

has been carried  o u t on th e  con tam ination  of 
melts, p articu la rly  of a lum inium  alloys, by gases, 
and a num ber of m ethods have been devised 
and operated  w ith  m ore or less success fo r tho  
rem oval of these gases. This is really  only one 
aspect of th e  whole problem of th e  “  cleansing 
of melts, or of w hat has been described by P ro f. 
H u tto n  as “  san ita ry  m eta llu rg y ,”  and  one of 
the  m ost im p o rtan t factors in  th e  n e a r fu tu re  
is ce rta in  to  be th a t  of th e  app lica tion  of more 
fundam ental knowledge of gas-m etal equ ilib ria  
to  non-ferrous foundry  practice . P a r t  of th is  
tendency m ay already be observed in  th e  a tte n 
tion  given to  con tam ination  by gases d u ring  
m elting, b u t i t  is m ost likely th a t  im proved 
and  probably sim pler m ethods of rem oving gases 
will be developed, while a t  th e  same tim e  g rea te r 
control of shrinkage and th e  position of sh rink 
age cavities is likely to  be obtained.

The precise action of deoxidisers and  fluxes 
in the rem oval of im purities also requ ires much 
fu r th e r  study and  elucidation , and  when more 
is known of the  m echanism  of these reactions 
an appreciable im provem ent in  th e  soundness, 
consistency and physical p roperties of castings 
may be expected. The rem arkab le  resu lts 
obtained by L epp5 give some idea of th e  possi
bilities. The suggestion has been m ade m ore 
th a n  once th a t  m olten m etal should be actually  
shaken up w ith  solvent fluxes, m uch as the  
chem ist uses his sep ara tin g  funnel, and as it  
is ap p aren t th a t  th e  efficiency of fluxes depends 
largely upon the  in tim a te  m ixing of flux and 
m etal, th is  idea may qu ite  possibly find applica
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tion  in  certa in  branches of the non-ferrous 
foundry . W hether or no t such shaking is resorted 
to, however, i t  is substan tia lly  certa in  th a t  more 
efficient m ixing m ust be achieved before the full 
benefits of deoxidisers and  fluxes are realised. 
Looking ra th e r  a long way ahead, i t  is possible 
th a t  advantage m ay be tak en  of th e  properties 
of supersonic waves—sound waves of such high 
frequency th a t  they  a re  well beyond the lim it 
of aud ib ility—in bring ing  about the  required 
degree of ag ita tio n  of m etal and flux.

An extensive am ount of li te ra tu re  exists on 
non-m etallic inclusions in  steel, b u t m etallu rg i
cal au thors generally m ain ta in  a discreet silence 
on th e  subject of oxide, sulphide and sim ilar 
inclusions in non-ferrous m etals and th e ir  effects 
on s tru c tu re  and properties. An im p o rtan t field 
for investigation  exists here, and should one 
day yield results of value to foundry m etal
lurg ists.

Professor H u tto n 8 has suggested the actual 
filtra tion  of m olten m etals, and while th is  may 
be more suited to  th e  production of billets for 
rolling, etc., i t  is a possibility to  be borne in 
mind in  th e  foundry. In  fa c t a desirable ten 
dency would be to regard  m olten m etals in much 
the  same ligh t as the chemical engineer regards 
his solutions. Chemical engineering technique 
has been successfully adapted  to  the  purification 
of m olten zinc by frac tional d istilla tion , and 
there  appears to be fu r th e r scope fo r th e  app li
cation  of such technique to  the  purification of 
m etals for foundry  use.

M ould ing  a n d  P o u r in g
The tendency tow ards the  employment of the 

unskilled or semi-skilled m achine moulder and 
the  ordered p lanning of m oulding and running  
m ethods by the  technical staff of the  foundry 
shows, of course, every sign of continuing to  its  
logical conclusion in  all b u t th e  sm allest of job
bing foundries or in  those foundries where con
d itions a re  obviously unsu ited  to  such methods 
by reason of the  unusual size or n a tu re  of the
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castings produced. In  th is, th e  foundry  is b u t 
following the  m achine shop, in  which every 
operation  is foreseen and provided for. F oundry  
p lann ing  may n o t be by any  m eans so simple 
a m a tte r  as th is, h u t its advantages canno t be 
denied, and i t  is ce rta in ly  coming to  stay . P ro b 
ably the  g rea test difficulty is in finding th e  r ig h t 
type of m an for such work, as he m ust be some
th ing  of the  engineer, the  foundrym an and  the 
m eta llu rg is t; he m ust s tip u la te  in  advance th e  
precise method of m oulding to  be employed, the  
type of p a tte rn  equipm ent requ ired , th e  dis
position of gates and  risers, th e  pressure of 
ram m ing and  th e  n a tu re  of th e  sand to  be 
used. I t  is qu ite  probable th a t ,  p a r tly  as a 
resu lt of the  educational fac ilities now available 
in  foundry  practice, a new ty p e  of foundry  
engineer will slowly develop to  fill th is  k ind  of 
post. H is m ost im p o rtan t requ irem en t will, in 
the au th o r 's  opinion, be th e  ab ility  to  visualise 
the flow of m olten m etal in  a m ould, and thus 
the optim um  conditions for pouring  and ru n n in g  
any p a rticu la r casting , so as to  ob ta in  p rogres
sive solidification and  a sound casting  w ith  th e  
absolute m inim um  of p re lim inary  experim en t or 
ad justm ent.

A t the  present tim e i t  has been found  neces
sary to  devise special ru nn ing  m ethods fo r p a r
ticu la r groups of alum inium  alloys, and  th is  te n 
dency tow ards more or less standard ised  p ractice  
for special m ateria ls will undoubtedly  continue.

C asting methods fo r ingots and billets of 
alum inium  and copper have received consider
able a tten tio n  in  th e  la s t few years, and  a 
num ber of im proved methods have been evolved 
to ensure the  slow and steady flow of m eta l in to  
the mould. In  the  foundry , however, very little  
a tten tio n  has been paid to im proving the  methods 
of pouring th a t  have been in use for genera
tions, although i t  appears to  he a reasonable 
assum ption th a t  sim ilar methods of m echanised 
pouring, su itably  modified from  those employed 
for billets, should find application  in th e  pro
gressive foundry.
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One very m arked tren d  in  the production of 
cast non-ferrous products is, of course, the appli
cation  of pressure to  both pouring and solidifica
tion , and the  consequent tra n s fe r  of certain  
types of products from  the sand foundry to the 
pressure die-casting shop, and th e  cap tu re  of 
several m arkets from  the  iron foundry  and the 
press shop. The technique of pressure die-casting 
does not require description here, b u t its advan
tages—high-speed production, dim ensional accur- 
acy, good surface finish, economy and elim ination 
or reduction  of m achining operations—have 
rap id ly  made i t  a most im p o rtan t branch of the 
non-ferrous foundry. The m ain tendencies of 
recent years have been tow ards h igher pressures 
and thus g rea te r freedom from  unsoundness, and 
the  use of hydraulically-operated machines. 
W ith  modern machines dde-castings of v irtua lly  
perfect soundness can be produced, while the 
production of brass pressure die-castings has 
been made practicable.

III. P R O D U C T S

To en large upon th e  im provem ents in the 
m echanical properties of non-ferrous castings 
d u rin g  th e  las t few years would be merely to 
stress thei obvious. As w ith cast iron and other 
m aterials, cast non-ferrous products a re  provid
ing engineers and  o ther users w ith m aterials of 
m arked superio rity  to  those of several years ago, 
largely, of course, owing to  the  developments 
and im provem ents which have been referred  to 
e arlie r in  th is  P ap e r, b u t p articu la rly  on account 
of the a tten tio n  given to  soundness, g ra in  refine
ment- and h ea t-trea tm en t. In  the recen t dis
cussion on lig h t alloys a t  the  London Congress of 
th e  In te rn a tio n a l Association for Testing 
M ateria ls, for exam ple, M urphy emphasised the 
very g re a t advance th a t  had  tak en  place in the 
h ea t- trea tm en t of m agnesium  alloy castings on a 
large scale, and th e  consequent im provem ent in 
proof stress obtained, while S u tton  drew a tte n 
tion  to  the  rem arkable im provem ent in  the 
fa tig u e  resistance of both the  alum inium  and the
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magnesium alloys. There is a conspicuous gap 
in the available knowledge of one property 
of these materials, however—their sensitiveness 
to stress concentration effects due to notches and 
rapid changes of section. I t  is realised that 
aluminium alloys are generally more susceptible 
in this respect than copper alloys, while magne
sium alloys are still more sensitive, but little  or 
no real data exist on the m atter. The related  
property of damping, in which cast iron shows up 
so well, also requires further investigation as 
regards the non-ferrous casting alloys.

The grain refining influence of such additions 
as titanium  and cerium on aluminium alloys and 
the modification of the aluminium-silicon alloys 
have led to some speculation on the possible 
application of the same idea to the copper alloys. 
Lorig and D ayton,7 for example, have reviewed 
the possibilities of modifying brasses and bronzes 
with small additions of iron, manganese, molyb
denum, tungsten and other sparingly soluble 
metals to  bring about grain refinement, greater 
uniformity in structure and freedom from segre
gation. To some extent, of course, the man
ganese brasses (improperly called manganese 
bronzes) represent a step in this direction.

Basic P r o p e r t i e s
Much further knowledge is required of the 

properties which can reasonably be expected from 
perfectly sound and pure cast alloys, i .e . ,  of the 
ideals towards which developments can be 
directed. A good beginning has been made in 
this work by the British Non-Ferrous Metals 
Research Association,8 who have carried out pre
liminary work to ascertain the properties of pure 
and gas-free bronzes and have obtained some very 
high strength and density figures. Starting from 
this datum line it  is proposed to ascertain accu
rately the influence of external factors, par
ticularly gas atmospheres, on the physical and 
mechanical properties of foundry bronzes.

C o m p e t i t i v e  M e th o d s  a n d  M a te r ia l s
One of the most interesting studies connected 

with the non-ferrous foundry lies in attem pting
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to  follow the ebb and flow of com petition from 
a lte rn a tiv e  m ethods of production. W hatever 
progress has been m ade in the  foundry in recent 
years, i t  m ust be conceded th a t  still g rea te r pro
gress has been made in  th e  various plastic work
ing methods taken  collectively, and in methods 
of jo in ing—soldering and welding. The most ou t
stand ing  fea tu re  is the  increasing use of the 
power press in  one form  or another, and the 
non-ferrous foundry industry  has undoubtedly 
lost some of its te r r ito ry  to the  producers of hot 
brass stam pings, alum inium  and m agnesium alloy 
forgings and o ther w rought m aterials. To a 
certain  ex ten t th is  is inevitable w ith the advanc
ing technique of plastic w orking, b u t a t  the same 
tim e the  foundry  itself m ust be held responsible 
fo r th e  loss of certa in  m arkets.

N ot m any years ago engineering  design was 
very largely  a question of choosing a casting  or 
a riveted  s tru c tu re ; any not-too-recent te x t book 
on machine draw ing and design will clearly de
m onstrate th is. W ith  the  rise of the  produc
tion  engineer and the  developm ent of a much 
w ider range of fab rica ting  methods, however, 
designers have been given very much more 
scope, and a new concept of the u tilisa tion  of 
methods and m aterials has grown up . I n  addi
tion  to  those m entioned above, therefore , the 
foundry has to m eet the  onslaught of sheet m etal 
w orking methods, extrusion—which is producing 
more complicated sections alm ost daily, and can 
now provide closed sections in  alum inium  alloys 
—cold upsetting , and welded or soldered assem
blies. I t  is not merely a  question of one or other 
of these methods cap tu ring  certa in  types of 
engineering components from the foundry, b u t 
of ingenious com binations of two or more 
methods being devised by the  production engi
neer to  increase o u tp u t and reduce costs. For 
exam ple, m any small p a rts  once made in  the 
foundry are now being fabricated  by the  pro
jection-w elding of two o r more sheet steel press
ings while com binations of ex trusion and cold
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u pse tting  or press forg ing  are  becom ing more 
prevalent.

One very im p o rtan t fac to r in  th is d r if t  is th e  
untram m elled outlook of those responsible for 
the newer m etal w orking m ethods. There is no 
trad itio n  which says th a t  th is  o r th a t  cannot 
be done, and i t  is p a rtly  fo r th is  reason th a t  on 
m any occasions orders are  lost to  th e  foundry— 
particu larly  th e  brass o r bronze foundry—which 
m ight have been secured by a g rea te r exercise 
of in itia tiv e  from  w ith in . D esigners m ay em
ploy a different m ethod of fab rica tion  in  re 
designing a p a rticu la r p a r t to  reduce w eight or 
cost, when actually  a re-designed or im proved 
casting  would m eet th e ir  case as well or be tte r. 
Rowe9 quotes an in te re s tin g  exam ple of th is  
kind of th in g  : —

“ A certa in  eng ineering  p a r t  had  been m ade 
in bronze for over 30 years. The use of bronze 
for th is p a r t  was un iversal in  th e  tra d e  and 
its indispensability  for the  d u ty  regarded  as 
axiom atic. B u t a bold sp ir it in  th e  engineer
ing  world, defying tra d it io n , decided th a t  a 
h ea t- trea ted  ligh t alloy stam ping  should be 
used for th is p a r t  and  his early  tr ia ls  clearly 
indicated  th a t  th is  was, as com pared w ith  the  
bronze casting, superior. I t  was only when 
the bronze founder spen t a considerable 
am ount of money in  research  and  discovered 
th a t  th e  bronze castings could be m ade a t  
least 40 per cent, b e tte r  th a t  th e  s itua tion  
was saved for the  in d u s try .”

M r. Rowe adds, and the au th o r fu lly  endorses 
the  rem ark : “ N o t all such exam ples end or 
will end so sa tisfac to rily  for th e  bronze founding 
in d u s try .” The need here is obviously for pro
gress coupled w ith  p ropaganda to  keep engineers 
and designers fully alive to  th e  advan tages th a t  
foundrym en can offer in com petition  w ith  
w rought products. I t  is here th a t  the  m e ta llu r
g ist or m etallurg ical engineer associated w ith 
an eng ineering concern can be m ost helpfu l in  
linking the  foundrym an and th e  designer. This



poin t has previously been emphasised by the 
present a u th o r10 in  th e  following w ords: —

“ There has been considerable ta lk  of co
operation  between the designer and the 
foundry—of fillets and recesses, cored lugs and 
changes of section—and although such points 
as these certa in ly  require fu ll m u tu a l discus
sion, th e re  is actually  a fa r  w ider field for 
co-operation between m anufac tu re r and user 
th a n  is ind icated  by these details of casting  
design. The available m ethods of produc
tio n  are  becoming a t  the  same tim e so diverse 
in  n a tu re  and  so complicated in  th e ir  g rada
tio n  from  one to  th e  o ther, th a t  i t  is fas t 
becoming impossible for designers and buyers 
to  keep pace w ith  developments and to  make 
the  best possible use of the  available produc
tion  methods. I t  was once suggested th a t  the 
r ig h t and proper person to  provide th e  neces
sary link  between draw ing office and foundry 
was th e  m e ta llu rg is t; th is  suggestion certainly 
contains th e  germ  of the  tru th , b u t in  the 
view of th e  p resen t w rite r much more of the  
services of the  m etallu rg ist or m etallurgical 
engineer of the  fu tu re  will be required  in 
helping to  so rt out the  m ost app rop ria te  and 
economical production  methods for th e  com
ponents required  by th e  designer, b u t im per
fectly  visualised by him in  term s of casting 
or forging, pressing or die-casting, machined 
stock or ex truded  or cold-drawn section.” 
Among all th is  w elter of com petitive methods 

there is one shining example of the  foundry 
industry  re -cap tu ring  business form erly lost. 
P ressure die-castings, pa rticu la rly  in  the  zinc 
alloys w ith  which considerable in tricacy  of detail 
and  m inim um  wall thickness m ay be obtained, 
are  being employed to  an increasing ex ten t in 
place of sheet m etal assemblies, w ith  a reduction 
in cost, and generally an  im provem ent in finish 
and  appearance. One such die-casting may thus 
replace two, th ree  or four small pressings and 
elim inate  welding or o ther jo in ing  operations. 
M otor vehicle rad ia to r grilles, for example, are
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being die-cast- in  zinc-base alloys in  A m erica 
bv a num ber of firms, an d  developm ents in  th is  
line, and  probably even m ore su rp ris ing  cases 
of th e  replacem ent of sheet m eta l assemblies, 
m ay also be expected very shortly  in  th is  
country . A fu r th e r  case of ca rry ing  th e  w ar 
in to  th e  enem y’s coun try  is th e  d ie-casting  of 
m ouldings—such as a re  now produced by e x tru 
sion—in  e ith e r s tra ig h t o r curved leng ths up  
to  50 in . These m ay be ob ta ined  in  th e  U n ited  
S ta tes  in  a v a rie ty  of sections, and  a re  su rp ris
ingly th in .

C a s t in g  T u b e s  a n d  Rods
Finally , although  it  is n o t perhaps foundry  

work in  th e  s tr ic t  sense of th e  te rm , one fu r th e r  
developm ent which m ust be re fe rred  to  as an 
indication  of th e  tren d  of events is th e  produc
tion  of copper and  brass w ire rods, tubes and 
o ther sections by a continuous casting  process. 
This m ethod,11 associated w ith  th e  nam e of 
E ldred . is based upon th e  very  care fu l contro l 
of cooling conditions, so th a t  freezing progresses 
continuously in  one d irection , th e  m ajo r portion  
of th e  h ea t being rem oved th ro u g h  th e  preceding 
solid m etal. By casting  these sem i-m anufactured  
products, th e  p relim inary  hot-w orking stage, 
where most difficulty and w astage usuallv  occur, 
is reduced or elim inated , and  th e  cast shapes 
have superio r properties to  those produced bv 
th e  usual methods. The d irec t casting  of sheet 
m etal is also, of course, being developed in  th e  
U nited S ta tes.

O u t l o o k  f o r  t h e  F u t u r e
Before concluding th is  survey of th e  non- 

ferrous foundry  in d u stry , i t  seems desirable to  
consider w hat lies ahead , and  w hat is needed 
to  help in  a tta in in g  th e  objectives sought.

I t  has been shown th a t  increasing  precision 
and  control of m etal, sand and  tem p era tu res  a re  
well in  evidence, w ith  carefu l p lann ing  ta k in g  
th e  place of em pirical and ind iv idualis tic  
methods. To produce still sounder, s tronger 
and more un iform  castings i t  appears th a t
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foundrym en will requ ire  a considerable am ount 
of new inform ation  on m elting  practice and  on 
the  p roperties of alloys p repared  u n d er ideal 
conditions, and  a fresh outlook on quite  a few 
points, particu la rly  on pouring  m ethods and on 
th e  purification of m elts by fluxes and  other 
m ethods. They will need to  pay g rea te r a tte n 
tion  to  casting  under pressure, both for low- 
and high-m elting po in t alloys, and to  the  advan
tages obtained w ith  th is process, and they 
can apparen tly  look forw ard to  the  developm ent 
of tw o new or im proved types of technologists— 
the  foundry  engineer-eum -m etallurgist on one 
side, and the  m etallurgical or m aterials engi
neer on the  other. The fu tu re  lies to  a g rea t 
e x ten t in  the  hands of these two, working closely 
together.
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P a p e r  N o .  614 T H E  USE O F  NICK EL IN N O N -F E R R O U S  
A LLOY C A S T IN G S

By J.  O. H i tch c o ck ,  B.Sc. ( M e m b e r )

Nickel is to-day being used in m any different 
types oi non-ferrous castings, and fo r the  p resen t 
symposium it  was th o u g h t th a t  i t  would be of 
in terest to  review its position in th is field. This 
P aper, therefore , does not touch orig inal ground, 
nor is i t  in tended to  be highly technical, o r even 
inclusive, b u t its  purpose is to  show th e  scope of 
the application  of nickel in re la tion  to  all the  
common non-ferrous casting  alloys. The field is 
so wide th a t  much detail has of necessity been 
om itted  and  a tte n tio n  has heen directed  
prim arily  to  those alloys considered to  be of 
special in te re st from  the  foundry  po in t of view 
a t the p resent tim e, v iz ., th e  bronzes and  nickel- 
silvers.

W hilst the  P ap e r is confined in m ost cases to  
describing the  beneficial effects of nickel add i
tions, i t  m ust n o t be concluded th a t  all the 
foundrym an has to do is to  add some nickel to  
his casting, w hatever the  alloy, to  im prove it. 
There are cases where nickel or excess nickel can 
be deleterious, and, when nickel is used, ex tra  
foundry  precautions may sometimes be neces
sary. N ickel additions, like those of o ther alloy
ing elem ents, m ay well be w asted if  n o t scien
tifically used.

Although the m elting  po in t of nickel is h igher 
than  the  o ther common non-ferrous m etals used 
in the foundry , i t  dissolves w ithou t undue diffi
culty in the  m ajo rity  of them , though  pre-alloys 
or alloyed ingots are desirable for ce rta in  com
positions. The facility  w ith which nickel alloys 
w ith o ther elem ents has been one of th e  reasons 
why i t  has received so m uch a tten tio n  in the  
past.

W ith few exceptions, the  general influence of 
nickel is sim ilar, w hatever th e  base to  which i t



be added, and i t  can  be broadly s ta ted  th a t  i t  
has th e  following effec ts:— (1) Raises the  m elt
ing  p o in t; (2) increases th e  stren g th  and hard 
ness ; (3) assists in  the  re ten tion  of these proper
ties a t  elevated tem p era tu res; (4) decreases the 
g ra in  s ize ; and (5) improves the  corrosion re
sistance. A part from  th e  consideration of the 
in ten tional add ition  of nickel to  castings, the 
fac t th a t  appreciable percentages of nickel are 
frequently  present in  available scrap renders it 
doubly im portan t to  understand  its  influence.

B ro n z e
The use of nickel in  bronze dates back many 

years, and there  have been m any references to 
the  m a tte r  in technical li te ra tu re , bu t ap a rt 
from  broad sta tem en ts of its  beneficial effects, 
there  has not, u n til com paratively recent years, 
been any fundam ental study of th e  subject. 
Now, however, as the  resu lt of researches carried 
out, particu larly  in  America,* the position is 
ra th e r more clear. Special a tten tio n  has recently 
been focussed on th is  subject, because of the 
present wide price difference between t in  and 
nickel and  th e  possibilities th a t  ex is t for effect
ing  substan tia l economies in m etal cost by the 
replacem ent of a portion of the  t in  by nickel.

The a-phase area of t in  bronzes is consider
ably narrow ed by the  addition  of nickel, and con
sequently the hard  constituen t separates o u t a t 
progressively lower t in  contents as the nickel 
content is raised, thus enabling a m inim um  tin  
con ten t to  be used to  give a desired hardness. 
There is, in  addition , evidence of some not yet 
fully understood constituen ts present in  nickel- 
con tain ing  bronzes. H igh  nickel contents give 
rise to p recip itation-hardenable alloys, since the 
solubility of th e  constituen t th a t  separates out 
falls w ith  tem pera tu re . I t  has been sta ted  th a t  
very roughly equivalence in gross s tru c tu re  fol
lows the substitu tion  of nickel for a like am ount 
of t in  and th e  desirable t in  contents in bronzes

* See Bibliography ; page 368.
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contain ing nickel are  less th a n  in th e  nickel-free 
bronzes.

A fu rth e r s tru c tu ra l effect resu lting  from  the  
presence of nickel re la tes to  th e  d is trib u tio n  of 
lead in  lead-containing bronzes. The fa c t th a t  
th e  addition  of a  small percentage of nickel pro
motes even and fine d is tribu tion  of lead in 
bronzes of both low and h igh lead con ten t has 
been recognised for m any years, and  th is  has 
been a ttr ib u ted  to  th e  fa c t th a t  i t  increases the  
solubility of lead in  m olten copper. In  add ition , 
th e  solidification po in t is raised  and  the  
lead has less chance to  segregate  and is m echanic
ally trapped . Zinc appears to  coun te rac t th is  
effect of nickel, and  nickel is no t so effective in 
low tin  con ten t alloys. I t  has been suggested, 
therefore, th a t  as lead appears to  be carried  w ith 
the hard  tin  constituen t, th e  effect of nickel is 
th rough  its  influence on th e  d is tribu tion  and  the  
proportion of th is  constituen t. In  the  presence 
of phosphorus, nickel, like copper, forms a phos
phide compound.

The effect of nickel on th e  physical p roperties 
of bronzes is m arked. I t  is generally  accepted 
th a t  nickel densens bronzes, although exactly 
w hat is m ean t by th is  is no t always clearly 
defined. I t  has been dem onstrated , however, th a t  
w hilst th e  tru e  freezing-shinkage is n o t modified 
to  any im p o rtan t ex te n t by th e  add ition  of 
nickel, th is elem ent does enable sounder castings 
to be produced, p articu la rly  when the  pouring  
tem pera tu re  is high. Associated w ith  th is  effect 
is the  question of g ra in  refinem ent. This again  is 
a definition requ iring  fu r th e r  exp lana tion , since, 
as P illing  and K ih lg ren1 3 have pointed  ou t, tru e  
gra in  size is probably only one of the  several 
factors affecting th e  te x tu re  of a fra c tu re  as seen 
by th e  naked eye. The e lim ination  of in te rn a l 
oxidation, the  dispersal of in c ip ien t shrinkage 
cavities, th e  m ethod of frac tu re , as well as 
changes in size or shape of th e  grain  itself, all 
a lte r th e  n a tu re  of th is  appearance. A p art from  
its influence on density , however, n ickel did 
appear (from  P illin g  and  K ih lg ren ’s experi
ments) to  have an  ac tua l effect in reducing  the  
tru e  g ra in  siz-“ . In  th e  usual range  of pouring



tem pera tu res, th e  refinem ent averaged about 
50 per cent, reduction  in  m ean g ra in  size 
(d iam eter) for th e  add ition  of 1.5 per cent, of 
nickel or less. I t  has also been reported  th a t  
th e  coarse dend ritic  g ra in  grow th caused by the 
presence of small q u an tities  of alum inium  or 
silicon in  low -tin leaded-bronzes is counteracted  
by nickel, a lthough  2 to  3 per cent, is necessary 
to  offset th e  effect of 0.05 per cent, silicon.

C onsiderable investigation  has been m ade of 
th e  way in  which th e  m echanical p roperties of 
bronze a re  influenced by th e  presence of nickel. 
The m agn itude  of th e  effect depends on the 
n a tu re  of th e  base m etal, and foundry practice, 
and  differs also according to  w hether nickel is 
being used to  replace copper or tin . M ost of the 
d a ta  available re la tes to  additions to  a  s tandard  
base-alloy bu t, as m entioned above, the present 
tendency is to  consider th e  m a tte r  from th e  tin - 
replacem ent p o in t of view. In  general, i t  may
be said th a t  nickel improves the  tensile and  com
pressive s treng th s and hardness of bronzes, w ith
o u t d e tr im en t to , and frequently  w ith  im prove
m en t in, toughness and ductility . Increases in 
p roportional lim it and yield po in t relatively 
g rea te r th a n  th e  increase in  m axim um  streng th  
a re  achieved. The optim um  nickel con ten t varies 
w ith  th e  base m ix tu re , and  is, in  general, lower 
w ith h igher t in  a n d /o r  lead con ten t. Increasing 
the  nickel beyond th is  optim um  conten t may 
resu lt in  a  decrease in  th e  elongation  value and 
necessita te special foundry  tre a tm en t. The most 
useful nickel range is usually between 1 and 2 
per cen t., b u t in  certa in  instances as little  as 
I  to  f  per cent, is d istinctly  beneficial. (Table I.)

I m p r o v e m e n t  by H e a t - T r e a t m e n t
In te res tin g  resu lts have been obtained on the 

im provem ent by h ea t- trea tm en t of the mechani
cal p roperties of nickel-tin  bronzes of ra th e r  
h igher nickel content th a n  dealt w ith above. A 
prolonged soaking a t  a high tem pera tu re  (in the 
region of 760 deg. C.), followed by a softening 
quench and subsequent low-tem.perature tem per
ing tre a tm e n t a t  approxim ately 260 to  300 deg. C;, 
m arkedly increases the m echanical properties of
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certa in  compositions. As an a lte rn a tiv e  to  th is 
h ea t-trea tm en t, the  cooling of a sand casting  can 
be so controlled as to  develop th e  p rec ip ita tion - 
hardening effect in  th e  as-oast condition. 
Special care is necessary in m elting  these heat- 
trea tab le  alloys, and im purities need to  be care
fully controlled to  give optim um  results . Typi. 
cal compositions which show prom ise of consider 
able developm ent falling  in th is  group are the 
88 :5 :5 :2 copper-tin-nickel-zinc alloy, and  the  
alloy contain ing  7.5 per cent, nickel and  8 per 
cent. tin . The la tte r , in  the  form  of heat- 
trea ted  test-bars, has given a tensile s tren g th  in 
excess of 40 tons per so. in ., associated w ith  an 
elongation of 15 per cent.

Nickel, e ither in the  form  of pellets or as 
50:50 cunro-nickel allov-shot, dissolves qu ite  
readily in molten copper a t  a tem p e ra tu re  well 
below its own m elting point. I t  may e ith e r be 
added w ith  the  charge or to  th e  co p p er' when 
molten. No loss is norm ally experienced in re 
m elting. N ickel raises the  m elting  point of 
bronzes w ithout appreciably affecting th e  freez
ing range. This fac t does no t, however, in tro 
duce difficulties, since nickel appears to  have a 
fluidising action on bronze, and  although  the  
value of th is is difficult to  assess q u an tita tiv e ly  
in the  foundry, laboratory  sp ira l flu id ity  tes ts  
have shown increased lengths of ru n  up  to  40 
per cent., resu lting  from  an  add itio n  of 0.5 per 
cent, of nickel. The m agnitude of th is  effect 
increases w ith th e  nickel con ten t up  to  a ce rta in  
m oderate percentage of nickel and varies con
siderably w ith the  basis m ix tu re .

The num ber of different compositions used a t 
present is too large to  give in g re a t de ta il here, 
bu t some rep resen ta tive  compositions will be 
taken  and the  type of purpose fo r which they 
are suitable will be indicated .

G u n m e ta l  T y p es
For general purposes, modifications of the  

88 :10 :2 and 88 :8 :4 types of alloys a re  widely 
used. Up to  5 per cent, nickel m ay be substi
tu ted  for tin  or added d irect, g iv ing an  im -
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provem ent in s tren g th  properties and ductility . 
An in te re s tin g  po in t established in  A m erica is 
the fac t th a t  for castings which require  to  be 
subsequently nickel and  chrom ium  plated , the 
finer g ra in  of the nickel-bronze casting  enables a 
b e tte r  adhesion of the  deposit to  be secured. No 
system atic determ ination  of the  corrosion-resist- 
ance or erosion-resistance of n ickel-con tain ing  
bronzes has been made, b u t i t  has been fre 
quently  reported  th a t  im provem ents over a 
s tra ig h t bronze have been obtained, and  th is  has 
been a ttr ib u ted  in p a rt, no t to  any change in 
w hat m ight be called inheren t resistance, b u t to 
the  denseness and fine g ra in  of the  casting  itself. 
W here the bearing property  of a bronze is of 
prim e im portance, care m ust be exercised in  the  
use of nickel percentages in excess of one o r two 
per cent., since, in  some circum stances, th e  addi
tion  of h igher percentages of nickel th a n  th is 
adversely affects th e  bearing  p roperty . I n  ad d i
tion , more adequate feeding m ay be necessary ; 
i t  is generally recommended th a t  0.04 per cent, 
of phosphorus be added to  deoxidise these h igher 
nickel alloys.

The 88 :5 :5 :2 copper-tin-nickel-zinc alloy has 
been extensively used for ca tenary  clam ps and 
trolley-wire hinges in  railw ay electrification
schemes abroad and, a f te r  a h ea t- tre a tm en t such 
as described above, the  alloy is used fo r heavy- 
du ty  electric c ircu it breakers. The 8 8 :4 :4 :4  
copper-nickel-tin-zinc alloy is a general all
purpose alloy, conveniently  handled in  the  
foundry and largely used for fittings in the  
m arine field. In  lead-contain ing  alloys fo r an ti- 
frictional bearing purposes, nickel is included in 
the  whole range of compositions. Typical alloys 
for medium and heavy loads a re  8 0 :1 1 :1 :1 ,
8 0 :8 :1 0 :2 , 7 0 :6 :1 5 :1  copper-tin-lead-nickel.
The last also contains J  per cent, of zinc, and is
used for railw ay carriage bearings. In  pressure 
castings of th e  red-brass type , 1 per cent, 
nickel is used in  such articles as plum bing fit
tings, valves, e tc ., to  increase pressure tigh tness.
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H igh-duty  worm-wheel phosphor-bronzes, con
ta in in g  in  general 10 to  11 per cent, tin , 0.2 to 
0.5 per cent, phosphorus, usually  contain 0.5 to 
1 per cent, of nickel ; th e  nickel addition  has 
been found useful in  cen trifugal castings to  give 
shock resistance in th in  sections, w hilst i t  also 
prevents excessive g ra in  grow th in  heavy sand- 
cast sections. W ear resistance is a fu r th e r pro
p erty  which benefits from  nickel additions to 
th is  type of m ateria l.

A l u m i n i u m - B r o n z e
The difficulties associated w ith the production 

of good sand castings in alum inium -bronzes have 
seriously lim ited th e ir application and the  valu
able s tren g th  and corrosion-resisting properties 
of th is series of alloys have consequently not 
been fully utilised. W hilst th e  system atic a tte n 
tion  given to  the  effect of nickel in  tin-bronzes 
has no t been paid to  its effect in  th e  correspond
ing alum inium -contain ing  alloys, nickel is known 
to  ex e rt an in te resting  influence on the physical 
and m echanical p roperties of the  alloys, and in 
some cases w ith h igh nickel contents completely 
to  change th e  n a tu re  of the hea t-trea tm en t re 
quired  to produce maxim um  streng th  and hard 
ness. Q uenching softens such alloys and re-heat
ing  hardens them , th e  reverse procedure of nor
m al alum inium -bronze castings.

The “  self-annealing ” or em brittlem ent occur
ring  d u ring  th e  com paratively slow cooling of 
some alum inium -bronze sand castings can, as is 
well known, be overcome by the addition  of 3 
to 4 per cent, of iron, nickel or combined nickel 
and iron additions, and th is constitu tes one of 
the reasons fo r the  presence of nickel. In  chill 
or die castings, where cooling is too rap id  to 
enable the  em brittling  ¡3 — a +  8 change to  
occur, nickel is added, in  conjunction w ith iron, 
to  give m axim um  mechanical and elastic pro
perties.

Sm aller percentages of nickel, e.g., 1 to  3, 
a re  used in  the  general ru n  of alum inium -bronze 
compositions, and i t  has been sta ted  th a t  in
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addition  to  the s treng then ing  effect, nickel helps 
to ensure a  close, dense, fine-grained alloy, su it
able for hydraulic castings.

In  castings, 7 per cent, of nickel is generally  
considered to be the  u pper lim it, beyond which, 
although the tensile s tren g th  may fu r th e r  in 
crease, a sharp decline in duc tility  occurs. The 
alloy contain ing 10 per cent, alum inium  and  5 
per cent, nickel has been found to  have excel
len t all-round properties, particu la rly  from  th e  
point of view of resisting  sea w ater corrosion, 
in which d irection the presence of nickel is 
specially helpful. A sim ilar alloy w ith  5 per 
cent, iron and nickel developed u nder th e  nam e 
of Superston L189 has the  following properties 
as sand-cast: —

Maximum stress . . 42 to 45 tons per sq. in.
Yield point . .  22 tons per sq. in.
Elongation on 2 in. . . 15 per cent.
B.H.N. . .  . .  160 to 190.
Fatigue strength . . 15 tons per sq. in.

Die-castings of nickel-alum inium  bronze- are 
widely used for autom obile parts , m otor boat 
fittings, etc. Alloys such as Superston  L189
m entioned above, due to  th e ir  resistance to  
chemical reagents, find use in  th e  chem ical in 
dustry  for valves, in  the  paper in d u s try  and for 
many acid-resisting purposes.

Ni ck el -Br as s  a n d  t h e  Ni ckel -Si lvers
The high-tensile brasses or m anganese-bronzes 

owe th e ir  excellent m echanical p roperties to  a 
large ex ten t to  small percentages of added 
elements, of which nickel is, in  ce rta in  instances, 
one. On the  basis of G uille t’s well-known and 
widely used “  coefficients of equivalence,”  1 per 
cent, of nickel is equivalent to  — 1.3 p er cent, 
of zinc, i.e ., i t  acts as copper and  tends to  in 
crease the  a con ten t of th e  alloy, differing in  th is  
respect from  elem ents such as alum inium , tin  
and iron, which have the  opposite effect. The 
da ta  available on th e  effect of nickel and , in  
fact, of o ther elem ents on the  cast h igh-tensile 
brasses are  no t a ltogether conclusive, due in  p a r t
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to the  fac t th a t  the  d irect effect of the added 
elem ent may have been masked by th e  change 
in the  relative am ounts of a and  /? present.

G uillet, Smalley and S tu rney  have all studied 
the effect of nickel and have established th a t  a 
useful range of alloys can be obtained by add
ing th is  elem ent, which, as would be expected 
from  a negative coefficient of equivalence, has, 
unlike alum inium , no ou tstand ing  effect on the 
m echanical properties, b u t results in im prove
m ents in  o th er directions.

In  q u a te rnary  and the more complex high 
tensile brasses, nickel im proves ductility , and 
an alloy of th is n a tu re , known as “ T urbadium  ” 
bronze (contain ing  45 per cent, of zinc, 2 per 
cent, of nickel w ith sm aller percentages of iron, 
t in  and  m anganese), has in the  sand-cast con
d ition  a tensile s tren g th  of over 40 tons per sq. 
in. combined w ith  good ductility . This bronze 
has been used p articu la rly  for m arine propellers, 
as i t  w ithstands well the  erosive action  of sea 
w ater.

W ith  a fou r to  one nickel-alum inium  ratio , 
castings are being made which are  susceptible 
to  h ea t- trea tm en t of the  age-hardening type. 
A fter h ea t-trea tm en t such castings have suffi
c ient hardness to  make them  valuable as non
spark ing  tools, e.g., hammers.

P illing  and K ih lg ren1 have studied  the  effect 
of nickel on a ÿellow brass contain ing 70 per 
cent, copper, 1 per cent, t in  and 2 per cent, 
lead, and conclude th a t  th is  m ix tu re  is distinctly  
improved by nickel additions, w ith no indication 
th a t the  useful effect of nickel te rm inates a t  any 
low percentage. Three per cent, of nickel in 
creased th e  tensile streng th , under s tandard  con
d itions of experim ent, by as much as 28 per 
cent., m ain tained  good elongation and substan
tia lly  im proved compressive properties.

I t  is of in te rest to m ention here a  special brass 
developed under the  nam e of “ T ungum ,” which 
contains over 80 per cent, of copper, w ith small 
am ounts of silicon and alum inium  and approxi-
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m ately 1 per cent, of nickel. In  the  as-cast con
dition , th is alloy has a tensile s tre n g th  of 24 
tons per sq. in ., w ith  an  elongation  of 37 per 
cen t., and  is particu la rly  notew orthy for its 
resistance to  corrosion.

The nickel-silvers have been grouped w ith  the  
brasses, because they can conveniently be con
sidered as brasses to  which su b stan tia l p ercen t
ages of nickel have been added. The popu larity  
of th e  nickel-copper-zinc group of alloys lies in  
the fac t th a t  they  rep resen t th e  m ost economical 
casting  alloys available possessing a w hite  colour, 
good hardness and m echanical p roperties and cor
rosion resistance, and do n o t give rise  to  much 
difficulty in th e  foundry. In  ce rta in  cases troub le  
may have been experienced in  ob ta in ing  sound 
castings in nickel-silver, b u t th is  can largely  be 
a ttr ib u ted  to the  fac t th a t  s tra ig h tfo rw ard  
brass-foundry practice has been applied, w hereas, 
by a few simple modifications of th is  p ractice , 
very little  difficulty need be encountered.

U n til th e  las t few years th e  so-called white- 
m etal castings used fo r plum bing fittings con
ta in ed  perhaps a  m axim um  of 12 p e r cent, 
nickel ; such castings, although  appreciably 
w hiter th an  brass, could no t tru ly  be called 
“  w hite .” A move was therefo re  m ade tow ards 
increasing th e  nickel co n ten t to  give a  w hiter 
alloy, u n til th e  p resen t day prac tice  of using a 
m inim um of 20 per cent, nickel has become 
standard ised  fo r general casting  work. By 
modifying the  nickel conten t, however, colour 
m atches m ay be made w ith  the  more yellow 
ex truded  nickel-silver sections used for arch i
te c tu ra l purposes and  w ith the  b luer tin g e  asso
ciated  w ith  the  stainless steels.

A typical m odern nickel-silver alloy7 for m aking  
castings has a composition as follows : —

Nickel . .  . .  18 to 22 per cent.
Copper . .  . .  50 to 55 ,,
Zinc . .  . .  20 to 25
Lead ..  . .  0 to 5 ,,
Tin . .  0 to 2

In  America the  practice  is to  use a lower zinc 
alloy and th e  s tan d a rd  U .S . G overnm ent speci
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fication No. W .W .P .’ 541 calls fo r the  fol
lowing : —

Nickel .. . .  20 per cent.
Copper . .  . .  . .  65 „
Zinc . . .. .. 6 „
Lead ..  . .  .. 5 „
Tin ................................... 4

Lead is frequently  in ten tionally  present in  cast 
nickel-silvers where ease of m achining ra th e r 
th an  tensile s tren g th  is of prim ary im portance. 
I t  is o ften  more economical, fo r instance, to  cast 
a leaded rod required  fo r screwed tap-spindles 
th a n  to  use a draw n or rolled leaded rod the  p ro
duction of which en ta ils some difficulty. W hether 
or no t lead helps in  the  production of sound 
castings is still a debatable point, b u t since i t  
stays o u t of solution i t  helps to  break up  the 
s tru c tu re , thus aid ing m achining. T in is said 
to  increase the  fluidity  of nickel-silvers and to  
assist in th e  production of sound castings. I t  
has a sligh t harden ing  effect on the  alloys.

Iron  .is an elem ent to  which some a tten tio n  has 
recently  been given in  connection w ith nickel- 
silvers, and  i t  is in  fa c t sometimes used up to 
about 5 per cent. A part from  increasing the  
tensile s tren g th , i t  has recently  been shown th a t  
iron brings ou t certa in  characteristics useful in 
the food handling  in d u s try ; fo r instance, i t  
prevents the  accum ulation of scum or fog on 
the  surface, although having a general tendency 
to  decrease the  ta rn ish  resistance. Clean tin  
cans o r Armco iron sheet are  used for m aking 
the  iron addition . F o r norm al purposes, iron 
is regarded  as an im purity  to  be k ep t as low 
as possible.

W ith  regard  to  the rem aining im purities, 
oxygen is definitely harm ful, and  steps fo r de
oxidising nickel-silver m elts are  necessary if 
sound castings are  to  be obtained. Sulphur, 
as in  o ther nickel alloys, should be k ep t a t  a 
m inim um , th a t  is n o t more th an  0.035 per cen t 
Silicon and alum inium , which are occasionally 
used as deoxidants, have a harden ing  effect if 
present in excess, and silicon is said to  be detri-
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m ental to  th e  pressure-tightness of th e  alloy. 
Inciden tally , th e  presence of sub s tan tia l q uan 
titie s  of alum inium , e.g., over 1 per cen t., m ay 
render the alloy susceptible to  h ea t- trea tm en t. 
Excess phosphorus, ano ther deoxidan t, resu lts  in  
a  harden ing  and em brittlem en t of th e  alloy. 
Carbon is also undesirable , a lthough m ore so 
in worked alloys th a n  in  cast alloys. The two 
elem ents the  influence of which is beneficial a re  
m anganese and m agnesium . The form er is 
usually in ten tionally  added up to  a q u a rte r  per 
cent, fo r deoxidation purposes, and  a  final small 
addition  of th e  la t te r  helps to  finish th e  deoxi
dation  process and  to  supplem ent th e  effect cf 
m anganese, by com bining w ith  and rendering  
inocuous any su lphur th a t  m igh t be present. 
Excess m agnesium  leads, however, to  “  d ir ty  ’’ 
m etal. M anganese appears to  have no obvious 
effect on the physical p roperties of th e  alloys, 
o ther th a n  th a t  b rought abou t by the  e lim ina
tion  of unsoundness, etc.

L ittle  a tten tio n  has so fa r  been given to  the  
m echanical p roperties of the  nickel-silvers in  the  
cast condition, no doubt because th e  principal 
applications of nickel-silver castings have been 
decorative and th e  alloys are  n o t so widely used 
for engineering purposes. D epending on pouring  
tem pera tu re  and th e  lead and o ther alloy con
ten ts, quite  useful streng th s in  th e  region of 
20 tons per sq. in. a re  possessed by these alloys, 
the elongation averag ing  10 to  25 per cent, for 
lead-containing alloys and up to  40 p er cent, 
lo r  lead-free alloys. The B rinell hardness num ber 
of the 20 per cent, alloy is usually of th e  order 
of 75, b u t by ad ju s tin g  th e  composition h igher 
hardnesses a re  obtainable.

I t  is now generally  recognised th a t  w hatever 
degree of stainlessness and ta rn ish -resistance  a 
m etal possesses, i t  is necessary to  clean i t  occa
sionally, if only to  remove the  d ir t  accum ulated  
on the  surface. This being the  case, i t  is often  
preferred  nowadays to  use a soft, coloured m etal, 
such as one of th e  nickel-silvers, which, although 
no t having the  degree of corrosion-resistance of
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th e  more tru ly  corrosion-resistant and harder- 
toned alloys, can be m ain ta ined  in good
condition w ith very little  a tten tio n . The
tarn ish -resistance  of th e  nickel-silvers increases 
w ith the nickel con ten t and to  a  lesser ex ten t 
w ith the  zinc content. The effect of lead on th is 
p roperty  lias been found, under laboratory  con
ditions of te s t, to  be slight, b u t small additions 
of t in  appear to  have some benefit. As compared 
w ith brass, th e  nickel-silvers may be regarded  as 
corrosion-resistant m aterials, and they do in  fac t 
give good service under m arine and  other
atm ospheric conditions.

P r o d u c t i o n  of  S o un d  Ni ckel -Si lver  Ca s t ing s
In  th is  connection i t  is im p o rtan t to  remember 

th a t  nickel-containing alloys are particu larly  
susceptible to  the absorption of harm fu l im puri
ties and gases from  the  furnace, and i t  is there 
fore advisable to  keep th e  m elting  tim e to  a 
minim um , and everyth ing possible should he 
done to  th is end. In  addition , steps should be 
taken  to  p ro tec t the  m etal from  atm osphere 
du ring  m elting.

N a tu ra l or fo rced-draft crucible furnaces are 
generally used for m elting nickel-silver for sand 
castings, and  provided a strong  d ra f t is avail
able and coke is used th a t  does not burn  away 
too quickly, these furnaces a re  satisfactory . Oil 
and gas furnaces can be used w ith advantage, 
b u t electric m elting methods, e ither of the  resist
ance, induction  or arc type, have no t so fa r  been 
used to  any ex ten t in  the nickel-silver foundry, 
although some success has been achieved w ith 
the  rocking-arc furnace. The high-frequency 
induction  fu rnace has, also, recently  been em
ployed w ith excellent results for m aking nickel- 
silver ingots for rolling.

The charge may be composed of ingot m etal, 
v irg in  m etal or a com bination of e ither of these 
w ith scrap, b u t the la t te r  should no t exceed 
50 per cent, of the charge and should be care
fully selected. No excessive zinc loss is experi
enced when th is is p u t in  w ith  the original
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charge, b u t lead should n o t be added  u n ti l  ju s t 
before pouring. I t  is advisable to  use a  cover, 
and for th is purpose an 80 :20  m ix tu re  of borax 
and boracic acid is su itab le  o r a p ro p rie ta ry  flux 
known as “ B orocalcite.”  Glass m ay also be 
used, and although no t such a good flux, is less 
severe on crucibles. I n  th e  choice of th e  la t te r  
the  sm allest size which will ta k e  th e  charge 
should be used in  o rder to  p rev en t undue v a ria 
tion  in  pouring  tem pera tu re . E ith e r carbo run 
dum or g rap h ite  crucibles give good results , b u t 
i t  is im p o rtan t th a t  these should no t be con
tinued  to  be used a fte r, say, 20 h e a ts ; a f te r  th is  
stage poor castings may resu lt, due to  th e  fac t 
th a t  th e  pots ge t th in  and  tra n sm it more fu rnace  
gases in to  the  m elt, also the  pots do n o t hold 
th e ir  tem p era tu re  so well du rin g  pouring . W hen 
m olten an addition  of 2 ozs. of m anganese per 
100 lbs. of m etal should be m ade fo r th e  p u r
pose of deoxidation. This can  be added as 
m etallic m anganese or as cupro-m anganese. A 
few m inutes should be allowed to  lapse betw een 
th e  add ition  of th e  m anganese and  pouring , and 
i t  may be advisable ju s t  before pouring  to  m ake 
a small add ition  of m etallic m agnesium , say ^ oz. 
per 100 lbs. of m etal. So th a t  the  m agnesium  
does n o t b u rn  aw ay on the  surface, i t  should be 
a ttached  to  an  iron  rod and plunged rap id ly  in to  
the  m elt. The recom mended deoxidation  tech 
nique for th e  A m erican-type alloy re fe rred  to 
above, is th e  successive add ition  of 0.10 per 
cent, m anganese, 0.05 per cent, m agnesium  and 
finally 0.02 per cent, phosphorus.

M any of the  fau lts  found in  nickel-silver cast
ings a re  associated w ith  th e  m oulding technique 
ra th e r  th an  w ith  th e  p rep a ra tio n  of th e  m olten 
m etal. The use of unsu itab le  sands fo r moulds 
and cores, insufficient feeding, sudden changes of 
section, w rong pouring  tem p e ra tu re  and lack of 
adequate ven ting  are  common causes of fau lty  
nickel-silver castings th a t  a re  n o t difficult to  
remedy.

H igh ly -refrac to ry  open sands a re  necessary 
and moulds should be generously vented . F o r



lig h t castings, w ell-ventilated fine sands are  
used. F o r cores, bronze-founding practice can 
be successfully followed, and generally cores used 
should be collapsible. P lum bago mould facings 
con tain ing  loam, china clay or molasses are 
applicable to  th is type of work.

The nickel-silvers have a high shrinkage, and 
i t  is im p o rtan t to  make adequate provision for 
feeding castings, heads considerably la rg er th an  
those required  for o ther copper-base alloys being 
required . I t  has been found advisable to lay 
out nickel-silver castings w ith  a sm aller num ber 
of pieces per ga te  th an  would be considered good 
practice on ord inary  bi'ass work. W hilst i t  is 
not easy, due to  pyrom eter difficulties, to  keep a 
constan t check on the  pouring tem pera tu re , i t  is 
desirable n o t to  vary  appreciably from  1,250 deg. 
C. for th e  20 per cent, nickel alloy and to  pour 
fa irly  rapidly.

P rogress in  the pressure die-casting of nickel- 
silvers is being m ade, and  for th is  purpose the 
zinc con ten t is increased to  give an alloy of 
m axim um  w hiteness w ith m inim um  m elting 
point.

A typical composition is as follows: —
Nickel . . . . . . 16 per cent.
Copper . .  . . . . 42 „
Zinc . . . . 41 „
Lead .. . . . . 1 „

This is an alloy of a +  (3 s tru c tu re  and melts 
a t  a tem p era tu re  below 1,000 deg. C. A high- 
tungsten  steel is used for the  dies. Develop
m ents m ight be expected in  th e  application of 
die-castings in  th is type of m aterial.

N ickel-silver castings, in  general, a re  used for 
all k inds of plum bing fittings, taps, brackets, 
etc., valves and cocks for food-handling planl 
and for general a rch itec tu ra l m etal work. In 
the  la t te r  connection, if i t  is desired to  weld thn 
casting  to  a w rought p roduct, lead should be 
om itted from  the  composition, since th is elem ent 
promotes cracking during  the welding operation.

Zinc- Base  Al loys
The effect of nickel in zinc-base die-castings is 

of p a rticu la r in te rest because of the  likelihood of



354

nickel or nickel-plus-chrom ium  plated  scrap being 
occasionally p resen t in  th e  charge. F rom  th is 
po in t of view nickel, if i t  goes in to  solution a t 
all, is no t regarded  as deleterious, and  i t  is n o t 
essential, as is th e  case w ith  lead, t in  and 
cadm ium , to  place s tr ic t lim its on its  presence. 
Nickel acts like copper and m agnesium  in  r e ta rd 
ing th e  decomposition of the  unstab le  ft con
s titu e n t in to  a and  y. As is well know n, th is  
decomposition is accom panied by a volume 
change and  resu lts in  microscopic cracks and  a 
strong liab ility  of the  castings to  in te rc ry sta llin e  
corrosion.

U p to  0.3 per cent, of nickel is being used to  
a lim ited  ex ten t in  zinc-base d ie-castings of the  
usual alum inium  and  copper and  m agnesium  
contents, b u t the  effect of nickel in  p reven ting  
in tercrystalline oxidation  is no t as g re a t as th a t  
of m agnesium  alone. . A lthough com parative 
figures on th e  effect of nickel on th e  m echanical 
p roperties of zinc-base die-castings a re  lacking, 
i t  is said to  give a m ild im provem ent in  the  
tensile s tren g th  and  im pact values w ith o u t loss 
in elongation. Since th e  m elting  p o in t of nickel 
is so much h igher th a n  th a t  of zinc, difficulty 
m ight be expected in  g e ttin g  th e  nickel in to  th e  
alloy. A ctually by using an  in te rm ed ia te  alloy, 
e.g., of nickel and  alum in ium , no troub le  is 
norm ally experienced.

T i n - B a s e  Al loys
The role of nickel in  tin -base bearing  m etals is 

still a m a tte r  of some controversy. I t s  presence 
is no t considered harm fu l, and  i t  is, indeed, 
actually  th e  practice  in  some instances to  in 
corporate  a small percen tage of i t  in  tin-base 
alloys.

I t  has been s ta ted  th a t  nickel increases the  
ductility  and  elim inates th e  tendency  to  c rack
ing w ithou t im pairing  th e  w earing qualities, b u t 
evidence in  suppo rt of th is  sta tem en t is some
w hat con trad ictory . Increase in  th e  copper 
con ten t appears to  be necessary to  co u n te rac t 
the  effect of nickel in  com bining w ith  th e  copper 
and consequently suppressing th e  fo rm ation  of
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th e  streng th-g iv ing  copper-tin  needles. H igh 
percentages of nickel, e.g., 5 per cent., give an 
appreciable increase in  hardness b u t, owing to 
the form ation  of th e  compound N i3Sn2, such 
additions lead to  unfavourable im pact properties.

In  some s tan d ard  specifications,4 nickel is 
specified and  indeed is often present up to  0.6 
per cen t., although 0.25 per cent, nickel is a 
more usual percentage. An alloy contain ing  
0.25 per cent, of nickel, 7.5 per cent, antim ony 
and  2.25 per cent, copper is in  use in  America 
for m otor vehicle hearings subjected to  heavy 
loadings and  h igh  speeds. I t  has a Brinell 
hardness num ber of 26.

L ead- Bas e  Al loys
The position of nickel in re la tion  to  lead-base 

bearing alloys is ra th e r  more definite th a n  in 
th e  case of th e  tin-base alloys in  th a t  i t  has an 
established function . W idespread efforts have 
been m ade to  devise a  lead-base bearing  m etal 
which would have properties com parable w ith 
those of the  tin-base alloys, and  experim ents have 
tak en  th e  d irection  of th e  im provem ent of 
te rn a ry  lead-antim ony-tin  alloys by the  addition  
of fu r th e r  elem ents. As a resu lt th e  well-known 
“ T herm it ”  alloy has been developed. Therm it 
(or Eel B rand) has th e  following approxim ate 
composition : —

Antimony
Tin
Copper .. 
Nickel . . 
Arsenic .. 
Cadmium 
Lead

14 to 16 per cent. 
5 to 7 „

0.8 to 1.2 
0.7 to 1.5 
0.3 to 0.8 
0.7 to 1.5 „
72 to 78.5 „

The nickel combines w ith  antim ony and the 
compound so form ed acts as a  harden ing  agent. 
Best resu lts a re  obtained if the  nickel content 
does n o t exceed 10 p er cent, of th e  antim ony 
conten t. N ickel also raises the  softening tem 
p era tu re  of th e  alloy to  approxim ately 230 deg.
C. C erta in  precau tions in  tin n in g  and  casting 
m ust be tak en  b u t i t  is a useful alloy fo r general
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purposes, and has been particu la rly  successful 
for cold-rolling mill bearings and tu rbo -genera to r 
jou rna l bearings. I t  has a  com paratively  high 
com pressive-strength and a B rinell hardness of 
29, from  which i t  can be seen th a t  from  a h a rd 
ness point of view i t  com pares favourably  w ith 
the  tin-base alloys.

C a d m i u m - B a s e  Al loys
A fu r th e r  group of bearing  alloys which has 

been studied  and developed in  recen t years is 
th a t  having cadm ium  as a base. S ilver and 
copper have both been used as hardeners in cad 
mium, b u t most comm ercial developm ent has 
taken  place w ith an alloy con ta in ing  nickel as 
the essential harden ing  elem ent called “  Asar- 
coloy ” in  America and cadm ium -nickel N .S .5 
bearing m etal in  th is country . This alloy con
ta in s  1.3 per cent of nickel. N ickel combines 
w ith cadm ium  (to a  form ula app rox im ating  to  
N iC d7) to  give a h a rd  m etallic compound which 
itself is embedded in  a eutec tic  of th is  compound 
and  cadm ium , resu lting  in  a typ ica l so-called 
bearing s tru c tu re . The requirem ents in  a  b ear
ing m etal for h igh-duty  service a re  well satisfied 
by an alloy of th is  n a tu re , especially from  th e  
po in t of view of re ten tio n  of hardness and 
stren g th  a t  elevated tem pera tu res, a m a tte r  of 
growing im portance in m odern in te rn a l combus
tion  engines. The following figures illu s tra te  th is  
po in t: —

T em peratu re . 
Deg. C.

Tensile s tren g th . 
Tons p er sq. in.

B rin e ll h a rd n ess  
num ber.

28 7 .2 3 2 .5
100 6 .8 17 .5
150 — 12.0
200 1.47 7 .5

As in th e  case of th e  n ickel-contain ing lead- 
base alloys, care is necessary in  the  m etalling  
operations. M elting  points and pouring  tem pera
tu res  are, of course, h igher th a n  th e  tin -base 
alloys, and slow cooling is essential to  p reven t 
cracking. H igh  bond-streng ths are , however,
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readily  obtainable. Cadm ium -nickel bearing 
alloys have been adopted as stan d ard  fo r big-end 
motor-vehicle eng ine bearings, e tc ., and probably 
they would have become fu r th e r  established were 
i t  n o t for the  unce rta in ty  which has existed con
cern ing  world cadm ium  supplies and prices.

A l u m i n i u m  Al loys

A fu r th e r  group of alloys to  be considered in 
connection w ith  small nickel additions is the 
im p o rtan t field of lig h t alum inium  alloy castings. 
The general effects of nickel, when correctly 
applied, are , both  before and a f te r  the  usual 
type of age-hardening tre a tm en t, an all round 
im provem ent in physical and m echanical proper
ties, particu la rly  from  the  po in t of view of 
s tren g th  a t  elevated tem pera tu res. I t  would not 
be possible in  th e  space available to  deal w ith 
each nickel-containing alum inium  casting alloy 
individually , b u t Tables I I  and I I I  set fo rth  the 
composition and properties of those commonly 
employed in  th is  country. Table IV  gives the 
h ea t-trea tm en ts  required  to  develop the  m axi
mum m echanical p roperties and Table V shows 
the  physical properties of th e  same alloys, some 
of which a re  covered by paten ts

The h ea t- tre a tm en t of the nickel-containing 
alloys is of th e  same n a tu re  as th a t  for D ura lu 
m in, nam ely, a softening quench followed by a 
harden ing  (p rec ip ita tion-hai ocning) ageing 
tre a tm e n t a t  room or slightly elevated tem pera
tu res. The constituen ts causing hardness a re  not, 
however, iden tical w ith  those in  Duralum in,. 
N ickel modifies the  norm al CuAl, compound and 
also combines w ith alum inium  NiAl.,.

“  Y ”  alloy, th e  best-known alloy in th is 
group, was first developed d u ring  the w ar to 
m eet the  need for a strong ligV  illoy suitable for 
aero-engine pistons. I ts  p roperties a t  high tem 
pera tu res  are  particu la rly  good, and i t  is free 
from hot-shortness. G ravity  die-cast “  Y ”  alloy 
pistons are  extensively used in  the motor in 
dustry , b u t to  some ex ten t castings are  being 
replaced by forgings in aero engines. L ight 
m arine diesel-engine pistons are  cast in “ Y ”
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alloy and im proved results , from  th e  p o in t of 
view of overcoming d is to rtio n  troubles in  these 
castings have been obtained by increasing the  
ageing tem p era tu re  over th a t  shown in  Table IV .

The “ R .R .” group of alloys a re  a  fu r th e r  
developm ent in  the  field of h igh -streng th  a lu 
m inium  casting  alloys. R .R .53C  combines th e  
excellent casting  properties which R .R .50 possesses 
w ith the  high tensile  s tren g th  of R .R .53, in  such 
a way as to  p erm it in tr ic a te  p a rts  to  be cas t and  
h ea t-trea ted  w ithou t fea r of excessive casting  
and h ea t- tre a tm en t stresses. A t tem p era tu res  
above 200 deg. C., however, i t  is in fe rio r to  
R .R .53 The applications o f th e  R .R . casting  
alloys a re  sim ilar to  those of “  Y ”  alloy and  in 
clude such p a rts  as crankcases, cylinder heads, etc.

In  th e  “ C eralum in ” alloys use is m ade of 
cerium  to im prove th e  ru n n in g  p roperty  of the 
alloys and generally  to  refine th e  m acrostructu re . 
The properties and applications of these alloys 
a re  n o t substan tially  d ifferen t from  those p re
viously m entioned. “ Lo-Ex ”  is in te re s tin g  in 
th a t , w hilst its  m echanical p roperties a re  slightly  
lower th a n  th e  o ther h igh -streng th  alum inium  
casting  alloys, the  h igh silicon lowers th e  co
efficient of expansion to  an e x te n t sufficient to  
reduce considerably th e  design troubles asso
ciated  w ith  th e  high expansion of th e  o rd inary  
alum inium  alloys. The nickel gives increased 
hardness and  im proved p ropertie s a t  elevated 
tem pera tu res. The presence of 3 |  per cent, 
nickel in the  “  B irm asil Special ” alloy enables 
an alloy to  he produced possessing th e  good 
founding properties and resistance to  corrosion 
of th e  h igh silicon alloys w ithou t th e  d isadvan
tage  of th e  low yield po in t norm ally associated 
w ith th is  ty p e  of alloy. “ P .2 ”  has been speci
ally developed fo r sm all pressure d ie-castings 
required  w ith close tolerances.

The foregoing rem arks by no m eans include 
all th e  various alloys of alum in ium  con ta in ing  
nickel used in  o ther p a rts  of th e  world, nor do 
they more th a n  suggest the  app lications of th is 
type of alloy.

In  p reparing  niokel-alu m inium  alloys, the
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nickel is most frequently  added to  th e  m olten 
alum inium  in the  form  of a nickel-alum inium  or 
nickel-alum inium -copper “ h ardener ” con ta in ing  
20 per cent, nickel, b u t th e  presence of nickel 
en ta ils  no special tre a tm e n t in  th e  production  of 
castings.

C o p p e r
L ittle  a tten tio n  has been given in  th e  p a s t to 

castings in  copper con ta in ing  a re latively  small 
percentage of nickel, e.g., below 10 per cent. 
F o r one application , however, castings in  such 
alloys are  of considerable in d u s tria l im portance. 
These are the slip-rings used in  various electrical 
machines. S lip-rings collect and deliver c u rre n t 
to  ro ta tin g  mem bers and  have constan tly  been a 
source of trouble , due to  th e  occurrence of un 
even wear. C ast cupro-nickel rings con ta in ing  
4 to  6 per cent, of nickel have been found  to  
overcome th is trouble  and  a re  in  wide use. The 
nickel hardens th e  copper, increases its  corrosion 
resistance and enables i t  to  be m ore easily  cast. 
Sand castings are ra th e r  more easily  produced 
th an  chill castings; oxidising conditions in  the  
furnace followed by a  m anganese deoxidation  
tre a tm e n t a re  desirable. H ig h er n ick e l/ nickel- 
copper alloys are, of course, in  extensive use, b u t 
i t  is n o t proposed to  deal w ith  these in  any 
detail here.

Ni ckei -Bas e  Al loys
The foregoing sections have d ea lt w ith  the  

question of the  effect of nickel add itions on com
monly used non-ferrous casting  alloys—th e  m ain  
purpose of the  P ap e r, b u t in  add ition  to  the 
m ateria ls  falling  in to  these classes th e re  are , of 
course, num erous casting  alloys which have nickel 
as th e ir  base and  which should be briefly m en
tioned. F o r reference purposes a sum m ary of 
the  various types is given in  th e  following pages.

Niclcel.—P u re  nickel itself is used in  th e  form  
of castings required  fo r chemical p lan t. I t  has 
a m elting po in t of approxim ately  1,450 deg. C., 
and  therefore  requires efficient m elting  equ ip
m ent. Special a tte n tio n  m ust be paid  to  the  
presence of im purities and to  m oulding. The
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following are the approxim ate m echanical pro
perties of nickel castings : —

Yield point. 
Tons per sq. in.

Maximum stress. 
Tons per sq. in.

Elongation. 
Per cent, on 2 in.

9 to 13 27 to 31 15 to 35

Mon el.—The nickel-copper alloy “ Monel ” 
(nickel 67, copper 28 per cen t., iron , silicon, m an
ganese balance) is widely used in th e  cast form  
for valve parts , chemical castings, etc. As in  
the case of nickel, close a tte n tio n  to  foundry 
details is essential. As-cast Monel has th e  fol
lowing typ ical p ropertie s: —

Yield 
point. 

Tons per 
sq. in.

Maximum 
stress. 

Tons per 
sq. in.

Elongation.
Per cent, 

on 4 \ / area-
B.H.N.

14 24 18 120

By increasing the  silicon con ten t of M onel cast
ings, the  hardness is g rea tly  increased and silicon 
Monels are  specially useful fo r steam  valve p a rts . 
They are susceptible to  fu r th e r  harden ing  by a  
h ea t-trea tm en t of the  p rec ip ita tion -harden ing  
type.

Yield 
point. 
Tons 
per 

sq. in.

Maxi
mum 

stress. 
Tons 
per 

sq. in.

Elon
gation. 

Per 
cent, 
on 

2 in.

B.H.N.

Monel with 2.75 per
cent, silicon 23 38 16 210

Monel with 3.75 per
cent, silicon .. ., 40 45 5 270

Cupro-Niclcels.—Cupro-nickels con ta in ing  20, 
30 and 45 per oent. of nickel a re  som etim es used 
for decorative castings, chemical castings and 
castings to  resist sea-wiater. T heir s tren g th s  a re  
not- as high as M onel, and in  cases where a cast
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cupro-nickel is required, i t  is often  preferred  to  
use the  more easily cast and cheaper nickel- 
silvers.

N ickel-C opper-Tin A lloys.—The nickel-copper- 
tin  group of alloys, con ta in ing  usually betw een 
20 and  60 per cent, nickel and  5 and  15 per 
cent, tin , w ith and  w ithou t appreciable q uan ti-

Table V I.— Physical Properties of Copper Nickel 
Alloys.

Alloy.
M.S.
Tons
sq.
in.

E.
per

cent.
on 

2 in.

B.H.N. 
2-mm. 
bah. 

40 kg. 
30 secs.

Spec.
resist
ance.
Micr
ohms
per
cm.

90 : 10 Copper-nickel 
chill cast 16.1 52 75 14.8

90 : 10 Copper-nickel 
sand cast .. 12.8 17 62 15.0

96 : 4 Copper-nickel 
chill cast 14.2 50 64 7.4

96 : 4 Copper-nickel 
sand cast .. 11.6 22 61 8.3

ties of zinc, iron  and sometimes lead, a lum inium , 
chrom ium and silicon, is p ractically  s tan d a rd  for 
steam-valve p a rts , and  is also used fo r bearings 
under corrosive and bad-lubrication  conditions. 
These alloys show a h igh  hardness, which is 
largely re ta in ed  a t  steam  tem p era tu res , and  good 
resistance to  steam  erosion and  corrosion. They 
are somewhat b r itt le  b u t, like silicon-containing 
Monel, resist m etallic abrasion or galling. 
Silicon has a pow erful harden ing  effect in  th e  
alloys, and in  fa c t w ith  silicon p resen t lower t in  
contents can be used to  give com parable h a rd 
nesses. The presence of 5 per cent, of lead gives 
a useful bea ring alloy. The compositions used 
are  num erous, and  hardness ranges from  200 to 
450 a re  obtainable by correct ad ju s tm en t of the 
alloying constituents.

Nickel-C hrom ium  and N ickel-C hrom ium -Iron  
Alloys.—There a re  two s tan d ard  types of high
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nickel alloys in  th is  category, v iz ., th e  8 0 :20  
nickel-chrom ium  alloy and  the  alloy having as a 
base 60 to  70 per cent, nickel and  10 to  15 per 
cent, chrom ium , th e  balance being iron. Their 
ou ts tand ing  characteristics are oxidation-resist- 
ance and  s tren g th  a t  high tem pera tu res. W ith 
ou t electric-m elting equipm ent they are  not easy 
to  handle in  th e  foundry , a lthough small q u an ti
ties can be m ade in  good coke-fired p it furnaces. 
A tensile s tren g th  of 32 tons per sq. in. is 
obtained in a nickel-chrom ium -iron alloy falling 
in the  range given above. T heir principal 
applications a re  for fu rnace parts , and under 
correct conditions they  can he used a t  tem pera
tu res  up to  1,150 deg. C.

N ickel-M olybdenum -Iron A lloys.—F o r resist
ing hydrochloric acid a group of alloys has been 
developed w ith  a nickel-m olybdenum -iron base, 
under th e  nam e of “  H astelloy .”  The following 
are  the  compositions and hardnesses of various 
grades of H astelloy “ as sand cast.”
Hastelloy “ A ’

Hastelloy “ C ”

Nickel
Molybdenum . 
Iron
Brinell hardness 
Nickel
Molybdenum 
Iron
Chromium 
Tungsten 
Brinell hardness

60 per oent.
20
20 „
262.
58 per cent. 
17 „

6 „
14 „
5

217.
A fu r th e r  alloy for the  same purpose b u t not 

con ta in ing  molybdenum is H astelloy “ D .”
Nickel 
Silicon .. 
Copper .. 
Aluminium 
Brinell hardness

85 per cent. 
10 „

3 „
2 „

364.
These alloys are  likely to find an extending 

use, particu la rly  for pum p parts.
Miscellaneous N ickel Base A lloys.-—W hilst 

there  a re  innum erable casting alloys w ith a 
nickel base, th e re  is only one fu r th e r  type to  he 
m entioned here, the  very hard  facing alloy



produced in  Am erica as “ Colmonoy ” No. 6. 
This alloy is being used fo r a  type  of construc
tion  which is being rap id ly  developed, nam ely, 
the  building up of m etals by depositing  an alloy 
from  a welding rod, essentially  a casting  process. 
Colmonoy No. 6 contains 75 per cent, nickel, 
chrom ium  and boron. As deposited or cas t i t  
has a B rinell hardness num ber of 534 to  587, 
and is useful fo r p roducing ha rd  facings on 
certa in  valve p a rts , e tc ., th e  hardness obtained 
being due to  the  presence of boride crystals.

The in form ation  contained  in  th is  P a p e r  has 
been derived from  a wide range  of sources, and 
w hilst i t  has no t been possible to  re fe r in d i
vidually to  these a general acknow ledgm ent is 
made of the  help received in its  com pilation.
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4 (DTD 214 Antimony 6.5 to  7 .5  per cent., copper 3 .0  to 4.25 
per cent., nickel up to  0 .6  per cent., tin  balance.)

(DTD 244 Antimony 6 .0  to  7 .0  per cent,, copper 5 .5  to  7.5 per 
cent., nickel up to  0 .6  per cent., tin  balance.)

(2B22 Antimony 3 .5  to 4 .0  per cent., coppe J3.75 to 4 .25 per 
cent., nickel up to  0 .6  per cent., tin balance.)

J O I N T  D I S C U S S I O N  O N  
NI CKEL  IN A L U M I N I U M  B R O N Z E  

A N D
T R E N D S  IN T H E  N O N - F E R R O U S  F O U N D R Y

Mr . J . A. R eynolds asked if M r. H itchcock 
had had any experience o f th e  effect of nickel 
in alum inium  bronze cast in green sand o r dry 
sand. E m phasising  th a t  all his rem arks were 
directed to sand castings and n o t to chill ca s t
ings, he said th a t  for six m onths he had  been 
experim enting  w ith  a  view to  finding a high- 
tensile bronze or brass which m ust have a cer-

368
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ta in  degree of electrical con d u c tiv ity ; the 
m ateria l was requ ired  fo r overhead trolley bus 
and electric railw ay fittings and also for fittings 
for electric resistance welding. In  m ost alloys 
nickel would obviously reduce th e  electrical con
ductiv ity  to  a very low figure, so th a t  g re a t care 
m ust be exercised in the  addition  of it. When 
"»iking small sand castings of section averaging 
no t more th an  1 in. square, w ith a s tra ig h t 
alum inium  bronze of the  te rn a ry  type, i.e ., w ith 
10 per cen t, alum inium  and 3 per cent, iron, 
w ith m anganese-copper as a deoxidiser, he had 
found a species of porosity in  those castings 
which was very like th a t  caused by self-annealing. 
Since self-annealing could n o t possibly occur in 
a section of 1 in. square or less, he was forced 
to  the  conclusion th a t  th e re  m ust be some in te r
action betw een th e  steam  or a ir  of the  green 
sand mould and  th e  alum inium  bronze. When 
the  castings were m ade in  dry sand, of course, 
th e  defects seemed to  be m in im ised ; b u t dry sand 
m oulding was a much more expensive and a 
slower m ethod of producing small fittings than  
was green sand m oulding.

N e w  Al loys Sugg es t ed
H e was also experim enting w ith an alloy con

ta in in g  9 per cent, alum inium , 1 |  per cent, iron, 
and 3 p er cent, nickel, which seemed to be quite 
a good and close-grained m e ta l; b u t he was up 
aga in s t th e  electrical conductiv ity  problem. Also, 
he wondered w hether an increase of head pres
sure  would elim inate  porosity.

A nother alloy m entioned by M r. Reynolds was 
a silicon-alum inium  bronze, which apparen tly  
had been used to  a fa ir  ex ten t in  America, bu t 
no t much in th is  country , as fa r  as he could 
ascerta in . I t  contained about 7 per cent, 
alum inium  and, say, 3 per cent, silicon ; i t  had 
a h igh  yield po in t and  a h igh u ltim ate  tensile 
s tren g th , b u t th e  elongation was very small, 
being very rarely  more th an  about 2 per cent. 
H e asked for th e  experiences of o ther workers in 
respect of th a t  alloy, and p articu la rly  w hether 
quenching would have th e  effect, as i t  had in
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some non-ferrous alloys, of soften ing  th e  alloy 
and increasing the  elongation.

Use  of  Fluxes
M r. F . H u d s o n , h a rin g  com plim ented the  

au thors upon th e ir  able sum m aries of present- 
day knowledge of non-ferrous founding , ex 
pressed p a rticu la r in te rest in  D r. H u n t’s re fe r
ence to th e  uses of fluxes. M any of th e  m ost 
practical workers in the  non-ferrous field, he 
said, were ra th e r  ap t to  reg ard  fluxes as being 
quite  unnecessary; h u t he considered th a t  con
ception as being a ltogether wrong, because, to 
look a t the m a tte r  logically, m olten m etal was 
essentially  a liquid, and  ju s t as in  th e  labora
to ry  certa in  reagents were used for th a t  liquid 
to form definite reactions, so in  a scientifically 
conducted m elting  shop, by th e  use of properly 
balanced fluxes, one b rough t about very definite 
m etal reactions leading to  im proved results.

H e would have liked to  have heard  D r. H u n t 
refer to  the  possible need fo r actually  pouring  
the castings in  a non-oxidising a tm o sp h ere ; and 
he recalled a P ap e r presented  in  1936, he be
lieved by an A m erican colleague,* in  which re fe r
ence was made to  th e  casting  of alum inium  
bronzes in  an in e r t atm osphere. Some w orkers 
in th is country, he added, were ex tend ing  th a t  
policy because, in  addition  to  filling th e  mould 
w ith an  in e rt gas, they  were try in g  to  r ig  up  
some m eans of ac tua lly  pouring  the  m etal 
th rough  a column of th a t  same gas from  a 
bottom  pouring ladle, so th a t  the  m eta l did n o t 
come in to  contac t w ith a ir  a t  all. H e believed 
th a t  the  solution of th e  production  problem in  
th e  case of alum inium  bronze castings lay in  th a t  
d irec tio n ; an d  he coupled his rem arks on the 
m a tte r  w ith  th e  reference made by D r. H u n t 
to  the effect of gas upon the  physical p roperties.

Us e  of  I n e r t  Ga se s
D iscussing M r. H itchcock’s P ap e r, M r. H udson 

was p articu la rly  in terested  to no te  th e  analyses

* M. T. Ganzange, “  Production of Aluminium Bronze Castings 
to w ithstand High Pressure.” Trans. A.F.A., 1936, Vol. 44,
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given th e re in  for nickel-silver casting  alloys. 
B ritish  practice, he said, en tailed  the  use of an 
alloy con ta in ing  from 20 to  25 per cent, of zinc, 
whereas A m erican practice used only 6 per cent, 
of zinc, and i t  seemed to  him th a t  the  la t te r  
alloy was very much easier to  handle th a n  the  
form er. W ith  ord inary  brass castings having a 
zinc con ten t of more th an  20 per cent., troubles 
were experienced in  pressure work, b u t when the

zinc con ten t was below 20 per cent., very little  
trouble  indeed seemed to be experienced in the 
foundry. This m ight have some bearing  upon 
lim iting  the  zinc con ten t certain ly  to  below 20 
per cent, in  the  casting  of nickel-silvers.

There were m any in te resting  experiences in 
conducting  work on the  uses of in e rt gases or 
rela tively  in e rt gases in the  production of cast-
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ings, and he w arned othei's not to  m ake the 
m istake th a t  he had m ade when he first filled 
the moulds w ith carbon dioxide. One poor 
fellow in  the foundry was holding a copper tube 
connected to  a cylinder of th is  gas, in  o rder to 
fill th e  mould d u ring  the  pouring  of the castin g ; 
although he was very ho t in  some p a rts , he was 
extrem ely cold in o ther p a rts , due to  th e re  being 
icicles hanging from  the  carbon dioxide tube , 
and a ltogether uncom fortable.

Alloys f o r  Us e  w i t h  S u p e r h e a t e d  S t e a m
M r . A. D unlop referred to the use of nickel 

in non-ferrous alloys th a t were required to  w ith
stand superheated steam — as, for exam ple, in  the  
seats and lids of steam  valves—-which alloys o ften  
fa iled  on hydraulic te st, due to  p o ro sity ; and he 
gave some results of a series of te sts  conducted  
w ith a view  to  ascertain ing the best conditions  
for the m elting and casting  of such alloys, hav
ing regard to the m any variables associated  
therew ith . H e did not claim  th a t  th e  tests  
covered all the variables com pletely, bu t he put 
forward the results in  the hope th a t  th ey  would  
help those engaged in  the m anufacture of n ickel 
bronze castings.

There appeared to be no doubt, he said, th a t  
the prim ary  cause of porosity in nickel bronze 
was gas absorption  during  m elting.

Test-pieces were used each consisting of a series 
of cylindrical sections of vary ing  dep th  and  of 
diam eters increasing from  the  bottom  to  th e  top. 
As cast, th e  bottom  section was of 1 |  in . d ia. 
and 1 in. dep th , the  nex t was I f  in. by |  in ., 
the  n ex t 2 in. by J in ., th e  n ex t in. by |  in ., 
th e  n ex t 2-f in. by J  in ., and  th e  top  section 

2̂ in. by f  in. The ru n n e r en tered  a t  the  
bottom  and there  was a  large rise r a t  the  top . 
The test-pieces were produced u nder carefully  
controlled conditions, and a f te r  m achin ing  were 
subjected to hydraulic te s t. T h a t type  of tes t- 
piece, shown in F ig . A, was chosen because i t  
was simple to  mould, easy to  m achine, easy to



tes t hydraulically , and i t  illu stra ted  the effect of 
section.

The results obtained were as shown in Table A. 
The conclusions to  be draw n from  the results, 

said M r. D unlop, were th a t :  —
(1) C asting tem p era tu re  for the alloy should 

be a t  leas t 1,400 deg. C.
(2) T hin  sections were more easily obtained 

tig h t th a n  th ick er ones, due probably to  more 
rap id  cooling re ta in in g  the  gas in  solid solu
tion . T ha t seemed to indicate th a t  the h igher 
the  therm al conductivity  of the  mould, the 
b e tte r.

(3) Specific g rav ity  provided a good and 
quick te s t of porosity. Very few nickel bronze 
castings leaked u nder pressure before the  cast 
skin was broken. By finding th e  specific 
g rav ity  of unm achined castings, m achining 
tim e on m any of the  subsequent defective cast
ings would be saved.

(4) The condition of the top of th e  rise r ind i
cated  the  soundness of the casting . A well 
sh runk  riser indicated  a sound casting , while 
the  swelling of th e  rise r was a sure sign th a t  
porosity would be found.

(5) The degassing trea tm en t, allowing the 
superheated  m etal to solidify slowly and then 
to  rem elt rap id ly , d id  n o t give b e tte r  pressure 
tigh tness th a n  casting  a t  a high tem pera tu re  ; 
however, a b e tte r  cast skin was obtained due 
to  th e  lower casting  tem pera tu re . W hen cast
ing a t tem pera tu res over 1,400 deg. C., the 
m etal w-as likely to ea t in to  th e  o rd inary  brass- 
foundry sand. The resu lt obtained by rapidly 
rem elting  the  hot solid alloy indicated the 
advantage of rap id  m elting.
There was doubtless a shortage of published 

inform ation , he said, in foundry practice of the 
non-ferrous alloys con tain ing  nickel, and many 
would welcome th e  section in M r. H itchcock’s 
P ap e r devoted to the  production of sound nickel- 
silver castings. M r. Dunlop agreed w ith many 
of the  sta tem en ts m ade therein . H e believed
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th e  m ost p revalen t cause of trouble was gas 
absorption from  the  furnace. A flux was essen
tia l, and he recommended one of ground glass. 
Thorough deoxidising was also to  be com m ended; 
b u t u nder ce rta in  conditions i t  was often very 
helpful to  t r e a t  the  m olten m etal w ith an oxidis
ing  agent, such as m anganese dioxide, 10 m inutes 
before pouring . Such tre a tm e n t thoroughly 
cleansed th e  m eta l of reducing gases, which were 
th e  m ain  source of porosity. The oxidising 
tre a tm e n t, however, m ust be followed by com
plete de-oxidation w ith m agnesium  immediately 
before pouring.

H av ing  noted M r. H itchcock’s s ta tem en t th a t  
one of th e  advantages of adding nickel to tin - 
bronze was a decrease of g ra in  size, M r. Dunlop 
asked for his views on th e  effect of nickel on the 
g ra in  size of h igh-tensile brass. H is own firm 
m ade castings up to  15 to  20 tons w eight in high- 
tensile  brass, and  had found th a t  the  tensile 
stren g th  of pieces taken  from th ick  sections was, 
on the  average, from  2 to 3 tons less th an  the 
tensile s tren g th  of pieces from th in  sections. 
T ha t reduction  of stren g th  appeared to  be due 
to g ra in  grow th, particu larly  in the alpha-phase. 
A program m e of research had been draw n up  for 
investiga ting  th e  influence of various elem ents 
on g ra in  grow th and, na tu ra lly , nickel was in 
cluded. H e asked if  M r. H itchcock could suggest 
th e  best am ount of nickel to  use in high-tensile 
brass.

Mr.  H I T C H C O C K ’S REPLY
Mb. H it c h c o c k , com m enting upon the  experi

m ents described by M r. D unlop, referred  to  the 
beneficial effect of large feeding heads on alloys 
of th e  nickel-copper-tin type and noted  in  th is 
connection the  g rea te r soundness of the  th inner 
sections a t  the  bottom  of the  te s t casting  de
scribed. H e wondered w hether deoxidation 
tre a tm e n t was applied to  the  m etal, because 
often  i t  was found desirable to  use a percentage 
of m agnesium , which not only helped to  deoxidise 
th e  m etal b u t seemed to  have a tendency to  de- 
gasify i t  as well.
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The oxidation  tre a tm e n t m entioned by M r. 
D unlop had been used fo r some y ea rs ; w here one 
used a lo t of Monel scrap , which m ig h t have a 
high carbon con ten t, i t  was custom ary to  charge 
a certa in  am ount of m anganese ore and  to  de
oxidise subsequently. In  a recen t P a p e r  by 
M r. K ih lgren  to  the  A m erican F ound rym en’s 
Association, dealing w ith  th e  casting  of 70: 30 
cupro-nickel, oxidation  tre a tm e n t was recom
m ended, a few ounces of nickel oxide o r copper 
oxide being added to  th e  m olten m etal, followed 
by a m anganese-silicon deoxidation  tre a tm e n t 
abou t 3 to  5 m inutes before casting.

There was very little  in fo rm ation  available 
concerning th e  effect of nickel on th e  g ra in  size 
of high-tensile brass castings, and  M r. H itch 
cock suggested th a t  M r. D unlop m igh t c a rry  out 
some te s ts  on th a t  m a tte r , using nickel ad d i
tions of the  order of 1, and  2 per cent.

Nickel  Si lvers

Comm enting on M r. H udson’s references to  
the  zinc contents of nickel-silvers, he said th a t  
the  h igher zinc-content alloy was the  cheaper, 
of course, and he believed th a t  was one of the  
prime reasons why zinc con ten t had  been s ta n 
dardised a t  approxim ately  th e  20 per cent, level 
in th is country . There were ind ications th a t  
the  lower zinc con ten t alloys can be cast more 
easily, b u t the  presence of 4 per cent, of t in  
also had an effect on th e  castab ility  ; th e  flowing 
power of the  m etal, b u t, of course, add ing  to  
the cost. A tm ospheric corrosion te s ts  on nickel- 
silvers of d ifferent zinc con ten ts had  ind icated  
th a t  zinc had a beneficial effect in  th a t  resp ec t; 
the  high zinc-alloys were also som ew hat w hiter 
th an  the  lover zinc alloys, though  th e  difference 
was small.

T r o l l e y - W i r e  Fi t t i ngs

R ecalling the rem arks of M r. Reynolds con
cern m g experim ents w ith  alum inium -bronze for 
trolley-w ire fittings, M r. H itchcock drew a tte n 
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tion  to  his reference in the  P ap e r to  an 
88 : 5 : 5 :[2 copper-tin-nickel-zinc alloy, which 
was used extensively on the  Pennsylvanian  R ail
way for ca tenary  clamps for overhead trolley 
wires. H e believed there  were two m ain reasons 
for stan d ard is in g  th a t  alloy—one being th a t  a 
saving was effected in m etal costs, and the  other 
th a t  an  alloy of high nickel con ten t improved 
resistance to  atm ospheric corrosion. H e did not 
th in k  the  conductiv ity  question had been con
sidered, because he believed the  fittings were 
m ade qu ite  massive. A luminium -bronze was 
notoriously difficult to  handle in th e  foundry, 
of course, and was prone to  porosity troubles. 
W hether or no t increased feeding would improve 
th e  soundness of the  1-1 per cent, iron, 3 per 
cent, nickel and 9 per cent, alum inium  alloy 
was an open q u es tio n ; so m any o ther factors 
were liable to  en te r in to  th e  problem th a t , w ith
ou t considering all these factors, i t  was difficult 
to  say definitely th a t  advantage would be de
rived from  m odifying one only.

E lectrical resistance welding electrodes were 
engaging a tten tio n  a t the  moment, b u t he did 
not th in k  th a t  any of the experim ents on nickel 
alloys were sufficiently fa r  advanced to  enable 
him  to  make any sta tem en t about them  yet. 
However, he would be pleased to  pass on such 
in fo rm ation  as became available when the  tests 
had  been in progress a li tt le  longer.

F inally , he said, he hoped to  comm ent in fu r
th e r  de ta il on the tests described by M r. Dunlop 
on the  33 per cent, nickel alloy when he had 
studied  them  fu r th e r  and to  comm unicate to  Mr. 
Reynolds such inform ation  as is available con
cerning th e  silicon-alum inium-bronzes.

Dr.  H U N T ’S REPLY

D r . H u n t , c o m m e n tin g  o n  M r . H u d s o n ’s r e f e r 
e n c e  to  t h e  u se  o f f lu x es , e m p h a s ise d  t h a t  m o lte n  
m e ta l  w as a  l iq u id  a n d  sh o u ld  be  t r e a t e d  a s  su c h , 
i n  m u c h  th e  sa m e  w a y  a s  t h e  c h e m ic a l e n g in e e r  
t r e a t e d  h is  l iq u id s . F u r t h e r  s tu d y  o f th e  r e 
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actions th a t  occurred and the  application  of the  
knowledge thereby  obtained to  purifica tion  by 
fluxes was probably the  most im p o rtan t fac to r in 
the non-ferrous foundry  a t  the  p resen t tim e. H e 
emphasised again  th a t  the  work of L epp, in 
F rance, was well w orthy of carefu l study. The 
production by him of h igh-tensile gunm etals, 
bronzes and alum inium  alloys had  resu lted  
v irtua lly  from the  study  of th e  liquid  reactions.

F inally , D r. H u n t said he still fe lt th a t  two 
of the most im p o rtan t needs of th e  non-ferrous 
foundry were increasing  precision of control and 
the developm ent of new ideas—even if those new 
ideas were tak en  as a  leaf from  th e  o ther fellow ’s 
hook—from  such operations as the  production  of 
copper cakes and sim ilar products for subsequent 
plastic working.
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P APER S  PR ESEN TE D TO B R A N C H E S  

Birmingham and London Branchesf

T H E  A P P L I C A T I O N  O F  S CI ENCE  T O  T H E  P a p e r  N o .  sis 
C O N T R O L  O F  F O U N D R Y  SANDS*

By H.  H.  S H E P H E R D  ( M e m b e r )

I n t r o d u c t i o n
D uring  th e  past ten  or fifteen years the  B ritish  

foundrym an has been able to  increase very con
siderably his knowledge of the  subject “ F oundry  
sands and th e ir  control ” —especially if he he a 
m em ber of th is  In s ti tu te  and  a  reader of “ The 
Foundry  T rade  Jo u rn a l ” —since a large num ber 
of excellent P apers have been given before the 
In s titu te  by B ritish  au tho rities on th is im portan t 
subject d u ring  th is  tim e. One need only refer 
to  a few very well know n, investigators : W . Y. 
B uchanan, F . H udson, W . J .  Rees, D r. .1. G. A. 
Skerl, J .  J .  Sheehan, and W . W est, the 
B .C .I.R .A . and th e  Sands Sub-Comm ittee of the 
Technical Com m ittee of th e  In s titu te  of B ritish  
Foundrym en, to  recall im m ediately a t  least some 
of the  valuable in fo rm ation  which these gentle
men and  organisations have given from  tim e to 
tim e, rang ing  from  w hat may be term ed pure 
research to  control of sand properties, new 
methods of control, and  thé  relation  of castings 
defects w ith  sand conditions, and / or factors 
which effect foundry  technique.

The foregoing is m entioned for two reasons, one 
is to  ind ica te  th a t  however much th is country 
lagged behind in  scientific foundry technique up 
to te n  or twelve years ago, i t  is now catching 
up w ith the  m ost progressive countries, in  fact 
in some instances we are  probably leading. 
I f  lagging behind America be considered, one can

* The Author was awarded a Diploma for this Paper,
t  Jo in t Meeting.
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modify the  self criticism  to  some ex te n t when 
it  is realised th a t  organised sand control in  the  
U nited S ta tes had been given little  th o u g h t p rio r 
to  1922, the  year in  which th e  M oulding Sand 
R esearch Com m ittee of th e  A m erican Foundry - 
m en’s Association was form ed. In  view of th is 
in tensive sand research i t  becomes increasingly  
difficult to  p resent a P ap e r on the  sub ject and 
include any th ing  which is really  new, unless one 
is able to  spend a large am oun t of tim e  in  
investigation  o r research work. The au th o r has 
therefore  very little  which is new to  offer, and 
proposes to  review the  inception  of, and  some 
of th e  benefits and  knowledge gleaned from , the 
application  of scientific control.

I t  is an in te res tin g  fac t th a t  if one studies 
th is subject in  its  progressive sequence, i t  soon 
becomes ap p a ren t th a t  th e  progress of sand 
technique follows th a t  of foundry  technique ; in 
o ther words, th e  rap id  adven t of th e  m echanised 
foundry  has compelled a tte n tio n  to  p roper sand 
control methods—w hether the  foundry  he on mass 
or continuous production , or a jobbing or general 
engineering  foundry. The fa r  reach ing  im p o rt
ance of sand control has been stressed m any tim es 
by progressive foundrym en and  m eta llu rg ists , 
and i t  is rap id ly  becoming recognised th a t  i t  
should be regarded  as im p o rtan t as contro l of 
m etal if th e  production  of good castings is to  be 
assured.

There is ano ther fac to r which renders sand 
control a v ita l po in t of any foundry  o rgan isa
tion , especially in  these days of keen com peti
tion and rep e titio n  production ; it  is th a t  of 
costing. P erhaps one is a p t to  fo rge t th a t  more 
labour hours are  spen t in sand hand ling  and 
working th an  in any o ther m a te ria l or process 
in the  foundry. H . D ie te r t1 recorded th a t  fo r a 
p a rticu la r foundry  producing 100 tons of cast
ings per day, the  labour cost of sand hand ling  
and w orking was 22 tim es th a t  of th e  m etal p re
para tion  and handling.

The a u th o r’s first con tac t w ith w hat may he 
term ed pure scientific control of sands was
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sim ilar to  th a t of all chemists and m etallurgists 
who were engaged in the  industry  tw en ty  years 
ago. R eference is m ade to  the procedure of care
fully analysing a sand, and  w riting  a rep o rt to 
the  effect th a t  i t  was found th a t  a particu la r 
sand was really  not su itable because its lime or 
a lkaline contents were too high ; only to  he told 
by the  “ gentlem an in the  bowler h a t ” th a t  he 
had used “ th a t  sand years afore you were bo rn .”

N owadays one rare ly  makes a chemical 
analysis—except under special circum stances, 
such as when determ in ing  the refractoriness from 
the  silica con ten t, and even in  th is case the 
physical refrac to ry  te s t is the  only satisfactoi'y 
way of determ in ing  th is p roperty , because i t  is 
realised th a t  chemical analysis is no criterion  of 
th e  su itab ility  of a sand, and th a t  most of the 
recognised control tests in use to-day are related 
to  the  actua l properties required  in the  foundry. 
The trouble which arose from  the  rule-of-thum b 
method of the  foundrym an was th a t  one m an’s 
“ good sand ” was ano ther m an’s scrap .

A gain w ith  regard  to  chemical composition, 
Skerl2 has pointed ou t th a t  whereas a t one tim e 
it  was assumed th a t  the bonding power of a sand 
could be judged  from  its alum ina content, i t  is 
now appreciated  th a t  o ther m inerals in sand, 
besides the  bonding m ateria l, contain alum ina, 
and th a t  high alum ina con ten t does not neces
sarily  ind ica te  good bonding nroDerties. I t  is 
possible for a sand to  contain a considerable 
am ount of th is compound and yet possess litt le  or 
110 bonding properties.

The in troduction  of modern methods for the 
control of sands did more in the direction of 
forcing closer liaison between the  foundry 
m anager or forem an and the  m etallu rg ist than  
any o ther progressive movem ent in the  industry . 
Possibly the  reason for th is lies in  the  fac t th a t  
the first men to  a ttem p t to  in troduce control 
m ethods w ere more in tim ate ly  associated w ith 
foundry practice th an  w ith the tru ly  scientific 
aspect. The au th o r has in  mind M r. John  Shaw 
and others, such as the  la te  M r. Eugene Sm ith,



382

who was general foundry  su p e rin ten d en t of the  
C rane Company of Chicago fo r m any years, and 
a very prom inent A m erican foundrym an who 
devised methods of contro l which were very 
successful under c e rta in  conditions.

W hereas Shaw 3 in  1913 gave a  P a p e r  describ
ing te s ts  for the  determ ination  of s tren g th , p er
m eability , refractoriness, and  also a  m ethod of 
m echanical analysis (sieving) which were m ade in 
line w ith  p resen t day m ethods, S m ith ’s scneme 
involved a single m ethod known as th e  v ib ra to ry  
tes t, which if  used w ith discretion  and  experi
enced ju dgm en t was certa in ly  valuable, b u t it  
could n o t be term ed  scientific. In  1923 J .  E . 
F le tcher described h is subsidence m ethod, some
w hat sim ilar in  princip le  to th e  v ib ra to ry  te s t  b u t 
more scientific.

The au tho r of th is  P ap e r employed S m ith ’s 
m ethod d u ring  th e  early  days of his association 
w ith C rane, L im ited , w hilst w a itin g  th e  a rriv a l 
of sand te s ting  equipm ent. H e still uses th is te s t 
as a  rap id  and approxim ate check on m oulding 
and  core sands as received, for clay con ten t, th e  
results are, of course, only com parative, b u t by 
th is m eans i t  has been possible to  avoid troub le  
from core sands which m ay from  tim e to  tim e 
carry  h igher clay conten ts th a n  n o rm ally ; th is  is 
likely to  occur w ith  some silica sands a f te r  heavy 
ra in  falls when clay-containing s tra ta s  m ay he 
washed down. The value of th is  quick te s t  in 
respect of core sand will be read ily  understood, 
for, as is well known, clay absorbs considerable 
quan tities of oil and if th e  oil-sand core practice  
has been standard ised  fo r a given clay con ten t or 
no clay, th e  sudden appearance  in  th e  m ix tu re  of 
excessive am ounts of th is  m ate ria l m eans trouble  
in the  core room, a p a r t  from  th e  ex tra  cost 
involved by the  add itional oil requ ired .

V i b r a t o r y  T e s t
Briefly, the a u th o r’s m odification of S m ith ’s 

v ibratory  or b o ttle  te s t  consists of p lacing in  an 
8-oz. tall-form  oil-sam pling bottle  enough of the  
sand to  fill abou t a  q u a rte r  of th e  bottle. I f  the  
sand be an all-silica ty p e  such as used fo r core



m aking, i t  can be inserted  as received, bu t if 
m oulding sand i t  is  best roughly to dry a  sample 
and rub  i t  down. The bottle is then  filled w ith 
w ater, preferab ly  con tain ing  5 per cent, of a 
1 per cent, solution of caustic soda to  help in 
separa ting  th e  clay from  th e  q uartz  grains, i t  is 
then  thoroughly shaken fo r th ree  to  four m inutes, 
placed on a m oulding m achine carry ing  a v ibrator, 
and v ib ra tin g  for th e  same period of tim e. The
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F i g . 1. F i g . 2.

F i g . 1 .— T h r e e  G r a d es of S and  fr o m  th e  
sa m e  D e p o s it .

F i g .  2 .— T h is  S p e c im e n  s h o w s  a n  E x c e s s  
o f  S i l t  o r  F i n e s .

sample is then  allowed to  stand  for a' short tim e, 
a f te r  which one is easily able to  observe if the 
clay con ten t is g rea te r o r less th an  required, 
and  silt can be seen as a  ring  between the  bottom 
layer of silica and the  top  layer of clay if present 
in  unusual am ounts. Figs,. 1 and 2 illu s tra te  the 
m ethod and  the  read ing  of the  various con
s titu en ts . The application  of th e  te s t  ju s t ou t
lined m arks th e  commencement of the  application
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of sand control for th e  m alleable, grey iron, and 
gunm etal foundries of C rane, L im ited.

M o i s t u r e  D e t e r m i n a t i o n
A nother te s t which is applied to  th e  sands as 

received, especially core sands, is th a t  of mois
tu re  determ ination . A t one tim e  i t  was th e  
practice to dry all th e  core sands and  th en  add a 
definite am ount of w ater. F in e  sand, however, 
very easily floats abou t in th e  a ir  even when 
handled carefully, and  in  view of th e  health  
hazard it  was decided to elim inate drying of sand 
as much as possible—not a very sim ple m a tte r  in 
a repe tition  foundry  where thousands of cores 
a re  made in  a day and  very carefu l con tro l of 
m ixtures is essential to  m a in ta in  th e  required  
o u tp u t of good cores.

F ir s t,  complete elim ination  of dry ing  was tr ied , 
b u t unsuccessfully, as the  sand stuck  to  th e  
iron shells in  which the  cores were m ade. I t  soon 
became ap p aren t th a t  if the  labora to ry  could 
rapidly determ ine th e  am ount of w a te r in  the  
sand the  men could add sufficient d ry  sand  to  
coun terac t any excess m oisture. The use of th e  
Speedy m oistu re  te s te r  enabled th is  to  be done, 
and by adopting  th e  m ethod ou tlined  th e  m an
agem ent were able to  cu t down th e  d ry ing  of 
sand by more th an  60 per cen t., resu lting  in  con
siderable economy and a d is tin c t a id  to  h ea lth ie r 
conditions.

The value and  im portance of a rap id  te s t for 
th e  w ate r con ten t of new sands or sand  m ix tu res 
will be appreciated  if i t  be realised th a t  the  
m oisture con ten t is th e  m ost im p o rtan t of all th e  
physical p roperties of sand m ix tures.

I t  is no t proposed to  describe the  m any 
stan d ard  methods employed for de term in ing  and 
controlling the  various p roperties of sands as in 
view of th e  publicity  which the  recom mended 
m ethods of the  B .C .I.R .A . and  th e  A .F .A . have 
received d u ring  th e  p as t few years i t  is assumed 
th a t  foundrym en are  conversan t w ith  them . The 
au tho r uses alm ost en tire ly  the  A .F .A . methods, 
th is  is not because th ere  is any serious d isagree
m ent w ith the  m ethods of the  B .C .I .R .A ., the
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reason being th a t  his firm have foundries in 
Chicago, B ridgeport, Tonawanda, M ontreal, and 
P a ris , and if the  methods employed are  common 
to  all, these branches may com m unicate w ith each 
o ther on th is  subject in th e  same term s.

The m alleable and grey iron foundries of the 
Ipswich factory  are  mechanised p lan ts operating  
on a continuous m oulding and pouring basis and 
it  m ay be of in te re s t to  m ention how the 
m anagem ent came to  standard ise  on th e  p ar
tic u la r  type  of m oulding sand used. By fa r  
the  g rea te r proportion  of the production consists 
of small castings in  general dimensions an d /o r  
ac tua l thickness, and necessita ting  good finish. 
W ith th is in mind and not being very conversant 
w ith the p a rticu la r p roperties required  of a sand 
for a continuous production foundry, the au thor 
s ta rted  th e  m alleable p lan t w ith  the  E r ith  loam 
type  of sand. I ts  use soon had to  be abandoned 
for considerable trouble arose in  the form  of 
blowholes and unsoundness (all the castings have 
to  be pressure tested) which was found to  be 
due to  the  very low perm eability  (A .F.A . per
m eability  17) of the  sand caused by excessive 
fines and silt.

The surface of the  castings was excellent bu t 
to  obtain  sound, p ressure-tigh t castings w ith th is 
type of sand generous use of the  ven t w ire was 
necessary, i t  will be recognised a t  once th a t  such 
a procedure would not be possible in foundries 
of the  type described.

A nother im portan t fac to r a ro se ; w ith a me
chanical sand handling  system the  sand passes 
round the system m any tim es during  the  day 
and so gets very warm and “ steam y,” and again 
it was experienced th a t  certa in  sands would not 
function satisfactorily  under such conditions. The 
au th o r stresses the im portance of giving very 
careful though t in choosing sand if one is 
changing a foundry  over to  mass production 
methods including mechanised sand plants, for 
i t  does n o t follow th a t  a sand used successfully 
before such a change-over will be suitable under 
the altered  conditions. R esort was made to

o



W orcester red, and la te r  satisfac to ry  resu lts were 
obtained from  the use of W orksop sand mixed 
w ith small q uan tities  of strong sand of the  
P ickering  type.

A few years la te r  large deposits of a dark  
yellow or orange coloured sand having consider
able clay contents were discovered in  Suffolk, and 
th is was found to  possess very sim ilar charac
te ristics to  Belgian and  F rench  deposits. This 
sand proved em inently  suitab le  for the  grey and 
malleable foundries, and  i t  has now heen used 
continuously for the  p a s t five to  six years.

As the  resu lt of the  experiences re la ted  above 
the  au th o r concluded th a t  the  red  sands were 
more su itab le  fo r continuous casting  p lan ts, 
being of th e  opinion th a t  the  bonding m ateria l 
of these sands has a g rea te r “ life ”  th a n  th a t  
of th e  buff or lig h t yellow types. I t  is ap p re
ciated  th a t  the  colour of a sand bears no re la 
tion  to  th e  iron  oxide con ten t, b u t i t  is also 
a fa c t th a t  in  red  sands a good p roportion  jf  
the  bond is due to  iron oxide of a p a rticu la r 
form, believed by P ro f. Boswell to  be a form  
of hem atite , possibly of a colloidal n a tu re , and 
referred  to  by C. W . H . H olm es4 as “  s ta tic  ” 
bond. I t  is th is  bond which the  au th o r believes 
possesses a more durab le  life th a n  o rd inary  clay 
or “ mobile ” bond.

De W itt and Brown5 in  a P a p e r  presen ted  to 
the A m erican F oundrym en’s A ssociation some 
years ago gave d a ta  which tended  to  sup p o rt the  
view expressed above. They sum m arised th e ir  
work as fo llow s:— “ The tes ts  repo rted  in  th is  
P ap e r certa in ly  suppo rt th e  claim  th a t  sands 
bonded by a ferrug inous bond (ferric  hydrogen) 
are  less affected by h ea tin g  th a n  those no t so 
bonded, as the  bonding s tren g th  of clay bond 
is rap id ly  destroyed a t  315 deg. C., while fe rric  
hydrogel bond is p ractically  unaffected a t  th is  
tem p e ra tu re .”

Me chani ca l  Ana l ys i s
Tables I  and I I  show the  fineness te s t results, 

ind ica ting  approxim ate g ra in  size of some of 
the m any sands personally investigated  by the
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au tho r as to  th e ir  su itab ility  fo r th e  purpose 
of his firm. In  subm itting  these resu lts of 
m echanical analysis by sieving i t  is realised th a t  
th e  m ethod is open to  criticism  since i t  is known 
th a t  i t  does n o t enable very accurate  d e te rm ina
tions to  be made of th e  m echanical co n stitu ten ts  
of a sand, because the  bonding m ateria l and silt, 
which have such an  im p o rtan t bearing  on th e  
s treng th  and  perm eability , are  too fine to  be 
separa ted  accurately  by sieving. The m ost accu
ra te  procedure is known as th e  é lu tria tio n  
m ethod, which involves the  use of sieves only to  
determ ine the g ra ins above 0.25 mm. d iam eter 
(approx.), special ap p ara tu s  known as e lu tria to rs  
being used to  separa te  th e  o ther constituen ts 
into fine sand, coarse silt, fine silt, and  clay 
grade, the  las t being m ateria l of less th a n  
0.01 mm. in  size. E lu tria tio n  has been clearly 
defined by D r. Skerl as “  The classification of 
particles according to  th e ir  size by th e  pressure 
exerted  by upw ard  cu rren ts  of w a te r .” As th e  
m erits of th is  m ethod of m echanical analysis of 
sands and descriptions of the  m ethod have been 
given in  several P apers , i t  is no t proposed to  
consider i t  in  de ta il. W hilst one can o b ta in  the  
accuracy desired by using th e  é lu tria tio n  m ethod, 
i t  can only be carried  o u t accurately  by a fairly  
experienced labora to ry  m an ; fu r th e r , i t  involves 
a considerable am ount of tim e before complete 
results are  obtained. The a u th o r m akes these 
sta tem en ts only in  th e  in te re sts  of m aking  scien
tific control in  the  foundry  really  useful, and  in 
these days rap id ity  in  ob ta in ing  resu lts is p er
haps of more im portance th a n  ob ta in ing  very 
accurate  results, especially when dealing  w ith  
m ateria l like sand.

M echanical analysis by sieving should—in  th e  
au th o r’s opinion—be included in  the  ro u tin e  of 
all foundries who practice, or in ten d  to  p ractice, 
sand control. The m ethod is very simple and 
rap id , and no delicate ap p a ra tu s  is required , 
while the  «results obtained, if  considered ju d i
ciously, do yield a large am ount of valuable in 
form ation which is of considerable help to  the
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foundrym an. Briefly, sieve analysis, according 
to the  A .F.A . s tan d ard  m ethod, consists of 
weighing off a definite am ount of the  dried  sand 
(usually 50 gram mes) and tra n sfe rr in g  to a su it
able vessel for separation  of the clay m ateria l.
A m ilk or d rin k  shaker of th e  electric type
serves th is purpose very well. To th e  sand
475 ml. of w ater and 25 ml. of a 1 per cent,
solution of caustic soda is added, th e  s t ir re r  is 
switched on and ag ita tio n  allowed to  proceed for 
a tim ed period of five m inutes, a f te r  which the  
liquid and sand are carefully  tra n sfe rre d  to  a 
quai’t-size m ilk bottle , more w ater is added, and 
then , a fte r  10 m inu tes’ stand ing , th e  solution is 
syphoned off to  a level of 1 in. of th e  liquid 
above th e  sand.

The bottle is again  filled w ith w ater to the 
same heigh t as originally , tak in g  care th a t  the  
sand particles are  thoroughly  beaten  up , syphon
ing is carried  ou t again  a f te r  a fu r th e r  10 
m inu tes’ stand ing , the  add ition  of w a te r is re 
peated as before, b u t now only five m inu tes’ 
settling  tim e is allowed, before each syphoning 
which is continued u n til fu r th e r  add ition  of 
w ater rem ains clear. By th is m ethod m ateria l 
which fails to  settle  a t  the  ra te  of 1 in. per 
m in., i.e ., particles of less th a n  0.02 mm. d ia. 
(20 microns), is removed and classified as “  clay 
substance ” —not “ c lay ,”  as th e  m ate ria l con
ta in s  some of the  fine silt.

The grains le ft a re  washed, dried  and weighed, 
and the  difference in  w eight from  th e  o rig inal 
sample w eight represents th e  clay su b s tan ce ; the  
grains are then  tran sfe rred  to  th e  upperm ost 
position of a stan d ard  series, i.e ., shaking is 
carried  ou t m echanically by using  a R o tap  or 
Coombs gyra to ry  m achine; the  tim e of shaking 
is standard ised  a t  15 m in ., a f te r  which the  
am ount of g ra in  le f t on each sieve is weighed 
and expressed as percentage of th e  sample 
weight.

The above description is only an ou tline of 
the process, and th e re  are  a num ber of essential, 
bu t qu ite  simple, details to be adhered to  if
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accurate  results are to be obtained, b u t space 
does n o t perm it consideration of these. The 
au th o r will, however, be pleased to  give full 
p a rticu la rs  of the  method to  anyone in terested . 
H e would po in t ou t th a t  all the  equipm ent 
necessary for th is and o ther sand testing  methods 
are  available from  a B ritish  supplier.

F ig . 3 illu stra tes a portion  of the au th o r’s 
com pany’s sand te s tin g  laboratory , and the 
ap p a ra tu s  for sieve testing  can be seen. The 
sand retained  on the 200 sieve may be classified

F i g . 3 .— T h e  S and  T e s t in g  L aboratory 
of M e s s r s . C r a n e , L im it e d .

as fine sand and coarse silt, th a t  on the  270 as 
coarse silt and th a t  passing into th e  pan as fine 
silt. In  th is scheme of sand control is included 
sieve analysis of any samples of core or moulding 
sand offered, in  add ition  to tes ting  of consign
m ents and all the  m ix tures in use, th e  la t te r  
being tested  a t least once a fo rtn igh t. By th is 
means the  laboratory can tell a t a glance 
w hether the  clay is sufficient or too much, also 
if the  am ount of silt is too g rea t and the  con
stancy or v a ria tion  of g ra in  size and un ifo rm ity .



392

Sand giving more th an  5 per cent, on each of 
the 270 sieve and pan is regarded  as too silty , 
and no t favoured for use, as i t  would ten d  to 
give a fairly  low perm eability . The considera
tion  of silt in sand and  th e  question of sand 
silting  up has given rise to  m any d ivergent 
views. Personally, th e  au th o r believes th a t  the  
red sands do no t “ silt u p ,”  unless th e  silt is 
p u t into them  by the  add ition  of o ther m ateria ls. 
F or exam ple, ce rta in  types of irebonding 
m ateria ls give rise to  increased s ilt con ten ts in 
a sand m ix ture. The view expressed is very 
largely supported  by H udson .6 The a u th o r’s 
p lan t has used th e  same sand—plus, of course, 
new sand additions—for more th a n  six years, 
and th e  silt con ten t has shown no appreciable 
increase. The m oulding sand, No. 4 of Table I I ,  
shows th a t  the  am ounts on th e  200, 270 and 
th rough  the  270 sieves a r e :—5.38 and  1.44 per 
cen t., 0.84 and 1.24 per cen t., and 0.84 and 
0.34 per cen t., while fo r th e  m alleable facing  
and system sands th e  am ounts a r e : —6.04 per 
cent., 1.4 per cent, and  2.76 p er cen t., and 
6.12 per cen t., 1.30 per cent, and 2.24 p er cent, 
respectively. The increase on the 200 sieve over 
the  figure given for the  new sand is due to  
varia tion  in the  la t te r  sand and  also to  a p ro
portion  of core sand which finds its  way in to  the  
m ixtures. The increase in  the  270 sieve is small 
enough to  be ignored. C onsidering th e  increases 
in pan  m ateria l, i t  is believed th a t  th is  is due to 
the ash of the  coal dust in  th e  sand ra th e r  th an  
to dehydration  of th e  clay, th is  tends to  be 
supported  by the  fac t th a t  the  “  grey ” iron  
sand—which has added to  i t  alm ost tw ice the  
am ount of coal dust added to  th e  malleable 
sands—contains considerably m ore pan m ateria l 
or silt, yet the  o rig inal sand and  th e  new sand 
added were both S tow m arket.

Table I I I  shows th e  physical p roperties and 
m echanical analyses resu lts of th e  various sand 
m ixtures used. I t  should be noted th a t  none of 
the  first th ree  sands shown possesses un ifo rm ity  
of g rain  si*e to  the ex ten t p referred , th is  is due
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to  the  fac t th a t  over the  past 9 to  12 m onths the 
new sand deposits have become considerably 
coarser, which will be seen by com paring the  two 
sieve analyses of th e  No. 4 sand (Table I I ) .  
A nother po in t of in te rest is th a t  th is variation  
in g ra in  size has been accompanied by a v aria 
tion  in clay con ten t from 7.5 per cent, to nearly 
13 per cent. These factors all ind ica te  the 
necessity for close scientific control a t  all stages 
in  th e  foundry.

C o r e  Sa n ds
A nother problem likely to  confront foundry 

executives is “  contam ination  ”  of th e  m oulding 
sands by core sand. I t  is a  m a tte r of consider
able im portance to  mechanised p lants handling 
each day maybe thousands of cored castings 
such as pipe fittings, since core sand contam ina
tion  in  such cases is bound to  be considerable. 
The best solution of th is problem is to  endeavour 
to find and use core sands as n ea r as possible 
sim ilar in  g ra in  size to  th a t  of the  moulding 
sands, here again  th e  sieve te s t is of undeniable 
value.

The m ajor portion  of cores in  the  au th o r’s 
foundry a re  made from  a very uniform  silica sand 
found in  Suffolk, and the  sieve analysis' shown 
in Table IV  compares very favourably w ith th a t 
of the  moulding sand (see Table I I ) . The sand 
(1 to  4) Table IV  is used fo r very small cores, 
b u t its  use is lim ited as much as possible in 
order to  m inim ise its  effect on th e  g ra in  size of 
th e  moulding sand.

A lthough th is sand is very fine its  perm eability  
value is good, th is is accounted for by the  fac t 
th a t  the  sand is norm ally low in  silt. Of the 
silica sands referred  to  in  Table V, some of these 
a re  used m ainly for medium and large grey cast
ings ; i t  will be noted th a t  these are of much 
coarser g ra in  size th a n  those previously m en
tioned, and th a t  they  contain practically  no silt 
or clay, also th a t  several of them  are  very 
uniform . C om parative un iform ity  of g ra in  size 
and  freedom from  silt a re  regarded as being two 
of the  most im p o rtan t factors to  be borne in
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mind when judg ing  core sands, as the degree of 
perm eability  so much depends on these. Owing 
to th e  size and  w eight of castings made in  the  
grey iron  foundry , the re  is li tt le  or no core con
tam in a tio n  by these coarse sands ; again  sieve 
analysis is of use in  revealing th is (Table I I I ) .

C oa l  Dus t
D uring  the past few years there  has been a 

fa ir  am ount of controversy in  respect of the 
advantages and disadvantages arising  from  the 
coal dust additions to  moulding sand m ixtures. 
The m ain purpose of these additions is to p re
vent th e  sand f r itt in g  to the castings and to 
aid in producing a good surface finish; beyond 
these two factors there  appears to  be little  ju s
tification for its use, since i t  weakens th e  sand, 
and the  ash le ft a f te r  combustion reduces per
m eability. I t  requires to  be kep t w ith in  close 
lim its if the  advantages to  be obtained are  n o t 
outw eighed by the  disadvantages, the la t te r  of 
which are, of course, increased if the  am ount 
used is too g rea t, g iving rise to the  defects of 
short runs, cold shuts, blowholes, shrinks, m ap
ping, etc.

To add excessive coal dust because the  finish 
is not sa tisfactory  is wrong ; when the  am ount 
required  is above norm al, the  properties of the  
new and used sand should be checked, particu 
larly  for g ra in  size and uniform ity .

The effect of coal dust on th e  perm eability  is 
clearly indicated  if reference is made to  
Table I I I .  The m alleable facing sand system and 
th e  grey iron system sand m ix tures are all made 
from the  same grade of moulding sand, and i t  
will be seen th a t  the  sieve analyses are  almost 
the  same u n til one arrives a t the  “  pan ” 
m ateria l and clay substance. The am ount of 
coal dust added to  the grey iron sand m ixtures 
is much g rea te r than  th a t  for the malleable 
sands, and its effect is reflected very strik ingly  
by the  much lower perm eability. I t  should be 
pointed out th a t  the  “  clay substance ” of mixed 
foundry  sands also includes any coal-dust ash ;

397
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in the  cases quoted the  actual clay content is 
the  same for all th e  foundry m ixtures.

O ther points which perhaps are often neg
lected are th a t  th e  size of the  coal dust particles 
should be reasonably u n ifo rm ; badly ground 
m ateria l which contains coarse and fine particles 
will cause uneven casting surface finish. Scien
tific control of coal dust and its  additions should 
s ta r t  w ith  selection of suitable grades as regards 
quality  of composition and g ra in  size, and follow 
on checks on consignm ents from  tim e to tim e to 
ascerta in  if the stan d ard  set is being m aintained.

To answ er th e  question, “  w hat is the  most 
su itable size of coal dust partic les,” is n o t easy, 
since i t  depends so much on th e  size and  type of 
c a s tin g s ; some te x t books s ta te  th a t  the  size 
should be closely re lated  to  the average gra in  size 
of th e  sand, b u t i t  can be taken  th a t  such recom
m endation can only apply w ith  success when 
m aking large castings where a very smooth sur
face finish is no t essential. In  general, th e  use of 
coal d u st of partic le  size approxim ating  th a t  of 
sand—w ith  th e  possible exception of the  very 
fine sands of th e  E r ith  varie ties—will lead to 
trouble, as such coarse m ateria l causes th e  form a
tion  of large coke particles on combustion, which 
weakens o r ro ts the  sand, fu r th e r  coarse coal 
particles a re  a p t to  give rise to  gas pockets and 
pockmarks.

F in e  coal d u s t is more economical to  use 
because i t  can be d is tribu ted  more thoroughly 
th ro u g h o u t th e  sand, and volatilises more easily. 
On th e  o ther hand  the  au th o r believes th a t  the 
use of too fine a m ate ria l in troduces too g rea t an 
am ount of fines in to  th e  sand and reduces perm e
ab ility . Ben H ird , in  his valuable P apers7 on 
the subject, s ta tes th a t  “  as a  m axim um  require
m en t i t  should all pass th rough  a sieve with 
40 meshes to  the  linear inch ,”  bu t i t  is conceiv
able th a t  H ird  had in m ind medium and heavy 
castings when he made th is  sta tem en t. The 
B .C .I.R .A . recommend th e  following: —

For metal sections less than J  in., all through B.S.I. 
240-mesh sieve.
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For metal sections between £ in. and J  in., all through 
B.S.I. 200-mesh sieve.

For metal sections between f  in. and J in., 85 per cent, 
through 200 and 15 per cent, through 100.

For metal sections between j in. and 1 in., 50 per cent, 
on sieves between 30 and 100 and 50 per cent, through 
100 and on 150.

Coal dust can now be purchased to  conform  
with a guaran teed  fineness specification which 
m arks a very progressive m ovem ent in  help ing 
the foundrym an to  work to s tandards and  elim i
n a te  guesswork.

In  the  malleable foundry  th e  coal dust is added 
th rough  th e  facing sand and in  one section of 
the grey iron p la n t i t  is added, w ith  th e  requ ired  
am ount of new sand, to  Sim pson mills, s itu a ted  
in the  sand system  in  such a way th a t  a f te r  
m illing th e  m ix tu re  passes on to  the  d is trib u tio n  
belt of the  system. I t  is a  difficult m a tte r  to  con
tro l coal dust add itions by labora to ry  t e s t s ; th e  
au tho r has tr ie d  several m ethods, b u t th ey  were 
e ither too unreliab le  o r took too long to  carry  
o u t to be of im m ediate value in  th e  system of 
control, and finally i t  was found th a t  a rap id  
loss on ign ition  de te rm ina tion  gave in fo rm a
tion  which enabled reasonable control of coal 
dust additions to  be made. This te s t is by no 
m eans absolute, and conveys no d irec t in form a
tion  as to the  am ount of coal d u st p resen t, i t  
being purely com parative, b u t once a s tan d a rd  of 
casting  finish has been set, using a p a rticu la r 
g rade of d u st and sand, a s tan d ard  ran g e  for 
loss on ign ition  can be a rrived  a t  and m ain 
tained.

F o u n d r y  Sa nd  M i x t u r e s
I t  is now proposed to  review briefly th e  physi

cal p roperties of the  sand m ix tu res shown in 
Table I I I  and o ther points in  connection w ith 
th e ir  make up and control. F ir s t  i t  should be 
noted th a t  all supplies of new sand are  stored 
in a concrete build ing, 300 ft . by 15 ft . by 
19 f t . ,  which is sub-divided fo r th e  various types. 
The present-day p ractice  of m ost m echanised 
foundries is to  p repare all th e  sand so th a t  fac
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ing sand is unnecessary ; th is  procedure is based 
on the assum ption th a t  the  use of facing sand as 
a separa te  m ix tu re  slows up  production and 
costs more. The soundness of th is assumption 
depends very much on the  type of casting, the 
m ethod of handling the  sand and the  hum an 
elem ent. P erhaps the more correct and economic 
way to  view th is  would be to s ta te  th a t  facing 
should not be used unless necessary to  secure a 
high stan d ard  of finish, or where th a t  standard  
can be obtained w ithout additions of excessive 
quan tities of new sand to  the  system.

The wholesale tre a tm e n t of the sand in  the 
system w ith new sand has been abandoned by 
a num ber of foundries in  America, as i t  was 
found, in  m any instances, th a t  the all-round cost 
of using facing m ixtures, as d is tinc t from ren 
dering  th e  whole system suitable, was much 
lower. This is a m a tte r  worthy of consideration 
by all concerned.

M illing is ano ther fac to r which effects the 
am ounts of new sand additions in  both 
mechanised and non-mechanised p lan ts ; a 
m echanised system which does not perm it 
thorough m illing of th e  sand, a t least a t frequent 
in tervals, will be costly, in th a t  excessive quan
titie s  of new sand will be required  in an endea
vour to  m ain ta in  correct conditions, and often 
w ithou t success, because the green stren g th  of 
any m ix tu re  is not developed fully unless i t  has 
been milled properly for a sufficient leng th  of 
tim e. A dditional m illing trea tm en t, if n o t ex
cessive, will often  raise the  green streng th  by 
60 to  100 per cent, or more w ithout serious 
d e trim en t to  the o ther physical properties. Effi
c ien t m illing is of v ita l im portance to  foundries 
using clay as the  rebonding m aterial. M orrison8 
has recorded th a t  “ samples tak en  from a system 
using clay fo r rebonding, a fte r  m illing for
10 m in. increased in  bond streng th  from 6 to
11 lbs. per sq. in. (A .F.A . compressive green 
s tren g th  te s t), which indicates th a t  th e re  was 
considerable ineffective clay in the sand .”
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To ensure th a t  full advan tage  is tak en  of the  
benefits of m illing, C rane, L im ited ’s control 
includes th a t  of frequen tly  tak in g  samples from 
th e  foundries and rem illing them  in  a small 
laboratory  Simpson mill—shown in F ig . 4— for 
2 to  3 m ins., a f te r  which th e  green s tren g th  is 
measured and com pared w ith  th a t  before re 
m illing. By th is m eans one can easily determ ine 
w hether a facing  sand has been milled long 
enough, and w hether a system sand requires more 
m illing or add itions of new sand.

P la n t control of sand m ix tu res to  be w ithin 
suitab le  s tren g th  or bonding power range  can 
be achieved by applying th e  knowledge gained 
from  such tests as give com parative m easures of 
th is p roperty . The m ost generally  used m ethods 
are those of the  B .C .I.R .A . or of th e  A .F .A . 
which involve th e  compression te s t principle.

R eference to  Table I I I  will show th a t  the 
“  ap p aren t density  ”  of th e  sand increases w ith 
the num ber of ram s, or, in  o ther words, the  
h ard er th e  sand is ram m ed the  g rea te r is th e  
w eight in  a  given volume. The density  is 
a p p aren t because in  th is  case i t  rep resen ts only 
the density  of a te s t piece and no t of th e  actua l 
sand g rains, whose density  would be m uch higher. 
I t  is also noted th a t  th e  perm eability  decreases as 
the  ram m ing density  increases.

In  connection w ith  th a t  p roperty  of sand 
known as perm eability—m easure of resistance 
to th e  passage of a ir  or gas— it  may 
be of in te re st to  record th a t  D ie te r t and  V a ltie r9 
were able to  form  the  following conclusions, as 
the resu lt of investiga ting  th e  effect of g ra in  
s tru c tu re  on th e  p e rm eab ility :— (1) R ounded 
g rains give a t  least 20 per cent, h igher perm ea
b ility  in  m oulding and  core sands th a n  do 
angu la r g ra in s ; (2) a te n  per cent, add ition  of 
a much finer sand th an  th e  base m ate ria l may 
cause a 50 per cent, drop in the  perm eab ility ;
(3) the  perm eability  power of fine sand or silt 
is sufficient to  control th e  perm eability  of the 
sand en tire ly  if 30 or m ore per cent, is p re sen t;



(4) to  increase the  perm eability  of a sand i t  is 
usually necessary to  add 30 per cent, or more 
of the  coarse m ateria l. I t  is thus seen th a t  fine 
sand or silt has a much g rea te r u n it effect on 
the perm eability  th a n  coarse sand.

S y n t h e t i c  Sand  M i x t ur es
B oth th e  system and facing sands used in  the ■ 

gunm etal foundry  of C rane, L im ited, are 
syn thetic  m ixtures, the  base m ateria l being 
R yarsh  silica sand and the  bonding substance 
Colbond. The green compressive s tren g th  is 
m ain ta ined  by the  addition  of from  0.5 to  0.75 
per cent, by w eight of bonding m ateria l to  the 
facing m ix tu re  which consists of 88 per cent, 
system sand, 11 per cent, of the  fine silica sand, 
and  0.1 per cent, approxim ately of coal dust.

Table I I I  shows th a t  th is  sand m ix ture 
possesses very good green stren g th  and the 
te x tu re  or g ra in  size is fine, giving a nice smooth 
finish to  th e  castings, the  perm eability  is also 
good. W ith  th is  type of m ix tu re  one obtains all 
th e  advantages— particu larly  in  respect of cast
ing  finish—of the  E r ith  types of sands w ithout 
the  serious d isadvantages of high s ilt and con
sequent low perm eability .

The p repara tion  of th e  synthetic sand consists 
of m illing fo r five to  six m inutes, a fte r  in tro 
ducing th e  required  am ount of w ater, to  which 
a litt le  mollasses m ay be added, th is  trea tm en t 
is followed by passing the sand th rough  a 
Pneulec-Royer m achine. In  general, th e  physical 
properties of synthetic sand m ixtures are more 
difficult to  control th a n  the  n a tu ra l sands, for 
exam ple, the  m oisture con ten t is more likely to  
vary , and  th e  effects of excess coal dust are more 
pronounced. The au tho r would no t advise any 
foundrvm an to  adop t wholly or in  p a rt synthetic 
sand practice unless p repared  to  give i t  constant 
a tten tio n  backed by scientific methods of con
tro l, frequen t te s ting  for m oisture content, and 
the  purchasing of a quick and reliable in strum ent 
for m aking these determ inations.
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C o n c lu s io n s
W hen th e  au th o r set ou t to  w rite  th is P ap e r 

it was in tended  to  include some considerations 
of sand control in  th e  core departm en t, b u t the  
whole sub ject is so large th a t  i t  was soon 
realised th a t  core sand and  core sand m ix tu res 
control would easily comprise ano ther P ap er, and 
so he m ust conclude w ith  a few item s of in te re s t 
in regard  to  sand, sand m ix tures, and  sand 
tre a tm en t generally, some of which apply to  the  
more m anual controlled foundry . Good castings

F i g . 4 .— T h e  T e c h n ic a l  S a n d - P r e p a r in g  
L aboratory  o f  M e s s r s . C r a n e , L im it e d .

and  good tem pers, the two essentials to  th e  
success of any foundry , can be more assured if 
real p rac tica l scientific control is applied to  sands 
w ith the  same m easure of im portance and  keen
ness as the  up -to -date  foundry  now applies to  
the  control of m etal.

(I) Sands should be stored u n d e r cover; if 
stored in  the  open, m oulding sands n o t only lose 
bonding m ateria l b u t cause increased scrap losses 
in th e  foundry  due to  excessive m oisture con ten t.

(I I)  To obtain  stan d ard s and properly con
trolled m ixtures, the  “  shovelfuls ”  m easure m ust



no t be p e rm it te d ; a cubic foot box, or a s tra ig h t 
sides and  flat-top barrow  (to enable s trik ing  off 
level! divided in to  two longitud inal sections 
should be used.

( I I I )  A definite m inim um  m illing tim e  based 
on satisfac to ry  standards found by practice 
should be set.

(IV ) Sand  dum ped from  moulds cannot be pro
perly tem pered  im m ediately a f te rw a rd s ; th is  is 
a p t to  be a  problem, particu la rly  in mechanised 
p lan ts ; i t  can be m inim ised by efficient cooling, 
m illing, and ¡oration, and  by th e  use of large 
capacity  storage bins, in  which th e  sand can be 
allowed to  “  tem p er.”

(V) I n  general, sands of the  correct g ra in  size, 
un iform ity , and  perm eability  do away w ith the 
ven t w ire, or a t  least m inim ise its  use, so saving 
tim e  and  very often  th e  p a tte rn s  too.

(V I) The p a rticu la r requirem ents of th e  job 
should be found ou t in  respect of sand, a suitable 
m ix tu re  arrived  a t  and standard ised .

(V II) I f  m aking ligh t castings and scabbing 
troubles arise, do no t jum p to  the  conclusion 
th a t  th e  sand is the  cau se ; exam ine th e  p a tte rn s, 
maybe too much m etal is allowed to  en te r through 
a single ru n n er.

(V III)  K eep the  am ount of m oisture as low as 
is consistent w ith th e  required  bonding condi
tion , necessary to  give good jo in t lines and 
smooth castings. M ain ta in  m oisture control 
w ith in  a  s tan d a rd  range. In  mechanised foun
dries hot sand is often  unavoidable; remember 
th a t  such sand requires more w ater as i t  dries 
o u t fas te r on th e  delivery belts th a n  heap sand.

(IX ) S ilt, and th e  troubles associated w ith it , 
a re  more likely to  come from coal dust th an  from 
possible breakdow n of norm al sand grains. S ilt 
and  excess fines can be removed by m eans of a 
large volume, low-veloeity suction fa n ; in some 
A m erican foundries the  fan  is s itua ted  in  the 
bucket e levator of the  sand system, but for th is 
scheme to  be successful the  sand m ust be re la 
tively  dry.
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(X) Take precautions to  elim inate  m e ta l-sh o t; 
th is  m ateria l can be the  cause of a num ber of 
troubles, such as hard  spots and blow-holes.

(X I) H o t sand causes rough castings and  is 
less perm eable th an  cold, due to  a ir  expansion 
and s te am ; ae ra tin g  minim ises these troubles.
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D ISC U S SIO N
. Mr. G. W. Brown (President of the  B irm ingham  

B ranch) presided, and on behalf of th e  B irm ing 
ham members expressed apprecia tion  of th e  p riv i
lege afforded them  to  tak e  p a r t  in  the  m eeting.

M r. P . G e n t l e s  asked w hat varie ties  of E r ith  
sand the  au th o r had used, and  particu la rly  
w hether he had used th e  m edium  g rad e  and  w hat 
resu lts he had  obtained. I t  would be in te re s tin g  
if th e  facings tra d e  would provide a coal dust 
which would no t give silt.

M r. S h e p h e r d  replied  th a t  he had  tr ie d  all th e  
varie ties of E r ith  sand h u t had  n o t found any 
appreciable difference between them . H e would 
n o t criticise E r ith  sand, because i t  was p a rticu 
larly  useful for some purposes. M uch depended 
upon the  application  of good foundry  technique, 
venting , etc.
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M i n i m u m  Coa l  D u s t  A d d i t i o n  A d v o c a t e d
M r . H . W i n t e r t o n  (P residen t of the In s ti

tu te )  said he agreed w ith the  sta tem ents made 
in M r. Shepherd’s P ap e r concerning coal dust. 
H e recalled a P ap e r which he had delivered a t 
B irm ingham , in  1908, in which he had  s ta te d : 
“ Ho n o t use too much coal d u s t; very carefully 
calculate th e  am ount necessary. F o r large cast
ings use a coarser coal dust th a n  for the  fine 
castings. I t  is essential to  m easure and add 
exactly th e  same am ount each tim e .” In  the 
past, he continued, faT  too little  a tten tio n  had 
been paid to  th e  m ix tu re s ; perhaps, also, fa r  too 
little  a tten tio n  had been paid  to  the  qualities 
th a t  had  been produced, h u t nowadays s tandard  
qualities were produced in  a scientific m a n n e r; 
in some works, indeed, all raw m ateria ls were 
subjected to  the  m ost complete analysis every 
tim e  th a t  m ixtures were made. Of course, the 
consum er m ust use them  in  his own particu lar 
way, b u t founders were realising  th a t  in  the 
handling  of raw  and prepared sand more specific 
care1 was necessary th a n  had been applied in  the 
past. The In s titu te  had been of g rea t advantage 
no t only to  the  founders b u t also to  those who 
had to  supply the  needs of th e  founders, by lead
ing them  in  th e  r ig h t direction. H e hoped sin
cerely th a t  th e  tim e was no t fa r  d is tan t when 
some definite s tan d a rd  m igh t be arranged 
between the  various bodies, whereby founders 
would be able to  ob tain  sands to  th e ir  p articu la r 
requirem ents, as well as o ther ingredients, so 
th a t  m aterially  fewer w asters would be produced.

M r . S h e p h e r d  said th a t  the  facings trad e  
could, and did, supply m aterials to  specification, 
and would be willing to co-operate w ith  any who 
required  specifications to  su it th e ir  particu la r 
purposes. I t  was pleasing to note th a t  so many 
years ago M r. W in terton  had w arned the 
founders against the excessive use of coal dust.

T h e  Si l t  P r o b l e m
M r . J .  W . Gardom (P ast-P residen t of the 

London B ranch) asked if i t  were not possible
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th a t  silt was produced, b u t was carried  aw ay ; 
i t  was likely th a t  a t  th e  knock-out, where th ere  
was bound to  be a ir  suction, th a t  th e  silt would 
be removed. Some years ago he had  advocated 
the  in sta lla tion  of p lan t to  e lim inate  silt, b u t 
nowadays he did n o t believe th a t  i t  was neces
sary. H e was convinced th a t  a c e rta in  percen t
age of s ilt was essential to  the  m aking  of a really  
good casting , for w ithou t i t  th e  con tractions in 
the sand were such th a t  a bad surface was pro
duced on the  casting . W ith  reg ard  to  th e  a ir  
separation  of the s ilt in  m echanised foundries, 
he recalled the  a u th o r’s s ta tem en t th a t  if  th a t  
separation  were to  be successful, th e  sand m ust 
be thoroughly dry, and th e  suggestion th a t  a 
fan  be used for w ithdraw al a t  the  elevator. The 
best place fo r the  fan , he suggested, was over 
th e  knock-out, because there  th e  sand, w ith  the  
silt in it, was hot and dry, and, fu r th e r , one 
could im prove th e  usually  unhealthy  w orking 
conditions a t  th e  knock-out.

H e had recen tly  become acquain ted  w ith  a 
firm m aking driers and had persuaded them  to  
carry  ou t some experim ents on sand drying. 
Regardless of th e  orig inal m oisture con ten t of 
the sand, i t  could be reduced to  any percentage 
desired. U nfo rtuna te ly , th is  process cost a good 
deal of money, and  he doubted w hether foundries 
could afford the  cost of it .

C o n t r o l l e d  M o i s t u r e  C o n t e n t  D r y e r s
I f  th e  contam ination  of m oulding sand by core 

sand, o r vice versa, were bad, i t  seemed w orth 
while considering th e  in s ta lla tion  of su itable 
p lan t fo r the  separation  of th e  two types of sand. 
The separation  could be effected q u ite  easily, p ro
vided a founder would spend th e  money, and 
he was convinced th a t  th e  cap ita l ou tlay  could 
easily be recovered. I f  th a t  were so, i t  d id n o t 
seem advisable to  mill all th e  sand used to  fac- 
ing quality , as the  au th o r had  suggested was 
the  case in  a m echanised foundry . The best 
m ateria l to  use fo r facing  was a well-milled line



sand w ith good b o n d ; the  backing sand could be 
quite  open, provided i t  would hold together. 
I t  seemed advisable to  use a finer sand a t  the 
face, w hatever the size of casting, and a coarser 
backing sand in  order to  secure perm eability. 
The separation  and  recovery of sand in  the  vari
ous g ra in  sizes used in the  different p a rts  of the 
mould was well worthy of very full investiga
tion . The engineers of the  A ustin  M otor Com
pany had done much work in th a t  direction, and 
perhaps M r. G. W. Brown would be able to pub
lish th e  figures, as they  would be valuable to 
m any foundries. The m ain  difficulty in milling 
all th e  sand to  facing quality  was th a t  of c o s t; 
in  mechanised foundries using 100 tons of sand 
per hour, they  could no t afford to  mill all the  
sand used. They were obliged, therefore, to 
separa te  the  facing sand and backing sand quali
ties, and  he did not th in k  the  tim e spent in 
m aking the moulds was appreciable, provided 
proper arrangem ents were m ade for the delivery 
of the  tw o types of sand to  suitable places.

In  expressing the  hope th a t  M r. Shepherd 
would conduct fu r th e r  work on sands, particu 
larly  from  the  po in t of view of the  conditions 
in m echanised foundries, M r. Gardom asked 
w hether i t  would be possible to  carry  ou t bonding 
tes ts  w ith  various sands and mills, in  order to 
ascerta in  w hat types of m ill would produce a 
ce rta in  bond in  a given tim e. The results of 
such tes ts  would be of very g rea t advantage, 
and he suggested th a t  i t  would be best for a 
p riv a te  firm to  do th is  work. The rammed 
density  of th e  various sands in  the moulding 
m achines was also im p o rtan t; questions such as 
w hether a sand required  100, 80 or 60 bumps 
had an im p o rtan t influence on production in  a 
m echanised foundry , and, of course, i t  was on 
the  production th a t  a mechanised foundry e ither 
paid or lost money.

M r. Gardom agreed w ith the au tho r th a t  
g ra in  size was about the  most im portan t factor 
in sand te s tin g ; he d id  not th in k  i t  was of any 
use m entioning the  m oisture conten t w ithout 
g iving also some indication  of the g rain  size.
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K n o c k - O u t  C o n s i d e r a t i o n s

M r. S h e p h e r d  replied  th a t  to  some ex ten t 
there  was a ir  separa tion  of the  s ilt in  th e  p lan t 
th a t  he used, although  no fan  was used. The 
p lan t relied en tire ly  on n a tu ra l d ra f t, using 
extension pieces over th e  bucket e levator and 
the  casting  g rid . H e had  never determ ined w hat 
silt was p resen t im m ediately before th e  casting  
en tered  the  knock-out, where th e  suction was 
applied, b u t he had  tak en  sam ples of sand  from  
the bottom  of th e  bucket elevator and had  found 
no appreciable am ount of s ilt th ere . The gun- 
m etal foundry  was no t ye t opera ting  on the 
m echanised basis, and du ring  th e  las t few years 
he had not found any appreciable increase of 
silt. I f  an excessive am ount of coal d u st were 
added, the re  would im m ediately  be an  increase 
in s ilt and  decrease in  perm eability .

The suggestion to  place a suction fan  over the  
knock-out for the  purpose of d raw ing off t h e  
silt was a good one, b u t as th e  fan  would be 
opera ting  over very ho t and  steam y sand  i t  
would be a p t to  draw  off a q u an tity  of th e  sand 
itself. T h a t was why he had  always relied on 
n a tu ra l d ra f t over the  casting  g rid . Over the  
bucket elevator, however, th ere  was a  possibility 
of using a good suction.

The ab ility  to  dry  sands to  defin ite m oisture 
contents was im p o rtan t. Speak ing  w ithou t know
ledge of th e  d rying p lan t to  which M r. G ardom  
had referred , he said i t  m igh t be necessary to  
employ someone on th e  p la n t to  contro l the  
m oisture contents of the  sands w ith  w hich i t  
dealt. Possibily the  m an who was hand ling  th e  
p lan t could do th a t.

T w o - S a n d  D e v e l o p m e n t s

I t  seemed th a t  M r. G ardom  had  m isunderstood 
th e  views expressed in  th e  P ap e r w ith  reg ard  to  
facing sand. H e  had  s ta ted  in  th e  P ap e r th a t  
there  was, or should be, a m ovem ent away from  
m aking all the  sand like facing  sand. F o r 
exam ple, th ings w ere done on such a high speed



411

scale in  Am erica th a t  the  mass handling of sand 
became a v ita l factor, and  obviously they  had 
sought to elim inate  the  use of a separa te  facing 
sand. B u t la tte r ly  th ere  had been a d is tinct 
movem ent tow ards the ré in troduction  of facing 
sand in  A m erican foundries, for they  had found 
th a t  i t  paid  to  use a separate  sand for facing 
instead  of p reparing  th e  whole of the m oulding 
sand to  facing sand quality .

The efficient m illing of th e  sand was essential 
in  any system  if one were to  obtain  full value 
from the system. H e could speak from experi
ence in th a t  m a tte r  particu larly , because some 
trouble had  been experienced in connection w ith 
a u n it recently  installed. The engineers con
cerned had said th a t  th e  mill should go in one 
place, whereas the foundrym en and the m etallu r
g ists had said th a t  i t  should go somewhere else. 
The eng ineers’ opinion had been followed, and 
a  serious am ount of new sand had had to be used 
in th a t  system in  order to  m ain ta in  the quality. 
U ltim ately  the  mill had been moved to  a position 
in which i t  could give efficient m illing. The 
equipm ent m akers should m arke t an equipm ent 
which would mill sand efficiently in  a continuous 
p lan t. An a ttem p t had been made in th e  U nited 
S ta tes  ; b u t the  problem of cost was im portan t, 
and there  were lim its to the am ounts which even 
the  large companies could afford to spend on sand 
plan t.

H e  had done some work in  connection with 
bonding tim es, and would gladly undertake to 
carry  out fu r th e r  tests, possibly by tak ing  
samples a t  various p arts  of th e  system and ru n 
ning them  th rough  th e  mill. By th a t  means it 
m igh t be possible to find some valuable in for
m ation.

The ram m ed density  of moulds was of vital 
im portance, and he had found th a t  when using a 
certa in  type of moulding m achine the num ber of 
ram s applied was the controlling fea tu re  in  the 
production  of a good casting. H e had in mind 
some sort of mould hardness te s te r, b u t he under
stood th a t  such accessories were not ye t very



satisfactory , as so m any variables had to  be 
considered.

M o r e  A b o u t  Si l t  C o n t r o l
M r . G. E. F r a nce  said there  had been a 

d earth  of in form ation  re la ting  to  th e  effective 
operation  of mechanised foundry  p lan ts, p a r t i
cularly  in  re lation  to  sand p rep a ra tio n  and h and 
ling. He hoped th a t  as the  resu lt of th e  P ap e r 
o ther members of the In s titu te  would be per
suaded to  give fu r th e r in form ation  which would 
be helpful no t only to  operators, b u t also to  de
signers of foundry  p lan t. The efficient design 
and  developm ent of foundry  equipm ent was very 
largely in  the  hands of th e  foundrym en th em 
selves, inasm uch as the  designers had to rely 
on the  experience of the users of th e  p lan t.

W ith  regard  to  the  silt problem, no th ing  had 
been said in the  P ap e r or in  th e  discussion to 
disprove th a t  excess of silt had  a very dele
terious effect on the  efficiency of m oulding sand. 
There were both m anufac tu re rs and users of 
foundry  equipm ent who a ttach ed  considerable 
im portance not necessarily to  th e  e lim ination  of 
silt, b u t to the inclusion in  th e ir  p lan t of some 
ap p ara tu s  which would control th e  am ount of 
silt, for they recognised th e  danger of uncon
trolled silt. M uch work had been done, and 
was still being done, in th a t  d irection . The re 
m arks of M r. Shepherd and M r. Gardom  con
cerning the methods used for th e  a ir  separa tion  
of silt would suggest th a t  perhaps they  were no t 
fully aw are of la te  developm ents. The provi
sion of an exhaust fan  a t  th e  knock-out or a t 
the  bucket elevator was too haphazard . The 
problem of d u st ex trac tio n  should be tackled  as 
a problem by itself. The dust and  steam  problem 
a t  the knock-out should be regarded  purely  as a 
problem of ven tila tio n ; th e  s ilt problem was a 
separate  one, and could be tackled  by th e  p ro
vision of proper p lan t, b u ilt in to  th e  foundry  
equipm ent, and which would give th e  user com
plete control n o t only of th e  q u an tity , b u t also 
of the qua lity  of s ilt removed.
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W hilst hot sand m ight no t have a very m aterial 
effect in  a small foundry , i t  became an im por
ta n t  fac to r in  foundries engaged on intensive 
mass production by means of large mechanised 
p lan t. In  a continuously operated foundry which 
he knew of, the p lan t had been tr ip lica ted  during  
the last th ree  years, and in each case th e  plants 
were producing continuously th roughout the 
whole of the  24 hours—quite  a considerable 
am ount of th e  to ta l cap ita l expended had been 
concerned w ith  sand cooling. Each u n it was 
dealing w ith 60 tons of m oulding sand per hour, 
and the  sand was kep t cool.

H e said th a t  M r. Shepherd’s P ap e r had con
firmed a fac t which was well known by the users 
of m any m echanised foundry  u n its  in th is 
country , th a t  i t  was a simple m a tte r  to  arrange 
for the  constan t m illing of sand a t  th e  ra te  of 
60 o r 100 tons jper hour. There was no diffi
culty in ju s tify in g  i t  economically.

T h e  E co n o m i c  A s p ec t
M r . S h e p h e r d  said th a t  everybody would ap

preciate the  indications given th a t  a lo t of 
tim e and money was being devoted to  m aking 
m echanised sand handling really efficient and 
th a t  th ere  was already on th e  m arket a con
siderable am ount of efficient appara tus. Of 
course, there  was a lim it to  the am ount of capita l 
th a t  a  founder could spend on his p lan t. The 
crite rion  was the  re tu rn  on the investm ent, and 
he agreed w ith M r. F rance  th a t  the  m a tte r  m ust 
be handled from  the  economio po in t of view. 
H e agreed th a t  the  s ilt problem was n o t so much 
one of complete e lim ination  as of control of the 
silt, and he recalled the  sta tem en t he had made 
in  the P ap er, th a t  the  am ount of coal dust 
used should be controlled very care fu lly ; in 
m aking th a t  s ta tem en t he had had in  mind the 
control of the am ount of silt present.

M r. G. H . P ip e r , in  a w ritten  comm unication, 
sta ted  th a t  the  question of coal dust in mould
ing sand was an im portant one, and he was glad 
Mr. Shepherd had stressed the  need for careful



control, both as regards q u an tity  and fineness, 
in order to  avoid the  extrem es of burning-on 
and veining. The am ount p resen t could be 
roughly estim ated  from  the  percentage of vola
tile  m a tte r  in  the  m oulding sand, b u t he th o u g h t 
M r. Shepherd would agree th a t  the  m ethod pro
posed by A ptekar (T rans., A .F .A ., 1934), in 
volving carbon determ inations on th e  sand and 
on the  original coal dust, was the  more sa tisfac
tory.

There was a need for fu r th e r  research  on the 
function  of coal dust in m oulding sands. E x 
perim ental work by B. H ird  and H . W in te rton  
had shown th a t , when m olten m etal was poured 
in to  the  mould, a smoky carbonaceous flame was 
produced from  the  coal dust, which p ro tected  th e  
sand from  the  action  of the  m olten m etal. A 
fu r th e r  effect which had been found in  work 
carried  ou t by th e  B ritish  C ast I ro n  R esearch 
Association was th a t  th e  dry  s tren g th  of the  
sand was grea tly  increased a f te r  a few castings 
had been made in  a sand contain ing  coal dust. 
This was of im portance in connection w ith  syn
the tic  moulding sands where, w ith  c e rta in  bond
ing clays, the  dry  s tren g th  of th e  m oulding sand 
was too low. In  such cases control of th e  d r y  
stren g th  appeared desirable in  o rder to  avoid 
troubles such as sand erosion and sand washed 
into the mould from  the  bottom  of the ru n n er.

V o t e  of  T h a n k s
Mb. F . J .  C o o k , proposing a vote of th an k s 

to  M r. Shepherd fo r the  P ap er, said  he had  had 
the privilege of being present, as th e  rep re
sen tative of the  In s titu te , a t  the  m eeting  held 
in America in 1922, to  which M r. Shepherd had 
referred . The. A m ericans had  been very en thusi
astic about dealing w ith  th e  sand  problem. I t  
was pleasing to note th a t , due to  th e  efforts 
of men such as M r. Shepherd, we in th is  country  
were nowadays well in the  fo re fron t in  regard  
to sand te s ting  and evaluation .

The vote of t h a n k s  w a s  seconded by M r. 
S h o t t o n , a n d  c a r r ie d  w i th  e n th u s ia s m .
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M r. H . W in t e r t o n  (P residen t of the  In s titu te )  
expressed the thanks of the  m eeting to  Mr. Ellis, 
who had operated  th e  lan te rn , and to  M r. Lock
wood, Secretary  of the London B ranch, for the 
excellent arrangem ents he had m ade for the 
jo in t m eeting of the  London and B irm ingham  
Branches. I t  had been indeed a pleasure, he 
added, to  a tten d  the  jo in t m eeting of these two 
Branches, and  the  visitors were indebted to  the 
London B ranch fo r having them  to  a tten d  and 
for having made such excellent arrangem ents for 
the ir en te rta in m en t and instruction .
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P a p e r  N o . 616

East Midlands Branch
P A T T E R N S  A N D  T H E I R  R E L A T I O N  T O  

M O U L D I N G  PROBLEMS*

By S. A.  H O R T O N  ( A s s o c i a t e  M e m b e r )
A considerable num ber of P apers has been 

presented before the  various branches of th e  
In s titu te  of B ritish  Foundrym en on p a tte rn -  
m aking, b u t th e  m ajo rity  have been presented  
by p a tte rnm akers  who explained m ethods of 
p a tte rn  p roduction  and various details of the  
c ra ft. W hen read ing  these P ap ers  i t  is some
w hat su rp ris ing  to  find th e re  is no record of 
the  num erous troubles foundrym en encoun ter 
when using these p a tte rn s  to  produce satisfac to ry  
castings. The purpose of th is  P a p e r is, th e re 
fore, to  discuss details of p a tte rn  production  
which a re  of p rim ary  im portance to  the  m oulder 
and p a tte rn m ak er.

I t  should be understood th a t  the  various points 
of p a tte rn  production  criticised  in  th is  P ap e r 
are fau lts  which repeated ly  occur in  th e  foundry . 
The p a tte rn s  in  question a re  received from  all 
p a rts  of the  B ritish  Isles, and  are , therefo re , 
rep resen ta tive  of th e  ty p e  of p a tte rn s  m any 
foundries receive.

T here are  details in  th e  p roduction  of a p a t
te rn  which the  p a tte rn m ak e r should consider 
before construction  of any design is commenced. 
Tt is obvious th a t  th e  following deta ils a re  of 
im portance: th e  jo in tin g  of the  m ould; the  
removal of the  p a tte rn  from  the  m ould ; m ould
ing ta p e r ; th e  w eight of m etal p a tte rn s  ; th e  
coring of the  mould ; th e  correct allowance for 
m etal con trac tion  ; th e  dim ensional accuracy 
and general finish ; and casting  identification .

All these points should receive serious consider
ation  before th e  production  of a p a tte rn  equ ip 
m ent commences as they  all affect th e  re su lta n t 
casting. W hen m oulding difficulties have been

* The Author v as awarded a Diploma for this Paper.
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in telligen tly  an tic ipa ted  by th e  pa tte rnm aker 
and a satisfactory  p a tte rn  equipm ent produced, 
m oulding is considerably simplified.

To sim plify m oulding m eans to  reduce tim e 
spen t on the production of each mould, and in 
these days of mass production, tim e saved on 
m oulding is of considerable im portance. The 
type of labour now employed in  th e  m ajo rity  of 
foundries m akes i t  im perative th a t  a good clean 
mould be produced every tim e a p a tte rn  is w ith 
draw n from  a mould.

The opinion of a g rea t num ber of p a tte rn 
m akers w ith  whom the  au th o r has discussed cast
ing production is th a t  th e ir responsibility ceases 
d irectly  the  p a tte rn  equipm ent passes through  
th e  patternshop  door; th e ir  a tt itu d e  seems to  
be th a t  as the p a tte rn  equipm ent has been made 
as accurately  as possible to  the  draw ing, the 
m oulder is responsible for the  production of a 
satisfactory  casting.

The purpose of th is P ap er is not to discuss 
p a tte rn  construction, which is a trad e  of its  own, 
bu t to  outline several troubles repeatedly  noticed 
on pa tte rn s  subm itted  for production which could 
have been elim inated  if more a tten tio n  were 
given to  the  problem of m oulding. No doubt 
the  various methods of moulding create th e ir 
own difficulties; for exam ple, w ith m achine 
m oulding, the  p a tte rn  equipm ent is preferred 
as a tw o-part job, a p a tte rn  subm itted as a 
th ree -p a rt job, which could be qu ite  satisfactorily  
produced by ano ther m ethod of m oulding, m ight 
have to  be converted in to  a tw o-part job.

I t  is no t desired to  create an  impression th a t  
th e  points to  be raised  are applicable to  a certa in  
type of m ou ld ing ; fau lts  a re  experienced when 
m oulding from  p a tte rn s  by any method, and it  
is th e  in ten tion  of th is P ap e r to  b ring  several 
of these to th e  notice of the  patternm aker.

J o i n t i n g  of  t h e  Mould
A m oulder can spend a considerable am ount of 

tim e producing a satisfactory  mould jo in t when 
w orking from any type of p a tte rn  if necessary

p



provision has n o t been m ade by th e  p a tte rn 
m aker. This operation  could be elim inated  on 
75 per cent, of th e  p a tte rn s  subm itted  to  the  
foundry. I t  seems to  be generally  understood 
th a t i t  is th e  m oulder’s job to  produce th e  mould 
jo in t, b u t w henever possible i t  should be pro
duced in  th e  patternshop  and  no t in  th e  foundry . 
If  i t  has n o t been possible to  produce the  p a tte rn  
in halves, th e  p a tte rn  ta p e r  and  o th er details 
associated w ith th e  jo in tin g  of th e  mould should 
be so formed th a t  th e  m oulder can see exactly  
where th e  mould requ ires jo in ting .

This sta tem en t will, no doubt, b ring  fo rth  
the  accusation th a t  when a  p a tte rn m ak er jo in ts  
a  p a tte rn  i t  is never sa tisfac to ry  to  th e  m oulder. 
This is a difficulty which is easily overcome, 
because when th e  patternshop  is in  doubt, the  
foundry executive can always be consulted.

An illu s tra tio n  of poor practice is th e  p a tte rn  
of cylindrical design which, in s tead  of being 
m ade in  halves, is m ade solid. A p a tte rn  of 
th is design m ade in  halves is easily m ounted on 
p lates for m achine m oulding. By halves, two 
exact halves a re  n o t necessarily m ean t, b u t i t  
should be sectioned in  such a  m anner th a t  th e  
tw o portions a re  easily moulded—if th e re  are  
any p a rts  th a t  will n o t l i f t  they  can be e ith e r 
accommodated by th e  use of cores o r sanction  
obtained fo r a sligh t a lte ra tio n  to  th e  design.

I t  has been personal experience th a t  th e  
designing departm en ts of eng ineering  firms are 
in terested  in  th e  foundrym an’s troubles, and  if 
m oulding difficulties be fully  explained , and 
reasons given why ce rta in  a lte ra tio n s to  the  
orig inal design are  desired, in  th e  m a jo rity  of 
instances such details as loose bosses ca rried  on 
dovetails o r form ed by a  core would be consider
ably reduced, because invariab ly  “  D ” shaped 
bosses could be incorporated  in  th e  design.

I t  is essential, w ith  th e  ty p e  of labour now 
available for m oulding operations, th a t  w henever 
possible th e  mould jo in t should be form ed by 
the  p a tte rn  equipm ent. There a re  jobs on which 
th is i3 impossible, h u t in  a foundry  producing
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castings on a com petitive basis they m ust be 
reduced to  th e  m inim um.

Bonnet P a t te rn .—This p a tte rn  is m ade as a 
th ree -p a rt job. I t  would be simpler to  mould 
if the p a tte rn  were sp lit along the  vertical centre 
line, and m ade as a tw o-part job for th en  the 
jo in t could be produced by a  fla t board and there  
would be a considerable reduction in  the mould
ing cost.

Casing P a t te rn .—This also is a th ree -p a rt job, 
bu t of a different type. I t  is a well-made p a t
te rn  and a  considerable am ount of th ough t has 
been used in  its  production, b u t i t  is not alto 
gether a  sa tisfac to ry  m oulding proposition. The 
p a tte rn  is m arked to show where the mould 
jo in ts m ust be m ade, and th e  production of the 
mould necessitates careful a tten tio n  to  detail. 
This will tak e  tim e, and if th e  moulding tim e 
could be reduced by an a lte ra tion  in  the  design 
of th e  p a tte rn  th is ought to  be done.

I t  is suggested th a t  th is  ought to  have been 
a block p a tte rn —the  sides having a substan tia l 
am ount of tap e r , and th e  p a tte rn  sp lit on the 
top  face. The boss could then  be e ith e r dowelled 
on to  the  p a tte rn  or the p a tte rn  m ounted on a 
p late, the  ex te rn a l shape would then  be formed 
by four cores. The assembly of the cores would 
be very simple and they  would be very easily 
produced. A p a tte rn  m ade in  th is m anner would 
not cost much more to produce and the  ex tra  
cost would m ore th an  be saved by the  reduction 
in m oulding operations.

Removal  of  t h e  P a t t e r n  f r o m  t h e  Mould
The rem oval of th e  p a tte rn  from  the  mould 

is an operation  which is necessary in  the produc
tion  of a mould, yet on the  m ajo rity  of loose 
p a tte rn s  which a re  subm itted  for use in  the 
foundry  no provision is m ade for th is. Every
body is fam iliar w ith  th e  resu lt of a p a tte rn  
being used in  the  foundry  w ithout substan tia l 
rapp ing  and liftin g  plates. The moulder is
frequently  blam ed for th e  rough tre a tm e n t of 
such p a tte rn s , b u t i t  is n o t en tirely  his fau lt
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when the  known precautions have no t been 
taken.

] f dam aged p a tte rn s  be re tu rn ed  in  an  u n 
sightly condition to  the  owner, a com plain t is 
received of excessively rough usage and  inefficient 
supervision in  allowing a m oulder to  abuse a 
p a tte rn  to  such an  ex ten t. I t  is a m oulding 
operation  to  rap  and remove a p a tte rn  from  the  
mould, and  m any loose p a tte rn s  a re  supplied 
w ithout rapp ing  or lif tin g  plates.

T here is also th e  type  of lif tin g  p la te  which 
is much too small in re la tion  to  the  size of th e  
p a tte rn , and  instead  of being flush w ith th e  
p a tte rn  surface, i t  stands proud and is secured 
by four f- in . screws; no hole is d rilled  in  th e  
p a tte rn  to  allow th e  rap p in g  b a r  to  be used effi
ciently  w ithou t m u tila tin g  th e  p a tte rn , and  in 
variably , a f te r  th e  th ird  o r fo u rth  tim e, the  
p a tte rn  is rapped , the  screws pull o u t and  th e  
m oulder resorts to  a red ho t bar. E ven w hen he 
exercises special care, the  p a tte rn  is usually 
dam aged and  th e  cost of th e  repa irs  would m ore 
th a n  cover th e  cost of providing sub s tan tia l 
rapp ing  p lates and  correctly  placing them  flush 
w ith th e  p a tte rn  surface.

Excessive rapp ing  can have a very g re a t effect 
on th e  size of th e  finished casting . W hen 
recently  investiga ting  com plaints of excessive 
weight, casting  grow th and varia tio n  in casting  
sizes of bulk q u an tities , i t  was proved th a t  they  
were directly  due to  uneven rap p in g  caused 
th rough  the  m oulder using  an  excessively heavy 
bar because th e  rapp ing  hole had  become en
larged as no rapp ing  plates had been provided. 
To p reven t a rep e titio n  of th is  trouble, su itab le  
plates were fitted. This, if i t  does n o th ing  else, 
will definitely re s tr ic t th e  m oulder’s choice of 
rapp ing  bars.

Moul di ng  T a p e r
E ver since th e  au th o r has been connected w ith 

a foundry  th e  only in te rp re ta tio n  of th e  word 
tap e r known to  the  m oulder has been slope, 
and  i t  is probable th a t  in  th e  past, when cast
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ings were sold by w eight, th e  foundry owner 
also understood ta p e r  to  m ean slope, b u t those 
days are  gone. W ith  th e  in troduction  of 
m echanical m ethods of v ibration , p a tte rn  tap e r 
can  be controlled to  th e  satisfaction  of both 
purchaser and  foundrym an.

G radually  draughtsm en are  being educated in 
th e  use of m oulding tap e r , b u t th e re  is a per
sis ten t reluctance on th e  p a r t of th e  p a tte rn 
m aker to  incorporate  satisfactory  tap e r in  the 
production of a  p a tte rn  equipm ent unless i t  is 
shown on th e  draw ing. H alf-hearted  attem pts 
are  sometimes m ade by sand-papering vertical 
surfaces to  give negligible am ounts of ta p e r 
when th e  p a tte rn  is ready for the  foundry.

W hy ta p e r  appears to  be th e  las t considera
tion  is alm ost beyond comprehension, as the 
am ount of ta p e r  required  on a vertical surface 
to give a  satisfactory  l i f t  is no t an unknown 
q u an tity , and i t  should receive consideration 
when th e  production of th e  p a tte rn  is discussed. 
R ecently, ai forem an p a tte rnm aker, discussing 
w ith a w orkm an th e  best m ethod of constructing  
a certa in  p a tte rn , dealt w ith  th e  m ethod Of 
m oulding, jo in tin g  of the  p a tte rn , s tren g th  of 
the  p a tte rn , size of co rep rin t and m achining 
allowance, all of which were in telligen tly  con
sidered. F inally , th e  workm an inquired  about 
th e  tap e r , and th e  forem an replied th a t  they 
would rub  th a t  on when the  p a tte rn  was finished.

T hat rem ark  seems to  be typ ical of the am ount 
of consideration usually given to  th e  sub ject of 
m oulding tap e r , judg ing  by some of th e  p a tte rn s  
produced from  which satisfactory  castings are 
required . F requen tly  ribs 3 to  6 in. deep havr- 
oniy in. ta p e r  each side. F or instance, a 
p a tte rn  on which qu ite  a liberal am ount of tap e r 
could have been used actually  had only in- 
on each of th e  two sides. The difficulty the 
moulder has in w ithdraw ing th is p a tte rn  from 
the  mould, unless he excessively raps it , is 
obvious.

This typifies th e  rem arks regard ing  the absence 
of sufficient moulding taper. The am ount of
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ta p e r  perm issible varies w ith  th e  castings pro
duced, b u t th ere  is n o t a  single design which is 
seriously considered as a  m oulding proposition 
on which a  sa tisfactory  am ount of ta p e r  could 
not be allowed.

W e i g h t  o f  Me t a l  P a t t e r n s

A good li f t  is an essential fac to r in th e  p ro
duction of a good mould, and, therefo re , the
w eight of the  p a tte rn  m ust be considered, be
cause, if a p a tte rn  is easy to  lif t , i t  is easily 
handled and can be more accurately  w ithdraw n 
from the mould. I t  has been personal experience 
th a t  th ere  is always a g rea te r tendency for 
dim ensional inaccuracy when two m oulders w ith 
draw  a p a tte rn  th a n  when one m oulder w ith 
draws i t  alone. I t  is, therefo re , essential for 
the  p a tte rn  to  be as ligh t as possible, ta k in g  in to
consideration the  s tren g th  necessary to  w ith 
stand  the  service requirem ents of the  foundry .

A t th e  present tim e, m etal p a tte rn s  are  quite 
frequently  supplied, b u t th e  choice of m etal from  
which these p a tte rn s  are  m ade is n o t as sa tis
factory  as i t  m igh t be. Some alum inium  alloys 
have proved to  be very sa tisfac to ry  in  the  
foundry, th e ir  m ain  d isadvantage being th a t  
p a tte rn  a lte ra tions cannot be so read ily  carried  
out, b u t th is  is a difficulty which can be over
come.

Brass or oast-iron p a tte rn s  a re  o ften  m ade u n 
necessarily heavy, b u t when they  are  effectively 
lightened, they  are  qu ite  sa tisfactory . F re 
quently  they  are  heavier th a n  th e  casting  they  
produce, due to  th e  ad d itio n  of co reprin ts. 
M etal p a tte rn s  are  supplied w eighing up  to  
3 cwts., which could be easily reduced to  a 
q u a rte r  of th is  w eight if they  were lightened. 
Only a very th in  section of m etal is necessary 
a p a r t from a sligh t stren g th en in g  up a t  the  
points where liftin g  and  rap p in g  ta k e  place.

The rem arks on the w eight of p a tte rn s  apply 
chiefly to  the  hand  m oulding section of the  
foundry, because, if a heavy p a tte rn  is supplied 
for use in the m echanical section, alum inium
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p a tte rn s  are  p repared and substitu ted  on account 
of the  excessive fa tigue  repeated  handling of 
such p a tte rn s  imposes on the  moulder.

C o r i n g - u p  of  t h e  Mould
In  these days of q u an tity  production m achin

ing, when large num bers of castings are  machined 
from predeterm ined location points, i t  is im 
perative th a t  the  cored portion  of the mould be 
in correct re la tion  to  the  moulded portion. To 
ensure th is  regu larity , th e  correct type of core- 
p rin t is necessary, because i t  is impossible to 
m ain ta in  the correct position of the  core unless 
there is an  ample coreprin t.

Considerable difficulty has been experienced 
from tim e to  tim e w ith  the  coring of differential 
case castings. The two spherical faced bosses 
m ust be correct to  w ith in  in. of th e  flange 
face. The flange is formed by th e  p a tte rn  and 
moulded, and the two spherical bosses are  formed 
by the  core.

Two sets of p a tte rn  equipm ent have been en
countered, th e  first of which has never given 
the slightest difficulty in m ain ta in ing  the posi
tion of th e  bosses, because adequate coreprin t 
has been allowed. The core fits freely, and is 
held firmly in th e  coreprin t, and there  is a suffi
c ien t area of core covered by the cope to pre
vent th e  core lifting  when the mould is poured.

A second casting  has given considerable 
trouble, as th e  core seating  is quite inadequate. 
The core was expected to  res t on two portions 
of a sphere, and there  was no provision made 
to p reven t the  core lifting , a p a rt from a small 
cen tre  core. A fte r th e  p a tte rn  was first sub
m itted , two rec tangu la r strips were attached  
to  th e  co rep rin t; these were added because i t  
was possible for th e  core to be misplaced in  a 
clockwise direction. The strip s corrected th a t  
e rro r, and also gave an improved core seating, 
but still a considerable am ount of tim e was lost 
in coring up th is job, as every core had to  be 
set w ith a core gauge, and every casting  to  be
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checked a t the  inspection tables to  prove if the  
m oulder was using the  core gauge.

All th is  ex tra  work could have been elim inated  
if th e  type of co rep rin t associated w ith  th e  first 
p a tte rn  had been used. I t  is of in te re s t to  know' 
th a t  th e  first p a tte rn  was m ade in  the  p a tte rn - 
shop of a firm who have th e ir  own foundry , 
and no doubt the  forem an p a tte rn m ak e r has 
lea rn t from  experience how necessary i t  is when 
producing th is type  of casting  to  have a good 
core location.

A nother trouble  experienced is w ith  th e  core, 
which is only supported  a t  one end. U sually, 
ju s t sufficient p r in t is allowed to  locate th e  core, 
and, when in position, th e  portion  in  th e  mould 
is considerably g rea te r th a n  th e  po rtion  in  the  
coreprin t, w ith  the  resu lt th a t  th e  correct m etal 
section around  th e  core has to  be m ain ta ined  by 
using chaplets.

A personal though t is th a t  i t  is preferab le  to 
have a p r in t a t  least as long as th e  core pro
trudes in to  the  casting  to  elim inate  th e  use of 
chaplets. The e x tra  p r in t necessita tes e x tra  
moulding box room, b u t i t  has been th e  a u th o r’s 
experience th a t  a more sa tisfac to ry  casting  is 
produced when using a balanced core th a n  when 
using chaplets. The e x tra  tim ber necessary is 
negligible when a m ore sa tisfac to ry  casting  is 
produced. These rem arks only app ly  to  a ce rta in  
type of casting , b u t th is  troub le is repeated ly  
encountered.

A nother problem is th e  p a tte rn  on which a 
round core p ro trudes inrto th e  m ou ld ; no corebox 
is supplied to  give th e  correct leng th  of th e  core. 
A m ark  is pa in ted  on th e  p a tte rn , and  the 
moulder is expected to  m ark  th e  m ould, c u t a 
core to the  correct leng th , and place i t  in  th e  
correct position in  th e  mould.

C astings have been re jec ted  because th e  length  
of the  core was n o t w ith in  ^  in. of d raw ing 
dim ension, and th is  k ind  of p a tte rn  was supplied 
to produce th e  casting.

A T-shaped type  of p a tte rn  illu s tra tes  a core 
difficulty very sim ilar to  th e  exam ple ju s t men-



tioned. The T-shaped core is located by a p rin t 
a t  the  base of th e  vertical portion, and, when in 
position in the mould, the T is horizontal. The 
w idth of the  p r in t is not sufficient to  balance 
the  w eight of core th a t  p ro trudes into the 
m ould ; therefore , chaplets are essential to  en
sure the correct section of m etal around the 
core.

I f  p rin ts  the same shape as th e  core had been 
placed a t  each end of the  p a tte rn , the  assembly 
of the core would have been simplified, and there 
would then  have been no necessity to  use 
chaplets.

F requently  th e  method of core location causes 
considerable difficulty. By core location is m eant 
the type of se tting  s trip  e ither added to or cu t 
away from  th e  co rep rin t, which controls the 
position of the core in  re la tion  to  the  mould.

The a u th o r’s firm produces a considerable 
num ber of castings for the  m otor industry , and 
invariably  i t  is th e  in ternal portion of the  cast
ing on which the  m ajo rity  of the  m achining is 
carried  out, and it  has been th e ir  experience 
th a t  m achining locations are usually taken  from 
some portion of the  casting formed by the  p a t
te rn  ; therefore, they  have very carefully inves
tiga ted  the  m a tte r  of core location.

Unless the moulder is able to  see quite  clearly 
the exact position of the  location while he is 
coring up the  mould, the location is no t satisfac
tor}’ ; it  m ust be understood th a t  on the  cast
ings in  question the  position of the core m ust 
be controlled w ith lim its of plus o r m inus 
a t in .

The commonest e rro r is the  p r in t a t  th e  base 
of a core which stands vertical in  the  m ould; 
a “ fla t ” is cu t across the p r in t edge (see 
F ig. 1). As a core location th is is, no doubt, 
quite  satisfactory , b u t when the  moulder com
mences to  assemble the core in the mould he is 
unable to  see the  exact position of the  core 
location, which is covered by the body of the 
core. Only a very slight misplacement is 
required to  cause th is casting  to  be rejected.

42q



The m ost satisfacto ry  m ethod of locating  a 
vertical core is to  have th e  location s trip  on the  
outside of the  co rep rin t (F ig . 2) and th e  s trip  
to give a definite rad ia l location (F ig . 1). U sing 
th is method no troub le is experienced, because 
the exact position of th e  core can be seen when 
the core is assembled.

P a tte rn s  made in halves (and th is rem ark  also 
applies to  th e  m ajo rity  of machine-m oulded 
pa tte rn s), the design of which necessitates loca
tion  strip s .">n th e  p rin t, give th e  m ost satisfac
tory  result. I f  the s trip  be placed on the  mould 
jo in t a core can he assembled in  a rad ia l or 
longitudinal position by th is m ethod of location 
(Fig. 3).

F requen tly  the  s tr ip  is placed on th e  d rag  
portion  of the  co reprin t, b u t in stead  of being

a t the  p a tte rn  jo in t i t  is a t  r ig h t angles to  the  
jo in t. This m ethod is unsa tisfac to ry  because th e  
exact position of th e  core canno t be m ain ta ined  
w ith in  th e  desired lim its.

The question of core d ry ing  m ust also be con
sidered. In  certa in  instances, when the  core 
location is e ither on the  cope or d rag  portion , 
special p recautions m ust be tak en  to  p rev en t th e  
location being fouled by th e  dryer. I f  th e  loca
tion  is a t  the  core jo in t the  necessary clearance 
is very easily form ed.

C o r e  a n d  C o r e p r i n t  T a p e r s
A m oulder should no t have to  dress a core 

to give the  necessary ta p e r  before assembling 
a core in  its  p r in t. I t  was no doub t common
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practice a few years ago for cores to  be made 
w ithout allowance for co rep rin t tap e r , b u t 
m oulding costs do no t now allow for unnecessary 
operations. A p art from  the  tim e lost, th e  loca
tion  of the  core is n o t as satisfactory  w ith a 
dressed core as w ith  a core from  a corebox. I t  
is, therefore , a  definite advantage, both in 
casting  accuracy and moulding cost, to  make 
the corebox w ith the  correct coreprin t taper.

COM L O C U TIO N  IN  ODtC

F i g . 3 .

Several of the  defects m entioned in th is section 
may seem qu ite  tr iv ia l, b u t repeatedly  new p a t
te rn  equipm ent has to be modified to  prevent 
coring trouble. There are difficulties which 
would never arise if one moulded en tire ly  from 
p a tte rn s  produced in  one’s own patternshop, 
but as th e  fau lts  m entioned above are experi
enced on p a tte rn s  supplied, there  m ust be num er
ous patternshops th roughou t the  country th a t 
take  little  or no notice of the  problem of the 
coring of a mould.
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C o n t r a c t i o n

C ontraction  does have a bearing  on the dim en
sional accuracy of the  finished casting , and 
although i t  has been s ta ted  th a t  pa tte rn m ak ers  
always consider th e  type  of casting  the  p a rticu 
lar p a tte rn  is to  produce before they  fix th e  
con traction  allowance, personal experience is 
th a t  very little  of this fo re though t has been 
given during  the years which the  au th o r has had 
close co-operation w ith  several pattem shops.

This experience has been th a t ,  w ith  cast-iron 
jobs, -g~ in. to  th e  foot con traction  is used, ¡re
gardless of size and  shape. W ith  a  non-ferrous 
or steel job, con traction  applicable to  the  m etal 
is used. The argum ent used to  su b s tan tia te  th is 
practice is th a t ,  if  the  re su lta n t casting  be 
dim ensionally incorrect, th e  first th in g  to  be 
done is to check th e  p a tte rn  to  tra ce  th e  e rro r. 
If  th e  p a tte rn  fails to  have th e  allowance for 
the s tandard  con traction , the  patternshop  is 
blamed for the  incorrect casting . I t  is a use
less argum ent, b u t i t  is m entioned fo r w hat i t  is 
worth.

To show th e  v a ria tio n  in  co n trac tion  which 
takes place in  th e  p a rticu la r m etal used  in  the  
foundry w ith  which the  au th o r is associated, 
several exam ples have been ta k e n : C astings
w ithout cores, solid p lates and  s trip s , castings 
con trac ting  on to  a sea-sand core and  castings 
con trac ting  on to  a green-sand core. The cast
ings were carefully  m easured, and  the  resu lts  
have been tab u la ted . The outside d iam eter of 
the castings are  som ewhat the  same, and  they  
m ust all be w ith in  plus o r m inus th e  d iam eter 
of 3̂2 in. on th e  rough casting . F rom  th is  list 
i t  is hoped to  show th a t ,  if th e  same am ount of 
contraction  had been used, several of th e  cast
ings would have been rejected .

In  the  a u th o r’s pa tternshop  th e re  is still diffi
culty in  g e ttin g  the  pa tte rn m ak ers  to  forget 
the  s tan d a rd  con traction . They believe th a t  
they  are  m aking th e  p a tte rn  wrongly if i t  does
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not correspond to the con traction  ru le, and if  a 
p a tte rn  has to  be a ltered  because th e  casting  is 
oversize, i t  is always said th a t  th e  p a tte rn  has 
to be made incorrectly  to  produce a correct 
casting . ^

Casting No. 1 (Fig. 4), Rear*Axle R ousing .— 
The casting  con tracts on to  a sea-sand core. 
P a tte rn  d ia ., 1 5 ^  i n . ; h a rd  casting  d ia . ,1 4 f i i n . ; 
annealed casting  d ia ., 15-fV in - > m etal con trac
tion , ^  i n . ; v a ria tion  in  twelve castings, -¡V in- 1 
mecnamcal v ibration .

Casting No. 2 (Fig.  4), Rear Axle R o us in g .— 
The casting  con trac ts on to  a sea-sand core. 
P a tte rn  d ia ., 13§§ i n . ; hard  casting  d ia ., 1 3 | i n . ; 
annealed casting d ia ., 13 g f i n . ; m etal con trac
tion , i n . ; v a ria tion  in  twelve castings, -rV in - ; 
m echanical v ibration .

Casting No. 3 (Fig. 5), Rear H ub .—The cast
ing  contracts on to  a 4-in. dia. sea-sand core. 
P a tte rn  d ia ., 12J in .’; h a rd  casting  d ia ., 1 2 | in .;  
annealed casting  d ia ., 1 2 f  in . ;  m eta l con trac
tion , |  i n . ; v a ria tion  in  twelve castings, i n . ; 
m echanical v ibration .

Casting No. 4 (Fig. 6), Brake D ru m .—The 
casting  con tracts on to  a green-sand core. P a t 
te rn  d ia ., 16^f in .;  h ard  casting  d ia ., 1 6 ^  in . ;  
annealed casting  d ia ., 16f5 i n . ; m etal con trac
tion , -j i n . ; v aria tion  in twelve castings, i n . ; 
mechanical v ibration .

Casting No. 5, Differential Carrier.— The cast
ing contracts on to  a  green-sand core. P a tte rn  
d ia ., 15f^ in . ;  h a rd  casting  d ia ., 15§ in . ;  
annealed casting  d ia ., 15^f in . ;  m etal con trac
tion , 3Z2- i n . ; v a ria tion  in  tw elve castings, i n . ; 
mechanical v ib ration .

Casting No.  6 , Round  Pla te .—Solid p la te , 
f  in . th ic k ; p a tte rn  d ia ., 16f$ in . ;  h ard  casting  
d ia ., 1 6 ^  in . ;  annealed  casting  d ia ., 16^- in .;  
m etal con traction , d i n . ; v a ria tio n  in  twelve 
castings, -fJg- in .’; hand  v ib ra tion .

Casting No.  7, S tr ip .— Solid s t r i p : P a tte rn  
leng th , 4 f t . i n . ; ha rd  casting  leng th , 3 ft. 
I l f !  in - > annealed  casting  leng th , 4 f t .  £ i n . ;
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m etal contraction , §§ in . ; v a ria tion  in twelve 
castings, I  i n . ; hand  v ibration .

All the  exam ples chosen are of c ircu lar de
sign. I t  was purposely a rranged  for the  shapes 
to  be sim ilar to  m ake comparison easier.

I t  will be noticed th a t  th e  sea-sand core de
finitely resists the  m etal con traction  and th a t  
the green-samd core allows th e  norm al con trac
tion. There are m any difficulties in  persuading  
the  patternshop  to  tab u la te  contraction  figures 
for the various types of castings so th a t  they  
will have reliable inform ation  from  which to  
work in  fu tu re .

This is definitely an in te rna l problem, b u t it  
is m entioned in th is  P a p e r because i t  is th o u g h t 
th a t  the  v a ria tion  in m etal con traction  th rough  
details of mould construction is no t stud ied  w ith 
the seriousness i t  demands. A certa in  am ount 
of tr ia l and e rro r is still experienced in a rr iv 
ing a t  the  correct finish size of th e  rough cast
ing. • W ith  constantly  changing designs, th is  is 
to be expected, b u t the  p ractice  ought only to  
be used as a last resource, because th ere  is every 
facility  for no ting  and recording th e  m etal con
trac tio n  under all conditions and  when cast in 
innum erable varying designs. This in fo rm ation , 
carefully  tabu la ted , would be of considerable 
assistance when p a tte rn  equipm ent was being 
produced in th e  fu tu re .

G enerally, the  castings produced in  th e  
au th o r’s shop are  no t more th a n  4 f t .  in  leng th  
or w idth, and  th e ir  dep th  is 2 f t . ,  b u t when 
the over-all sizes m ust be controlled w ith in  p re
determ ined lim its, and in th e  m a jo rity  of cases 
in tric a te  cores have been assembled, th e  correct 
allowance for m etal con traction  m ust be m ade. 
Although i t  m ay be a  considerable num ber of 
years since th e  first casting  was produced, i t  
is suggested th a t  in  shops w ith  every advan tage  
of being able constan tly  to  note and  record m etal 
contraction  on th e  num erous designs of cas t
ings, only 50 per cent, could produce a ta b u 
lated  contraction  record if requested.
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D i m e n s i o n a l  Ac cu r ac y  and  G e n e r a l  Finish

The details of p a tte rn  production mentioned 
in th is section of the P ap e r are of prim ary  
im portance. The m ajo rity  of castings m anufac
tu red  to-day are  m achined by q u an tity  produc
tion  methods. They m ust therefo re  he correct 
to  a s tan d a rd  of accuracy which has never been 
dem anded previously. Everybody is aw are of 
the high stan d ard  dem anded by the  average 
machine-shop inspection departm en t. To fulfil 
tho necessary requirem ents, rough castings m ust 
conform to draw ing dimensions w ith in  unreason
able lim its.

The po in t i t  seems desirable to  emphasise is 
th a t  although a p a tte rn  may be correct to  draw 
ing and produced to  mould in w hat is though t 
to  be a  sa tisfactory  m anner, m achinable cast
ings are  n o t obtained. F o r th e  purpose of th is 
P ap e r a m achinable casting  is one which will 
locate in th e  various predeterm ined location 
points of the  tooling equipm ent designed for the 
m achining of th is  p a rticu la r casting, and be 
correct to  draw ing when th e  m achining opera
tions are  completed. W hat is m eant can best 
be illu s tra ted  by explain ing  the  difficulties re
cently  experienced w ith  a steering  box casting. 
The foundry  was requested to  produce castings 
for a steering  box, the  jig  locations being 
m arked on the  draw ing from  which the  p a tte rn  
equipm ent was produced. I t  was decided to 
jo in t the  p a tte rn  th rough  the centre line of 
the  m ain bore as shown in F ig . 7. The section 
beneath the  q u ad ran t arm  casing was cored out, 
and when completed the p a tte rn  was moulded 
on a p late  and appeared to be quite satisfactory  
as a m oulding proposition. I t  was noticed th a t  
the location points were on each half of the 
p a tte rn , b u t i t  was expected th a t  these could 
he controlled.

The castings produced were quite  satisfactory 
and considered to be of s tandard  finish. When 
m achining operations commenced, i t  was stated  
th a t  no two castings were alike, and  th a t  if
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m achining operations were continued th e  m a
chined rejections would be abnorm ally high.

The m ethod of m achining was as follows: — 
The m achine, an A rchdale au tom atic , had  six 
sta tions, on each of which was a casting  loca
tion  jig  on which the castings were located. 
These sta tions revolved and m ade six stops in 
one revolution. A t each stop a set operation  
was perform ed, and  when a casting  had  m ade 
one revolution of the  m achine the  whole m achin
ing operations were completed. F ro m  th is  de
scrip tion  of the  m achining equipm ent i t  will be 
understood th a t  the  castings had to  be extrem ely 
accurate  and consistent in  general shape.

On the  first m achining ru n  25 per cent, of 
the castings m achined were rejected , as the  m ain 
and tru n n io n  bores failed  to  clean. I n  an 
endeavour to  check th is  h igh rejection  figure, 
the p a tte rn s  were inspected and found to  be 
correct. Location fixtures sim ilar to  th e  m achine 
locations were then  made to  gauge th e  position 
of the  two bores in re la tion  to  th e  location 
points. I t  was proved th a t  sligh t “  swells ”  on 
the tru n n io n  bore, caused by v a ria tion  in ram 
m ing, and  sligh t cross jo in ts  agg rava ted  the  two 
points of location on the  tru n n io n  bore, and 
the  one on the  m ain  bore adversely affected the 
m achining location. W ith  these e rro rs  con
trolled, the  rejection  percen tage w as reduced to  
approxim ately  10 per cent. This was n o t con
sidered sa tisfactory , and when th e  whole posi
tion  was reviewed by th e  foundry  executive i t  
was decided to  m ake new p a tte rn  equipm ent.

This equipm ent was again  jo in ted  on th e  m ain 
bore cen tre  line as shown in  F ig . 8, b u t a t  
90 deg. to  th e  first p a tte rn  m ade. A core was 
placed beneath  th e  tru n n io n  boss and  th e  p a t
te rn  was m ounted on p lates. I t  will be noticed 
th a t  now the  th ree  location points a re  on the  
same half of th e  p lates, so th a t  i t  is impossible 
for cross jo in tin g  to  affect the location, and  the 
possibility of “ swells ” on the  tru n n io n  boss 
are  alm ost en tire ly  elim inated . The castings
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from  thiis p a tte rn  have given complete sa tis
faction. The e rro r of bores n o t cleaning was 
overcome and m ateria l rejections (blow-holes) are 
now the only com plaint.

R ecently the m achinist has dem anded a 
s tan d ard  of general accuracy fo r rough castings 
th a t  the foundry canno t m eet, unless the  pat- 
ternshop is p repared to  co-operate. This calls 
fo r specialisation w ith in  th e  c ra f t, and  a t  p re 
sen t i t  appears th a t  p a tte rnm akers  are  unaw are 
of th is new dem and. In  recen t years foundry  
technique has advanced trem endously, b u t the  
patternshop  does not seem to  have advanced 
accordingly. R epeatedly , when a  b lu ep rin t of a 
new design is subm itted  for p a tte rn  production , 
th e  patternshop  is searched fo r p a tte rn s  sim ilar 
in design. I f  the  p a tte rn  found has been made 
ten  years, the  new p a tte rn  called fo r is m ade 
sim ilar to  the old one. This, i t  is suggested, is 
wrong. Every  new design should be in te lligen tly  
studied  and th e  foundry  executive consulted. 
I t  is the  casting  which is th e  saleable comm odity, 
and everything necessary to  a successful p roduct 
should be p u t in to  its  production.

Spring Shackle

F ig . 9 shows ano ther p a tte rn  equipm ent which 
has been a ltered  to  produce m achinable castings. 
The m achine shop had difficulty in  m a in ta in in g  
the correct thickness of th e  rib  when m achin ing  
from a location which engaged in  th e  spherical 
bore. Two p a tte rn s  which form ed th e  spherical 
bore were m ounted on a  co re p r in t; both p a tte rn s  
and corebox were well constructed , th e  core 
being a good fit in  th e  p r in t  and  th e  castings 
produced appeared  qu ite  sa tisfactory .

W hen th e  castings were located fo r m achining 
the position of th e  two ribs varied , and  when 
m achined there  was no consistency in  th e  finished 
thickness of each rib . In  an  endeavour to  over
come th is  defect every care was tak en  when 
assembling the  core, b u t the  m achining resu lts 
were sim ilar.
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I t  was eventually  decided to m ake another 
set of p a tte rn s  (F ig. 10), th e  cored portion  th is 
tim e to  be moulded. The p a tte rn s  were m ounted 
on a p late and the  opposite side made to  form 
the  spherical bore. C astings produced from  
these p a tte rn s  have given complete satisfac tion , 
and the  ribs when m achined have been con
sis ten t to d raw ing 'size.

Difficulty is frequently  experienced in  m ain 
ta in in g  the correct am ount of m ate ria l around 
a m achined hole when th ere  is li tt le  difference 
between the  size of the  hole and th e  boss facing. 
F o r example, w ith  1 in . d ia. hole and  1 | in. 
d ia. boss facing, th e  hole has only to  be slightly  
o u t of cen tre  to  create  a visible e rro r, and  if 
there  is a series of sim ilar holes on any  su r
face i t  gives an unsigh tly  appearance. One of 
several factors can opera te  to  affect the  position 
of the  m achined hole. I f  the  d iam eter of th e  
boss is increased slightly  the  appearance of the  
completed casting  would be im proved, and , if 
desired, there  is sufficient m ateria l a round  the  
boss d iam eter to  allow for i t  to be m achined to 
the required  size.

Casting Identification

C asting  identification would be considerably 
simplified if a litt le  th o u g h t were used before 
the necessary symbols were placed on th e  p a tte rn . 
Usually symbols are  m ade of stam ped alum inium  
or brass, b u t these m ateria ls a re  easily m u tila ted  
if placed in an exposed position, and  frequently  
they are fastened on th e  p a tte rn  surface. I t  is 
suggested th a t  w henever possible th e  symbol 
should be placed in a recess in  th e  p a tte rn  su r
face, th e  top  face of th e  symbol to  be level w ith 
the  p a tte rn  surface. I t  is th en  pro tec ted  to  a 
certa in  ex ten t and if there  be sufficient ta p e r  
on the  symbol, th ere  would be a  visible iden ti- 
cation on th e  castings.

F requen tly , when the  symbol is placed on the 
p a tte rn  surface i t  becomes fla ttened  o u t by- 
m oulding operations and carelessness, and  when 
the  castings are  exam ined before despatch, i t  is
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alm ost impossible correctly to read  th e  symbol
as cast.

In  conclusion th e  au th o r wishes to  th an k  the 
d irectors of L ey’s M alleable Castings Company, 
L im ited, for perm ission to  use certa in  equipm ent 
for illu s tra tio n  purposes and to  publish details 
of m oulding operations.

D ISC U SSIO N
M r. P . A. R ussell, opening th e  discussion, 

referred  to  the use of alum inium  p a tte rn s, and 
asked w hether difficulty th rough  p ittin g  had 
been experienced. H e had found them  satisfac
tory when new, b u t when they were taken  from 
the store, say, about th ree  years la te r, they were 
usually in a bad condition, due to  th is  defect. 
R egarding the  balancing of cores and the  sug
gestion th a t  the  core-prin ts be equal in  length, 
he asked if th a t  leng th  was sufficient. He 
always th o u g h t a  p r in t was required  which was 
longer th an  th e  core projected in to  the  mould. 
He suggested th a t  the  pa tte rnm aker should 
p a in t a  line along th e  jo in t on th e  p a tte rn , for 
the guidance of th e  m oulder, and, re fe rring  to 
taper, his experience was th a t  one could per
suade a  p a tte rn m ak er to  deal correctly with 
p a tte rn s  b u t n o t w ith core-boxes. H e instanced 
a cube p a tte rn  th a t  was made to  ta p e r  from 
12 in. to  I l f  in. for the  purposes of moulding. 
The core was m ade to  w ithdraw  from  the  box 
in an opposite direction, and the  tap e r on the 
core, being in  th e  opposite sense, did n o t give 
the correct wall thicknesses,. They had the 
utm ost difficulty in  persuading the  patternm aker 
to m ain ta in  the  size, by m aking the  core-box 
w ith loose sides so th a t  the  ta p e r was constant. 
F inally , M r. Russell referred  to  top  core-prints. 
W ith a core th a t  was placed in  the  bottom  and 
projected in  th e  top  ha lf of th e  mould, the 
p a tte rn m ak er could assist if he m ade th e  top 
co re-prin t oversize.

Mk. H orton said the altfm inium  patterns  
he referred to  were never in the stores. The 
trouble he experienced was preventing the
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moulder from  dam aging th e  p a tte rn s  w ith  the 
vent wire. H e  usually used shellac fo r varn ish 
ing. H e agreed th a t  i t  would be a very g re a t 
help if th e  pa tte rn m ak ers  m arked  the  mould 
jo in t, b u t they  usually  had  insufficient tim e.

As to  core-prin t tap e r , w ith  q u an tity  produc
tion  i t  was essential th a t  th e  core and  core
p r in t should be sim ilarly tapered , w hilst to  m in i
mise co re-p rin t crushing, he th o u g h t i t  was a 
good po in t to  have the  co re-p rin t in  th e  top 
box slightly  larger.

Core-D rying Distortions

M e. T. Goodwin , re fe rrin g  to  th e  differences 
in con traction  between th e  oil-sand core and  the  
green-sand core, asked if  th e  v a ria tion  was due 
to the  ra te  of cooling H e th o u g h t i t  would be 
advisable, w ith th e  box casting  w ith  th e  
balancing p rin t, to  have m ade a  casting  on each 
end of the core, th u s  m aking i t  self-balancing.

Me . H orton replied  th a t  he had  only given th e  
contraction  figures to  show th e  varia tio n . H e 
was n o t p repared  to  say w hether i t  was due to  
the cooling effect of th e  core. Unless the  
patternshop  allowed for th e  con trac tion  there  
was bound to  be some difficulty. R egard ing  
cores balancing on a p rin t, he said i t  was good 
practice, if th e  foundry  could afford it , to  have 
two p a tte rn s  made.

Unused Rapping Plates

M r. J .  L uoas said he was responsible for m any 
p a tte rn s  used in  m any different foundries. A 
large num ber of pa tte rn m ak ers  had never seen 
the inside of a foundry , and one had to  contend 
w ith th a t  fac to r nowadays. No two foundries 
used sim ilar methods, and where one foundry  
would agree th a t  a p a tte rn  was sa tisfac to ry , 
ano ther foundry  would condemn th e  same p a t
tern . P a tte rn m ak ers  were reproached because 
they did no t p u t rap p in g  p lates in  the  correct 
position ; b u t p a tte rn s  which had been re tu rn ed  
to him  showed clearly th a t  th e  rap p in g  plates 
had never been used. As to  con traction  allow



ances, he had sent p a tte rn s  to  one foundry, and 
the resu lting  castings were too la rg e ; yet the 
same p a tte rn s, when sent to ano ther foundry, 
gave the  opposite e ffec t; bu t the  patternm aker 
was blam ed in  both cases.

The lec tu rer had m entioned core drying, and 
M r. Lucas asked if he had had any experience 
of a dried  core being different in  shape or size 
from  the  core-box. H is own view was th a t  in  
many cases a core, when drying, d id  sometimes 
change in  size. A pa tte rn m ak er could no t be 
expected to make a p a tte rn  to  su it every 
foundry. H e th o u g h t th a t  a jobbing foundry 
should say to  each custom er w hat i t  expected 
from  th e  castings ordered and w hat sort of p a t
te rn s  they  should supply.

M r . H orton agreed w ith some of M r. Lucas’s 
rem arks. The p a tte rn m ak er should ask the 
foundry for suggestions how the p a tte rn  should 
be made, as every foundry  carried  out various 
alterations. H e, personally, had usually found 
th a t varia tions in  core sizes a fte r  baking were 
a ttr ib u tab le  to  a fau lty  d rier, which had allowed 
the  core to  tak e  th e  shape of the drier.

Pitting of  Aluminium Patterns
M r. J .  F . D river  appealed for g rea te r col

laboration  between various departm ents, and he 
suggested th a t  there  was too much working in 
w ate r-tigh t com partm ents. H is definition of a 
working draw ing was “  a m ethod of represen t
ing a n  ob ject,”  and if i t  was a perfect draw ing, 
a skilled w orkm an would then  be able to  make 
the object w ithout any difficulty. A draugh ts
m an had no idea how a job was to  be cast, bu t 
if i t  was designed w ith th a t  knowledge, it  would 
be more helpful.

P a tte rn  draw ings should be such th a t  the 
ta p e r  was not le ft to  th e  whim of a m oulder or 
p a tte rn m ak er, b u t was shown on the draw ing, 
and, of course, designed by someone who was an 
expert. One would then  obtain uniform ity. 
H e asked w hether alum inium  was not too soft 
a m ateria l, and if an alum inium  alloy was used.
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M r . H o rto n  said he used an alum inium  alloy 
and found it  an advantage, as he had  experi
enced a ce rta in  am ount of p it tin g  w ith  the  
alum inium  alone.

M r . C. B. H allam sa id  a p a t te rn m a k e r  w as 
v e ry  o f te n  asked to  m ak e  a p a t t e rn  as ch eap ly  
as possib le ; th e re fo re  in su ffic ien t tim e  w as ex 
pen d ed  u p o n  i t ,  to  th e  d e tr im e n t of everybody .

M r . J .  G errard  said he was glad to  hear M r. 
Goodwin suggest th a t  small castings should be 
made as two castings in stead  of one, to  effect 
balance of core.

Unvarnished Pattern s
M r . H . R e e v e  said th e  varn ish  on certa in  

p a tte rn s  he d ea lt w ith  was a source of d issa tis
faction . The num ber of p a tte rn s  reach ing  the  
foundry unvarnished was rem arkable. O ften a 
p a tte rn  took perhaps an hour to  mould, and 
by the tim e th e  p a tte rn  was stripped , the  mould 
would crum ble to  dust, as th e  unvarn ished  wood 
had absorbed th e  m oisture in th e  sand. N a tu r 
ally, some firms requ ired  p a tte rn s  to  be m ade too 
cheaply' and  too quickly'.

M r . R . H . B uckxand, sp e a k in g  w ith  re g a rd  
to  q u o tin g  fo r  new  jobs, sa id  a  c u s to m e r w ould 
o f te n  p re fe r  to  su p p ly  th e  p a t t e r n ,  p ro b ab ly  
on acc o u n t of cost. H e th o u g h t  in  su ch  cases 
i t  should  be  s ta te d ,  w hen th e  p rice  w as q u o ted , 
t h a t  th e  p a t te rn  w as to  be m ad e  in  a  specified 
m an n e r , a n d  i f  possible a  sk e tch  shou ld  accom 
p an y  th e  q u o ta tio n .

M r . G. L. H arbaoh th o u g h t th ere  should be 
a move on th e  p a r t  of th e  In s ti tu te  to  in s ist 
th a t  all eng ineering appren tices should have 
some experience in  th e  foundry . A d rau g h ts 
m an should also go th ro u g h  every dep a rtm en t 
of a works.

Lift ing Straps

M r . H . B u n tin g  (B ranch-P residen t) said th a t  
one p o in t n o t m entioned in  th e  discussion was 
th e  rem oval of th e  p a tte rn  from  th e  mould.

4 1 4
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W ith  large p a tte rn s  i t  was common to  find no 
liftin g  s trap s on the  p a tte rn . One particu la r 
job he had in m ind was about 3 ft. deep, 
1 f t . square, and only £ in. th ick , y e t the 
p a tte rn  was provided w ithout straps. N aturally  
i t  was very difficult to  s tr ip  such a p a tte rn  from 
th e  mould. A nother im p o rtan t point, especially 
in  the  la rg e r type of work, was th e  small core 
p r in t, fo r a core en te ring  in to  the  side of the 
mould usually had only from  1 to  2 in. of p rin t. 
I t  was ridiculous to  deliver such a p a tte rn . 
A m oulder would have to  cu t away a large 
am ount of sand to  in se rt th e  core and to 
make i t  a workable proposition. H e failed to 
understand  M r. Lucas’s rem arks on rapp ing  
plates. I t  m ight be th a t  w ith the p a tte rn  in 
one foundry  th e  rapp ing  plates were easily ac
cessible, b u t in  another they  m igh t be covered 
by the  box bars. These were points th a t  the 
p a tte rn m ak er should a tten d  to  when discussing 
w ith  th e  foundry  forem an how a job was to  be 
made.

V ote  of  Thanks
Mn. C. W. B igg (V ice-President of the  In s ti

tu te ) , proposing the vote of thanks, said there 
were m any points in  the  P ap e r th a t  should be 
considered very carefully  by them , no t only as 
foundrym en b u t as members of the  In s titu te . 
The p a r t  which appealed to  him  first was the 
necessity of co-operation between the  p a tte rn 
m aker and the  foundrym an. Mr. H orton had 
said th a t  a new stan d ard  was being set for 
castings, and th a t  was w hat he tr ied  to em
phasise w ith  regard  to all p a tte rn s. H eavier 
dem ands were being made on th e  foundrym en 
on the  whole, and i t  followed th a t  all d epart
m ents in the  foundry  should make a larger 
con tribu tion  to  the  result. A nother speaker had 
rem arked th a t  many patternm akers had never 
been inside a. foundry, b u t th is  s ta te  of affairs 
was a ltogether wrong. A pa tternm aker, to  be 
efficient, could no t produce a p a tte rn  unless he 
understood the  difficulties under which th a t 
p a tte rn  was to be used. Many patternm akers
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did no t understand  the  first essentials of sand 
m anipulation , and he advised all th e  young 
p atternm akers to  learn  th e  fundam entals, and 
give th e  m oulder a  finished artic le .

M r . R . Spriggs seconded th e  vote of thanks. 
The question of co-operation between the  draw 
ing office, patternshop  and foundry , was very 
difficult, he said, and  the  la rger a firm grew the 
more difficult th is  question became. They did 
co-operate more th a n  they  used to , b u t they 
still had a long way to  go.
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D E V E L O P M E N T S IN T H E  PR O D U C T IO N  
O F IN G O T-M O U LD  C A S T IN G S * t

B y  R. B A L L A N T IN E  (M ember)

Considerable in te rest has been aroused in 
recen t years on the  subject of ingot-m ould cast
ings for use in  steelworks, and when D r. T. 
Swinden and Mr. G. R . Bolsover, in  a P ap er! 
presented  to  th e  Sheffield Conference of the 
In s titu te  of B ritish  Foundrym en in 1935, pu t 
forw ard d a ta  of inestim able value and  im port
ance, the  steelm aker’s case was adm irably pre
sented. A rising from  the  discussion which fol
lowed, it  was fe lt by foundrym en th a t  a P aper 
of a p rac tica l n a tu re  showing developments in 
th e  production of ingot-m ould castings would 
allay the  fears of th e  steelm akers and  prove th a t  
research and progress in  th is  branch of foundry 
work ¡is moving forw ard as rapid ly  as in other 
phases of foundry  activ ity .

Those foundrym en tra in ed  in  o ther branches 
of ironfounding  n a tu ra lly  visualise the  m anu
fac tu re  of ingot-m ould castings as being very 
simple. They are, apparen tly , heavy pieces of 
m etal of simple design, w ith uniform  sections, 
in  the  m anufactu re  of which one m ight expect 
ease in  every o p e ra tio n ; they  seem, in  fact, 
from  the  foundry  po in t of view, to  be all th a t  
one could wish for. Y et “  th ings are seldom 
w hat they  seem.”

In  the  first place, these castings m ust con
form  to  definite standards, and are subject to 
exacting  service. They m ust w ithstand  extrem e 
varia tions in  tem p era tu re  and heavy usage, 
especially when “  stickers ”  require removal. 
They m ust be strong  enough to  undergo hose

* The Author was awarded a Diploma for this Paper
t  See also “ Additional Data on the Manufacture of Ingot 

Moulds ” by the same author, page 167.
+ Proceedings, Vol. XXVIII, page 192.
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spray ing  w ith w ater, fo r cooling when exception
ally hot, and coupled w ith  these qualities th e  
in ternal finish m ust be good. The quality  of 
the skin on the  inside is im p o rtan t, w ith  a 
d irect bearing  on the  u ltim ate  lives of ingo t 
moulds.

Us es  of  I n go t  Moulds
In g o t moulds m ay best be described as per

m anen t moulds for the  reception of m olten steel, 
which, on solidifying, is ex trac ted  in  the  form  
of ingots. The “ perm anency ”  will undoubtedly  
be questioned if th e  moulds give way early  in 
life. In  th e  Mossend W orks of th e  Fullwood 
Foundry  Company, L im ited , specialisation  is 
practised  in the  m anu fac tu re  of these castings. 
Compared w ith general foundry  stan d ard s these 
works may be described as a  quan tity -p roduc- 
tion  foundry  opera ting  on heavy work. The 
w eight of castings m ade ranges from  2 to  
50 tons.

The lay-out of the  W orks f  lends itself exceed
ingly well for a con tinu ity  of operations. All 
movements a re  so a rran g ed  th a t  overlapping in 
th e ir respective cycles does no t occur. F rom  
receip t of the  raw  m ateria ls  u n ti l despatch  of 
the finished castings, reasonable control is 
exercised.

Mould T y pe s
Two types of moulds are  m a n u fa c tu re d : (1) 

th e  common or o rd inary , and (2) th e  inverted . In  
the  first type  th e  top  a rea  of th e  m ould is 
sm aller th a n  th e  bottom , and in  th e  second th e  
top a rea  is la rg er, as shown in  F ig . 1. The 
5g-ton mould draw ing on th e  le f t  is th a t  of a 
common mould w ith  semi-closed top , and  the  
14-ton mould on th e  r ig h t is of th e  inverted  
type. Designs a re  extrem ely varied  in  both 
cases, and range from  the  square an d  rec t
angles to  fluted octagonals and  duodecagonals.

F ig . 2 shows a  17-ton inverted  mould w eighing 
26 tons, w ith th e  ingo t of steel beside i t ;  i t  is 
of the  duodecagonal type . F ig . 3 shows an 
octagonal ingo t of steel of abou t 30 to n s  w eight 
a f te r  removal from  a mould.
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C or e s

From  th e  sum m ary already given i t  will 
readily  be agreed th a t  first-class cores a re  essen
tia l in  th is  type of work. S ta r tin g  from  the 
shake-out, castings rem ain  inside the  foundry 
from  two days to  over a  week, according to  size 
and  w eight, so th a t  early  chilling of th e  casting 
is avoided. A fter s tripp ing , the  castings are 
loaded up and removed by the  w ork's locomotive 
to th e  fe ttlin g  shop. This covered-in building is 
a su bstan tia l s tru c tu re  suitably  equipped w ith 
overhead trav e llin g  cranes.

The rem oval of ashes in th e  cores is th e  first 
operation . In te rn a l barrels are  no t used. The 
castings are then  tran sfe rred  to  th e  coring 
benches for rem oval of th e  sand and gra tings 
which m ake up th e  m ain  core. Pneum atic 
ham m ers w ith  long chisels m ake the  removal of 
core sand a  com paratively simple operation. 
This sand is reclaim ed from e ith e r end of the 
casting  and falls th rough  diamond-meshed g ra t
ings on to  a conveyor belt before being elevated 
to  a  storage hopper. A travelling  hopper takes 
the  used sand by m onorail to  th e  core-making 
departm en t, w here i t  is again  stored a f te r  the 
fines have been removed by fan  to a se ttling  
tan k .

A m odern p lan t specially designed for the 
economic production of cores has been installed, 
and  th e  only sand used is Scottish ro tten  rock. 
A ra tio  of 5 p a rts  of old to  1 p a r t  of new sand 
is the  usual p ractice. There are  no additions of 
p ro p rie ta ry  binders, nor of coal-dust, saw-dust 
o r o ther ingred ien ts. Only w ater is added to  
give a m oisture con ten t averaging 6 per cent. 
The m illing tim e is 5 m in., a fte r  which th e  sand 
is aera ted , and  again  elevated to  a feed hopper, 
which deposits on to  a conveyor belt feeding 
d irec t in to  the  corebox on a 20-in. jo lting  
m achine.

I t  is in te resting  to  note th a t  the  green 
s tren g th  of the  core sand is low a t 4 lbs. per sq. 
in. A test-piece 2.256 in. in  heigh t and 1.128 in.
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dia. ram m ed in  the  B uchanan double-compres
sion ap p a ra tu s  and broken by o rd inary  sp ring  
balance gives th is figure (2.1).* F or determ in-

F i g . 2 .— I n v e r t e d  M o u ld  W e ig h in g  
26 t o n s , w it h  it s  I n g o t .

ing dry s tren g th  a  sim ilar test-p iece is used, 
baked for 2 hrs. a t  200 deg. C. and  allowed to  
cool to  norm al, g iving an average s tren g th  of

* Check figures by  Buchanan show wide variancies are per
missible.
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24 lbs. (16 lbs..).* The im portance of perm e
ab ility  is ou tstand ing  in good core practice for 
ingot-m ould work.

By the  modified R ichardson  ap p ara tu s  in  
which the  test-piece is ram m ed and kept in  the 
corebox, th e  back pressure set up and noted

F i g . 3.— O c t a g o n a l  I n g o t  o f  S t e e l  
W e i g h i n g  30 t o n s .

on the  w ater gauge registered  14 in. On the 
B .C .I.R .A . ap p a ra tu s  the  tim e taken  for 2,000 
mis. of a ir to  pass th rough  th e  test-piece in  the 
corebox was 4 j m in. (A .F.A . 126).* On the 
sieve tes t, a f te r  ag ita tion  for 1 h r. the  aver-

* Check figures by Buchanan show wide variancies are per
missible.
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age percentage of sand deposited on the  respec
tive sieves was as follows: —

Sieve . . 2 0  40 70 100 Pan
P e rc e n t.. 8 31 42 10 9

M oisture con ten t is checked by Speedy mois
tu re  te s te r  on samples tak en  en te rin g  the  core
box on th e  jo lter.

F ig . 4 shows a composite sketch in  th a t  i t  
gives the  lay-out and assembly of th e  mould 
and core in p a r t  section. A detailed  descrip tion  
of core m anu factu re  is essential. The corebox, 
e ither in  wood or iron, is placed on the  jo lte r , 
and a bottom  lif tin g  p la te  p u t in  position. The 
bottom p late  takes the contour of the  core shape, 
allowing a slight clearance, an  ad justab le  lif tin g  
rod or rods being carried  to  the top . A suitab le  
tube is then  slipped over, and  filling w ith  sand 
commences. A t in tervals, as shown a t  A, hori
zontal grids a re  placed, these being com para
tively ligh t in  section and  m ade of steel for 
re-using. F rom  four to  six grids are  in serted  
according to  th e  h e igh t of th e  mould. F re 
quently , if th e  body of sand  be large, an
aux iliary  row of sho rt m eta l cu ttin g s 6 in. long 
is in serted  a t  the  corners and betw een the
gra tings.

P erpend icu lar reinforcem ents are  ra re ly  used. 
(The inverted  core seen in  F ig . 5 has n o t an 
u p rig h t iron in  it , and  n e ith e r have the  o thers). 
W hen th e  core-box is filled w ith  sand, th e  jo ltin g  
operation  begins. U sing 90 lbs. per sq. in . pres
sure a definite fa ll in  sand is reg istered . The 
filling and subsequent operations a re  repeated , 
bu t p rio r to  th e  finishing jo lt, ashes a re  inserted  
inside the  tube  before i t  is removed.

The effect is m ost beneficial, th e  sleeking 
action of w ithdraw ing  th e  tube  is overcome by 
the  se ttling  of th e  ashes by final jo ltin g . The
core-box is sligh tly  opened a f te r  a top  hand
ram m ing is given, and e ither th e  core or th e  box 
is removed, dependent on the  mould type.

F ig . 5 is a  good exam ple of th e  core used 
in  th e  first mould shown. As already  m entioned 
no uprigh ts a re  used, nor is sprigg ing  allowed

456



457

on any of th e  corners. This core is no t jolted, 
b u t all the others are. G reat care is exercised 
in the  finishing of these cores. Trowel sleeking 
prio r to blackw ashing is not encouraged, bu t 
a f te r  a liberal supply of blackwash is applied

F i g . 5 .— C oke fo r  a D uodecagonal 
I ng o t M o u ld .

to  fully rff in - sleeking takes place. The final 
process is a brush-down w ith w ater and plum 
bago additions.

W hile on th is subject of blacking i t  should he 
noted th a t  consistency in  analyses should be 
m ain ta ined , h u t blacking of the  following 
approxim ate analysis, allowing reasonable
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m argins, is highly sa tis fa c to ry : M oisture, 0.52; 
volatile m a tte r , 1.48; ash, 8 .05; fixed carbon, 
89.95; and  to ta l su lphur, 0.78 per cent.

A small gum  add ition  is beneficial due to  its 
adhesive qualities.

Good blacking is no t in  itself e n o u g h ; its  
p repara tion  and  application  is v ita l. A dual 
tan k  m ixer, d irectly  coupled to  a cen trifuga l 
pum p, is installed . The tan k s a re  filled w ith 
w ater from  the  m ains to  a given capacity , and 
dry  blacking is added. A recen t developm ent 
in controlling clay additions has been in troduced  
by additions of clay in  powder form . Clay is 
dried and m echanically pulverised, then  added 
in  ra tio  to  th e  blacking used. V ariab les in 
m anufactu re  a re  a bugbear, and th e ir  g radua l 
elim ination is desirable if progress is to  be m a in 
tained.

F u n d a m e n t s  f o r  C o r e  P r o d u c t i o n
There are  ce rta in  fea tu res in  core m an u fac tu re  

for th is class of work which should be noted 
if satisfactory  castings a re  to  be produced : —

(1) The sand m ust be perm eable, otherw ise 
flaking in  corners occurs in  the la rg er moulds, 
due to  hack pressure in to  the  mould cavity . 
O rdinarily , release of gas should he th rough  
the  core in to  th e  ashes, gas escaping as the  
m etal ¡rises. The artificial p rick ing  of corners 
does no t appeal as a m eans to  assist ven ting  
or to  coun terac t the  scaling in corners. W ere 
i t  convenient to  do prick ing  from  th e  inside 
of the  core to th e  corners, th en  the  advan tages 
would he apparen t.

(2) A liberal coating of blackwash elim i
nates the  tendency to  fuse w here th e re  are 
heavy m etal thicknesses.

(3) I t  has been proved in practice th a t  if 
these cores be dried th roughou t, th e  best re 
sults are no t obtained. Cores d ried  inside 
usually lose v ir tu e  outside by overheating . 
Consequently, a curling  on th e  caked black- 
wash occurs, leaving in d en ta tio n s which m ust 
be levelled in  the  finished casting.
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C o r e  Dr yi ng
From  a study  of F ig . 6, which shows a batch 

of 18 cores being placed on a stove carriage, it  
will be seen th a t  the question of dry ing  is very 
im p o rtan t. A norm al am ount is 20 on one 
carriage. The cores en te r the  stove a t  10 a.m ., 
are slowly baked for th ree  hours, rising  to  450 
deg. Fall. (230 deg. C.), and th is  tem pera tu re  
is m ain ta ined  u n til  4 a .m ., when th e  cores are 
cooled off for rem oval of the  carriage a t 6 a.m .

F ig . 6 .— B atch of 18 Cores E ntering the D rying Stove.

for closing and casting. I t  is the au th o r’s ex
perience th a t  cores m anufactu red  w ith a m ini
m um  of handling, and a m inim um  of d istu rb
ance in  tra n s it ,  give the  best results. More 
trouble  is caused by s tra in s  set up  in  th e  cores 
when in  th e ir  green sta te , p rio r to  en tering  the 
sfoves, th a n  is credited.

Forced dry ing  has been dispensed w ith  in  all 
six stoves. A single fan  installed  a t the  chimney 
base has proved m ost effective. As a  resu lt of 
inducing a c u rren t of ho t a ir  th rough  th e  stoves,
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fierce dry ing  is no t encountered . The effect is 
observed in  a, nicely baked core and a cleaner 
foundry  atm osphere. T em peratu re  control is 
effected by six therm ographs of the  la te s t dual
type, giving pen and po in ter readings.

F i g . 7 .— I n v e r t e d  M o u ld  C o r e  fo r  a 
34-to n  C a s t in g .

F ig . 7 shows an inverted  mould core (all sand) 
for producing a 34-ton casting . I t  has no u p 
righ ts, and th e  approxim ate w eight of sand  is 
4 tons. The sides and ends are  slightly  cam 
bered, and, m oreover, th e  core is top  heavy. 
F ig . 8 shows a core and m id -p a rt fo r a  30-ton 
ord inary  mould casting . The m id-parts  are  of
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old types, which are being worked out. As in 
o ther cores, there  are no u p rig h t reinforcem ents. 
In  both cases the  drying is from F riday  a t 
5 p.m ., and casting  takes place about mid-day on 
M onday.

F ig . 8 .— C ore fo r  a 25-ton  N e w  
D e s ig n .

Moul di ng  Boxes
The question of satisfactory  m oulding boxes 

is most im portan t, and considerable experim ents 
in design have been carried  out. The m id-parts 
are made up of four separate plate castings w ith 
all jo in ts m achined. The perpendicular flanges 
are angled to  45 deg. Three of th e  corners are

I
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bolted, and  the  fo u rth  is held by co tte r  bolts. 
This m ethod releases s tra in s  and fac ilita tes  
rem oval of th e  casting . A m achined s trip p in g  
plate  is fixed to  the underside of m id-parts, and 
is in  two p a rts , sp lit a t  a lte rn a te  corners. This 
ensures carry ing  of the  m id -p a rt sand, and  has 
the advantage of being easily replaced in  case of 
a lte ra tio n  to design.

Copes and  drags are  of a sem i-perm anent 
n a tu re  and  carry  provisions for clam ping, ga tin g  
and flow’ers, th e  facing m edium  being loam. 
J o in t faces in  both  cases a re  m achined. Objec
tionable fea tu res, such as loam stam ping , which 
softens th e  mould face n ea r th e  d rag , a re  elim i
nated , and th e  ever-presen t danger of ru n  outs 
is counteracted . Moreover, fins which have a 
hab it of solidifying rap id ly , and  causing  endless 
trouble, a re  non-ex isten t when m achined boxes 
are in use. In  th e  quest for fu r th e r  develop
m ents i t  was borne in  m ind th a t  cast-iron  boxes 
had th e ir  d isadvantages, first in  being easily 
brpken unless of very heavy section, and  secondly 
because th e  e x tra  w eight re ta rd ed  jo ltin g  capa
city. A fab rica ted  steel box was evolved and 
in troduced which allowed a 20-ton casting  to  be 
jolted successfully.

F ig . 9 clearly ind icates th e  box u n d e r ac tua l 
working conditions, w ith  a 16-ton casting  being 
removed. The box is a  su rf  ace-table b u il t job 
and is no t e laborately  rein forced . I t  is a ll
welded w ith rive ted  fixed corner angles. The 
casting  is being removed a f te r  60 h rs ., and  the  
absence of sand is m ost noticeable. C o tte r bolts 
have been removed from  th e  flange a t  th e  left- 
hand corner, and i t  is in te re s tin g  to  record th a t  
an opening averag ing  5 in . occurs, m ak ing  the  
rem oval of th e  casting  a  simple opera tion . There 
is ra th e r  a reciprocal pecu liarity  ab o u t th is  box, 
for th e  foundry  supplies castings fo r th e  m aking  
of steel, and th e  steelm akers in  tu rn  supply steel 
plates for m aking  th e  boxes in  which some of 
these castings a re  m ade.

F ig . 10 illu s tra tes  a newly designed cast-iron  
box for m aking all types of large mould castings.



W hen the  copes and drags are included the 
w eight is 22 tons in cast iron only. I t  will be 
observed th a t  cross m em bering of stiffening ribs 
is in troduced . The length  of th e  box in  th is 
instance prohibited the m achining of up righ t 
angle flanges, b u t the  standard  practice of all 
m achined jo in ts is evident.
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F i g . 9 .— S h o w s  a 16-ton  C a s t in g  b e in g  R e m o v ed  f r o m  t h e  M o u ld .

Fig. 11 shows the  m id-part and core for the 
34-ton inverted  mould casting being placed on 
stove carriage.

M i d - P a r t  Jo l t in g
The larger moulds are  jolted on a 32 in. 

m achine a t  190 lbs. pressure. W hen the pa tte rn  
is set in th e  m id-part, a layer of sand covers 
the stripp ing  plate. Downgates are inserted,
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and a t  regu la r in te rva ls  sand and rod stiffeners 
are  added in  a sim ilar m anner to  th e  core
m aking methods. The num ber of dow ngates is 
determ ined from  ac tua l p ractice, and  ranges 
from  one in  th e  sm aller moulds to  fou r in  the 
larger. Im m ediately a f te r  removal of the  pat-

F i g .  10 .— S h o w s  T y p e  o f  M o u ld in g  
Box USED.

te rn  the  m id-parts are  tran sfe rred  to  th e  finish
ing benches for ingate  c u ttin g  and blackwash- 
ing, p rio r to  en te rin g  th e  stoves. The num ber 
of ingates inserted , like the  downga.tes, is d e te r
m ined from  resu lts obtained in  practice.

F ig . 12 shows the  m id -part fo r th e  30-ton 
(ordinary) type  ready fo r rem oval to  th e  dry-



ing stoves. The four dowmgates are shown, and 
also the  loam g u tte r  recess for stopping the  flow 
of m etal a t th e  cope p artin g .

Closing and  C as t in g
The assembly of cores and moulds prio r to 

casting is a specialised job allocated to experi-
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F ig . 11.— M i d - P a r t  a n d  C o r e  f o r  a 
3 4 - to n  I n v e r t e d  M o u ld  E n t e r i n g  
S to v e .

enced employees. The closing movements are 
carried  ou t in sequence, so th a t  casting opera
tions follow, allowing a reasonable m argin of 
safety fo r the closing squad. The proper skim
ming of ladles has long been practised, and is an



essential operation . The question of teap o t and 
bottom -pouring ladles has been considered, b u t 
th e  present system has m uch to  commend i t  for 
ad ju s tin g  th e  ra te  of flow, in  keeping up  heads 
and in  easy sculling and fe ttlin g  of the  ladle.

G a t in g ,  R ise rs  a n d  Feed ing
All ingot-m ould castings are  run  by down- 

gates and the  ingates are  form ed in the  m id
parts . Top pouring  by pencil gates has been 
discarded in  favour of the  form er system. 
Opinions are divided as to  the  best m ethods of 
runn ing  any casting , b u t the  a u th o r’s experi
ence is th a t  for th is  type  of work m ade in dry  
sand the  resu lts show m uch cleaner tops and 
in te rn a l surfaces th a n  by the  d rop-gate m ethod. 
W hether or no t to feed a casting  is a question 
which evokes a g re a t deal of controversy, b u t 
i t  has never been found necessary to  feed these 
castings e ither by feeder rod or feeding head. 
A t the same tim e, one is justified  in  asking 
where the  4 cwts. or more of m etal used in 
feeding goes. B u t is no t th ere  som ething advan 
tageous in  its  absence?

The m etal thicknesses in ingot-m ould castings 
are reasonably uniform , and i t  would ap p ear 
the  necessity for feeding does no t arise. An 
exam ination  of frac tu red  mould castings reveals 
an open m etal s tru c tu re  in place of a denser 
s tru c tu re  in  the  wall cen tre . W hen expansion 
of th e  mould takes place in  service, i t  is very 
probable th a t  th e  in itia l shock of rap id  change 
in tem p e ra tu re  is coun terac ted  by a res ilien t or 
cushioning effect resu lting  from  th is  phenom e
non. This effect possibly tends to  hasten  th e  
crazing of in te rn a l surfaces, b u t, a t  th e  sam e 
tim e, i t  lessens the  possibility of d iscards by 
m ajo r crack ing  and  consequent losses th rough  
split ingot moulds in service.

P a t t e r n s  a n d  C o r e b o x e s

The production of ingot-mould castings in 
sand necessitates special care in the making of

4 6 6
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patterns and eore-boxes, especially when opera
tions are on a mass-production basis. Sub
stantial bridging, internal cross membering, and 
cleating in pattern construction are essential if  
successful jolting is to  be accomplished. Even 
more exacting service is demanded from the core-

F i g .  1 2 .— M i d - P a r t  f o b  -30-T o n  T y p e  
R e a d y  f o b  D b y i n g .

box due to the alternate corner splitting, which 
is so essential to  easy removal of the core.

F ig. 13 illustrates a 20-ton ordinary-type pat
tern and corebox, with an 8-ton octagonal 
inverted pattern on the ground level. The 
20-ton pattern is plain but massive, and the



corebox is reinforced w ith  5 sets of 4-in. by 
3-in. by J-in . angles fixed on 11-in. by 3-in. 
cross beams. U p rig h t stiffeners are  inserted  to 
coun terac t the  jo ltin g  shock. Special cai'e in 
finishing both p a tte rn s  and  coreboxes is the  
rule. Three coats of special varn ish  p a in t are  
given. The benefits of th is  procedure can be
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F i g . 13 .— P a t t e r n  a n d  C o re b o x  f o r  2 0 - to n  I n g o t  M o u l d .

assessed by clean p a tte rn  w ithd raw al and  cores 
which do no t requ ire  pa tch ing . All p a tte rn s  are  
pain ted  in  orange colour so th a t  th e  co n tras t 
when pneum atic ram m ing takes place is 
dom inant.

The coarse n a tu re  of th e  sand used has a 
high abrasive action  on th e  varn ish  p a in t, b u t 
periodical rep a in tin g  m ain ta in s the  good draw -



ing  qualities. The con trast is most m arked when 
th e  p a tte rn  and corebox of an older type of 
m ould, which is n o t pa in ted , a re  compared. As 
m anufac tu ring  by the  loam method is no t p rac
tised, i t  is advisable a t  tim es to  use m akeshift 
m ethods for a. one-off job, and in  the  following 
is an  example.
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F i g . 14 .— P a tt er n  e o r  a L a rge O ctagonal M o u ld .

A large type of octagonal mould is shown in 
F ig . 14. An ex isting  p a tte rn  was used and a 
series of th ree  movable sides added. R am m ing 
operations were s ta rted  on the  th ree eke p a rts  
which, in  tu rn , were w ithdraw n from  the  sand 
and replaced a t  o ther parts . The corebox was 
constructed  on a one-off basis, b u t was rammed
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by pneum atic ram m ers, being unsu itab le  for 
jo lting .

Iro n  p a tte rn s  and coreboxes a re  extensively 
used, and one is assured of a true-to -shape ca s t
ing resu lting  from  th e ir  use. There are  two 
objections to them  how ever: they  do n o t lend 
themselves to  easy a lte ra tions, and  th e  sw eating 
effect on the  surface, when they  are  in  daily 
use, has a tendency to  “ s ta r t  ”  the  sand if 
excessive rap p in g  takes place. On th e  o ther 
hand, p a tte rn s  and coreboxes m ade in wood, and 
suitably  reinforced, give a fine job, are  easier 
to a lte r and ra re ly  adhere to  the  sand. T heir 
upkeep, however, is costly as they  requ ire  con
s ta n t inspection and  ad ju s tm en t.

Analysis ,  M a n u f a c tu r e  an d  U sag e
So much has been w ritten  about analysis for 

the ideal ingo t mould, th a t  i t  is w ith  a ce rta in  
am ount of hesitancy th a t  th is  sub ject is in tro 
duced. C areful scru tiny  of the  various inves ti
ga to rs’ findings leaves the  au th o r looking for 
some definite ind ication  of analysis. E qually  
good lives have been obtained from  ingot-m ould 
castings w ith fa irly  wide variance in  composi
tion.

D r. T. Swinden and G. R . Bolsover give : T .C , 
3.5 to 3.75; C.C., 0.3 to  0 .6 ; Si, 1.9 to  2.3; 
Mn, 0.6 to 1.0; S, 0.03 to  0.05, and  P , 0.03 to 
0.045 per cent. They s ta te  in  add ition  th ere  
is a tendency to  lim it the  silicon to  1.7 or 1.9 
per cent, w ith  a h igher m anganese co n ten t of 
0.9 to  1.1 per cent.

O ther investigators, including L egrand , 
Shiokaw a, K ruska , L eonard , Shaw and  B lakis- 
ton, confirm the view th a t  fa irly  wide variances 
are  perm issible, and th is  coincides w ith  the  
a u th o r’s view. Silicon a t  1.8 per cent, and  
m anganese no t exceeding 0.9 per cen t., w ith  
minim um  su lphur and phosphorus, give good 
results. B lairiston in  a P ap e r he p resented  
to  the M iddlesbrough B ranch  of th e  In s titu te , 
advocated the  need for research  on th e  ac tua l 
m anu fac tu ring  side. H e also suggested th a t ,  as
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an in itia l step, the  in te rn a l core barrel should 
be elim inated . The au tho r fully agrees w ith 
th is s ta tem en t regard ing  rig id  core barrels.

Two objectionable fea tu res still have to be 
considered, for if the  barrels are  le f t in the 
cores s tra in s  are  set up in th e  casting when

F i g .  15 .— E n d  V ie w  o f  a  2 6 - to n  C a s t i n g ,  
t h e  C o k e  f o r  w h i c h  w a s  s h o w n  i n  
F i g . 5.

cooling ; a lte rnative ly , if they be removed the 
red-hot ingot-m ould castings m ust be handled 
roughly to  remove the  in te rn a l barrel. On the 
o ther hand, a sand and ash cen tre  core w ith  a 
m inim um  of iron reinforcem ents allows for easy
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contraction  of the  casting . Compression of the 
core takes place, b u t as a u n it. The ash cen tre  
relieves the  sand compression when con traction  
takes place. I t  is fe lt th a t  th e  m ethod of m an u 
fac tu re  coupled to  subsequent use in  th e  steel
works has a g rea te r bearing  on th e  lives of ingo t 
moulds th an  th a t  of analyses. In  add ition , the  
salvage value to  the  steelworks of discarded 
ingot-m ould castings m ust be considered.

D esign of  M ou lds ,  W e i g h t  R a t io s  an d  Lives

No a ttem p t will be made in  th is p rac tica l 
P ap er to  sum m arise design, w eight ra tio s and 
lives. There is such d iversity  of opinion in  the  
various steelworks, all ably backed by actua l 
experience, th a t  definite s tandards in design are  
difficult to  obtain . A mould design m ay be m ost 
satisfactory  from a foundry  po in t of view, b u t 
ou t of th e  question for producing a  sa tisfac to ry  
rolling ingot. A gain, there  is experience of cer
ta in  ingot-m ould castings w ith  objectionable 
fea tu res in design, as affecting th e  foundry , 
which give first-class rolling ingots and  splendid 
lives.

C astings are  supplied in accordance w ith  th e  
designer’s conception of w hat is necessary to 
m eet th e ir  serv ice ; b u t th e  tendency is tow ards 
w eight reduction , as in  general eng ineering  cast
ings. A comparison of w eight ra tio s m akes for 
in teresting  com m entary. R atios from  0.8 of the  
ingot w eight to  1.5 a re  qu ite  common. I t  is 
questionable if  a  s tipu la ted  ra tio  can be worked 
to, giving th e  best resu lts unless local conditions 
of usage are  studied.

W . J .  R eagan  has given results*  of experi
m ents on small octagonal moulds w ith  a ra tio  
as high as 2.5 of th e  ingo t w eight. A study  of 
the  g raph  given by R eagan  reveals superio r lives 
a t  th is high ra tio , w ith a m axim um  250 casts. 
Tn personal records in te res tin g  com parison can 
be made. S tan d ard  21 by 20 in. open-ended

* “ I r o n  A ge,”  O c to b e r29, 1936.
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common moulds give average lives of 160 casts, 
w ith  ind iv idual lives as h igh as 230.

A nother exam ple of the  v a ria tion  of life of 
ingot moulds can he cited. Ingo t mould cast
ings, w eighing approxim ately  8 tons, for produc-

F i g . 16 .— S h o w s  t h e  C a st in g  s h o w n  in  
F i g . 15 in  V e r t ic a l  P o s it io n .

ing s tan d ard  slabs, were sent to two steelworks. 
The design was standard ised , th e  analyses w ithin 
lim its were sim ilar, and the  castings were taken  
from common stock. In  the  case of works A, 
there  was an average life of 55 heats, and a n  
individual life of 62—a very consistent record.



On the  o ther hand, works B obtained an average 
of 110 heats, w ith  ind iv idual lives as high as 
176 from  sim ilar castings. In  th is instance the  
foundry cannot be questioned, and in  fairness 
ne ith er can the  designer no r th e  m eta llu rg ist. 
One m ust look fo r som ething ap p erta in in g  to 
local conditions in the  steelworks to provide a 
solution.
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F i g .  17 .— I n d i c a t e s  t h e  C r o s s  S e c t i o n a l  T h ic k n e s s  o f  a  2 8 - to n  
I n g o t  M o u ld .

Good ingot-m ould lives can be ob tained  by a 
com bination of th ree  v ita l f a c to rs :— (1) I n  the  
foundry , by hav ing  good corem aking prac tice , 
and by paying a tte n tio n  to  app aren tly  tr iv ia l 
safeguards. (2) In  th e  design, by hav ing  a 
safety  m arg in  in  wall thickness. (3) In  th e  steel
works, by having reasonable a tte n tio n  and 
usage.



The lives of ingot-m ould castings have in
creased very rapidly  in recent years. A t works 
B, fo r exam ple, w ithin th e  las t 10 years these 
same 8-ton ingot moulds have risen from  average 
lives of 43. B e tte r  m etal, b e tte r  tre a tm e n t in 
steelworks, modified designs, co-operation, and 
im proved foundry technique all add th e ir quota 
tow ards b e tte r  lives from  these castings.

475

F i g . 1 8 .— S h o w s  a V ie w  of t h e  M a in  B ay of t h e  F o u n d b y .

M etals  and  Melting
H em atite  irons a re  exclusively used in m anu

fac tu re . D iscarded moulds are rarely u sed ; only 
shop re tu rn s, such as gates and risers, are added 
to  th e  pig-iron charges.

Casts as h igh as 182 tons in one day and from 
one cupola have been made, and daily casts of
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from  150 to  160 tons are  qu ite  common. Three 
cupolas of the  solid-bottom type  are  installed . 
They are used in  tu rn . The d iam eter of the  
cupola shells is 84 in ., b u t w ith  s tan d ard  bricks 
and aux iliary  scone brick lin ings the  m elting  
zone d iam eter is 60 in. Two rows of tuyeres a re  
incorporated, a bottom  row of fou r and a top  
row of th ree. There are  no ou ts tan d in g  m odern 
innovations a ttached , b u t very  effective service 
from these home-made m elting  furnaces is 
obtained.

The m elting  ra te  averages 14 tons per hour. 
I t  may be pointed ou t th a t  th e  casting  tem p era 
tu re  is very low, a t  1,175 deg. C., b u t th e  phos
phorus con ten t of th e  m etal is likewise low a t 
0.03 per cent. On a cast of 150 tons, th e  con
sum ption of coke per ton  of m etal m elted aver
ages 155 lbs., inclusive of th e  bed charge. The 
coke ra tio  to  iron m elted averages 1 to  14.

C are is taken  to  keep th e  tuyeres clean, and 
periodically to  clean th e  w ind belt, so th a t  con
sis ten t m elting  is m ain ta ined . I t  is in te re s tin g  
to  record th a t  erosion to  a dep th  of 8 in . in  
diam eter is shown on exam ination  of the  m elting  
zone a f te r  particu la rly  heavy casts, b u t ra re ly  
is th is  am ount exceeded.

S u p p l e m e n t a r y  I l l u s t r a t i o n s

Fig . 15 shows an  end view of th e  26-ton cast
ing actually  m ade from  th e  core shown on F ig . 
5. The fluted effect is very d is tin c t. In  F ig . 
16 th e  casting  is shown in  an  u p rig h t position, 
the overall dimensions being clearly  m arked , 
w hilst F ig . 17 is an  angled  view w ith  m etal 
given a t  13 in. and conveys some idea  of the  
exacting  conditions to  which th e  sand  in  service 
is subjected. F ig . 18 is an  in te rio r view of the  
m ain bay tak en  some years ago, w hilst F ig . 19 
shows a stock of approxim ately  2,000 tons of 
various ingot-m ould castings in  th e  stock yard  
ready fo r despatch. This photograph  conveys a 
g re a t deal more th an  one a t  first realises. The 
system atic stocking makes for easy despatch , and 
creates a tid y  atm osphere. M oreover, th e  effect
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on the  employees when they observe a minor 
operation  well done is most effective.

W hen one bears in  m ind th a t  500 tons of cast
ings can be m ade before defects in production 
become ap p aren t, i t  will be recognised th a t  every 
care m ust be exercised in  m anufactu re . F o rtu 
nately , th is position rare ly  arises. Ingo t mould

F i g .  19 .— S h o w s  a  S to c k  o s  a b o u t  2 ,000 t o n s  o f  I n g o t  M o u ld s .

castings may be called heavy pieces of m etal by 
those who a re  igno ran t, bu t who will say th a t 
chilled or g ra ined  rolls, both plain in  design, 
are  o ther th an  high-class castings, subject to 
severe service?

In  conclusion the au th o r desires to  express 
his indebtedness to  the  d irectors of th e  Fullwood 
Foundry  Company, L im ited, for g ran tin g  him
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permission to  p repare  th is  P ap e r, and he sin
cerely tru s ts  th a t  th e  younger men m ay be in 
duced to  give of th e ir  very best by con trib u tin g  
Papers to  th e  In s ti tu te  of B ritish  Foundrym en.

D IS C U S S IO N
M r . H . Y. G r u n d y , in  proposing th a t  a very 

hearty  vote of thanks be accorded to  th e  au th o r 
for his in te resting  P ap er, said th a t  ingo t moulds 
were required  to  be absolutely perfect. P robably  
a th in  shell scab, -jV in th ick , a li tt le  depression 
on the  core, o r a litt le  p rojection  on th e  mould, 
would be qu ite  sufficient to  scrap the  casting . 
In  add ition  to  th is some buyers imposed very 
fine compositional tolerances, frequently  of the  
order of 0.03 per cent. S and 0.02 p er cent. P  
as the m axim um . S tra ig h t pig-iron was neces
sary, and steps had to  be tak en  to  coun te rac t th e  
sulphur pick-up. The lectu re was an  unusual 
one for the Lancashire B ranch, and i t  had  been 
listened to w ith  very g re a t in te re s t.

P h o s p h id e  a n d  F lak ing
M r. E . L o n g d e n , seconding th e  vote of thanks , 

rem arked th a t , as had been an tic ip a ted , M r. 
B allan tine had p repared  an  extrem ely  prac tica l 
P ap er dealing w ith  th e  application  of m oulding 
to ingo t mould production and  prac tica l m eta l
lurgy. A lthough he, th e  speaker, had  made 
ingot moulds up to  50 tons, he had nevertheless 
learned a g rea t deal from  th e  P ap e r, p a rticu 
larly  in  regard  to  cores and the  unusua l methods 
of constructing  them  in  order to  avoid m any im
perfections which occurred on in go t mould cast
ings.

I t  was very in te restin g  to  th in k  of some of th e  
a ttem p ts  to  describe why ingo t mould castings 
flaked and scabbed. One in v es tig a to r who 
exam ined th e  flakes o r scab m etal found, on 
analysis, a high percentage of phosphide, and 
declared th a t  th e  phosphide had influenced the  
scabbing of the  cores, which was nonsense. The 
practice should be to  p reven t gases passing easily 
off th e  surface of the  cores at th e  corners. By



venting  the corners from  the  outside and  making 
an easy passage for the  gases, th e  cores would 
not scab when pouring  th e  casting.

Such points should be impressed upon the 
m inds of all foundrym en. H e had tr ied  to  pre
vent moulders polishing the  faces of moulds 
before they  p u t on the  blacking, as a fa r  b e tte r 
casting  could then  be obtained. A wide range 
in  the  analyses used had been presented. H e 
was n o t alarm ed about su lphur content if i t  was 
below 0.12 per cen t., b u t certain ly  phosphorus 
should be kep t a t  the  lowest point.

The ideal sought was a m etal which was really 
uniform ly open-grained. Reference had been 
made to feeding, and M r. Ballantime had ex
plained th e  reason why he did not resort to 
feeding ingot moulds. The g rea t am ount of 
carbon p recip ita tion  counteracted the  m etal 
shrinkage. One could employ hem atite  iron, and 
i t  would illu s tra te  very forcibly the compensat
ing effect of carbon p recip ita tion  on liquid 
shrinkage and th e  feeding of castings. I f  a 
mould of any description was produced to  his 
instructions, he would guaran tee  to  produce cast
ings w ithou t the o rd inary  liquid shrinkage 
cavities when m ade in grey hem atite  irons w ith
out feeding.

The vote of thanks was carried  unanim ously 
by acclam ation.

L ow  S c ra p  Losses
M r. R . B a l l a n t in e , responding, said th a t  as 

fa r  as he was concerned analysis did no t really 
w orry him  very much, simply because he had to 
consider th e  salvage value of the  ingot moulds 
back to  the  steelworks. They purchased the  
hem atite  to  a definite analysis, b u t they never 
got th e  broken ingo t moulds back to  use in the 
cupola. W h at he was concerned about was the 
m anufactu re  of th e  core—to  allow for the 
n a tu ra l contraction  of th e  casting. The firm 
w ith which he was associated made something 
well over 22,000 tons of ingo t moulds la s t year, 
and they  had  only 3 castings scrapped in  the
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foundry. Therefore, he th o u g h t they  were very 
successful in  th e  process they  were using.

Sheffield P ra c t i c e

M r. J .  R o x b u r g h  (P resid en t of the  Sheffield 
B ranch) had very g re a t pleasure in  conveying 
greetings from  the Sheffield B ranch to  the  M an
chester m e m b e r s .  H e had had th e  pleasure of 
v isiting  M r. B a llan tin e’s foundry , and  could 
support everything which th a t  gentlem an had 
said. M r. B allan tine  was, however, definitely 
in an advantageous position. H e was m aking  
his ingot moulds for one p a rtic u la r  steelw orks, 
and was doing about 600 or 700 tons per week. 
Therefore, i t  was possible for him  to  specialise 
in the  m anufactu re  of ingo t moulds.

In  Sheffield they  were p a rticu la rly  in terested  
in the  m anu fac tu re  of ingot moulds, b u t they  
worked on an en tire ly  d ifferen t basis. Some of 
the steel firms had th e ir  own fo u n d rie s ; b u t, in 
the m ajo rity  of cases, iron-founders were supply
ing the  ingo t moulds to  the  steelw orks, which 
was qu ite  a d ifferent m a tte r . The only w ay in 
which they  could te ll w hether th e  in go t moulds 
were sa tisfactory  or otherwise was by th e  num ber 
of “  lives ”  th a t  were obtained , and  y e t they  
were to  a g re a t ex ten t, as M r. B a llan tin e  had  
said, dependent upon the  steelm aker. A g re a t 
deal of harm  could be done to  th e  in go t mould 
in the  steelworks. There had  been instances, 
as Mr. B allan tine  was aw are, of moulds of sim ilar 
capacity  which had done well a t  one works and 
badly a t  ano ther. W hen th e  m a tte r  was in 
vestigated  from  th e  foundry  p o in t of view i t  
was discovered th a t  they  had been m anufac tu red  
in an iden tica l way. T herefore, i t  was fe lt a t  
tim es th a t  if th e  steelm aker paid  more a tte n 
tion  in  a scientific way to  th e  tre a tm e n t of th e  
moulds, b e tte r  resu lts would be obtained.

The sand was of v ita l im portance in  th e  m an u 
fac tu re  of ingot moulds. In g o t moulds were 
m anufactu red  in d ifferent p a rts  of th e  coun try , 
and therefo re  i t  was necessary to  explore th e  
possibilities of th e  local sands. M r. B allan tine  
had the  advan tage  of th e  Scottish  ro tten  rock



sand. In  Sheffield there  were available for small 
moulds the  W orksop red or sands of th e  red 
variety . T herefore, they  endeavoured to  ge t the 
best results ou t of the  local sands, which was 
ra th e r  an  im p o rtan t po in t in  the case of the 
small moulds. I t  would appear th a t  the  sand 
Mr. B allan tine  used was a  coarse-grained sand, 
uniform  in  tex tu re , and very perm eable, and he 
had the advantage of a continuous sand pre
paring  p lan t. Therefore, he could get rid  of 
all his dust and  silt, and control his sand in  a 
very scientific way.

S and  M ix tu re s

In  regard  to  his, the  speaker’s, p articu la r 
foundry  the  o u tp u t of ingot moulds would prob
ably am ount to  25 per cent, of the  to ta l ou tpu t. 
Therefore, they were really jobbing founders. 
As a con trast to  M r. B a llan tin e’s practice the ir 
cores for the  small moulds were made as weak 
as possible. The m ix tu re  would be, approxi
m ately, a barrow ful of black, and six shovelfuls 
of red sand. To th a t  m ix ture  they added a 
riddle-full of saw dust, which was passed through  
a one-six teenth  mesh sieve. I t  w,as not milled 
a t all, b u t was simply mixed w ith a  shovel. 
Thus, he regarded i t  as a particu larly  weak 
sand.

W ith  regard  to  core barrels, they actually cast 
a small d iam eter core barrel on to  the  bottom 
core p la te  and round the  core barrel they wound 
a straw  rope. W hen they were ram m ing the 
core up they inserted  four tubes opposite each 
corner, which were ex trac ted , and then , con
tra ry  to  M r. B a llan tine’s practice again, they 
pricked the corners so as to  make sure they were 
vented.

The procedure w ith regard  to  the  m ixing of 
th e  blacking was sim ilar to  M r. B allan tine’s 
m ethod. In  th e  case of small moulds they 
brushed th e  cores over w ith a  plum bago wash, 
using a cam el-hair brush. The inspection to

R
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which the  moulds were subjected  ia  Sheffield was 
particu la rly  rig id . The moulds had  to  be very 
smooth inside and  free from  any defect. H is 
own p a rticu la r firm could ram  w ith  sand ingo t 
moulds up  to  12 o r 15 tons. T h a t was as fa r  
as they  had  gone w ith  th is  p ractice, because, 
on th e  one hand , th ey  could no t afford to  m ake 
a  fu ll p a tte rn  when i t  was a  one-off job o r even 
a two- o r three-off job. The resu lt was th a t  in 
the case of the  b igger m oulds they  had  to  m ake 
a skeleton p a tte rn . This m ean t th a t  above th a t  
w eight they  had  to  rely upon  loam m oulding.

Loam  fo r  Ingot Mould Making
M r. R o x b u r g h  said he had  m ade ingo t moulds 

up to  120 tons in  w eight in  loam , b u t in  his 
own p a rticu la r foundry , a t  p resen t, they  could 
only m anufac tu re  castings up to  60 tons in  
w eight. The m anufac tu re  of in go t m oulds u nder 
those conditions, using loam m oulding, was qu ite  
a d ifferen t m a tte r . I n  th a t  case, too, they  
vented  th e  corners, and  coun terac ted  th e  con
trac tio n  stresses by bu ild ing  grids w ith  dabbers 
in to  th e  cores and packing th e  bricks to  the  
dabbers. They also m ade use of clam p bricks, 
and  loam bricks to  tak e  care of th e  con trac tion  
stresses. Spaces were le f t  a t  th e  corners, which 
were ram m ed w ith  core sand, and  p rick ing  
th rough  into the  cen tre  w ith  a v en t w ire was 
carried  out.

M r. B allan tine  had m entioned th e  n um ber of 
down-gates th a t  he used, he also cu t his in -gates, 
bu t he d id  n o t s ta te  th e  exac t position of those 
in-gates, which was definitely a very im p o rtan t 
point. In  Sheffield th e  prac tice  was d ifferen t 
from  th a t  adopted by M r. B allan tine . They 
endeavoured to  im p a rt a spin to  th e  m etal, and 
the in-gates were ru n  tan g en tia lly  in  th e  same 
direction. In  M r. B a llan tin e ’s foundry  th e  in- 
ga/tes were so placed th a t  th e  m etal was ru n n in g  
in opposite directions.

The level of th e  in-gates was very im p o rtan t, 
for instance, if he had  a  25-ton in g o t mould to  
make he would have a dow n-gate on th e  one side
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w ith two in-gates, one in-gate  would be placed 
about 1 in. from  th e  bottom  and the  o ther about 
7 in. above h a lfw ay ; the  dow n-gate from  the 
opposite ru n n e r would en te r  about halfway up, 
ju s t under the  top  in-gate  of the  o ther runner. 
I t  was contended th a t  when the m etal was spin
n ing as i t  was rising, i t  was tending  to  lag 
when i t  got to  the  level of the  top  in-gate, and 
th is  la t te r  in -gate  helped to  speed up  the  metal.

W ith  reg ard  to th e  feeding of th e  casting, he 
did n o t qu ite  agree w ith M r. B allan tine. I f  the 
ingot mould had to  be m achined on the  top w ith
o u t any feeding head, he though t th a t  defects 
would be shown. In  Sheffield they laid  p ar
tic u la r em phasis on the  fac t th a t  they  m ust have 
level su rfaces; they  specifically precluded any 
flash on th e ir  ingots, and so fo rth . The resu lt 
was th a t  in  m any cases w ith  big moulds they 
m achined both ends, and i t  was insisted th a t  
they cast a head on th e  ingot moulds. From  
experience, he found th a t  9 in. of head was 
required  to  be cast on an ingot mould, so th a t  
when i t  was m achined off, the  casting  was solid. 
H em atite  was very liable to  draw ing. I f  there 
was no provision for feeding and a certa in  
am ount was machined off a t  the top, one would 
probably find a  large draw-hole.

Type of Metal to Use

To a ce rta in  exdent, m anufacturers of ingot 
moulds were lim ited  in  the  type of m etal they 
could use, as there  was the salvage aspect of 
ingot moulds to  be considered A part from th a t, 
they  would probably all agree th a t in order to 
deal w ith  the  repeated  expansions and contrac
tions an iron w ith a high to ta l carbon content 
was necessary.

V arious opinions prevailed respecting silicon 
and m anganese. Some people w ent so fa r  as to 
recommend a 1.5 to 1.75 per cent, manganese 
iron, b u t fo r his own particu la r practice he used 
an iron of about 0.6 per cent, manganese. He 
would recommend 1.6 per cent, silicon for larger

k 2
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moulds, and fo r sm aller ones abou t 1.8 o r 1.9 
per cent. H e fe lt tb a t  m anu fac tu re rs  would 
probably all agree th a t  th e  ingot mould m ust 
have low su lphur and low phosphorus contents. 
In  Sheffield they  were allowed to  reach 0.07 
per cent, su lphur and  phosphorus, unless salvage 
was essential. H e w ondered w hether a  closer 
grained  m ateria l would assist to  leng then  the 
life of th e  ingot mould.

In  Sheffield th e  ingot moulds would have a 
very low combined carbon conten t, probably as 
low as 0.3 or 0.5 per cent. H e th o u g h t th a t  
experim ents m igh t be u n d ertak en  w ith  a view 
to ascerta in ing  th e  m axim um  combined carbon 
con ten t which was perm issible, and also th e  de
gree of fineness of g rap h ite  th a t  could be 
obtained to  give b e tte r  results. I f  research  work 
could be undertaken  in th a t  d irection , in  con
junction  w ith b e tte r  tre a tm e n t in  the steelworks, 
some useful knowledge would probably be 
acquired.

Feeding the Castings

Mb. B allant in e , speaking personally, s a id  
th a t  m achining th e  top  of moulds was n o t neces
sary : he th o u g h t th a t  feeding moulds was no t 
advantageous. Tailing mould section, he found 
there  was a definite open m a trix  in  th e  wall 
centre, ye t th ere  was no inner local defect show
ing due to  lack of feeding. T he wall section was 
quite  definite, and showed th e  same ch a rac te r
istics in any o ther p a r t  of th e  m ould. H e be
lieved the  p a r t  showing the  open m a tr ix  had  a 
beneficial effect on th e  life  of th e  moulds, simply 
because there  was a cushioning effect.

The tendency tow ards moulds sp littin g  in  ser
vice was objectionable, and th e  very fa c t th a t  
they were no t fed had proved beneficial. M r. 
R oxburgh was m anufac tu ring  u n d er en tire ly  
d ifferent conditions from  those a t the  a u th o r’s 
foundry.

M e. R o x b u r g h  s a id  t h a t  u s u a l ly  i t  w a s  a n  
i n v e r te d  ty p e  of m o u ld  w h e n  th e  h e a d  w a s  c u t
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off and the top surface was machined, which 
m eant th a t  the  top side came to  the  bottom when 
in service.

M r . B a ll a n t in e  a g re e d , b u t  sa id  t h a t  h e  c a s t  
th e  o th e r  w a y .

M r . R o x b u r g h  o b se rv e d  t h a t  t h e  p o in t  w as 
t h a t  th e y  to o k  th e  to p  p a r t  o f t h e  c a s t in g  as  
c a s t ,  t h e n  t u r n e d  i t  o v e r , a n d  a ll  t h e  p re ss u re  
w as a t  t h e  b o tto m .

M r . B a l l a n t i n e  said th a t  th e  inverted  type 
of mould was cast in  a sim ilar way to  th a t  de
scribed in the P aper. H e did not agree with 
th e  suggestion th a t  the  down-gates chased each 
o ther, and he asked if M r. R oxburgh was refer
ring  to  the  duodecagonal type.

M r . R o x b u r g h  said he was re fe rring  to  the 
big moulds. In  th e  case of small moulds he 
only ra n  them  from  the  bottom , and in  such 
cases the  gates would no t chase each other.

M r . B a l l a n t i n e  said th a t  he stepped t h e  
gates. He th ough t the  gates chasing round 
created  a sw irling action, which tended to dis
tu rb  the  twelve points on a core of th is type.

M r . R o x b u r g h  said th a t  w ith a small mould 
they  had a g rip  cu t in  the bottom . He wished 
to m ention th a t  he blacked all his cores in  the 
green s ta te  and n o t in  the  dry  s t a te ; because in 
th e  green s ta te  the sand was able to  absorb the 
blacking be tte r.

M r . B a l l a n t i n e  said th a t  was also his prac
tice. H is point was th a t the sand core had very 
g rea t advantages as contrasted  w ith loam mould
ing w ith bricks. H e was still of the opinion 
th a t  th e  corner flaking could be elim inated. If  
i t  were possible to  ven t by m eans of a pricking 
rod from  the  inside to  th e  outside, th is  would 
assist scaling. Owing to  the very fact th a t 
bricks were not used, and the  sand was of » 
definite tex tu re , th is trouble of scaling rarely  
arose. H e had had a peculiar experience some 
tim e ago, when he was called to a works to see 
an 8-ton casting. The foundry wanted an allow
ance for the  job. A complete shell came from 
the inside of the  casting, adhering to  the steel,
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and he le a rn t th a t  th is  casting  had ru n  ou t 
when poured, and had been filled up  aga in  !

Size  of  G ates
A nswering ano ther speaker, M r. B allan tine  

said he did n o t include th e  sizes of dow n-gates 
and in-gates, because every p a rticu la r mould 
had different ratios. H e was very pleased th a t  
the  speaker had b rough t forw ard th e  p o in t re 
specting th e  am ount of sand. H e always liked 
to  have a safety  m arg in  in  sand. Some of the  
older boxes gave 2 in. of sand, which was use
less. In  the  case of any new boxes th a t  were 
designed, there  was a m inim um  of 5 to  8 in. of 
sand.

In  th e  case of the  large box, he believed th ere  
was a m arg in  of 10 in. sand, which gave a very 
good cushioning effect. A b inder was n o t re 
quired a t all. I f  th ere  was a fa ir  m arg in  of 
sand to  work w ith , a g rea t deal of troub le  was 
elim inated.

H e had found some fa irly  w ide v a ria tio n s in  
regard  to  combined carbon contents. The fu n 
dam ental necessity in any foundry  prac tice  was 
care in m anu factu re , qu ite  a p a r t  from  the  m etal 
used. The finest m etal ever m an u fac tu red , if 
p u t in to  an in ferio r mould, would produce a 
defective casting , while qu ite  o rd inary  m etal 
p u t into a first-class mould would produce a 
serviceable casting.

M r. R o x b u r g h , re fe rrin g  to  com bined carbon, 
said if  a casting  was to  be m ain ta in ed  a t  a  con
tinuous tem p era tu re  th ro u g h o u t its  life, he 
though t th a t  one could even use an  iro n  w ith  
a m ottled  s tru c tu re  because th e re  was no shock 
to  contend w ith. W hen casting  ingots in ingo t 
moulds, if they  were repeatedly  cooled down and 
heated  up again , the  conditions w ere en tire ly  
different. I n  his opinion, for an  in go t m ould a 
low combined carbon con ten t was definitely 
b e tte r. P erhaps th e  percentage could be in 
creased a  li tt le  more w ith  a view to  g iv ing 
increased life. F o r continuous service he had 
made irons w hich had been qu ite  m ottled , where
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the  combined carbon had been 1.5 or 2 per cent., 
and th e  life in service had been over two years.

Mb. J . E. Cooke spoke w ith  regard  to  the 
draw ing of core boxes which had been ja r  
ram med. M r. B allan tine had emphasised the 
im portance of the  varnish . There was a tendency 
a t  the  p resen t tim e to  a ttem p t to  save both  tim e 
and  money by th e  use of in fe rio r varnish, in 
which gum or resin  con ten t im peded drying. Did 
M r. B allan tine  use the  best quality  varnish, 
and had he ever tr ied  any substitu tes fo r varnish 
on th e  coatings for the  surface of his core 
boxes?

Mr . B a l l a n t i n e  replied  th a t  he bought the 
very best varn ish  p a in t possible to  obtain. He 
was no t con ten t w ith  giving one co a t; he gave 
three. H e could effect considerable economies 
in  production by the  application  of good quality  
varnish  p a in t, and the p a tte rn s  stripped easily. 
I t  was no t an  economic proposition e ith e r to  p u t 
inferio r varn ish  on th e  p a tte rn s  or to  scamp the 
tim ber. I f  he p u t good tim ber on, 2 i in. thick, 
he used good varnish  pain t.
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Sheffield Branch

P a p e r  N o . 618 T H E  M A N U F A C T U R E  OF IRON A N D  S T E E L  
C A S T IN G S  IN G R E E N  S A N D *

By C. J .  D A D S W E L L ,  Ph.D., B.Sc., T. R. W A L K E R ,  
M.A., and F. W H IT E H O U S E  (M em bers)

The reason usually advanced for th e  m anu fac
tu re  of castings in  green sand, in stead  of in  
dry  sand, is th a t  th e re  is a saving in  cost when 
green sand is adopted. This is generally  tru e , 
bu t in  ce rta in  instances there  a re  o ther fac to rs 
which influence th e  choice of m ethod. In  any 
case, any advantages green sand p rac tice  m ay 
possess are  no t obtained w ithou t carefu l s tu d y ; 
special p recautions m ust often  be tak en , and the  
process has in h eren t d isadvantages which lim it 
its  application .

A dvantages  Shown
The first im p o rtan t advan tage  is th a t  moulds 

need not be dried. This saves the  cost of d ry ing  
equipm ent, and  also th e  cost of d ry ing , which 
includes n o t only fuel, b u t the  tim e and wages 
of stove a tten d an ts . I t  also libera tes th e  space 
otherwise required  fo r d iy in g  equipm ent, and 
enables th e  space to  be usefully  employed for 
o ther purposes. There is an ad d itio n a l saving 
in th e  tim e norm ally occupied in  th e  d ry ing  
operation . In  consequence th e  capacity  of th e  
foundry floor for m oulding and  for p u tt in g  down 
boxes is increased, so th a t  if th e  capac ity  of th e  
m elting u n it is adequate, the  o u tp u t of th e  
foundry  may be increased. A lternative ly , fo r a 
given o u tp u t of castings, few er m oulding boxes 
a re  requ ired , since they  a re  re tu rn e d  to  th e  
m oulding bay in  a  sh o rte r tim e th a n  when m ak 
ing dry sand castings. This is of p a r tic u la r  im 
portance in the  quan tity -p roduc tion  of castings, 
when moulding m achines a re  being employed

* The Authors were awarded Diplomas for this Paper.
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which should be k ep t fully occupied. In  some 
cases green sand castings have a  sharper ou t
line th an  those made in  dried moulds, th a t  is 
to  say, more deta il is reproduced.

The fac t th a t  the  mould m ate ria l has com
paratively  little  s tren g th  gives increased freedom 
from  pulls or hot tears, and brackets can fre 
quently  be elim inated  which are  required when 
castings are  made in dry  sand. Owing to  the 
reduced tendency to  tea r, less easing of the  cast
ings is required. These last rem arks, of course,

F i g . 1.— A  6 f t .  l o n g  S t e e l  C a s t in g  M a d e  
i n  G r e e n  S a n d .

apply alm ost en tire ly  to steel castings. F ig . 1 
is an  exam ple of a th in  steel casting  about 5 ft. 
long successfully made in  green sand w ithout 
tea rs  and  w ith a good finish.

The cost of closing moulds is less than  for 
sim ilar jobs made in  dry  sand, as the cores can 
be fixed in to  th e ir p rin ts  w ith less filing and 
fitting . This is because the green sand p rin ts  
give way slightly  and ad ju s t themselves to  any 
small irreg u la rities  in the  cores. The fac t th a t  
the  cores fit closer in to  green sand p rin ts  means 
th a t  less flash is produced, so th a t  the  cost of
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fe ttlin g  is reduced. In  add ition , th e  way in 
which th e  green sand p rin ts  can be, to  some 
e x ten t, d is to rted , allows cores to  be se t up by 
gauges in  th e  m ould, p roducing g rea te r accu
racy in  th e  subsequent castings. This d is to r
tion , however, m ay also lead to  inaccuracies in  
the  castings, since th e  fac t th a t  th e  p rin ts  a re  
no t rig id  m eans th a t  unless gauges a re  used i t  is 
very easy fo r cores to  be m isplaced. F ig . 2 shows 
an au tom atic  railw ay  coupler and  its  com
ponents. This is an exam ple of th e  accuracy

F i g . 2 .— A u t o m a t ic  R a il w a y  C o u p l e r  C ast  
i n  G r e e n  S an d  a n d  A s s e m b l e d  w it h o u t  
M a c h in in g .

which can be obtained in  green sand  steel cas t
ings as all th e  w orking p a rts  a re  assembled in  
the  coupler body w ithou t m achining.

H orseshoe nails and  special chills can be in 
serted  in  th e  moulds a t  chosen points d u rin g  
closing w ithou t th e  mould surface  being dam 
aged. F inally , for some types of steel castings i t  
is possible to  use th e  same sand for both facing 
and backing purposes, which leads to  a saving 
of tim e when m achine m oulding is being carried  
o u t .
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Disadvantages
The first d isadvantage of green sand mouiding 

is th a t  the  weakness of th e  m oulding m aterial 
lim its the  size of the casting . C astings can be 
m ade in .g reen  sand only if they  do not involve 
a high fe rro sta tic  pressure or very heavy sections.

F ig .  3 .— D e f e c t s  a n d  S w e l l i n g s  w h ic h  m a y  
O c c u r  o n  G r e e n  S a n d  S t e e l  C a s t in g s .

The mould surface is weak and easily washed 
away in  fro n t of th e  run n ers  unless precautions 
are  tak en  to  avoid th is . N ailing  can be adopted, 
o r in serts  of e ither dry  sand or oil sand can be 
used, b u t these devices n a tu ra lly  increase the 
cost of the  process. In  addition , the  weakness of 
th e  surface o f th e  mould is liable to  give rise to



sand inclusions a t, or underneath , the  surface of
the castings.

Green sand m oulds n a tu ra lly  requ ire  more 
careful handling  d u ring  closing th a n  d ry  sand 
moulds do, and  they are also more easily crushed. 
Green sand castings a re  more liable th a n  dry 
sand castings to such defects as swellings, scabs 
and blowholes, owing p a rtly  to  th e  weakness of 
the sand and  p artly  to  its  w ate r con ten t. Swell
ing and  scabbing m ay be m inim ised by h a rd  ram 
m ing of the  mould. F ig . 3 illu s tra tes  the  defects 
of swelling and  scabbing which are  prone to  
occur in ce rta in  types of green sand steel 
castings.

I f  green sand moulds a re  no t cast w ith in  a 
ce rta in  tim e, any nails or chills in serted  in  th e  
moulds ten d  to  condense on th e ir  surfaces a layer 
of m oisture which causes small blowholes in  the  
castings. S im ilarly, unless the  core com pound in 
use is of a type which will re s is t th e  action  of 
w ater, the  m oisture in  the  mould will soften  th e  
oil-sand cores, if moulds a re  allowed to  s tan d  for 
too long a f te r  closing and  before casting . In  
such circum stances, if i t  is n o t possible to- cast 
closed moulds on th e  sam e day, so th a t  th ey  are  
left, over u n til th e  nex t day, i t  is o ften  possible 
to  keep them  in  good condition  by lif tin g  th e  
tops and packing them  above the  bottom  p a rts  
w ith, say, pieces of brick.

Since green sand moulds are no t so h a rd  as 
dry  sand moulds, the  core p rin ts  a re  n o t always 
strong enough to  p reven t th e  lif t in g  of cores 
du ring  pouring . C haplets canno t be used sa tis
factorily  between th e  cores and  th e  mould su r
faces, since the  chaplets would p en e tra te  in to  th e  
relatively soft mould surface in s tead  of stop
ping th e  cores from  lif tin g . This troub le  m ay 
be elim inated  in  several ways, fo r exam ple, by 
packing the  p rin ts  from  th e  box bars. F ig . 4 
shows a steel d redger bucket cast in  g reen  sand 
and w eighing abou t 15 cwi;s. In  th is  case a 
heavy core was used which had  to  be supported  
in th e  green sand mould by packing from  the  
box bars.

492
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In  green sand repe tition  work, accurately 
jigged boxes are  required, and good fitting  pins 
m ust be used. M etal “ c a rro ts ,” sand buttons 
and sockets are  useless in th is case, since they 
have no rig id ity  and will no t reg ister the top 
and bottom  p a rts  w ith any accuracy.

Sand Practice
F o r successful results in green sand moulding, 

i t  is necessary to  devote some care to  such 
modifications of o rd inary  dry  sand moulding 
practice as are  dem anded by the  different na ture

F i g . 4 .— D r e d g e r  B u c k et  C ast  in  G r een  
S a n d . T h e  C o re  is  su pp o r t e d  f r o m  th e  
B ox B a r s .

of the  m oulding m ateria l. P a tte rn s  for green 
sand  work should have a very smooth surface, 
in order to obtain a good draw, since patching 
and rec tify ing  the  surface of the  mould are  more 
difficult and  less satisfactory  in green sand th an  
in dry  sand, particu larly  for steel, and often 
lead to  the  occurrence of scabs and o ther surface 
im perfections in  the castings.

The m oulding boxes m ust be rig id , particu larly  
those used for m oulding top p a r ts ; neglect of 
th is  p recaution  may lead to  the  dropping-out



of the  mould during  liftin g  or tra n sfe r from  one 
p a r t  of th e  floor to  ano ther. In  the  case of steel 
castings, especially those ru n  from  bottom - 
poured ladles, sufficient dep th  of the  bottom  p a r t  
is necessary to  p reven t th e  steel b u rs tin g  o u t 
a t the  bottom . F o r th e  sam e reason bottom  p a rts  
m ust be well ram m ed, and if they  a re  moulded 
on m achines m ust be properly flat-ram m ed be
tw een the  bars. D uring  pouring , the  boxes m ust

F i g . 5 .— R o u n d -G r a i n e d  S il ic a  S a n d . 
x  2 5 .

be fitted on good level beds of dry  sand , or o ther 
adequate m eans m ust be used to  su p p o rt the  
bottom box.

G ating Modif ications
The provision of gates also requires considera

tion. M oulded gates a re  b e tte r  th a n  gates a f te r 
w ards cu t in  green sand moulds, as they  a re  
stronger and have a stiffer surface. An a lte r
n ative  is th e  use of oil-sand cores in  which th e  
runners have been moulded.
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A poin t of pa rticu la r im portance in green 
sand steel castings is the  position of the  runner, 
since th e  mould m ateria l is not able to  w ithstand 
very much washing of the  liquid steel over its 
surface. O ften th e  norm al practice of bottom 
runn ing  gives satisfactory  results, b u t in  many 
instances th is  is n o t so good as ru nn ing  a t the 
jo in t, or even from  the  top  of a  casting. The 
adoption of bottom  pouring for a deep casting

F i g .  6 .— N a t t o  a l l y - b o n d e d  A n g u l a r -  
g r a i n e d  S a n d ,  x  2 5 .

m eans th a t  a  large am ount of liquid steel has 
to  be forced up the  sides of the  mould, whereas 
runn ing  a t  the  jo in t m eans th a t  some of the  steel 
falls downwards and th e  re s t is forced upwards. 
In  some cases top  pouring can be carried  out 
successfully if tbe  liquid steel is allowed to fall 
on a core in the bottom  of the  mould placed there  
for th is  precise purpose, or a lte rnative ly  on one 
of th e  cores which is a norm al com ponent of the 
mould.



Down-gates for steel castings should be m ade 
of fireclay, since green sand will no t w ithstand  
successfully the  wash of the  steel. F o r th e  sam e 
reason, ru n n e r bushes are  commonly m ade in 
dry sand.

Green Sand C ores
An obvious extension of green sand m oulding 

is the  use. of green sand cores in s tead  of e ith e r 
dry sand or the  much commoner oil sand cores. 
This is a m a tte r  in which steady  progress is 
being m ade, th is  progress being more m arked

F i g . 7 .— S and  M ix in g  P l a n t .

and more rap id  in  iron  foundries th a n  in  steel 
foundries.

The first im p o rtan t advan tage  in  th e  use of 
green sand cores is th a t  th e  core m ix tu res are  
very much cheaper th an  m ix tu res of silica sand 
w ith  core compound. J u s t  as in  th e  case of 
green sand m oulding, the  cost of d ry ing  equ ip 
m ent and of the  d ry ing  operation  is e lim inated . 
This means, of course, th a t  th e  capacity  of the  
core shop is increased. An advan tage  in  using 
green sand cores is th a t  they  d im inish  cracking 
and hot tea rs , since they  give way readily  to



the  forces of con traction  owing to  th e ir  low 
m echanical streng th .

There are, however, d is tinc t draw backs to  the 
use of green sand cores which offset the  advan
tages referred  to above. In  the  first place, the 
low m echanical s tren g th  of th e  core does not 
perm it of much overhang, so th a t  th is  a t  once 
lim its the app lication  of the  m ethod. In  the 
case of small and medium-sized cores, only such
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NA TURALL Y
MOULDED -  -  SYNTHETIC  SANO B A SEBASE

F i g . 8 .— V a r y in g  P r o p e r t ie s  o p  K n o c k e d - 
otjt S a n d  b e f o r e  T r e a t m e n t .

cores can be used green as can be safely con
veyed from  the core tab le  and placed in the 
mould w ithou t sagging. Green sand cores are 
more frag ile  th a n  green sand moulds, in th a t  
green sand moulds have the  support of the ir 
box, in  th e  bottom  p a r t  a t any ra te .

Generally speaking, green sand cores are  less 
re frac to ry  th a n  oil-sand cores, which on strong 
h ea ting  a re  reduced essentially  to  silica sand. 
This m eans th a t  green sand cored castings often
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involve more sand b lasting , which is more diffi
cu lt to  carry  o u t in  recesses th a n  i t  is on the  
outside of the  casting . I t  is possible to  use la rger 
green sand cores when floor or p it  m oulding is 
being carried  out, since the  cores can then  be 
bu ilt up in  situ , and do n o t have to  be handled  
or conveyed to ano ther p a r t  of the  foundry .

Although in the  m an u fac tu re  of green sand 
castings in  iron  and  steel th ere  are m any p rin 
ciples which are , in  general, applicable to  both 
m aterials, th ere  are  some points which affect the  
m anufactu re  of castings in  only one of them .

P r o p e r t i e s  o f  S te e l  in R e la t io n  t o  G r e e n  S an d
In  the case of steel castings, th e  p roperties of 

the liquid steel a re  of im portance in  ob ta in ing  
success in th e  foundry . Though no p a rticu la r 
change in chemical composition need be m ade 
when changing from  dry  sand to  g reen  sand 
m oulding, the  m ethod of steel m an u fac tu re  
sometimes needs modifications if success in 
m aking green sand castings is to  be obtained. 
From  a foundry  po in t of view, steel should have 
a low conten t of dissolved gases. I f  i ts  gas con
te n t is considerable, th en  gases will be evolved 
when th e  steel is cooling in  th e  mould, and 
blowholes of some kind will resu lt.

This point is of p a rticu la r im portance when 
green sand castings are  being m ade, since steam  
is evolved from  th e  mould when th e  steel is 
poured in to  green sand moulds, and  th e  passage 
of such steam th rough  th e  steel is liable to  
cause the  evolution from  th e  steel of dissolved 
o ther gases which, w ithou t being d is tu rbed  in 
th is way, would no t be evolved.

The o ther im p o rtan t p roperty  from  a foundry  
point of view is the  life of th e  steel. I t  should 
rem ain  pourable over a considerable ran g e  of 
tem pera tu re , and should be sufficiently fluid to  
fill every p a r t  of th e  mould however in tr ic a te  
th is may be. A lthough th is  p roperty  is desir
able for all castings, i t  is m ost im p o rtan t when 
th e  castings are  sm all, lig h t and  th in  in  section, 
or in tr ic a te  in  shape. This is precisely th e  type



of casting  usually made in green sa n d ; hence the 
im portance in  green sand work of having a steel 
w ith  a considerable life.

One method of m anufactu ring  basic electric 
steel su itable fo r green sand steel foundry prac
tice was described by two of the present authors 
in  a Paper*  la s t year, and th is  point need not, 
therefore , be fu r th e r  elaborated.

S and  C o n t ro l
The properties of the  sand used in  a steel 

foundry  for green sand work have an im portan t 
effect on the  results, and a tten tio n  to th is point 
is essential if success is to  be achieved. Given 
suitable raw  m aterials, the sand m ixtures lead
ing to successful results m ust Usually be dis
covered by tr ia l .  W hen once they are found, 
un iform ity  in the  sand supplied to  the  foundry 
floor m ust be m ain tained , especially when 
machine-m oulding is adopted. This un iform ity  
is secured by te s tin g  batches of sand im mediately 
a f te r  m ixing. W hether th is tes ting  is carried 
ou t w ith ap p a ra tu s giving num erical values for 
such properties as the  w ater content, perm ea
b ility  and green s treng th , or by “  Old B ill,” 
who relies on sigh t and  feel, is a m a tte r  of no 
g re a t consequence, unless “  Old Bill ” falls ill.

Sand for green sand m oulding in steel should 
have a high perm eability , and should, therefore, 
be fa irly  coarse in  g ra in  w ith  as uniform  a grain  
size as can be obtained. I ts  w ater content 
should be as low as possible, b u t a minim um 
am ount of w ate r is, of course, necessary to de
velop sufficient green streng th . The high per
m eability  will assist steam  and o ther gases to 
escape from  the  mould, w hilst the low w ater 
con ten t will minimise the am ount of steam 
generated  during  easting. Green sand casting 
has the advantage th a t  du ring  the pouring pro
cess a less proportion  of th e  sand is heated  to 
such a high tem p era tu re  th a t  its bond is per
m anently  destroyed, and consequently a g rea ter 
p roportion  of sand is re-usable th an  in d ry  sand

* Proceedings, I.B .F. Vol. X X IX , page 537.
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work. I t  follows th a t  w ith green sand m ould
ing the percentage of m ake-up, w hether of new 
sand, new binding m ateria l or both, is reduced. 
In  spite of th is  economy, the  surface of green  
sand castings is often  a t  least as good as th a t  of 
sim ilar castings made in  dry  sand, since th e  re 
fractoriness of the green sand m ix tu re  is a t 
least as g rea t as th a t  of the d ry  sand m ix tu re .

The property  which is m ost liable to  sudden 
variations is th e  w ate r conten t, and  differences 
in the am ount of w ater p resen t affect both  th e  
perm eability  and th e  green s tren g th , so th a t  i t  
is essentia] to  carry  o u t frequen t de term ina-

F i g .  9 . — T h e  R e s u l t  o f  C o n t r o l  i n  S a n d  
P r e p a r a t i o n .

tions of th e  percentage of w ate r p resen t. To 
obviate any troubles due to  varia tions in  w ate r 
con ten t th is  should be m ain ta ined  constan t 
w ith in  half per cent. F o r th e  same sand 
m ix tu re  too litt le  w ater gives moulds which are  
weak and have a friab le  or m urly  surface, 
whilst too much w ate r easily resu lts in  such 
defects as scabs and p in  holes. I t  is advisable, 
therefore , to  mill the  backing sand as well as 
the facing sand in  a green sand steel foundry , 
since w ithou t m illing i t  is alm ost impossible to  
obtain  un ifo rm ity  in  the  sand m ix tu res. If  
the backing sand contains m ore w ate r th a n  th e  
facing sand, w ater will move forw ard  tow ards
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th e  surface of the mould when the  moulds are
stand ing , especially a fte r  closing, when th e  w ater 
vapour cannot readily  escape from  the in te rio r 
of the  mould. I t  is thus desirable th a t the  back
ing sand should contain less w ater th an  the 
facing sand.

S y n th e t i c  Sands
In  foundries in  th is country  an increasing use 

is being made of sand m ixtures consisting of

F i g . 1 0 .— A  R a n g e  o f  P i p e s  a l l  o f  w h i c h  C a r r y  G r e e n  S a n d  C o r e s .

silica sand milled w ith clay. In  such m ixtures 
th e  characteristics of both the sand grains and 
the  clay are im portan t. Sand grains which 
consist exclusively of silica are  spherical in shape 
and have a smooth surface, and are  th e  most 
refrac to ry . Owing to th e ir shape they touch a t 
a minim um  num ber of points, which is good for 
perm eability  b u t bad from  a stren g th  po in t of 
view, w hilst the  smoothness of th e ir  surfaces 
m eans th a t  any coating of binding m ateria l p u t
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on the grains will no t be held very firmly. 
F ig . 5 illu s tra tes a  silica sand of th is  type  
in  which the  g ra ins are  well rounded and have 
a smooth surface. I f  th e  g ra in s are  more 
angu la r the  perm eability  is som ewhat dim inished, 
but owing to  th e  g rea te r a rea  of con tac t between 
neighbouring gra ins th e  m echanical s tren g th  
obtained by m illing th e  sand w ith  clay is im 
proved. I f  a t  th e  same tim e th e  surface of the  
g ra in  is rough, or if the  g ra in s a re  coated w ith  
a th in  layer of tenaciously-held n a tu ra l b ind ing  
m ateria l, th en  any add itional b ind ing  m a te ria l 
milled w ith  the  sand will form  a firmly-held layer

F i g .  1 1 .— T h e s e  C a s t i n g s  h a v e  b e e n  
C a s t  w i t h  G r e e n  S a n d  C o r e s .

round each g ra in . F ig . 6 illu s tra tes  a sand  of 
th is type  in  which the  grains a re  sub-angular 
and  are  coated n a tu ra lly  w ith  a th in  film of 
clay, which is very difficult to  remove.

Though any k ind  of clay m ay be used as a 
b ind ing  m ateria l, th e  ideal clay for th is  purpose 
would be both very re frac to ry  and  highly p lastic. 
Such a clay has n o t ye t been discovered, and i t  
is therefo re  necessary to  adop t a  compromise. 
Since th e  clay is less re frac to ry  th a n  th e  silica 
sand, as litt le  clay as possible should be used, 
so th a t  the clay chosen should be highly plastic, 
w ith as g rea t a refractoriness as can be secured.
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In  th is country  th e  two clays commonlv used 
are  ben ton ite  (a very p lastic  A m erican clay) and 
ball clay (from  Devon or Cornwall).

Table I  gives th e  p roperties of sand m ixtures 
m ade from  th e  sand shown in  F ig . 5, w ith  
d ifferent add itions of ben ton ite  and ball clay, 
w hilst Table I I  gives th e  same in form ation  re-

T a b l e  I .—Sand icith Smooth Welt-Rounded Grains.

Clav 
addition. 
Per cent.

Water.
Per

cent.

Permea
bility

number.

Green 
strength. 
Lbs. per 
sq. in.

Dry 
strength. 
Lbs. per 
sq. in.

Ball clav 11 1.0 216 2.0 7.7
- i 1.25 200 2.5 25.3
o 2.25 188 5.5 51.3

Bentonite 11 1.5 216 1.5 20.3
- i 1.75 200 2.5 30.0
a 3.0 178 4.75 55.7

T a b l e  I I .—Sand with Coated Sub-Angular Grains.

Clay 
addition. 
Per cent .

Water.
Per

cent.

Permea
bility.

number.

Green 
strength. 
Lbs. per 
sq. in.

Dry 
strength. 
Lbs. per 
sq. in.

Ball clay 1J 2.0 178 3.75 26.7
H 2.4 178 6.0 43.7
5 3.2 144 9.25 82.7

Bentonite 11 2.1 188 3.75 27.4
2* 2.8 178 6.25 58.0
5 3.75 138 9.0 78.7

g ard ing  m ix tu res of th e  sand shown in  F ig . 6 
w ith  th e  same proportion  of th e  same clay.

These illu s tra te  the fac t th a t  w ith the  same 
sand the  two clays give almost th e  same 
m echanical s treng th . W ith  th e  more angu lar 
sand, possessing a th in  film of bond, however, 
th e  m echanical s tren g th  is substan tia lly  g rea te r 
w ith  the  same clay con ten t th an  fo r th e  smooth 
g ra in  sand. The perm eability  of th e  m ix tu re



504

w ith the  smooth rounded g ra in s is ra th e r  g rea te r 
th a n  for the o ther sand. In  any com plete com
parisons of clays i t  m ust be em phasised th a t  
besides the green s tren g th  in  new m ix tu res there  
are o ther points of im portance such as the  leng th  
of useful life in  repeated  use, th e  n a tu re  of th e  
surface developed on moulds, and  th e  ra te  of 
loss of bond s tren g th  on heating .

F i g . 1 2 .— I r o n s  f o r  G r e e n  S a n d  C o r e s . O n l y  t h e  
B o t t o m  H a l f  i s  R e i n f o r c e d .

In f luence  o f  Milling

In  green sand practice  of th e  type  now being 
considered th e  silica sand is milled w ith  the  
requisite am ount of clay and w ater, th e  p ro
perties of th e  batch  checked by te s tin g , and  the  
sand passed to  th e  foundry  floor for use. A fte r 
the  castings a re  knocked ou t, th e  sand is re 
covered and converted in to  hacking sand w ith  
any necessary add ition  of new clay. F ig . 7 
illu stra tes a typ ica l in s ta lla tion  fo r th is  purpose.



The knocked-out sand arrives on a conveyor, and 
any contained steel or iron is removed by a 
m agnetic separato r. The sand is screened and 
tran sfe rred  to  a hopper, from which i t  is fed 
to  a ro ta ry  mill, where i t  is m ixed w ith new clay 
and  w ater, and  is charged in to  a skip, ready for 
use. The knocked-out sand n a tu ra lly  varies con
siderably in  its  p roperties, b u t a fte r  the  t r e a t
m ent outlined the backing sand produced is uni-
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F i g . 13.—B e c a u s e  o e  t h e  F e w  C a s t i n g s  R e q u i r e d ,  t h e  C o r e  I r o n  in  
t h i s  C a s e  i s  B r o k e n  f o r  E x t r a c t i o n .

form. F ig . 8 illu stra tes a significant change in 
the  properties of the  knocked-out sand during 
one period in  the  steel foundry  referred  to.

In  o rder to  e lim inate the effects of wide daily 
varia tions in  properties, and  to emphasise 
instead  th e  general tren d  in  properties, the 
figures in  the  g raph  a re  shown in  the  form  of a 
moving average curve of five days. D uring  the 
first 18 days considered, the  sand had a n a tu r
ally bonded base, and its perm eability  number



was about 105. Trouble was experienced in  the  
foundry  w ith defective castings, and i t  was 
decided to  increase th e  perm eability  of th e  sand 
substan tially . F o r th is  purpose progressive 
additions of a synthetic  sand m ix tu re  were m ade, 
and th e  perm eability  num ber rose stead ily  to  a 
figure of about 165, w ith  very li tt le  change in 
e ither w ater con ten t or m echanical green  
streng th . W ith  th is  change troub le  in  th e  
foundry was elim inated .

The facing sand used is p repared  from  th e  
above backing sand, milled w ith  new sand and 
w ith fresh  clay. To ensure un ifo rm ity  th e  pro
perties of every batch  sen t to  th e  foundry  floor 
are  determ ined. F ig . 9 shows th e  resu lts  of 
100 consecutive days’ exam ination  of th is  facing  
sand. I t  can be seen th a t  th e  sand supplied 
to  moulders day a f te r  day is reasonably un iform , 
and can be expected to  give sim ilar resu lts 
repeatedly  when used in  th e  same way.

T y p e  o f  S te e l  C a s t in g s  M ade
F rom  w hat has been said already, i t  w ill be 

evident th a t  some types of steel castings can  be 
more readily  m ade successfully in  green sand 
th an  can o ther types. In  th is  country , u n ti l  
recently, much la rg er green  sand  castings have 
been m ade in  iron th a n  in  steel. The technique 
of m aking  green sand steel castings up  to  about 
one ton  each in w eight is still n o t very  widely 
known, though th e  num ber of steel foundries 
now m aking  small green sand castings is rap id ly  
increasing. Small castings su itab le  fo r rep e titio n  
work lend them selves particu la rly  well to  green 
sand production  in  th e  steel foundry . Exam ples 
are  castings for railw ay locomotives, carriages 
and wagons, colliery work, and  castings fo r m otor 
cars and lorries.

In  th e  case of steel castings up  to , say, one 
ton  in  w eight, i t  is only when a  foundry  specia
lises in  p a rticu la r lines th a t  th ey  are  m anufac
tu red  in  green sand, as th e  am oun t of special 
tackle required  to  m ake such castings in  green 
sand is considerable.
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G r e e n  S and  I ro n  C as t in g s

The rem arks already made regard ing  the 
economies to  be secured by th e  adoption of green 
sand m ethods apply equally well w hether the 
castings are  in  steel or in  iron, and need not 
be fu r th e r  discussed. Green sand m oulding has 
been practised  in  iron foundries for m any years, 
and there  is no need to  do more th a n  draw 
a tten tio n  to  castings which are no t universally

F i g . 1 4 .— I n t r i c a t e  C a s t i n g s  M a d e  i n  G r e e n  S a n d .

m ade in  green sand, or which illu s tra te  points 
of im portance in  th e  iron foundry. The econo
mic advantages associated w ith green sand 
m oulding are  applicable to  an even g rea te r ex ten t 
when the  process is u tilised for the  production 
of cores, and th is  is a  very prom ising field for 
developm ent in the  iron foundry. I t  is, of 
course, no t practicable to  m ake every core green, 
b u t i t  is easily possible to extend the  use of 
green sand considerably.
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The g rea test oppo rtun ities for the  use of green 
sand moulds and  cores a re  found in  the ligh t 
iron castings foundry . F ig . 10 illu s tra te s  the  
production of pipes in  such a foundry , and 
dem onstrates the  range  of sizes d ea lt w ith . Each 
pipe mould, of course, m ust contain  a core. I f  
all these cores had to  be dried  th e  equ ipm ent 
required would be considerable, w hilst th e  tim e 
occupied and the hand ling  involved would create  
problems which do n o t arise when th e  cores a re  
used green.

Three castings which a re  o ften  m ade w ith  dry  
sand cores, and  sometimes w ith  dry  sand moulds 
also, are  shown in  F ig . 11. They consist of a 
12 in. sluice valve w eighing 3 |  cw ts., a gas

F i g . 15 .— C ore  B ox  an d  I r o n s  u s e d  fo r
ONE OF THE CASTINGS SHOWN IN F lG . 14.

valve w eighing 2 |  cw ts., and  a gas offtake w eigh
ing 34 cwts. All these a re  requ ired  to  be p er
fectly sound and of good finish, a ll are  m achined 
to  close lim its, and in  each case sligh t defects 
on the valve seats are  sufficient to  involve rejec
tion  of the castings. In  the  foundry  u nder 
consideration all these are  regu larly  m ade in 
green sand th roughou t, the  w asters over a period 
am ounting to  no more th an  2 per cen t., so th a t  
for such purposes th e  use of green  sand cores 
is no longer in  th e  experim en ta l stage. Some 
details of th e  m ethods of m aking  and  using such 
cores are  given below.
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C o r e  I ro n s
The essential principles in  green sand core

m aking, namely, th e  form and construction of 
the  core iron, a re  illu stra ted  in F ig . 12. The 
basic idea  is th a t  only the  bottom h a lf of the 
core should contain  an iron, and th a t  iron 
should be so fab rica ted  th a t  i t  can be used 
repeatedly, even if a  thousand  castings are re 
quired. The iron  in  F ig . 12 is in  th ree  parts, 
which a re  fastened  together by two screws. Soon 
a f te r  casting , th e  screws are  loosened and the 
separa te  p a rts  of th e  core iron are  taken  out of

F i g . 16.— T h e  C o k e  R e a d y  f o r  I n s e r t io n  
i n  t h e  M o u l d .

th e  casting. The pieces are  then  re-assembled 
and th e  iron is ready for use again.

In  th is way practically  all th e  core is removed 
from the casting  w hilst i t  is still in the foundry 
and w hilst the casting  is still red-hot, which 
m eans th a t  no t much sand is destroyed by heat 
and no t much lost by going to  the fe ttlin g  bay. 
This effects an im portan t economy. A fu rth e r 
po in t w ith these core irons is th a t  the end bars, 
a t  the  ex trem ities of the  core, are  slightly larger 
th a n  th e  rest. They sit on the  bottom of the 
core box, w hilst the rem ainder of the  bars are



1 in . to  f  in. from  touching. These end  bars 
are  used fo r suppo rting  th e  core as i t  sits in  
th e  mould, and  usually  come d irec tly  over a  b a r 
p u t in  th e  m oulding box fo r th a t  purpose. The 
core box is a norm al one.

T he objection  th a t  can  be ra ised  to  th is  
m anner of m an u fac tu re  is th a t  i t  involves th e  
provision of a core iron  th a t  can  become elabo
ra te  and there fo re  costly, an d  th is  p o in t m ust 
be taken  in to  account. T here is a m inim um  
q u an tity  of castings requ ired  which w a rran ts  
th is  k ind of core iron , and  the  precise num ber 
in  any given case is obviously governed by th e  
cost of th e  core iron, which is d ifferen t in  each 
job and  m aybe from  one shop to  ano ther. H ow
ever, no th ing  slipshod will serve th e  sam e p u r
pose ; th e  iron  m ust be well-fitted, and  tru ly  
rig id  when assembled, and incapable of slipping 
or tw isting .

F ig . 13 shows th e  core box and  iron  of the  
sluice valve seen in  F ig . 11. H ere  th e  core iron  
is in  one piece and  m ust be broken o u t of th e  
casting  each tim e. The reason for fo rsak ing  the  
p rincip le of m aking  a  fab rica ted  core iron  is 
merely th a t  the num ber requ ired  was too sm all to  
w a rra n t th e  cost of fittin g  i t  up , and  th e re  is no 
object in  saving money on a  core to  spend i t  on 
tackle. In  th is  case th e  only money saved was 
by e lim inating  hand ling  and  drying.

A fu r th e r  group  of castings m ade en tire ly  in 
green sand, la rg er and  m ore in tr ic a te  than" th e  
previous casting , b u t still sub jec t to  th e  sam e 
specification reg ard in g  finish an d  cleanliness on 
m achined surfaces, is shown in  F ig . 14. F ig . 15 
illu stra tes th e  core box and  core iron  fo r one of 
the  castings. This tim e th ere  a re  m ore pieces 
to  th e  core iron  and  m ore screws to  hold them  
together, b u t th e  p rincip le  is th e  same. I n  th is 
case the  core box has loose sides, th e  purpose 
being to  g e t th e  core o u t of th e  box w ithou t 
undue dam age, a  concession to  green sand 
practice. F ig . 16 shows a  core ready fo r drop
ping in to  th e  mould.

None of th e  sand used is m illed, no facing  
sand is used on th e  top half of the  core, and
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only very little  on the  bot-tom. The procedur© 
is to line the  bottom  of the box w ith  about 1 in. 
of sand (which consists of a m ix ture  of a little

F i g . 1 7 .— A n  A r c h  P i p e  C a s t i n g  M a d e  p r o m  
a  S k e l e t o n  P a t t e r n .

W orksop red w ith the floor sand), and then  bed- 
on to  th is th e  iron which has previously been 
clay-washed. The bottom  half is ram med to the 
level of the box jo in t and then  vented. B ars
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are  laid  on to  b ring  off the  a ir  a t  the  centre, 
and the  top half of the  box is p u t on.

The sand fo r th is  half is riddled floor sand 
and the  ram m ing is done by packing sand in  a t 
the ends of the box, a f te r  which the  top  ha lf of 
the box is lifted  off, th e  core m ade good where 
necessary, and vented  down to  the  ven t b a r in 
the centre. Now the  core is lifted  o u t of the 
core box and th e  final finishing and  blacking 
done. A fter blacking, a li tt le  oil is p u t round 
delicate edges to  preserve them , and th e  core 
is ready for use. No chaplets are  needed, be-

F ig . 18.— S k e l e t o n  P a t t e r n  o f  a n  A r c h  
P i p e  i n  t h e  M o u l d . N o t e  t h e  C o r e  
S u s p e n s i o n .

cause of th e  rig id ity  of th e  core iron, and  none 
is used.

This core takes about two hours to  m ake, and 
there  is no add itional cost, a p a r t from  th e  item s 
which have already been m entioned. The 
m oulder m akes his own core on his own floor, 
and the  m ethod described is probably th é  
cheapest which could be found fo r m aking such 
a core.

F igs. 17 and 18 illu s tra te  an  arch-pipe m ade 
ou t of a shell p a tte rn , u tilising  th e  same p rin 
ciple. The core iron is of the  sam e ty p e  except
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th a t  it  has an arm  extension, the  purpose of 
which is to balance the  core and serve as a 
m eans of preven ting  e ither sagging or lifting . 
This is done by packing to  projections on the 
moulding box and so avoiding the use of chap
lets. The core here was form erly made in loam, 
and the  gain  in tim e, m ateria l, new core irons, 
and a more uniform  w eight of casting  obtained

F ig . 19.—S e m i - B e n d  P i p e  C a s t i n g .

by the  m ethod described is evident. H ere, too, 
i t  is easy to  observe the  m anner in  which the 
m oulding box is cu t ou t to receive the end bar 
of the  core iron, and to  provide a means of 
support.

F ig . 19 shows a semi-bend pipe weighing 
1 ton. F ig. 20 shows the  core iron for th is cast
ing, and  F ig . 21 shows th e  core ready for drop
p ing in to  th e  box. The principles involved are 
precisely the  same as those already referred  to, 
b u t the  shape and size of the  casting a re  dif-

s
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feren t. M any o ther exam ples of sim ilar work 
could be given b u t they  a re  unnecessary, since 
the  same principles are  u tilised  in  every case.

M e th o d  o f  P r o d u c t io n

A lthough th e  p roperties of sand used in  an 
iron foundry are  im portan t, th ere  is no cen tra l 
control of th e  sand in  th e  foundry  w here the 
castings illu s tra ted  above are  m ade. E ach  man 
makes his own m ix tu re  from  new sand, floor

E i g . 2 0 .— C o r e  I r o n  U s e d  f o r  t h e  C a s t i n g  
s h o w n  in  F i g .  1 9 .

sand and coal dust w ithou t m illing. N o doubt 
the properties of each m an ’s sand  a re  slightly  
different, b u t th e  effects of suoh varia tio n s are 
corrected by differences in  ram m ing, in  th e  use 
of the  v en t w ire and  oil-can, by a lte ra tio n s  in 
the  position of the  gates, or by pouring  a t  a 
ra th e r  h igher or lower tem p era tu re .

Each m an pours his own casting  and  decides 
for himself w hat is the  best pouring  tem p era
tu re . The ga tin g  of such castings is also a  m a tte r  
of im portance. G ates should be arran g ed  so th a t



th e  mould can be filled quickly and quietly w ith
out the stream  of m etal strik in g  a green sand 
core d irectly . A t tim es, however, these condi
tions, though desirable, cannot be obtained.

I t  will be ev iden t th a t  in  th e  foundry  referred  
to, success in  m aking iron  castings of the  type 
described, using green sand moulds and cores, 
has been obtained en tire ly  from  practica l ex
perience. Ind iv idua l workers are  to  be adm ired 
for th e ir  c raftm ansh ip , b u t i t  m ust be adm itted 
th a t  any depletion of th e ir  ranks would have a
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F i g .  2 1 .— C o r e  R e a d y  f o r  I n s e r t i n g  i n  t h e  
M o u l d .

very serious effect on the  o u tp u t of the  foundry 
in such castings. This affords a  good example 
of th e  tru ism  th a t  for ce rta in  types of work 
foundry  prac tice  is still an a r t ,  not a science. 
On th e  o ther hand, m any iron foundries engaged 
in  repe tition  green sand work, especially for the 
autom obile and  sim ilar industries, find i t  neces
sary  to  control the  properties of th e ir sand m ix
tu res  by actua l testing , on the same lines as the 
steel foundry  referred  to  earlie r in  th e  present 
P aper.

s2



DISCUSSION

Limi t at ions  of Green Sand
Mb. J .  R o x b u r g h  (B ranch-P residen t) said 

there  were definite lim ita tions to  the  num ber 
and the  n a tu re  of castings th a t  could be m ade 
in green sand. Jn the  foundry  w ith  which he was 
concerned, where high-class engineering  castings 
were m ade, i t  was found th a t , except w ith  small 
castings and repe tition  castings, they could not 
use green sand to  any g rea t ex ten t. They did 
use green sand in  some cases, b u t w ith  high- 
class engineering  castings i t  was essen tia l to 
m elt th e  m etal a t  as high a  tem p e ra tu re  as pos
sible, and in  th e  m ajo rity  of cases to  cast as hot 
as possible. W ith  th e  m ajo rity  of th e ir  castings 
i t  was found necessary to  m ake them  in  dry  
sand. I n  th e  iron  foundry  they  had  to  have a 
particu la rly  skilled m an to  ram  a job up in 
green sand as th e  question of ram m ing in  th e  
iron foundry  was particu la rly  im p o rtan t. H e 
wondered if the density  of ram m ing  and  the  
varia tion  of ram m ing from  one p a rtic u la r  job 
to  ano ther were as im p o rtan t in th e  steel foundry  
as in  the  iron  foundry . The ta sk  of finding 
skilled moulders used to  green sand  was a very 
difficult one, and d u rin g  th e  p ast few years 
m any ironfounders had changed over to  dry 
sand for the  b e tte r  class of work, w hereas, in 
steel foundries, they  seemed to  be rev e rtin g  in 
m any cases to  green sand. M r. W hitehouse had 
rem arked th a t  his foundry  was a jobbing foun
dry, b u t the  illu s tra tions of th e  boxes and  fa b r i
cated  core irons he used, and  th e  w ide ap p li
cation of his green-sand cores, ind ica ted  th a t  
w hat was being done was definitely on a 
repetition  basis. This had  to  be considered in 
relation  to  th e  su itab ility  of green sand for a 
p a rticu la r job. I f  M r. W hitehouse was in  a 
jobbing foundry  and had to  m ake one-off i t  
m igh t have been a  very different m a tte r . H e also 
knew th a t  th e  fab rica ted  irons were m ade use 
of in m echanised p lants. H e presum ed th a t  as 
M r. W alker’s m ix tu re  was a syn thetic  sand he 
was able to  add a' definite am ount of w ater, b u t



a sim ilar position did no t arise in iron foundries 
where they had to accept the  sand sen t to  them , 
w hether i t  contained a large or small percentage 
of w ater. H e had understood from  the  P aper 
th a t  sands used in  the  steel foundry  were under 
complete scientific control.

Cen tr a l  o r  Individual Sand Cont ro l ?
M r. J .  B. A l l a n  agreed w ith M r. Roxburgh 

th a t  it  d id not seem to  be completely jobbing 
work which th e  au thors had described because 
of the am ount of special tackle, such as shell 
p a tte rn s , special core irons, and fabricated  core 
irons which were used. H e had wondered how 
th is was done where there  was apparen tly  no 
sand control by m echanical means, th e  control, 
therefore, being completely dependent on the 
skill of the  indiv idual moulder. However, Mr. 
W hitehouse concluded by saying th a t i t  did de
pend on the  skill of th e  indiv idual moulders. 
In  the  iron foundry  w ith which he was con
nected they  had to  exercise the  most rigid sand 
control to  enable them  to  make th e ir  castings 
w ith unskilled labour. W ith  proper sand con
tro l they  could obtain  qu ite  rem arkable results 
both in steel and iron.

M r. F . W h it e h o t j s e , in  reply, said th a t  the 
question of w hat constitu ted  a jobbing shop was 
ra th e r  difficult. They found th a t  12-off or even 
10-off w arran ted  a fab rica ted  core iron on cer
ta in  jobs, because they  len t themselves to  such 
cheap production . The question of the quality  
of th e  castings was also very difficult to assess, 
because definite standards were ra th e r  elusive, 
and finally the custom er had to  decide. He 
m anufactu red  the  castings in the m anner de
scribed because a t  the present tim e it  was the 
cheapest way he could find, and the  castings had 
satisfied th e  custom er. As soon as sand control 
was in troduced, they  began spending money, and 
they  m ight spend more money than  they saved. 
I f  they  w anted to  make sure of a job, they  did 
not tu rn  a t once to  s tric te r sand con tro l; they 
simply dried  the mould.



Unexplored  Aspects  of  Sand Test ing
M b . E. W h a r t o n  said th e  points which D r. 

Dadswell and M r. W alker had m ade in regard  
to  technical control were extrem ely im p o rtan t, 
and in  supporting  M r. A llan’s rem arks he agreed 
th a t  skilled men were becoming more scarce in 
the  industry . M r. W hitehouse was fo r tu n a te  to  
be in a works where th e  men were a r t is ts  a t  
th e ir pa rticu la r jobs. Everyone was n o t so fo r
tu n a te , however, and, where skilled men were 
not available, i t  was necessary th a t  technical 
control should be exercised. There were still a 
few in te resting  aspects of sand  te s tin g  th a t  re 
quired to  be more fully  explored. One of these 
was the  question of the  p lastic ity  of bonding 
clays, and they  also required  a m ethod of m easur
ing the  “ toughness ” of th e  sand which was 
not shown by a green  sand compression te s t. 
M any people who were in terested  in  sand con
tro l would be glad to  know of some m ethod foi 
m easuring such properties, and if Mr. W alker 
could ind icate  how he m ade such a de te rm ina tion , 
it  would be of g rea t service to  members.

Rapid Tests  Essential
M r. T. R. W a l k e r  said, w ith  regard  to  Mr. 

W harton’s las t point, th a t  batches of sand m ust 
be tested  before they  were sen t on to  th e  foundry  
floor. In  th is te s tin g  no m ethod was suitab le  
which could no t be carried  ou t in  a few m inutes, 
as i t  was no t desirable to  hold up th e  batches of 
sand for th e  foundry . This m ean t th a t  any 
determ inations of s tren g th  could only be those 
of green compression s tren g th . I t  was u n fo r
tu n a te ly  tru e  th a t  they  did n o t yet know th e  
n a tu re  of all the p roperties of sand which 
governed its successful em ploym ent in  the  
foundry. There was still a g re a t deal of fu n d a 
m ental research which m ust be done before th a t  
s ta te  was reached, and even when i t  had  been 
done, i t  was very doubtful w hether the  fu n d a 
m ental properties could be te s ted  in  th e  foundry  
by quick methods.



C onsignm ents of sand were tested  before being 
made up into m ix tures for use in th e  foundry. 
In  th is case, if they  s ta rted  w ith m ateria ls which 
from previous experim ents they  knew would give 
successful resu lts , th en  they only had to  see th a t  
different consignm ents had the  same properties. 
F o r the  investigation  of fresh  raw m ateria ls he 
was a fra id  th a t  a t the  m om ent all they could 
do to  choose between different raw m aterials 
was to  adop t some form  of shop tes t. For 
exam ple, they could m ake slab moulds, e ither 
green or dry , of a fixed size and fixed section, 
fill them  w ith liquid steel and examine a f te r
wards the  surface of the  castings obtained.

A g re a t deal had been said du ring  th e  discus
sion abou t th e  control of sand. H e th ough t th a t  
M r. W hitehouse was no t w orking w ithout the 
control of his sand, b u t was having i t  controlled 
in  fifty d ifferen t places by fifty different men, 
each m an contro lling  i t  so th a t i t  gave satisfac
to ry  resu lts when used in  his indiv idual way. 
In  a  repetition  steel foundry technical control of 
sand was necessary since every m oulder was ex
pected to  t r e a t  the  sand in th e  same way. I t  
did no t m a tte r  in  the  least w hether the  testing  
was done by a boy w ith a perm eability  appara tu s  
or by some of th e  experienced moulders who 
relied on th e  feel of th e  sand. The judgm ent o f 
a m an who had had sufficient experience could 
be relied upon, b u t if he fell ill and there  was 
no o ther person w ith  sim ilar experience the 
foundry would probably suffer, whereas boys 
could be tra in ed  in a very short tim e to  give 
very sim ilar resu lts when using th e  appara tu s to 
which he had  referred .

R egard ing  th e  fac t m entioned by Mr. W hite
house th a t  much of his sand on th e  floor was 
n o t m illed, i t  was a  fa c t th a t  by tread in g  sand 
o r kneading i t  and rubbing i t  together they  could 
ge t b e tte r  m ix tures and qu ite  as good uniform ity 
as in m ost types of m odern mill.

M r. M. B r o w n  said stress had been laid 
on the  lim itations of green sand moulding, bu t 
he wondered w hether the  lim itations applied so
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much to the green sand as i t  did  to  th e  m an i
pu lators of th e  sand and th e ir  lack of experi
ence. An iron foundry  which he knew d id  a con
siderable am ount of m achine-tool wdrk, which 
called for a very h igh degree of finish, and 
although he would n o t like to  say definitely w hat 
th e ir  lim it was, he had seen 6- or 7-ton castings 
in green sand. H e was specially in te re s ted  in 
the  d redger bucket th a t  D r. Dadswell showed, 
and he asked for some ind ica tion  of th e  w eight 
of the bucket, w hether all th e  cores were in 
green sand, and if any chills w ere p u t in  fo r any 
special crossings. I n  regard  to  M r. W alke r’s 
100-day tes t, he noted th a t  they  s ta r te d  off w ith 
naturally-bonded sand and  experienced much 
trouble, b u t by using silica sand m uch im proved 
results were secured. W ould M r. W alker te ll 
them  w hether, when he s ta rte d  on his n a tu ra lly - 
bonded sand, he began his experim en t w ith  sand 
th a t  had been in  th e  foundry  for a  considerable 
tim e? This would m ean th a t  when th e  first sand 
w ent th rough  the  re-conditioning p la n t he would 
remove a d ifferent percentage of m oisture ' each 
tim e, probably u n til his sand reached a constan t 
condition. This would help him  when he s ta rted  
on the silica sand.

Synthet ic  Sands
D r . C. J .  D a d s w e l l  said th a t  fo r some tim e 

they had been experim en ting  w ith  syn thetic  
sand. W hilst he was on the  C on tinen t he saw 
th e  good results th a t  were being ob tained  in  
green sand, and he also knew th a t  in  the  U nited  
S ta tes  sim ilar work was being done to  th a t  
which was done a t  th e  foundry  w ith  which he 
was associated. H e knew the  foreign founders 
were using syn thetic  green sands and  he was 
determ ined th a t  his firm should t r y  sim ilar 
sands. W hen changing over from  one sand to  
ano ther they  did no t tak e  away all th e  sand 
b u t g radually  m ade add itions of th e  new type  
of sand. Generous add itions of the  new type 
of facing sand were m ade u n til i t  was found th a t  
there  was an excess of backing sand and  a f te r  
th is  so much of th is sand was th row n  away



every week. As a m a tte r  of in te rest he tried  
to work out m athem atically  how long i t  would 
be necessary to  carry  on w ith  the large addi
tions of new sand before the complete n a tu re  of 
the backing sand was changed. Eventually  they 
came to  a po in t when they could reduce the 
am ount of facing sand added. The bucket to 
which M r. Brown had referred  had a dry sand 
core. They had to  try  several runners before 
they could find one th a t  was satisfactory , both 
from  the  point of view of washing the mould 
face and cracking troubles. F inally  satisfactory 
results were a tta in ed  and the buckets were made 
w ithout cracks, w hereas in dry sand cracking 
always occurred. The w eight of the  bucket was 
about 14 cwt.

Densi ty of Ramming

The question of the  density  of ram m ing in the 
steel foundry , m entioned by M r. R oxburgh, was 
of considerable im portance. In  fact, the  best 
results in green sand were obtained by machine 
ram m ing because un iform ity  was obtained. 
B elgian sands, of course, were suitable for green 
sand work b u t a t  th e  same tim e i t  had to  be 
iememb°i'“ (l th a t  on the C ontinent th e ir  cost 
was much less th a n  i t  was in th is country. In 
the U nited  S ta tes m any developments were made 
in th e  use of syn thetic  sands. A t one tim e they 
used large q uan tities  of Belgian sands, bu t during  
the w ar i t  became difficult to  get them  and they 
developed synthetic  sands. M r. R oxburgh had 
m entioned the  question of th e  sand arriv ing  
w et in wagons. T h a t problem had to be over
come by drying th e  sand if the  percentage of 
new sand used" was sufficient to  make i t  impos
sible to  ge t the final sand m ix ture  of the re 
quisite m oisture content.

Mb. J .  H . P e a r c e  said he gathered  th a t  from 
the poin t of. view of solubility a steel could be 
sa tisfactory  in  d ry  sand and not in green sand. 
P erhaps M r. W alker could tell them  a little  more 
about th is, and as he had his sand under con
tro l, it  seemed to  him essential to  have the steei
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under control as well. P erhaps D r. Dadswell, 
who had m entioned th a t  green sand moulds 
could only stand  w ith safety  a c e rta in  leng th  
of tim e before casting , because of the  m oisture 
collecting, could give him an  idea as to how long 
a mould could reasonably be expected to  stand  
in green sand.

“ I r r i t an t  C e n t r e s ” in Green Sand Moulds
M r . T. R .  W a l k e r  said th a t  steel fo r any 

foundry  purpose should be fluid and  should have 
a low gas content. This applied equally  well 
w hether the  moulds were green or dried . The 
im po rtan t po in t abou t green  sand was th a t  i t  
evolved a g re a t deal of steam , some of which 
passed th rough  the  steel and very often  d is tu rbed  
the gas already in  th e  steel. I t  could be com
pared w ith  hea ting  some w ater in  a perfectly  
clean flask. This w ate r would reach th e  boiling 
point and would no t boil u n til heated  to  a 
h igher tem pera tu re , when th ere  would be a 
sudden evolution of steam . If , on th e  o ther 
hand, a  piece of pipe clay was p u t in  the  flask 
w ith the  w ater, any sharp  corners on th e  fra c 
tu re  of th e  pipe clay would prom ote th e  form a
tion  of bubbles, and  there  would be a steady 
evolution of steam  a t the  boiling po in t. I n  th e  
same way they  often  had w hat was called in 
the  foundry  ir r ita tio n  in  a green sand mould, 
and the  evolution of steam , combined w ith  th e  
effect of small po in ts in  the  mould ac ting  as 
i r r i ta n t  centres, which tended  to  evolve gases in 
the steel which would n o t otherw ise be evolved.

Vo te  of Thanks
Mu. H . W i n t e r t o n  (P residen t of th e  In s ti

tu te ) , proposing a vote of th an k s to  th e  au thors 
of the  P ap er, said he had enjoyed both th e  read 
ing of the  P ap e r and th e  discussion. H e con
tended th a t  th e  old p rac tica l m oulder of m any 
years ago was really  a technician , and  had 
gained his knowledge th rough  practica l app lica
tion  and by carry ing  ou t his work correctly  tim e



a fte r  tim e through  years of practice. He could 
not tell them  why he obtained certa in  resu lts; 
he could no t supply technical names, b u t year 
a f te r  year he carried  ou t the  work accurately. 
The m an who m ight be described as w orking by 
rule of thum b was really a technician , and he 
felt they  w anted more of such men. Now th a t 
there  were add itional educational facilities, they 
ought to  in sist on the younger men tak ing  the 
lessons th a t  were now so freely given and which 
in the old days were never a t the  disposal of the 
moulder.

The vote of thanks was seconded bj- M r. A. 
W h i t e l e y  and carried .
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Lancashire Branch

A SMALL OIL- FI RED R O T A R Y  F U R N A C E  
A N D  ITS P RO D U C T S *

By E. W .  W Y N N  ( M e m b e r )

I t  was in tended  to  e n te r  in to  deta iled  descrip
tions of the  types of alloys which can be pro
duced in  th is  fu rnace, b u t a descrip tion  o f th e  
furnace and its  operation  will occupy the  m ajo r 
portion  of th is  P aper.

F ig . 1 shows th e  exhaust end of th e  fu rnace  
and the sling on th e  le ft of the  illu s tra tio n  is 
used for rem oving th e  shell when a  new lin ing  
is required . The shell is placed on end in  the  
p it, which is ju s t visible on th e  le ft, w hilst the  
exhaust elbow, which is m ounted on wheels, m ay 
be pushed along rails, away from  th e  furnace, 
th is  enabling  the  end of th e  fu rnace  to  be opened 
up for charg ing  purposes. I t  was found onerous 
to keep th e  rails and  elbow in  very good condi
tion, and i t  is alm ost impossible to  keep the  
bottom  of the  exhaust elbow and th e  dow n-take 
flue level, owing to  th e  expansion of th e  bricks, 
w hilst the  slag, ru n n in g  down th e  elbow, spoils 
the  jo in t, unless th e  elbow is removed im m e
diately  the  h ea t is tu rn e d  off. This, of course, is 
impossible if any tim e  is requ ired  fo r casting . 
In  order to overcome th is  difficulty, th e  elbow is 
lifted  w ith the  crane, which was insta lled  for 
removal of the  fu rnace  shell, and  when th is  
method is used, a sand seal can be m ade between 
th e  bricks of the  exhaust elbow and th e  down- 
take  flue, and  the  life of both m ateria lly  in 
creased. The h inged steel sheet, re s tin g  aga in s t 
the  elbow, is simply a  cover fo r th e  dow n-take 
flue, when the  elbow is rem oved. These fu rnaces 
are  designed to  m elt up to  3 tons per hea t, h u t 
rhe one used by th e  A udley E ng ineering  Com
pany is designed to  m elt .30 cw ts., and  when the

* The A uthor was aw ard ed  a D ip lom a for th is  P aper.
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lin ing is worn i t  usually m elts 35 cwts. to  2 tons, 
which is more economical.

The fu rnace  consists essentially  of a welded 
steel cylinder w ith a  cone bolted to  th e  cylinder 
a t  each end. Lead w ashers a re  used to  allow for 
lin ing  expansion. The teem ing spou t is separa te

F i g . 2 .— T h e  B u h n e r  b e in g  I n s e r t e d  in t o  
t h e  B u r n e r  E lbo w  .

from the fu rnace  shell, and held in position by 
four lugs welded to  th e  steel cylinder. The whole 
shell is perfo ra ted  w ith  L in . holes, on app rox i
m ately 12 in. centres, to  allow th e  escape of 
m oisture from  th e  green lin ing.

The fu rnace  revolves a t  approx im ately  H  revs, 
per liiin., on steel ty res bolted to  the  body” The
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drive is effected by fric tion  rollers th rough  a gear 
box driven by a  2-h.p. m otor. The m otor is con
tro lled  by push bu ttons, which are  so placed as 
to  allow th e  operator a fu ll view of th e  spout 
when pouring  th e  m etal from  the  fu rnace . This 
control allows ro ta tio n  in clockwise and a n ti
clockwise d irection , and inching in  both 
directions.

The b u rn e r is of special design, and  works w ith  
an a ir  p ressure of 0.86 ozs., while th e  oil is 
fed by g rav ity  from  a ta n k  placed abou t 10 ft. 
above th e  horizontal cen tre  line of th e  fu rnace . 
The b u rner is composed of a tube , on one end of 
which is welded a disc which seals the  a ir  elbow, 
and  th e  o ther side is recessed to  form  an  o il-tigh t 
jo in t w ith  th e  movable oil supply pipe. On the  
o ther end is fitted  an im peller which contains 
th e  oil je ts. This im peller is loose on th e  tube , 
and d u ring  firing is ro ta ted  by th e  a ir  supply. 
A ir is controlled by a simple bu tterfly  valve, and  
is d irected  p as t th e  im peller by a  sm all cylinder, 
which fits inside vanes cas t in teg ra l w ith  the  
elbow, and  secured by a set screw a t  th e  side. 
The rem ainder of the  a ir  passes outside th is  
cylinder and is given a ro ta ry  m otion by the  
special shape of th e  vanes previously m entioned. 
The outside stream  of a ir , and inside stream  of 
atom ised oil and a ir  are  th u s  in tim ate ly  mixed 
and  ign ited  ju s t  inside the  body of th e  fu rnace. 
The length  and  shape of th e  flame is largely  con
tro lled  by the length  and position of th is  small 
cylinder. The orig inal elbow was adversely 
affected by h e a t and  fu rnace  gases, so i t  was 
decided to  replace th e  o rig inal one by one cast in 
an au sten itic  alloy (the p a te n t rig h ts  of which 
are  held by th e  A udley E ng ineering  Com pany). 
This elbow seems to  be g iving m uch more sa tis 
factory  service. A seal between elbow and  shell 
is m ade w ith a series of stepped rings. H ere 
again  the  au sten itic  rings give b e tte r  service 
than  those orig inally  incorporated .

C orrect se ttin g  of th e  elbow (which is a d ju s t
able) and  stepped  rings is very im p o rta n t in 
o rder to  p rev en t fu rnace  gases and  flame escap
ing outside th e  furnace, and  y e t allow th e  fu r 
nace to  ro ta te . The oil supply is controlled by
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an o rd inary  ball seated valve in th e  supply pipe. 
E ither Shell or B .P . 200 secs, oil is used, and 
elec tric  im mersion h ea te rs  are  placed in  th e  oil 
line to  fa c ilita te  s ta r tin g  up. C arefu l con tro l of 
a ir  and oil is essential fo r the  economy of m etal, 
m inim isation  of m etal losses and  ensu ring  a h igh  
quality  of product. The best ind ication  of cor
rect flame control is obtained by care fu l observ
ance of the  colour and  shape of the  flame issuing

F i g . 5 .— T h e  U P ip e s  a ft e r  T wo Y e a r s ’ S e r v ic e .

from the  exhaust end. A d a rk  smokey flame 
obviously ind ica tes excessive oil. I f  th e  flame is 
th in  and reduces in  d iam eter from  th e  fu rnace  to  
the elbow, fu rnace conditions a re  oxidising ; if 
parallel, n eu tra l, or if slightly  expand ing , re 
ducing.

F ig . 2 shows th e  opera to r p u tt in g  th e  b u rn e r 
in to  position in  th e  b u rn e r elbow. The im peller 
previously referred  to  can be seen, as well as the  
electric im m ersion h ea te r in  the oil supply pipe,
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oil control valve, and  swivel elbow which is 
clam ped aga in s t th e  b u rn e r elbow by m eans of 
the yoke and screw, which can be clearly  seen 
a ttached  to  th e  b u rn e r elbow. The push-button 
control can also be seen in th e  le ft hand  corner.

F ig . 3 shows all th e  fu rnace  controls, such as 
the ind ica to r pyrom eter, th e  oil control valve, the  
exhaust and recupera to r dam pers, etc. H ea ted  
a ir  is supplied by passing th rough  a recupera to r 
under pressure from  a fan , which is driven 011 
th e  30 cwt. capacity  fu rnace by a 7.5 h .p . m otor. 
In  order to  p reven t overheating  of the  recupe
ra to r tubes a therm ocouple is placed n ea r them . 
A ir tem p era tu re  is controlled by m an ipu la tion  
of dam pers in  the  recupera to r and exhaust flues. 
A pyrom eter tube  is also placed in  th e  ho t a ir 
supply pipe near the  b u rner elbow, and these 
form  the  basis of the  fu rnace  control. The hot 
gases from  the  fu rnace  are  tak en  in to  the  recupe
ra to r by m eans of a bricked elbow. There is a 
gap between th e  exhaust elbow and  th e  fu rnace , 
which allows cold a ir  to  be draw n in  w ith  the 
flame, and prevents overheating  of th e  recupe
ra to r, e tc ., b u t allows com plete com bustion to  
take  place in  the  elbow when the  fu rnace  is 
operated im properly.

Fig. 4 shows the inside of th e  recu p era to r, 
which consists of fou r double TJ pipes w ith  a 
dividing wall between each fo u r sets of U bends. 
The tubes are suspended from  the  top  of the 
recupera to r, and are  therefo re  allowed easy move
m ent during  hea ting  and cooling which reduces 
d isto rtion  to  a  m inim um . W aste gases pass ou t
side the tubes, which • a re  heated  by rad ia tio n  
from  the contain ing  walls, and  n o t by d irec t con
ta c t w ith the  waste gases, and ai-e th u s  pa rtia lly  
insulated  by a s ta g n a n t layer w hich rem ains 
round th e  tubes. This accounts fo r th e  long life 
obtained from  the  m ild steel tubes, and m alleable 
elbows of which th e  recupera to r is b u ilt. The 
original recupera to r tubes lasted  approxim ately  
two years, b u t they  would have had an even 
longer life if the  elbows were m ore securely fixed 
to the tubes, and if they  were moulded in such a
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way th a t  the  m etal thickness was even, 01% in 
o ther words, if the  core had not been allowed to 
float.

The actua l elbows and tubes a f te r  two years’ 
service are shown in  F ig . 5. The m ild steel tube 
is obviously in good condition, b u t was tak en  out

F i n .  7 .— T h e  C o ne R e m o v ed  f r o m  t h e  
Bu r n e r  E n d  and  t h e  S h e l l  S t r ip p e d  
to t h e  T a p p in g  H o l e .

due to fa ilu re  of the screwed jo in t. The replace 
tubes were drilled th rough  th e  screwed portion, 
and  a half-inch steel peg driven th rough  to 
p reven t fa ilu re  a t  th is pom t.

F ig . 6 shows the exhaust elbow removed for 
charging. The furnace is charged a fte r the elbow



has been removed and the  door of the fu rnace  
opened. M echanical chargers can be used, b u t m  
m ost foundries th e  charge is th row n in by two 
or more men, and  when the  fu rnace  is fu ll the  
sheet-iron cover is removed and  th e  ex 
haust elbow placed over the  en trance  to  
th e  exhaust flue. The fu rnace  lin ing  is ram m ed 
in to  position around  form ers and, in  o rder to  
fac ilita te  lin ing, th e  shell is placed on end in  a 
p it. The composition of th e  lin ing  is approx i
m ately 96 per cent, silica, bonded w ith  alum ina. 
There a re  various b rands of siliceous lin ings 
m arketed , b u t all requ ire  g re a t care in  ram m ing  
and  in itia l firing. The m ost frequen t cause of 
early  breakdow n is due to  spalling  before a 
smooth glazed surface is form ed. In  order to  
avoid th is troub le th e  m ateria l m ust be evenly 
ram m ed, properly vented  and  d ried  before actua l 
g lazing. The general m ethod is to  place a  bucket 
fire under th e  ram m ed shell for approxim ately  
six days. Once d ry ing  is commenced th e  tem 
p e ra tu re  of the  lin ing  should be g radua lly  in 
creased to abou t 250 deg. C., th en  placed on 
the  fric tion  rollers, and a wood o r charcoal fire 
kep t going for th ree  to  fou r hours. The fu rnace  
should be tu rn ed  th rough  90 deg. every few 
m inutes to avoid local overheating . A t th is  stage 
i t  is advisable to slack off th e  end bolts abou t 
a tu rn  to allow for th e  expansion of th e  m ateria l. 
A bout 5 to  6 cwts. of cupola slag is th en  th row n  
in, and the  fu rnace  l i t  up. The flame should be as 
soft as possible u n til th e  fu rnace  is a t  b r i g h t  red 
h eat, when fu ll hea t should be applied , and  the  
fu rnace ro ta ted  for abou t 40 m inutes , a f te r  
which th e  slag is ru n  o u t and  th e  lin ing  ready 
for use. R ap id  changes in  tem p e ra tu re  should 
be avoided as fa r  as possible th ro u g h o u t th e  life 
of th e  lin ing, which is largely w ith in  the  control 
of the  user (provided i t  is in th e  firs t place 
suitable for th e  type of m etal being m elted).

I t  is difficult to  m ake definite s ta tem en ts  
regard ing  the ac tua l num bers of heats obtained. 
The furnace u nder review usually  ob ta ins 120 to 
180 heats, and about 60 a f te r  pa tch ing . In  fa c t 
the  shell has not been completely lined for
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tw elve months. The shell now in  use has had 
the  burner-end patched th ree  tim es, and i t  
appears to  be possible to patch  i t  m any more 
tim es. L ining loss occurs between th e  bu rner 
end and th e  ta p  hole, w hilst the  other end 
re ta in s alm ost its  orig inal d iam eter.

F ig. 7 shows th e  cone removed from th e  burner 
end, and the  shell s tripped  to  the  tap p in g  hole. 
I t  is then  placed on end (exhaust end down), and 
form ers are  placed in position and ram m ed up 
level w ith the  bolt flange. The precautions taken

F i g . 8 .— T h e  R a m m e d - ü p  C o n e  s t r e t c h e d  
L e v e l .

in ram m ing a new lin ing are, of course, observed 
in ram m ing the  patch.

Fig. 8 shows the  cone ram m ed up and 
strickled  level. I t  is then  tu rn ed  over and 
placed on th e  patched cylindrical shell of the 
furnace, and bolted up. New lead washers are 
placed between n u t and shell to allow for expan
sion, and the  whole is glazed as previously men
tioned. A ring  of bricks is usually required in 
the charging end of the  shell before firing. I t  is 
estim ated th a t  the cost of lin ing is abou t one 
shilling when the lin ing  is patched, per ton of 
m etal m elted, w hilst the oil consum ption has
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been determ ined accurately  by m easuring  th e  
dep th  of oil in  the supply ta n k  over given tim es, 
and is fa irly  constan t a t  27 galls, per h r. under 
norm al working conditions.

F ig . 9 shows a record of a day ’s ru n  tak en  
on the ac tua l pyrom eter recorder by which the  
furnace is controlled, and shows actua l m elting , 
charging, casting , and p reheating  tim es. Costs, 
shown in Table I , have been tak en  from  th is  
record, and the  figures can be checked aga in s t 
the heating  and cooling curves shown.

Table 1 excludes overheads, power, deprecia
tion , etc., which are too variab le  to  be of in te re s t 
here. N o a tte m p t has been m ade to  com pare the  
costs of m elting  in  a ro ta ry  fu rnace  aga in s t a

T a b l e  I .— Melting Cost per ton.
Oil (at 5d. per gall.), starting from cold (32 galls.), 

13s. 4d.
Oil starting hot (27 galls.), 11s. 3d.
Oil for first malleable heat (39 galls.), 16s. 3d.
Oil for grey iron heat (18 galls.), 7s. 6d.
Oil for second malleable heat (25 galls.), 10s. 5d.
Cost of labour and control for charging (15 firs.), 15s. 

(approx. 2s. lid . per ton).
Cost of lining (150 heats, or 32 cwts.), approx. 2s. Id. 

per ton.
Direct cost of melting, 17s. 6d. per ton.

cupola, because the ro ta ry  fu rnace  will m elt 
alloys which are very difficult o r impossible to 
produce in the  cupola, b u t a personal opinion is 
th a t  the re  are  still m any advantages to  be gained 
by using th e  cupola when m aking  grey iron 
castings. I t  is also personal experience th a t  
cheaper m ateria l, th a t  is, steel, can be used more 
extensively in  the  cupola th a n  in th e  ro ta ry  fu r 
nace, b u t ag a in  com parison should no t be m ade. 
In  th e  cupola a 50 per cent, steel charge will 
give iron con tain ing  3 per cen t, carbon, bu t, of 
course, if a 50 per cent, steel charge was m elted 
in the ro ta ry  furnace th e  carbon would probably 
be 1.7 per cen t., and therefo re  no longer cast 
iron. P ercen tages of Si, M n and C can definitely 
he controlled w ith in  very sm all lim its, b u t some 
experience of th e  fu rnace is requ ired  before th is



exac t control is possible. Losses in Si and Mn 
up to  40 per cent, and carbon reaching 20 per 
cent, have been known, b u t w ith some experience 
these elem ents may be controlled w ith in  the 
lim its of th e  raw  m ateria l used. Silicon control 
is b e tte r  if sand or some o ther siliceous m ateria l 
is added w ith th e  limestone, and carbon is also 
more closely controlled by adding coke-dust

F i g . 9 .--A  T y p ic a l  D a y ’s 
R u n .

sim ultaneously. This precaution  cannot, of course, 
be used when m aking malleable or any other low 
carbon alloys. The ro ta ry  furnace is very su it
able for m aking black-heart malleable iron, owing 
to the fac t th a t  the su lphur can be kep t as low as 
the m ateria l used, and low carbon m etal may be 
melted w ith ease. As special irons are not 
required , the raw  m ateria l is relatively cheap.



M etal tem pera tu res over 1,500 deg. C. a re  ob
ta in ab le  which give fluid m etal w ith  carbon down 
to  2 per cent. This accura te  control of m etal en 
ables economy to  be effected d u rin g  the  annealing  
of b lack-heart malleable, and reduces th e  quan
t i ty  of rejected  castings, w hatever type  of alloy 
is being m elted.

F ig . 10 shows some spanners which were an 
nealed in  48 h rs .,—the  ac tua l cycle b e in g : — 
10 hrs. up to  900 deg. C . ; 10 hrs. a t  900 d eg .;
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T a b l e  I I .— Data on Spanner Test-Bars.

Bar No.
Max. strength 

Tons per 
sq. in.

Elong. 
Per cent, 
on 2 in.

1 .............................. 28.1 7.5
1 .............................. 26.8 8.0
o 22.4 7.0
3 ...................................... 25.4 6.5

A nalysis.—T.C, 2.36; Si, 1.00, and  M n, 0.38 
per cent.

H ea t-trea tm en t.—10 hrs. up  to  900 deg. C . ; 
10 hrs. a t  900 d e g .; 9 hrs. cooling to  720 d e g .; 
6 hrs. a t  690 deg. ; and cooling to  500 deg. C. 
in 12 hrs.

9 hrs. cooling to  720 deg .; 6 hrs. a t  690 deg., 
and cooling to 500 deg. C. in  12 hrs. I t  is n o t 
suggested th a t  th is  is a very scientific te s t  a l
though i t  is a very effective selling te s t to  the  
unscientific, and  serves in  th is  case to  illu s tra te  
the m alleability  of m ateria l annealed  to  the  
above cycle. The approxim ate analysis and 
ac tua l results obtained on tes t-bars  cast and 
annealed w ith th e  spanners are  se t o u t in 
Table I I .

These te s t figures are  above th e  B .S .I. speci
fication, b u t generally  th e  elongation  is slightly  
lower, and  the  tensile  h igher th a n  th a t  obtained 
from malleable using a longer cycle, b u t the 
yield po in t of th e  short cycle" m a te ria l is
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definitely over 60 per cent, of the  u ltim ate  ten 
sile, which in  the  a u th o r’s opinion increases the 
value of any m ate ria l used in engineering.

F ig. 11 shows a micro-section revealing an all- 
fe r r it ic  g round mass s tru c tu re  of th is short an 
nealed malleable and F ig. 12 shows a section

F i g . 10 .— S pa n n e r s  A n n ea led  fo r  
48 HRS.

of malleable iron which is m ainly pearlitic  and 
was annealed fo r 24 hrs. The la tte r  type of 
m ateria l has m any applications due to  its  high 
yield point, and a tensile streng th  of about 
30 tons per sq. in. associated w ith  an elongation
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rang ing  from  2 to  4 per cent. The silicon is 
generally h igher th a n  in  th e  iron  shown in 
F ig . 11, b u t the  carbon is lower. The annealing  
cycle is shorter clue to th e  fac t th a t  the  fu rnace  
can be cooled very m uch quicker th rough  the

F i g . 1 1 .— S h o r t - c y c l e  (48 h r s .)  A n n e a l e d  
M a l l e a b l e  I r o n , s h o w i n g  G r o u n d  M a s s  
o p  F e r r i t e . E t c h e d , x  90.

Ar, range. D efinite control of m ateria l, casting  
tem pera tu re , etc., is essential if any success in 
the production of e ither of these irons is to  be 
obtained, and its  analysis m u s t be based on the  
cross-sectional area  of th e  casting  to  be m ade, 
otherwise i t  will con tain  p rim ary  g rap h ite , which,



of course, results in  weak porous castings with 
little  m alleability . H igh-strength  grey iron can 
be produced w ith regu larity , and tensile 
s treng th s of 18 tons per sq. in. can be considered 
as norm al.

F i g . 12.—S e c t io n  o f  M a l l e a b l e  I r o n  
a f t e r  A n n e a l in g  f o r  24 h r s  E t c h e d . 
x 90.

The specimen for the photom icrographs 
(Figs. 13 and 14) was taken  from the centre of 
a heavy section of a grey iron casting, and 
shows reg u la rity  of g raph ite , size and structu re . 
I ts  high streng th , however, is usually obtained 
by reducing the total-carbon content, which, of

* ; *; - 
H'*--



course, increases foundry  problems, and  mould
ing and fe ttlin g  costs. Thus although  when 
properly m ade, a very sound casting  is obtained 
w ith a s tru c tu re  which gives a reg u la r Brinell 
hardness th roughout, i t  will very often  fa il in
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F i g . 13 .— S e c t io n  p r o m  a H e a v y  H i g h - 
S t r e n g t h  G r e y  I r o n  C a s t i n g . U n 
e t c h e d . x 60.

service due to  b rittleness. These resu lts can 
be obtained by alloy add itions to  cupola m etal, 
but th is  m ethod is more expensive.

A photom icrograph of an iron of the  Emmel 
type con ta in ing  2.5 per cent. Si and  2.5 per 
cent. C H'hich  was m elted in  th e  ro ta ry  fu rnace



and which had  a tensile s tren g th  of about 
18 tons per sq. in. is shown in  F ig . 15. This 
iron is easily made in the ro ta ry  furnace, and 
has m any applications, such as for housings, 
slides, tables, bases, etc., and for the machine-

F ig .  14 .— T h e  S am e I r o n  a s  s h o w n  i n  
F i g . 13. E tc h e d ,  x  400.

tool industry . I t  machines easily having a steel
like finish; has good w ear-resisting properties; 
an even hardness of about 210 B rinell can be 
obtained w ithout using chills, and i t  can be made 
free from  h a rd  edges, b u t here again  foundry 
costs and brittleness are  increased.



H igh-quality  acid-resisting  15 per cent, sili
con iron  is easily produced in  th is  type  of fu r 
nace, and F ig . 16 shows a photom icrograph of 
such an iron, which contains pure silicide w ith 
fine g raph ite . The m ain  troub le  w ith  th is
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F i g . 15.— E m m e l  T y p e  I r o n  c o n t a in in g  
2.5 p e r  c e n t . S i l i c o n . E t c h e d , x  150.

m ateria l when produced in the  cupola is the  
piesence of large g rap h ite  which segregates a t  
all heavy sections and corners, m aking  an 
already b rittle  m a te ria l even more frag ile . The 
quality  of th e  m ateria l shown in  th e  photom icro- 
g iap h  would, i t  is presum ed, be produced in  any



m elting  u n it  where i t  was n o t m elted in  contact 
w ith  carbon, h u t i t  is doubtful if any m elting 
u n it, where th is  was possible, would m elt as 
cheaply as the  ro ta ry  furnace. The reason for 
m elting  o u t of contac t w ith carbon, is because
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F i g . 16 .— A c i d - R e s i s t i n g , 15 p e r  c e n t .
S i l i c o n  I r o n . U n e t c h e d , x  60.

th e  liquid  solubility of a high-silicon iron  for 
carbon, increases w ith  increasing tem pera tu re , 
and therefore as the  tem p era tu re  decreases the  
excess of carbon quickly separates ou t in  large 
flakes. I t  is obviously desirable th a t  the percen
tage  of carbon in  th e  m olten alloy should be 
less th a n  the alloy will hold in  solution when i t



546

is 20 deg. C. above its  m elting  point. Some 
experience is necessary before th is  alloy can be 
successfully m ade in  th e  fu rnace. The m ethod 
is to  m elt a solid charge m ade up  of 10 p er cent, 
silicon pig and 90 per cent, steel. W hen th is  is 
m olten sufficient 50 per cent, low carbon ferro-

F ig . 17.— A u s t e n i t i c  A l l o y  f o r  C o r r o s i v e  
S e r v i c e ,  x  400.

silicon is added to  bring  th e  silicon up to  between 
14 and 15 per cent. By th is  m ethod th e  carbon 
can be k ep t well u n d e r 1 per cent. The foundry  
difficulties associated w ith th is m eta l a re  ap p re 
ciated  by m ost foundrym en and  need no elabora
tion.



F ig . 17 is a photom icrograph of Audcoloy, 
which is an austen itic  alloy used for corrosive 
services. This m ateria l is much more sound and 
consistent in  s tru c tu re  when produced in the 
ro ta ry  furnace, as against pot-m elting due to 
th e  more thorough m ixing of the  m etals and 
higher m elting  tem pera tu re  so easily obtained, 
w hilst th e  reduced cost as against pot-m elting or 
cupola m elting  is obvious. O ther types of aus
ten itic  iron can he produced qu ite  as well and 
as cheaply as Audcoloy. Personal opinion of th is 
m elting  u n it is th a t  i t  is useful for producing 
special types of iron cheaply and is easily con
trolled and  cheap to  run . I ts  m ain advantage 
is th a t  th e  charge is economically m elted ou t 
of con tac t w ith  carbon, and therefore  enables 
more accurate  chemical control and w hat is more 
im portan t accurate  control of g rain  and g raph ite  
size. The fa c t th a t  small batches of m etal can 
be m elted is also an advantage to  a small foundry 
having to m ake castings in  very different ferrous 
alloys.

The au th o r is especially desirous to  th an k  the 
d irectors of the  Audley E ngineering  Company, 
L im ited, for permission to  publish th is P a p e r ; 
S tein  & A tkinson, L im ited, for the  loan of some 
of the  illu strations, and those members of the 
staff of th e  Audley E ngineering Company, 
who in  any way have helped tow ards the  pro
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N o. 620 SO ME  F A C T O R S  I N F L U E N C I N G  T H E  P R O 
D U C T I O N  O F  S O U N D  C A S T I N G S

By E. W .  W Y N N  ( M e m b e r )  a n d  D. H O P E
( A s so c ia t e  M e m b e r )

In  th is P ap e r i t  has been decided to  deal w ith 
some of the factors influencing th e  production  of 
sound castings. To discuss all, or even m any  
factors would requ ire  too m uch space. I t  is 
in tended  to  m ention superficially some factors 
to which m any workers have already  devoted 
much tim e. In  th e  m ain  th e  'au th o rs  wish to 
deal in  de ta il w ith th e  resu lts of personal experi
m ents u n dertaken  to  give some proof of th e ir  
opinion on th e  effect of m anganese on cas t iron. 
This opinion has been form ed by p rac tica l experi
ence, which is th a t  absolute control of the  m an 
ganese con ten t is essential, if any contro l of th e  
g rap h ite  flake size in  th e  cas t p roduct is to  be 
effected.

I t  will be gathered  th a t  only m eta l hav ing  a 
m anganese con ten t in  excess of th a t  w hich is 
necessary to  satisfy  th e  so-called su lphur balance 
equation  has been considered. This equation  i s : 

S  X 1.7 +  0.3 =  m inim um  percen tage  of M n. 
O ther workers have done m uch on irons of low 
m anganese con ten t, particu la rly  in  re la tio n  to  
sulphur, and have also stressed th e  g rap h itis in g  
action of Mn in  such m etal. I t  is n o t in tended  
to  stress th is  effect of M n, b u t to  em phasise the  
effect of th is  elem ent on th e  g rap h ite  size of 
grey iron.

I t  was noticed th a t  castings hav ing  th e  same 
percentage of silicon and to ta l carbon h ad  large  
varia tions in g rap h ite  size when th e  only o ther 
variable was the  M n content. Increase of th is 
elem ent gave increasing  unsoundness in  heavy 
sections as judged  by pressure te s tin g . M odern



m achine-tool m akers in sist on receiving castings 
which, a f te r  m achining, show no openness of 
g ra in , and appear perfectly  smooth and tin- 
m arred  by th e  p itted  appearance associated w ith 
large g raph ite .

F ig . 1 shows a 14-in. Audeo valve tested  to 
250 lbs. per sq. in. for use on services up to
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F i g . 1 .— F o u rteen  i n . G u id e  V a lv e .

150 lbs. per sq. in. I t  was found, a f te r  casting 
a  considerable num ber of these valve bodies, 
th a t  although th e  silicon, to ta l carbon and phos
phorus rem ained th e  same in each case, the 
tendency tow ards porosity a t  heavy sections, 
such as occur a t  th e  th ro a t, and particu larly  a t 
th e  junction  of th e  ribs, increased w ith increas-



irug M n conten t. E ven if  tlie  porosity  were n o t 
sufficient to allow seepage of liquiid through, th e  
m etal, th e  appearance of th e  bore was very  
open a f te r  'm achin ing . This was due to  th e  
form ation of large g rap h ite  flakes a t  th e  posi
tions already m entioned. The sectional th ick 
ness of th is casting  varies from  1 to  3 in.

Sand
Sand plays a very im p o rtan t p a r t  in  th e  p ro

duction of castings, and  is responsible for m any 
w asters because of lack of perm eability . P e r
m eability  can be increased by jud icious ven ting , 
b u t few moulders seem able to  use a  v en t wire 
properly, and there fo re  sand should, where pos
sible, be graded and m ixed to  give th e  desired 
perm eability  w ithou t resort to  th is  p ractice . 
Lack of perm eability  is th e  chief cause o f scabbed 
castings, broken moulds, sand inclusions and 
like defects.

Lack of refractoriness is responsible fo r poor 
appearance and m achining troubles, due to  sand 
adhering  or fusing to  th e  su rface of th e  m etal. 
This increases m achining difficulties and  fe ttlin g  
costs ra th e r  th an  being a cause of unsoundness.

Control of m oisture con ten t is also essen tia l in 
order to  avoid blow-holes and loss of p er
m eability. I t  is also possible seriously to  affect 
the s tru c tu re  of the  casting , as gases, generated  
by the  con tac t of hot m eta l w ith  th e  w a te r in  
the  sand, pass th rough  th e  casting . Excess 
m oisture is frequently  th e  cause of chilled edges, 
etc. C ontrol of m oisture co n ten t is no t nearly  
so im p o rtan t if th e  mould be dried  before cas t
ing. The use of th e  Speedy m oisture te s te r  offers 
a very accurate  and simple m ethod of rou tine  
sand control. Care should be tak en  in  ram m ing 
th e  mould, and is generally  done m ore efficiently 
by machines.

R un n e r s
R unners a re  frequently  co n tribu to ry  causes of 

unsoundness, and  require skilled an d  careful 
judgm ent in  th e ir  design and  location. No exact
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form ula has ye t been devised which is applicable 
in all oases. I t  is frequently  desirable to  fill 
a mould from  one point, b u t lack of crane 
capacity , o r adequate ladles, eta., forces the  
foundrym an to  use two or more runners.

F i g . 2 .— M a c h in e  T able .

The functions of a ru n n er are to  form an 
en try  for the  m olten m etal to  the mould and to 
p reven t access of slag, sand, etc. The correct 
speed which is controlled by the  area of down- 
gates and in-gates is determ ined by such factors 
as size of casting, thickness of section, composi-
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tion  and tem p era tu re  of th e  m etal, etc. This im 
p o rta n t p a r t  of the  mould is very often  le f t to  
th e  discretion of th e  m oulder, b u t i t  has been 
found th a t  a large num ber of fau lty  castings can 
be avoided, if  run n ers  are  definitely fixed to  the  
p a tte rn  and designed by a responsible official.

V arious types of runners, such as sp inners and 
stra iners, have been designed w ith th e  in ten tio n  
of p reventing  access of sand, slag, e tc . These 
a re  too commonly known to  w a rra n t much discus
sion in  th is P ap er, b u t an  in te restin g  exam ple 
of a' ru nner which was th e  deciding fac to r in  the  
successful founding of a very difficult casting  is 
shown in  F ig . 2. The w eight of th is  m achine 
table casting  is approxim ately  tw enty-five cw ts., 
its  leng th  is 8J f t . ,  th e  w idth  is 2 f t . ,  and  th e  
thickness is 10 in.

The section varies from  1 to  6 in . The 
casting  was fed by th e  two feeders shown a t  th e  
top, and although th is  m igh t no t ap p ea r to  be 
the m ost advantageous position, i t  was th e  only 
possible location in  th is  case. The ru n n e r  can 
be seen a t  th e  fro n t of the  illu s tra tio n , and  slag 
inclusions can be seen on th is  portion  of the  
ru nner a t the  left-hand  side. This ru n n e r  is a 
block o f’5 in. by 3 in . by 30 in . long, and  is con
nected to the  casting  by fou r in -gates a t  the  
base of the b lock ; each in -gate  has an  area  of 
approxim ately  f  sq. in . Two dow n-runners were 
placed on to p  of th e  block, one inch from  each 
end. The to ta l a rea  of these dow n-runners was 
4 sq,. in. P revious to  th e  adoption  of th is  type  
of ru n n e r m ost of these castings showed slag 
inclusions on the  top face. The casting  has to  
be m achined on th e  top  side and  bottom  faces, 
and slots in. deep c u t in  th e  bottom  face. The 
casting will no t pass inspection if th e  bottom s 
of th e  slots are  more open th a n  th e  face of th e  
table.

Fe e d e r s

The correct design an d  positioning of feeders 
is of v ita l im portance, if  they  are  to  function  
as a reservoir from  which the  casting  will receive 
m etal when co n trac ting  d u ring  solidification.



Lack of feeding is a frequent cause of open 
s tru c tu re  and cavities in  the centre of heavy 
sections.

F ig . 3 illu s tra tes  a feeder which was properly 
designed and placed, and gives some idea of the 
size of th e  hole which would have occurred in the
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F i g . 3 .— S ec t io n e d  F e e d e r .

casting, unless adequate provision had been made 
for th e  reduction  in  volume.

F ig . 4 shows a casting  which was not properly 
fed, resu lting  in th e  form ation of a very large 
cavity. This defect was no t discovered by the  
user of the  casting. I t  looked perfectly sound,
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b u t was rejected  for sand and  slag inclusions 
under th e  surface, which were exposed on 
m achining. Owing to th e  very n a tu re  of sh rink 
age cavities, th e  defect is usually only discovered 
a fte r  a' considerable am ount of work has been 
done on the  casting , or a f te r  breakdow n in 
service. I t  is sometimes only possible to  feed 
a casting  th rough  a passage k ep t open by the 
m ovem ent of a  steel rod, th u s  allowing m olten 
m etal to  ru n  in to  th e  casting  from  th e  reservoir

F i g . 4 .— C a s t in g  E x h ib it in g  a H o le w it h  E x t r u s io n s .

above. This is a very undesirable m ethod, and 
should only be resorted to  when self feeders are  
not practicable.

M ost m oulders fo rget th a t  i t  is impossible to 
push liquid iron down a 1-in. hole w ith a |- in .  
rod. The resu lt of th e ir  pushing is th a t  the  
bottom  surface of th e  mould o r cores, im m e
diately  under th e  reservoir, is broken by con tac t 
w ith the  feeding rod. F req u en t additions of 
m etal to  the reservoir a re  necessary. O ften m eta l



of d ifferent composition is used, which may resu lt 
in  open porous spots u nder th e  feeder. If  rod 
feeding has to  be resorted to, m any w asters can 
be avoided by teaching the  m oulder th a t  the 
m ovem ent of his rod is only to  p reven t the  solidi
fication of m etal in the channel between the cast
ing and the  m etal reservoir.

Sol id C o n t r a c t i o n
Provision m ust be m ade during  th e  m aking of 

the mould and  cores aga in s t th e  possibility of
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F i g . 5 .— M a c h in e  B e d .

w arped and cracked castings, caused by th e  con
trac tio n  of th e  m etal a fte r  solidification. I f  i t  be 
impossible so to  construct the  cores and mould 
to  allow of th is, th e  casting  m ust be freed by 
rem oval of th e  cores, or mould, or both, as soon 
a f te r  pouring  as possible. This practice, how
ever, generally increases production costs. 
M odern core-sand practice and  m etallurgical 
developm ents have enabled foundrym en to  make 
castings which a re  very liable to  crack during  
cooling, w ith  m uch less risk  th an  was possible 
w ith  th e  old loam sand cores and phosphoric
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irons. The fac t th a t  m oulders are  now able to 
dispense w ith heavy reinforcem ents of the  cores, 
and th a t oil-bonded sands a f te r  hea tin g  readily  
d is in teg ra te  and flow from  th e  casting  face, has 
also helped to reduce th e  num ber of cracked 
castings.

The production of the  casting  shown in  F ig . o, 
using loam sand cores, would have been a tten d ed  
by g rea t risk of cracks occurring  a t  these points. 
None of these cores were removed u n ti l th e  cast-

F ig . 6.— G r a p h i t e , x  60.

ing was cold. The w eight of th e  casting  is 
33 cw ts., th e  leng th  8 f t . ,  th e  dep th  4 f t . and  the  
w idth 4. f t . ,  w hilst the  general th ickness of 
section is ^ in . I t  was cast th e  reverse way up 
to the position shown, and in  sp ite  of th e  heavy 
slide on th e  to p  face no feeding was necessary.

C o m p o s i t i o n  of  Me ta l
The composition of m etal is, of course, a. very 

im portan t factor, b u t it  is useless pouring  good



m etal in to  a poor mould. I t  is personal experi
ence th a t  th e  production of castings in  m etal 
of su itab le  composition for modern engineering 
requirem ents dem ands much g rea te r care and 
skill in  m aking the  mould th a n  was required for 
th e  old phosphoric engineering irons. Phos
phorus has been studied  by m any workers, and 
its  influence on soundness is well known and 
understood by m ost foundrym en. Porosity  and 
unsoundness due to segregation of iron phosphide

F i g . 7 .— G r a p h i t e ,  x  60.

eu tec tic  will not be considered in th is  P aper. 
T otal carbon is of v ita l im portance and m ust be 
controlled as founding difficulties increase w ith 
reduced to ta l carbon conten t. M any foundry
men use th is ty p e  of m etal because th e  influence 
of silicon and m anganese on g raph ite  size is less 
th a n  when irons of high carbon con ten t are used. 
T he au thors have found th a t  o ther troubles 
encountered , such as high shrinkage, mould
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erosion, occluded gases, e tc ., very considerably 
increase production costs and risk  of unsound
ness. They a re  m ainly concerned w ith the pro
duction  of sound castings, so th a t  anyth ing  
which tends to  increase unsoundness is avoided. 
I t  is th o u g h t th a t  ferrous alloys as near the 
eu tec tic  composition as possible are the  least 
difficult to  handle for th e  au tho rs’ personal 
requirem ents. The difficulties of obtain ing 
eu tec tic  alloys a t  will can be easily appreciated, 
b u t th e  difficulty of reaching an  ideal is no 
reason why i t  should n o t be attem pted .

The ex trusion  in  th e  cavity  of the  casting 
shown in  F ig . 4 would be of alm ost eu tectic 
composition, as th a t  portion of the  m etal to 
solidify las t would be squeezed in to  th e  cavity 
by th e  changing volume of the  already-solid por
tion  of th e  casting . The chemical analysis of the 
base m etal w a s :—T.C, 3.45; Si, 1.25; Mn, 0.67; 
P , 0.043; S, 0*103, and  N i, 0.295 per cent., and  
of the  ex tru sio n : T.C, 3.85; Si, 1.18; M n, 0.59; 
P , 0.060; S, 0.041, and N i, 0.295 per cent. I t  
is in te restin g  to  no te  the  g re a t difference in the 
su lphur and m anganese con ten t between th e  two 
m etals.

F ig . 6 shows a photom icrograph of the base 
m etal, revealing  fa irly  large g raph ite  flakes, 
w hilst F ig . 7 illu stra tes the  extrusion . The 
rem arkable difference in the  size and  type of 
g rap h ite  is ap p a re n t; th a t  shown in  F ig . 7 is the 
ty p e  generally  associated w ith strong, sound cast 
iron.

Silicon is a very im p o rtan t elem ent and has 
strong  influence on size and q u an tity  ol 
g ra p h ite ; i t s  control is relatively  easy an d  well 
understood in  th e  foundry. The effects of m an
ganese, however, seem to  be ra th e r  obscure, in 
sp ite  of th e  fa c t th a t  a  large num ber of workers 
have studied  th is  phase. The authors undertook 
an experim en t to  prove th e  effect of manganese 
on g rap h ite  flake size, soundness, and surface 
finish. F ou r charges composed of 4 cwts. of 
unannealed  m alleable iron scrap, and 2 cwts. of 
W orkington hem atite , were m elted in  a 26-in.
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F i g s . 10, 11 a n d  12.— G b a p h it k t

Figs. 13, 14 a n d  15.—G baphiticíi
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balanced-blast cupola, tap p ed  in  two 12-cwt. 
batches in to  a 15-cwt. ladle, and  tran sfe rred  to  a  
S te in  & A tkinson oil-fired ro ta ry  furnace.

F ig . 8 shows th e  two m elting  u n its . I t  w as a 
simple m a tte r  to  pour th e  m etal, which was 
carried  along th e  m ono-rail shown a t  the  top , 
in to  the  ro ta ry  fu rnace  by way of th e  spout. A 
brick was placed a t  th e  fro n t of th e  spout to 
p reven t m etal flowing ou t, th e  spout being 
slightly  h igher th a n  the position as shown.

The furnace was th en  ro ta ted  for ha lf an  hour. 
F ive additions of M n were m ade a t  five m inu te  
in tervals. M anganese briquettes, being u n 
obtainable, were made in  th e  foundry , using 
sufficient 75 per cent, ferro-m anganese to  give 
3 lbs. of M n per b riquette . The analysis of the 
ferro-m anganese used was 6.88 p er cent. T.C, 
0.89 per cent. Si, and 75 per cent. M n. The 
furnace was oscillated du ring  th e  fo u r m inu te  
in tervals between each add ition . A fte r th e  fou r 
m inute oscillation 2 cwts. of m etal were tap p ed  
and  cast in to  two moulds, one con ta in ing  te s t 
bars of th e  following d ia m e te rs :—0.75, 1.2, 2.2 
and 4 in ., and th e  o ther an  o rd in ary  Audco 4-in. 
valve body. The section of th e  la t te r  varies from  
|  to  2 in. E ach  valve body was broken, and 
found to  be grey, w ith the  same tendency to  in 
creasing g rap h ite  size as was shown by the  2.2-in. 
te s t bars. A fte r tes ting , the  fra c tu re s  of each 
set of bars were closely exam ined. The 0.75-in. 
d iam eter bars show litt le  varia tio n , and  were 
m ainly w hite iron. The frac tu res  of th e  1.2-in. 
bars, shown in F ig . 9, were very in te restin g , and 
were found to  be increasingly grey  w ith  increas
ing M n content.

All the bars except th e  4-in. dia. ones were 
tested  and gave th e  resu lts shown in  Table I . 
These are given m ainly as a po in t of in te re s t. 
Investiga tion  of th e  influence of m anganese on 
the s tren g th  of the  irons was n o t in tended . I t  
will be noticed th a t  stren g th  has no t increased 
with increasing m anganese co n ten t; th is  m ay he 
due to  the  increased size of g raph ite .
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I t  is difficult to  show by m eans of a photograph 
the v a ria tion  in  stru c tu re , b u t from  F ig . 9 i t  will 
be seen th a t  th e re  is a definite tendency to  in 
creasing  greyness from  b ar No. 1 to  b a r No. 5. 
B ar No. 6 shows a slight reappearance of m ottle, 
although  th e  m anganese con ten t of bars No. 5 
and  6 was practically  the  same, w ith a  slight 
increase in  silicon in  b ar No. 6.

Samples for chemical analysis were tak en  from 
the centre of each 4-in. dia. bar. The to ta l 
carbon rem ained almost th e  same. There was,

F i g . 9 .— F r a c t u r e s  o f  t h e  1 .2 - in . d i a . 
B a r s .

however, an appreciable decrease in  the  combined 
carbon from  No. 1 to  No. 4. B ar No. 5, which 
has the  most open s truc tu re , showed the  highest 
percentage of combined carbon. The 1.2-in. dia. 
b ar in Series 6 showed reappearance of m ottle, 
b u t silicon in  th a t  series had increased approxi
m ately 0.10 per cent.

The 2.2 in. d ia. were all completely grey and 
showed increasing openness of g ra in  w ith increase 
of m anganese. A disc was sawn off each b ar and 
tu rn ed  in  a la the. The m achinist did not find 
any difference in m achineability  of the  metal.



The b a r of series No. 1 had  a  m uch b e tte r  finish 
th a n  any of th e  others. The m achined discs and 
frac tu res  of these bars are  available for inspec
tion.

The 4-in. dia. bars were broken. Increasing  
g rap h ite  flake size was much more ap p a re n t th a n  
in  the  2.2-in. d ia . bars, and  sections were taken

T a b l e  I.— Physical Tesis on Bars.

No. Dia.
Ins.

Centres.
Ins.

Deflec
tion.
Ins.

Trans, 
rup. 

stress. 
Tons per 

sq. in.

Calcu
lated 

tensile. 
Tons per 
sq. in.

1 0 748 18 0 133 24 87 13 80
2 0 759 18 0 130 24 9 13 80
3 0 755 18 0 135 28 9 16 05
4 0 773 18 0 135 24 3 13 50
5 0 775 18 0 135 28 5 15 80
6 0 760 18 0 112 20 46 11 40

1 1 209 18 0 159 35 2 19 45
2 1 219 18 0 135 32 45 18 00
3 1 205 18 0 099 26 37 14 60
4 1 221 18 0 169 33 4 18 55
5 1 214 18 0 142 26 0 14 45
6 1 209 18 0 142 28 6 15 80

1 2 249 18 0 135 32 1 17 90
2 2 269 18 0 133 27 9 15 50
3 2 264 18 0 124 26 1 14 50
3 2 276 18 0 136 30 7 17 05
5 2 278 18 0 146 28 25 15 70
6 2 259 18 0 124 28 3 15 70

from  th e  cen tre  of each b ar fo r microscopic 
exam ination , and  m icrophotographs of these un 
etched specimens a t  a m agnification of 60 d ia 
m eters are  shown in  F igs. 10 to  15.

F ig . 10 shows th e  size of th e  g rap h ite  flakes 
in  th e  base m etal used fo r th is  experim ent. I t  
has the  typ ical appearance of a  good qu a lity  high 
streng th  cast iron  which would m achine easily 
and give good surface finish and soundness.

F ig. 11 shows th e  effect of th e  first increase 
in manganese. There is a perceptible increase



in length  and thickness of the  graph ite  flakes. 
A flake is shown which extends almost across 
the  section.

In  F ig . 12 can  he seen th e  definite increase in  
the flakes as a resu lt of fu r th e r  addition  of m an
ganese, although the num ber of flakes does not 
seem to  have increased.

Again, in  F ig . 13, w ith fu r th e r  increase in  
m anganese, the g raph ite  flakes are  la rger. An

F i g . 16.— P e a r l it ic  S t r u c t u r e  E t c h e d  P i c r i c  
A c i d , x  600.

iron of th is  type would take  a very poor finish, 
and would be of little  use in any corrosive ser
vice, as in te rg ra n u la r corrosion would be de
finitely accelerated.

F ig . 14 shows an increase in g raph ite  size. The 
m anganese increase in  th is  case is about 0.35 per 
cent. F ig . 15 is very sim ilar to  F ig . 14, although 
ferro-silicon was purposely added to  the melt 
before th is bar was cast, in an a ttem p t to prove



L< i g .  1 7 . — H e a d e r  B o d y  C a s t i n g  w e i g h i n g
2 J  TONS.



567

th a t  the effectiveness of silicon as a g raph itiser 
was no t affecting th e  results of th is experim ent. 
In  order to  prove th a t , although th e  size of 
the  g raph ite  flakes increased, the  m a trix  re 
m ained en tire ly  pearlitic , the  two sections taken  
from  the 4-in. bars Nos. 1 and 6 were etched with 
picric acid and magnified to  600 dias. The 
form er, shown in F ig . 16, exhibits no free fe rrite

F ig . 18.— C o m p r e s s o r  C a s t i n g .

surrounding  the  g raph ite  flakes, although pear- 
lite  is ra th e r  coarse, whilst the sample from 
No. 6 showed no free fe rrite  round the g raphite, 
bu t some refining of the pearlite  had taken 
place.

The control of g raph ite  size in  the casting 
shown in F ig . 17 is essential. Large graphite  
would cause weakness a t the  corners and  reduce 
the w earing properties of th e  two slides. The
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casting  is a body for a heading m achine which 
is subject to g rea t v aria tio n  in  lo a d ; its approx i
m ate w eight is 2^ tons, and the  thickness of sec
tion  up to  7 in . The casting  was fed a t  each 
e n d ; all th e  cores were made in  oil sand and 
stripped  easily.

F ig . 18 shows an am m onia compressor body- 
The im portance of pressure tigh tness and absence 
of large g raph ite  in  any casting  which is to  be

F i g .  1 9 .— - G r a p h i t e ,  x  60.

placed in contac t w ith am m onia need hard ly  be 
emphasised.

Figs. 19 and  20 are photom icrographs of sec
tions tak en  from  castings sim ilar to  th e  large 
table illu s tra ted  in F ig . 2. Iron  w ith  the  type  
of g raph ite , shown in F ig . 19, has all th e  pro
perties desired and gives a steel-like appearance 
a fte r  m achining. The casting  was re jec ted  be
cause of slag inclusions on th e  top  face.

F ig. 20 shows a section tak en  from  a sim ilar 
casting rejected  for openness of g ra in  and a poor



appearance a f te r  m achining. The manganese 
con ten t of the  first, casting was 0.7 per cent, and 
in the  second 1.10 per cent. The percentage of 
o ther elem ents was almost the  same. I t  was 
experiences such as th is which really led to  th is 
investigation . I t  is considered th a t  there is still 
a g rea t deal of work to  be done on the  effect of 
m anganese on grey cast iron, and i t  is hoped 
a t  some la te r  da te  to  give results of fu r th e r ex
perim ents using different base irons.
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Scottish Branch
Paper No. 621 M O U L D  A N D  C O R E  P R O T E C T I V E  F A C I N G S  

A T  A T M O S P H E R I C  A N D  E L E V A TE D T E M 
PE RA T UR ES

By R. F. HUDSON (Associate  Mem ber)
The sub ject of mould and  core pro tective 

facings is one th a t  has received su rpris ing ly  
little  a tte n tio n  in  technical li te ra tu re  and  i t  
is doubtfu l if a previous P a p e r has been pub
lished. P rim arily  the  app lication  of a pro tective 
facing to  the mould or1 core is generally  a 
final effort to  produce castings w ith  a smooth 
skin, and  secondly i t  is of some im portance as 
an aid  to  th e  fe ttlin g  operation . The effect of 
facings m ay be of considerable value in  m any 
o ther less obvious directions and  i t  is hoped 
th a t  subsequent rem arks m ay co n trib u te  to  new 
knowledge in  th is direction.

The m ateria ls employed in  th e  foundry  trad e  
for facing purposes ex is t in  a  fa irly  wide 
varie ty  and they  can  be divided in to  two m ain  
g ro u p s : (1) those such as plum bago, b lacking 
and the  like— classed as carbonaceous facings, 
and (2) m ateria ls  such as silica flour, and  known 
as m ineral facings.

Carbonaceous  Facings
The carbonaceous m ateria ls  a re  w idely used 

for the  p repara tion  of foundry  facings and  th e ir  
action is twofold in producing a  good finish: —

(1) They form  a cushion of a  reducing  gas 
between th e  m eta l and  the  m ould fa c e ; and

(2) being of a highly re frac to ry  n a tu re  and 
generally  im perm eable they  p reven t fusion of 
the  sand and p ene tra tion  of th e  mould by 
m etal.
The carbonaceous facings generally  used are  

plumbago or g rap h ite , lam p black, charcoal, coal 
and coke dust, and others n o t so well known, 
such as pease-meal, as shown in  Table I.
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G raph ite  is unquestionably  th e  m ost im p o rtan t 
of th e  finishing m ateria ls  for mould surfaces. 
I t  is a n a tu ra lly  greasy m ineral of very high 
refractoriness, and  when in  its  best form  as 
Ceylon g rap h ite  i t  has a large flaky s tru c tu re  
lending itself well to  th e  covering of mould 
surfaces w ithou t add ing  thickness to  any ap p re 
ciable ex ten t. I ts  very greasiness, however, p re
vents i t  adhering to  th e  m ould surface unless 
held by some o ther m ateria l. This difficulty is 
not so noticeable w ith  th e  poorer and  m ore 
am orphous forms of carbon, which when finely 
powdered will e n te r th e  pores of th e  sand and 
adhere firmly.

The best flaky g rap h ite  has o ften  a fixed ca r
bon con ten t of 98 per cent, while th e  poorer 
forms of g rap h ite  m ay only have a fixed carbon 
con ten t of 60 per cent. The foundrym an will 
readily  apprecia te  th a t  pay ing  carriag e  on sand 
or o ther im purities a t  g rap h ite  ra te s  is u n 
economical. G raphite , being of a flaky s tru c tu re , 
has several advantages over th e  cheaper form  of 
am orphous carbon. The flakes do no t allow the  
same am ount of m etal pen e tra tio n  as do the  
g ran u la r pieces of th e  am orphous carbon, and  i t  
reduces the  surface fr ic tion  especially in  th in  
sections.

Coke and coal dust a re  th e  form s of am orphous 
carbon which are  in  general use. Coke d u st has 
a fixed carbon con ten t of about 89 per cent. 
Coal dust is divided in to  two groups, th e  high- 
volatile b itum inous type  w ith a carbon con ten t 
of 53 per cent, and the  an th rac ite  form  w ith  a 
carbon conten t around 85 p er cen t., and  ign ition  
tem pera tu res of 326 and  700 deg. respectively.

As these d ifferent forms of carbon vary  in 
fixed carbon con ten t they  likewise vary  in  re 
fractoriness as is shown by th e  ign ition  tem p e ra 
tu res  in Table I . The Ceylon g rap h ite  is the  
most re frac to ry  and  charcoal has m uch lower 
refractoriness.

Care m ust be tak en  to  select th e  facing  which 
is th e  cheapest and ye t will give a sa tisfac to ry  
finish to  th e  ty p e  of work i t  is requ ired  for.



In  m any cases one does n o t require the  best 
g rade  of g raph ite  to  obtain  satisfactory  results, 
b u t in o ther cases where th ick  sections and high 
tem pera tu res are  common one requires the  very 
best to get good results. Charcoal, lam pblack, 
e tc., are  forms of amorphous carbon which are 
least refrac to ry  and should only be used, if a t 
all, for ligh t castings.

Pease-m eal is one carbonaceous facing which 
is no t in  general use, yet i t  will, in  some cases, 
give qu ite  good results. I t  is much less re frac
to ry  th a n  the  b e tte r  forms of carbon and has a 
h igh m oisture con ten t. In  non-ferrous practice 
i t  will give qu ite  good results. A sligh t advan
tage  i t  holds over the g raph ite  facings is th a t  
i t  is slightly  sticky and adheres more strongly 
to  the  mould face. O ther carbonaceous facings 
rare ly  employed to-day are rubber solution and 
w ater-soluble b inders such as dex trine, these 
being used for streng then ing  fins and th in  sec
tions and form ing a hard  skin on the mould face.

Mi ner al  Facings

M ineral facings are, perhaps, no t so widely 
used as the  carbonaceous facings except in the 
case of silica flour, which is very extensively 
used in  m any branches of the foundry trade . 
Silica flour is usually sold in  a very pure sta te , 
con tain ing  90 to  96 per cent, silica, and when 
supplied to  th is  specification is very refractory . 
U nfo rtunate ly , silica flour is obtained from 
various sources and each different source of 
supply cannot be guaran teed  to  behave similarly 
when suddenly subjected to  a  big increase in 
tem p era tu re . Silica flour may be derived from 
tripo li powder, kieselgiihr, ground quartz  or 
super-fine sand.

O ther m ineral facings m et w ith in  the  foundry 
are  zirconia, soapstone, ta lc , and cement, bu t 
none of these is used in  general practice to  any 
g rea t ex ten t in  th is country. Z irconia is a 
sim ilar m ateria l to  silica b u t is much more re
frac to ry  and has fu tu re  possibilities.

Soapstone, a w hite, grey or greeny-white 
powder is obtained from  a m ineral known to
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geologists as s tea tite , and receives its  nam e from  
the  soapy feeling i t  has. I t  has qu ite  a  high 
percentage of objectionable constituen ts such as 
lime and w ater. I t  has therefo re  a relatively  
low fusion po in t and im parts  to  th e  castings an 
objectionable w hite a p p ea ran ce ; th u s  i t  can only 
be used for ce rta in  classes of work. A typ ica l 
analysis is : S ilica 39.06; a lum ina 12.84; iron 
oxide 12.80; m agnesia 22.76; lime 5.98 and  w ater 
6.56 per cent.

Talc is a sim ilar m ateria l to  soapstone b u t 
ne ither of these two substances a re  g rea tly  em
ployed in th is  country  and  are  principally  used 
in  America.

The only o ther m ineral facing  th a t  will be 
m entioned in th is  P ap e r is cem ent. This is some
tim es used in green-sand work especially for 
in trica te  work when sleeking m ay be difficult to 
p e rfo rm ; the  m oisture in  th e  sand causes the  
cem ent to  set, thu s form ing a very h a rd  skin.

Before leaving th is  subject i t  seems desirable 
to  m ention m ateria ls  such as carborundum  and 
alum inium  d u st which although  scarcely w ith in  
the  scope of th is P ap e r m igh t be of in te res t. 
C arborundum  or silicon carbide when dusted  on 
to  th e  mould p a rtia lly  fuses on to  th e  m etal 
and promotes a hard , abrasive skin. I t  is 
th o u g h t th a t  th ere  is room for a  g re a t deal of 
research in to  types of facings w ith  which th e  
mould may be dusted  to  prom ote ce rta in  advan
tageous properties such as corrosion resistance 
on th e  surface of the  casting .

The commercial blackings sold a re  o ften  adu l
te ra ted  w ith  coke, an th rac ite  coal dust, soap
stone and  b itum inous coal so as to  cheapen the  
m ix tu re ; th e  good grades m ay be ad u lte ra ted  
seriously and still be of a h igher qua lity  th an  
the  poor ones.

C o m m e r c i a l  C a r b o n a c e o u s  Fac ing M a t e r i a l s
D ry facings used in  Green-Sand W ork .—I t  is. 

now proposed to  deal w ith facings used in  green- 
sand work.



C onsidering prim arily  those used in  cast-iron 
practice, the m ajor percentage of facings used in 
th is work are of the  carbonaceous type, and are  
usually called blackings. These commercial black
ings vary  in composition, b u t all are  principally 
composed of some form of g raph ite  adu ltera ted  
w ith coal, coke dust and soapstone in  varying 
degrees. Sometimes a  little  of some hinder may 
be used to  give them  additional adhesiveness. 
The b e tte r  grades have a h igher percentage of 
Ceylon g raph ite , while th e  in ferio r types may 
have crushed coke or lam pblack to  form th e ir 
base. The usual means of application is to dust 
them  on to  the  face of the  mould through  a fine 
bag.

F o r small and medium sized green-sand work 
the moulds a re  usually only dusted w ith  the 
b lack ing ; for heavier work a f te r  being dusted 
the moulds are often sleeked, and for ex tra  heavy 
green-sand work, castings weighing about 10 
cwts., a high grade of blacking, such as Ceylon 
g raph ite , is usually used. This is dusted on to 
the  mould and afterw ards sleeked. These black
ings are  only applied to  produce a good clean 
skin on th e  castings, p reventing the sand by 
th e ir refractoriness and gas-form ing properties 
from  fusing on to  the  m etal. In  Table I I  are 
given some exam ples of commercial blackings 
used for the  different purposes.

F rom  th is table one can arrive  a t  conclusions 
concerning the  composition of the  various black
ings. F o r instance, No. 1 blacking, used for 
furnace purposes, etc., has a high volatile con
te n t, and from  Table I  i t  is seen th a t  only b itu 
m inous coal has a sim ilar high-volatile content, 
so i t  is reasonable to in fer th a t  bitum inous coal 
dust comprises a  high percentage of th is black
ing. Sim ilarly  Nos. 2, 3 and 4 blackings, used 
for blackwashes, are low in volatile, and from 
Table I  only g raph ite  and  coke dust come into 
th is category. Since g rap h ite  is no t present, as 
shown by sleeking, the  inclusion m ust be coke 
dust. In  Nos. 5, 6 and 7 blackings, which a r e  
used for dusting  green-sand moulds, the two
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likely com binations used are g rap h ite  and b itu 
minous coal dust, as both ash and volatile con
ten ts  incline to  be h igher. In  th e  a u th o r’s 
foundry, for ligh t and m edium  green-sand p rac
tice, No. 5 blacking is used, and although qu ite  
low in g raph ite , gives good results.

Facings used in  N on-Ferrous P ractice.—W ith  
the lower casting tem pera tu res  employed, the  
sand has not to  w ith stand  such a severe te s t as 
in the iron and steel foundries, and less re frac to ry  
facings m ay be used. No. 5 blacking, shown in  
Table I I ,  as used for ligh t and m edium  cast iron 
work, will give qu ite  good results. In  the  
au th o r’s own practice pease-meal is used, applied 
only by dusting.

Green-sand M oulding fo r  S tee l Castings.— In  
m any cases no coating  is used w hatsoever, b u t 
sometimes lam pblack may be deposited from  an 
oxy-acetylene flame. Occasionally th e  moulds 
may be skin dried , by w etting  the  face of th e  
green-sand mould w ith molasses, wood e x tra c t or 
some p ro p rie ta ry  wash and d ry ing  off w ith  a 
lamp.

Mould a n d  C o r e  P r o t e c t i v e  W a s h e s
Cast Iron  and N on-Ferrous.—F o r dry-sand 

work the  facing is applied w et in  th e  form  
of a wash. S im ilar forms of washes a re  used 
in both cast-iron and non-ferrous prac tice  for 
use w ith oil sand, d ry  sand and loam. A 
commercial blacking is used, composed of 
ingredients as previously m entioned b u t con ta in 
ing very little  g rap h ite  and more coke dust and 
forms of a n th rac ite  coal dust. A n analysis of a 
satisfactory  blacking sold for th e  purpose is 
shown in  Table I I .  In  some cases in non-ferrous 
practice a g raph ite— clay-w ater wash is used 
which gives a b e tte r  finish th a n  th e  o rd inary  
blackrwash to  the  heavier dry-sand jobs.

M any solutions a re  used to  b ind  th e  blacking 
to  th e  sand. The m ost common is, perhaps, clay 
w ater w ith  a litt le  d ex trin e  or some o ther gum  
to  increase th e  s tren g th  of th e  mould surface 
a fte r  drying. M olasses-water o r  any vegetable 
substances having adhesive qualities a re  also
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employed. The soluble rosins ex isting  in  the  
w aste liquid of th e  pulp mills, which when 
neu tralised  and concentrated  a re  specially good, 
a re  known under th e  nam e of wood e x tra c t in 
th is country.

A s tra ig h t m olasses-water or wood e x tra c t 
wash is sometimes pa in ted  or sprayed over the  
o rd inary  blackwash to  s tren g th en  th e  mould 
face, b u t whenever an  oil or molasses wash is 
used care m ust be tak en  .when d ry ing  th e  mould. 
An oil wash cannot w ith s tand  th e  h igh  tem p era 
tu res  as can a clay wash and  if  i t  be hea ted  too 
strongly  the  oil will b u rn  out, leaving th e  b lack
ing loose on th e  mould face.

S te e l .—I t  is obvious th a t  th e  facings fo r steel 
will have to  be much more re frac to ry  th a n  those 
m entioned for use w ith  cast i r o n ; even th e  finest 
g rap h ite  is unequal to  the  task  of producing  a 
satisfactory  finish on steel castings, as such a 
high tem p era tu re  is employed.

In  m any cases no wash is used a t  all, as the  
foundrym an depends on th e  qualities of his 
n a tu ra l m oulding sands to  supply th e  necessary 
finish. Of th e  washes th a t  are  cu rren tly  used 
those w ith silica as th e ir  basis a re  th e  m ost 
popular. Silica is obtained from  one of the 
previously m entioned sources and  ground  to  a 
consistency of a flour, hence its  nam e, silica 
flour. The w hite p a in t sold fo r coating  moulds 
consists essentially  of silica flour w ith  the  ad d i
tions of a li tt le  clay. The black p a in t sold com
m ercially for th is  purpose is of th e  same 
m ateria ls as th e  w hite p a in t w ith  th e  add ition  
of about 6 per cent, g rap h ite . Typical analyses 
of the  w hite p a in t a r e : —

No. 1. 
Per cent.

No. 2. 
Per cent.

Silica 88.82 96.2
Alumina 7.84 0.76
Ferric oxide Trace 1 .04
Time 0.36 1.0
Loss on ignition 1.68 0.55



M ixed w ith ben ton ite  and w ater, silica flour 
forms qu ite  a satisfactory  wash. Molasses and  
core oil are  sometimes used as binders, b u t are 
not th o u g h t to  be qu ite  so satisfactory , as in
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a th ick  coating, where a large area  of the mould 
is exposed to  the  rising  m etal, the  molasses or oil 
binders burn  out, allowing the silica to  fall in 
flakes or dust to  form  d irty  areas or holes on 
the casting. These are also detrim en ta l on
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account of th e ir  being gas producing m ateria ls . 
As the fine silica flour form s such an  im per
meable facing and  evolves no gas, i t  tends to 
prevent any m etal p en e tra tio n , or fo rm ation  of 
iron oxide th rough  th e  b u rn ing  of th e  steel in 
a ir , and th e  fu r th e r  change of th e  iron  oxide to 
iron silicate th rough  con tac t w ith th e  extrem ely 
hot sand. The iron  silicate being fluid pene tra tes  
th e  sand gra ins and causes them  to  fuse to  th e  
m etal.

Sometimes a  very fine n a tu ra l silica sand sus
pended in  w ater is used as the  wash, and ta r

T a b l e  I I I .—Recommended Specific Gravity Figures for 
Applying Wet Blackings.

Method
of

Application.
Specific
Gravity.

Degrees
Baume.
(Liquids
Heavier

than
Water.)

Degrees
Twaddell.

Blacking for 
spray or swab 1.21-1.24 25-28 4 1 .7 ^ 7 .9

Blacking for 
brush appli- 
action 1.26-1.28 30-32 52.2-56.6

Blacking for 
dipping 1.35-1.38 38-40 71.0-76.2

is also occasionally used fo r heavy work. 
Molasses or a vegetable oil such as linseed may 
be sprayed on th e  mould face before d ry ing  in 
order to  increase its  s treng th .

M e t h o d s  of  Mixing

There are  th ree  generally  used m ethods of m ix
ing : (1) by hand in  a bucket, (2) by compressed 
a ir  in  a barrel, and  (3) by m achine. I f  any wash 
be m ixed by hand  one canno t be sure of con
sisten t results. Some m oulders m ay use d ifferent 
qu an tities  and the  m ixing m ay no t be un iform , 
so th a t  lum ps m ay occur instead  of a rich cream y 
solution.

M ixing by compressed a ir  in a barre l, as shown 
in F ig . 1, is an im provem ent; b u t m ix ing  bv
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machine is the  m ost efficient means of ensuring 
a wash consistent in quality  and density as 
typified by F ig . 2. In  th is m achine the  w ater 
and blacking, etc., are placed in to  one of the 
conical tan k s and kep t c ircu lating  u n til a u n i
form m ix ture  is obtained. A bout half-an-hour

F i g . 2 .— M i x i n g  A p p a r a t u s  f o r  C o r e  a n d  

M o u l d  W a s h e s .

circulation  gives very excellent m ixing and the 
blacking will not settle  out for some hours. I t  
can, however, be stirred  up a t  any tim e by 
re s ta rtin g  the pump. Two tanks are provided, 
so th a t  when one is nearly  em pty, a fresh batch 
of blacking can be mixed in the o ther t a n k . '
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W ith  the  older system, where th e  m oulder 
dipped his blacking pot in to  a large ta n k  of 
blackwash, he had  e ith e r to  draw  o u t th in  liquid 
from  the  top  or heavy blacking from  th e  bottom . 
I f  th is  were to  be avoided, he had  to  stand  
some tim e s tir r in g  u p  the  m ix tu re . W ith  the 
machine, however, a un iform  blackw ash is always 
available for use. All carbonaceous m ateria ls  
used in  blackings have specific g rav ities  betw een 
1.5 and 2.0 and so will se ttle  out, some rem ain ing  
in suspension longer th an  others. The liquid 
they are  suspended in  plays an  im p o rtan t p a r t  
in th e ir  se ttlin g  tim e, those suspended in  an 
oil wash se ttling  quicker th a n  those in  clay 
w ater. The specific g rav ities of th e  various 
m ix tures recom mended a re  shown in  Table I I I .

M e t h o d s  of  A p p l i c a t i o n

There are  th ree  p rincipal m ethods of applying 
the  washes to  the  moulds and co re s : (1) By use 
of a swab, (2) by a brush , and  (3) by a spray . 
Of the th ree  methods, application  w ith  th e  spray  
is undoubtedly  th e  m ost efficient m ethod. I t  
ensures th a t  th e  wash is firmly a ttached  to  th e  
mould face by its  pen e tra tio n  betw een th e  sand 
grains, and gives a fine even coating  w hich is 
not liable to  chip or flake off.

A pplication of a wash e ith e r by swab or b rush  
has several d isadvantages. E ven coating  canno t 
be guaran teed  and  a th ick  coating , which tends 
to chip more easily and  to possess less perm e
ability , generally  results. B rush ing , too, if the  
sand be weak or coarse, breaks th e  surface and  
disfigures th e  casting , even if  no th ing  more 
serious results.

A single coating  is recom mended as best p rac
tice, b u t if m ore th a n  one coat be applied , th e  
previous coat should be thoroughly  d ried  before 
applying the  next. W hen apply ing  w ith  the  
swab th e  one coating  m ay be varied  in  thickness 
according to  the  size of the  job i t  is in tended  
for. The thickness of the  coating  m ay vary  from 
eh to  T'c in.



Sl eek in g D e n o u n c e d
I t  is a disadvantage to  sleek the  coating a fte r  

application , and if sleeking be im perative, sleek 
as little  as possible. Sleeking in dry- or green- 
sr.nd moulds lowers the  perm eability  by closing 
110 th e  mould surface and  drying is detrim ental. 
Im perm eability  caused by too much sleeking often 
resu lts in  spots of sand and blacking adhering 
to the top side of the  casting. This is specially 
liable to  occur in  broad or flat surfaces.

The dry-sand facing sand should n o t be too wet 
or the  pores of th e  sand will be filled w ith 
m oisture, which will preven t the  wash drying 
in. The wash is usually applied to  dry-sand 
moulds when the  sand is in the green sta te . Too 
m uch clay bond in  the  wash is also a possible 
cause of trouble, causing contraction  cracks a fte r 
drying.

The sand, too, plays an  im p o rtan t p a r t  in  the 
production of castings w ith  good finish. A high 
m oisture or clay conten t coupled w ith  unequal 
or rap id  d rying will cause contraction  cracks 
across the mould face. “  Flow ability ’ of the 
m oulding sand is also im portan t. Too much 
clay bond causes too high a green compression 
s tren g th  and  will give a poor “ flowability ” 
which will cause unequal ram m ing, producing a 
broken sand surface so th a t  ex tra  sleeking 
becomes necessary.

A nother coating which may be used, b u t which 
is no t popular a t present, is th e  deposition of a 
layer of lam pblack from  an oxy-acetylene flame. 
This is qu ite  satisfactory  when in combination 
w ith  some o ther coatings b u t is no t qu ite  re frac
to ry  enough itself fo r dry-sand work, although 
sometimes used to  coat green-sand moulds in to  
which steel has to  be cast.

Mo ul d  a n d  C o r e  W a s h e s  a t  A t m o s p h e r i c  
a n d  E l e va te d  T e m p e r a t u r e s

D escription o f A pparatus Used.—Y arioue 
washes, some of known composition, others pro
p rie ta ry  washes of different types, were tested. 
A q u an tity  of each was obtained and evaporated
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down to  a loam -like consistency. The evapora
tion  was done in  w ater ba th s where th e  tem 
p e ra tu re  never exceeded 100 deg. C. C are was 
taken  th a t  only w ate r was driven off.

Once the  wash was obtained like loam  a 
sufficient q u an tity  was placed in small sp lit core 
boxes for com plete dry ing . These boxes were 
2} in  deep and  2 in . d ia ., so th a t ,  when the  
te s t pieces were completely dried , they  would be 
standard  A .F .A . specimens. The e x tra  \  in . in  
leng th  was. allowed for shrinkage while d rying. 
A t th e  bottom  of th e  core box were several sheets 
of absorbent m ateria l, and below these was a 
perforated  disc to  allow free access of a ir, as 
shown in  F ig . 3.

D rying was necessarily a  prolonged procedure 
as th e  te s t pieces had to  a ir-d ry  several days 
before stoving, and  a t  first m any cores were 
spoiled owing to too quick a d rying. The aim  
was to  m anu fac tu re  blackwash te s t pieces and 
dry  them  u nder exactly  th e  same conditions as 
were p revalen t in  th e  foundry .

W ashes of all th e  usual com binations were 
tested  as were p ro p rie ta ry  ones fo r iron , steel 
and  non-ferrous work. I t  was u n fo rtu n a te ly  
found impossible thoroughly  to  te s t  th e  steel 
washes in  the  m anner desired owing to  lack  of 
facilities.

W a s h e s  T e s t e d  a t  A t m o s p h e r i c  T e m p e r a t u r e
The five washes were thoroughly  exam ined, and 

the A .F .A . dried  compression s tren g th , the  
A .F .A . perm eability  and  loss on ig n ition  tes ts  
were carried  out. The first wash tes ted  was an 
ord inary  iron and non-ferrous wash consisting 
m ainly of blacking and  clay w ater. The second 
was an  oil wash, ac tua lly  a m ix tu re  of b lacking 
and  wood ex trac t, for iron  and  non-ferrous work, 
and th e  th ird  wash consisted of sodium  silicate 
and blacking for iron and  non-ferrous work.

The fo u rth  was a p ro p rie ta ry  wash fo r use 
w ith cast iron, and the  fifth  was a p ro p rie ta ry  
wash for use w ith cast iron and steel. A nother 
p rop rie ta ry  wash for steel alone was tes ted , b u t 
owing to  its high shrinkage, te s t pieces w ithou t
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cracks could n o t be obtained  from  it. Table IV  
shows the  composition and physical p roperties 
of the washes used a t  room tem pera tu re .

Of these washes th e  oil wash had  th e  g rea te s t 
A .F.A. dried compression s tren g th , th e  figure 
being 1,184.0 lbs. per sq. in . The n ex t strongest 
was the  No. 5 p ro p rie ta ry  wash fo r cast iron  and  
steel w ith  a s tren g th  of 747.0 lbs. per sq. in . 
The o ther washes were all about th e  same 
s tren g th  of from  340 to 400 lbs. per sq. in.

The perm eability  of all th e  washes was sim ilar 
to  loam. The No. 4 p ro p rie ta ry  wash had  the  
h ighest perm eability  A .F .A . num ber of 0.81, and 
the  No. 1 o rd inary  clay w a te r wash was th e  
most im perm eable w ith  an A .F .A . num ber of 
0.037. The oil wash No. 2 had th e  h ighest 
loss on ign ition , and only had an  ash con ten t 
of 12.11 per cent. Sodium silicate blackwash 
and o rd inary  clay w ate r blackwash had  respec
tiv e  ash con ten ts of 14.12 and  22.87 per cent. 
The two p ro p rie ta ry  washes both  showed high 
ash contents, specially th e  cast iron  and  steel 
wash. The No. 5 wash had an ash con ten t of 
79.42 per cent, w hich suggested th e  presence 
of silica flour o r some o ther non-carbonaceous 
m aterial.

The required  p roperties of a wash fo r cast iron 
and non-ferrous m etals a t  atm ospheric tem p era 
tu res  are  : — (1) H igh  pe rm eab ility ; (2) low su r
face fr ic tio n ; (3) ab ility  to  form  a s trong  coat
ing firmly a ttached  to the sand, and (4) h igh loss 
on ignition .

A wash suitable for use w ith steel m u s t :— (1) 
Form  an  im perm eable skin to  resist m eta l pene
tra tio n  ; (2) have a low surface f r ic t io n ; (3) 
be re f ra c to ry ; (4) form  a strong  coating  firmly 
Attached to  the  sand, and (5) con tain  as little  
gas producing ingred ien ts as possible.

W a s h e s  a t  E le v a te d  T e m p e r a t u r e s

The washes previously m entioned w ere all 
tes ted  a t  elevated tem pera tu res . The te s tin g  
ap p ara tu s  was the  same as used by M r. F .
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H udson in his work on the  properties of mould
ing sands a t  elevated tem pera tu res  and described 
in his P aper*  on th a t  subject. The results ob
ta ined  are  shown in F igs. 4, 5 and C.

E xpans ion
All the washes were tes ted  fo r th e ir  expansion 

or contraction , and  g rea tly  vary ing  resu lts were 
obtained (F ig . 4). The p ro p rie ta ry  wash No. 4 
showed the  g rea test expansion, expanding  0.016 
in . on 2 in . A steady expansion took place 
w ith a sudden increase between 500 to  650 deg. 
C., which suggested together w ith  th e  h igh ash 
con ten t th is  wash contained, th a t  th e  sudden 
increase was due to  silica flour. The o ther 
p rop rie ta ry  wash, No. 5, showed th e  same te n 
dencies b u t th e  sudden alpha-beta  change only 
occurred a f te r  a steady contraction . This was, 
perhaps, caused by a large percentage of clay, 
probably benton ite , as th is  wash was in tended  
fo r use w ith both cast iron  and  steel.

The No. 1 ord inary  foundry  blackw ash behaved 
as one would expect from  its com position, a 
small steady expansion up  to  abou t 0.008 in. 
on 2 in. a t  750 deg. C., and th en  a steady 
contraction . The sodium silicate  blackw ash 
showed a sligh t con traction  followed by a  small 
expansion b u t was never fa r  from  th e  zero line. 
The oil wash steadily  con tracted  to  a m axim um  
of 0.007 in . on 2 in.

D ried  C o m p r e s s io n  S t r e n g t h  a t  E le v a te d  
T e m p e r a t u r e s

As shown by F ig . 5 all th e  washes excepting  
No. 1, o rd inary  foundry  wash, lost s tren g th  on 
heating . This one, however, re ta in ed  its 
stren g th  up to  500 deg. C. and  th en  decreased 
in  s tren g th  only very slowly. The oil wash, the  
strongest wash a t  room tem pera tu res , lost 
s tren g th  rap id ly , falling  from  about 1,200 lbs. 
per sq. in. a t  room tem p era tu re  to  230 lbs. per 
sq. in. a t 500 deg. C. Once th e  wood ex tra c t 
began to  coke above 500 deg. C. th e  s tre n g th  rose

* “ Some Properties of Mould and Core M aterials a t Elevated 
Tem peratures,” Proceedings Inst. Brit. Eoundrymen, Vol. X X IX ,
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again  to about 450 lbs. per sq. in a t  600 deg. C., 
from which tem pera tu re  i t  gradually  decreased 
again.

Both the  two p rop rie ta ry  washes showed the 
signs of a silica composition, decreasing in 
stren g th , rising  again  th rough  the  alpha-beta 
silica change point and decreasing again  from

-5. n s. to. 15.
r  nMTHafTtnw < — !—<. UN g 'm  o o q i in c k m .

F i g . 4 .

900 deg. C. These two washes were as strong 
a t  900 deg. C. as a t  room tem peratu re . The 
sodium silicate blackwash decreased steadily in 
s treng th , hav ing  no s treng th  a t  900 deg. C.

D r ie d  C o m p r e s s io n  S t r e n g th  a f t e r  C ooling  
f r o m  E le v a te d  T e m p e r a t u r e s

From  F ig . 6 i t  will be seen th a t  the washes, 
a f te r  cooling, behaved in a sim ilar fashion, fol-
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lowing closely the  graphs of the  previous tes ts  
a t  elevated tem pera tu res. The streng th s , how
ever, were slightly lower in alm ost every case. 
The silica change points were ev iden t in  both 
the  p rop rie ta ry  washes as before. The oil wash 
showed a sim ilar increase due to  th e  wood ex tra c t 
coking. The No. 1 foundry blackwash showed a
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Tewprhhtuhe. *C.
F i g . 5 .

steady decrease in  s tren g th  while th e  sodium 
silicate blackwash behaved sim ilarly , only on th is  
te s t it  had slightly  more s tren g th  a t  900 deg C.

Finish P r o d u c e d  by t h e  W a s h e s  T e s t e d  on  
A c tu a l  C a s t in g s  an d  E x p e r i m e n t a l  T e s t  B ars

All the  five washes were used in th e  foundry  
to blackwash ac tua l moulds fo r th e  production
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of iron castings, and resu lts a tta in ed  were as 
tab u la ted  on th e  nex t page.

A nother p rop rie ta ry  wash for steel castings 
was tr ie d  b u t, as w ith No. 5, i t  was unsatisfac
to ry . This wash was a w hite-pain t silica wash.

Two te s t bars were cast, one in  cast iron and 
one in  gunm etal (F ig . 7). Each te s t b a r was
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TEM?ERRTUgE °C.
F i g . 6.

coated w ith  six washes, the  five washes previously 
m entioned and a  six th , which was a m ix ture 
consisting of 24 p a rts  w ater, 12 p arts  plumbago, 
2 parts  dex trine  and 2 p a rts  bentonite, ex tra  
w ater being added when necessary. The bars 
were 3 f t .  by 6 in. by 3 in. deep. The bottom 
face and sides were coated w ith  th e  six washes, 
every 6-in. section being coated w ith  a different
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wash. There was one m ain ga te  w ith  six runners 
supplying each different section of the  bar. The 
cast-iron bar was cast a t 1,260 deg. C. and the  
gun m etal one a t 1,220 deg. C.

The bars were exam ined and the  resu lts agreed 
very closely w ith  th e  ac tua l te s t conducted in 
the  foundry. In  both cases the  oil wash had 
the best finish of the  five washes previously 
tested , but the  plum bago-dextrine-bem tonite 
wash was superior to  any of the  six on both 
oars. The appearance of the  te s t bars s tra ig h t 
from the  mould is shown in  F ig . 7.

1 Foundry blackwash
2 Oil blackwash

3 Sodium silicate 
blackwash

4 Proprietary wash for 
cast iron 

o Proprietary wash for 
cast iron and steel

Satisfactory finish. 
Satisfactory finish, best 
finish of all five washes 

tested.
Unsatisfactory finish, sand 

adhering to casting. On 
heating the sodium sili
cate rose to the surface 
of the test pieces, form
ing a white easily fusible 
surface.

Passable, but not definitely 
satisfactory.

H i g h l y  unsatisfactory, 
sand fused firmly to the 
metal.

C o n c lu s io n s
Iron and N on-ferrous W ashes .—The above te s ts  

give definite in form ation  on how th e  various 
ingred ien ts of a wash affect the  final finish. 
F or cast-iron and non-ferrous work, g rap h ite  
in  every case gives a be tte i finish to  th e  casting  
th an  any o ther m ateria l in  common use. In  
green-sand m oulding, however, a blacking con
ta in in g  a litt le  g rap h ite  and ad u lte ra ted  w ith  
some of th e  previously m entioned ing red ien ts will 
give a sa tisfactory  finish. In  dry-sand work 
where a wash is applied no g rap h ite  is required  
to give good results.

Silica flour is undesirable in iron or non- 
ferrous facings and if used will give an in fe rio r 
finish when compared w ith carbonaceous m ateria l.



593

F
ig

. 
7

.—
T

es
t  

B
lo

ck
 

sh
o

w
in

g
 

th
e  

E
ff

ec
t

 
of

 
V

a
r

io
u

s  
W

a
sh

e
s  

on
 

th
e  

F
in

is
h

 
of

 
G

u
n

m
e

t
a

l

(b
o

t
t

o
m

) 
an

d 
C

as
t 

Ik
on

 
(t

o
p

).



594

No. o p rop rie ta ry  wash fo r east iron  and steel 
and the  o ther wash fo r steel, both  con ta in ing  
silica flour, gave exceedingly bad resu lts , th e  
sand and facing  being strongly  fused to  the  
m etal. This wash con tracted  on hea ting , whereas 
No. 4 p ro p rie ta ry  wash, which also contained 
silica flour to  a lesser degree, expanded alm ost 
to  an  equal ex ten t as th e  dry-sand facing  sand 
it  was covering and  th e  finish was reasonably 
good. A wash such as No. 5 wash flakes from  
th e  mould and will cause a had finish and  prob
ably holes.

An ideal wash should have equal expansion 
as the  moulding sand. This is n o t so im p o rtan t 
in iron and non-ferrous prac tice  if the  wash be 
composed of high volatile m ateria ls, fo r exam ple, 
No. 2 oil blackwash. I f  a h igh  ash co n ten t be 
present combined w ith  unequal expansion, holes 
a n d 'd ir ty  areas, etc,, will occur.

H igh  in itia l compression s tren g th  is desirable. 
The wash w.ill th en  re ta in  its  s tren g th  u n til  a 
skin is form ed on the  casting , b u t once th e  
m etal is set the stren g th  could decrease in  o rder 
to  fac ilita te  th e  fe ttlin g  operations. The p er
m eability  of the  wash should be as h igh as pos
sible to  enable free ex it of the  gases from  th e  
m ould cavity.

S teel W ashes.—Silica flour seems to  be th e  best 
m ateria l fo r steel washes when used correctly . 
The wash for steel has to  be re frac to ry  and 
no gas being evolved the  expansion becomes very 
im portan t. In  order to  get the  best resu lts 
the wash m ust have th e  same expansion as the 
sand, otherwise one is sure to experience flaking 
which results in unsightly  castings. A p a r tia l 
rem edy is to  apply  the  wash only very th in ly . 
H igh  compression s tren g th  is recom mended b u t 
is useless unless th e  expansion of th e  sand and 
wash is equal.

Molasses or core oils are  u nsa tisfac to ry  b inders 
for large moulds unless in  conjunction  w ith  
ben ton ite  or some form  of clay, as th e  molasses 
b u rn  ou t and allow th e  silica flour to  fa ll off.
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Excessive additions will also cause blisters which 
fall off when th e  m etal strikes them .

In  regard  to  syn thetic  sands fo r any type of 
work, tes ts  seem to  ind icate  th a t  when blackwash- 
ing a  synthetic sand contain ing  ju s t sufficient 
am ount of clay bonding m ateria l, th e  blackwash 
washes away th e  covering bond and weakens the 
mould face. To co u n te rac t'th is  an ex tra  strong 
coating is suggested.

F inally , th e  au th o r expresses his thanks to  the 
d irectors of Glenfield & K ennedy, L im ited, to 
M r. H . G ardner, works m anager, for permission 
to  give th is  P ap er, to  M r. F . H udson for his 
advice and  help in  p reparing  th is  P ap er and 
also to  M r. F . McCulloch fo r his assistance in 
p reparing  the slides.
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London Branch (East Anglian 
Section)

P a p e r  N o M 2 SO M E C O N S ID E R A T IO N S  O F  C U P O L A
O P E R A T IO N

By H. H. S H E P H E R D  ( M e m b e r )

In t r o d u c t i o n
The in itia tio n  of th e  cupola fu rnace  is usually 

a ttr ib u te d  to th a t  well-known e igh teen th  cen tu ry  
English foundrym an, Jo h n  W ilkinson, b u t i t  
would be more correct to  s ta te  th a t  th is  fu rnace  
was gradually  evolved from  th e  b last fu rnace  
and its  modifications. I t  m ay be co rrec t to  s ta te  
also th a t  his p a ten ted  “  low erection , n o t ex 
ceeding 10 fee t high ” fu rnace  was th e  fore
ru n n er of th e  cupola. As to  the  m ethod of 
operation  such as i t  is known to-day, th e  first 
recorded instance of a lte rn a te  charg ing  of pig- 
iron, scrap and coke is th a t  contained in  a 
p a ten t g ran ted  to  a  Jo h n  W hite  in  1824.

The p ast 15 to  20 years have seen several 
o ther methods of m elting  iron  for th e  foundry  
in troduced and, in  some cases, these new m ethods 
have become firmly established. One could give 
num erous instances where one or o ther of these 
new er m elting  m edium s have displaced the  
cu p o la ; nevertheless, th e  prophets of a few years 
ago who said th a t  the  in troduction  of a p a r
ticu la r m ethod of m elting  would resu lt in  th e  
ex tinc tion  of th e  cupola have been proved wrong. 
The application  of these m ore m odern m ethods, 
like th e  application  of m echanisation  to  th e  
foundry , can be overdone, and i t  can prove 
to be en tire ly  w rong in  some cases.

The au th o r would hasten  to  add th a t  he does 
no t possess any views which m ay be term ed  old- 
fashioned or biased, b u t the  fac ts a re  th a t  
there  is still m uch in  favour of cupola m elting



as an efficient and economical m elting m ethod 
under m any conditions. H igh-quality  castings 
of all sizes, shapes and w eights can be pro
duced from m any widely differing types of m ix
tu res  rang ing  from  ord inary  w hite irons—includ
ing those requ iring  subsequent tre a tm en t to 
render the  castings made from  them  in to  m alle
able cast iron—th rough  countless varieties of 
o rd inary  grey cast irons to  alloy cast irons.

I n h e r e n t  A d v a n ta g e s
I t  is well w orth  while to  note some of the 

advantages of cupola m e lting : —
(1) The cupola is th e  quickest m ethod of 

m e ltin g ;
(2) I t  is the  cheapest m ethod of m elting 

when considered from  th e  practice of m elting, 
a lo n e ;

(3) W ith  the  exception of the  electric fu r
nace, th e  cupola has a h igher therm al efficiency 
th an  any o ther furnace. This therm al 
efficiency ranges from  35 to  45 per c e n t.;

(4) P roperly  controlled cupola practice will 
give a continuous supply of hot and w hat is 
of perhaps g rea te r im portance—exceptionally 
fluid i r o n ; and

(5) There is ano ther advantage, which is 
th a t  cupola m elting  is em inently  suitable for 
foundries requ iring  a con tinu ity  of m etal sup
ply over long periods of tim e.
The quality  of cupola m etal can be very much 

enhanced if  the  m anagem ent is p repared to  give 
as much care to  control as is given to  o ther types 
of m elting  furnaces. F undam entally , th e  cupola 
has not a ltered  in  its general design and method 
of opera ting  over the  past 100 years or more. 
There have been m any pa ten ts  re la ting  to  design 
and  practice  alm ost since its inception, b u t most 
of them  are  obsolescent, and one can set down 
the  chief modifications as being again brough t 
about more by evolution th an  by sudden changes. 
The heigh t, for instance, has been gradually  in 
creased and th e  modern co u n te rp art of John
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W ilkinson’s “  low erection fu rnace  n o t exceed
ing 10 fee t h ig h ,” is a s tru c tu re  which m ay vary  
in  to ta l he igh t from  22 to  40 feet.

C o n s t r u c t i o n
The m ost im p o rtan t dim ension in  respect of 

th e  fu rnace  heigh t is th e  d istance betw een th e  
top of the  first row of tuyeres and  th e  charg ing  
door sill. This is known as th e  effective heigh t, 
since th e  shorter i t  is th e  less th e  efficiency due 
to  h ea t losses and  loss by incom plete combustion. 
The sho rter th is  he igh t th e  g rea te r th e  tendency 
for flames or com bustible gases to  be p resen t 
a t  the  charg ing  door, yet lack of flame a t  the  
charging door does n o t necessarily ind ica te  
efficient practice, i t  all depends upon th e  am ount 
of CO gas escaping, each u n it  of w hich rep re 
sents a loss of tw o-th irds of th e  available h e a t 
un its. F rom  th is i t  follows th a t  th e  only sure 
m eans of determ in ing  how efficiently a  cupola 
is opera ting  in  respect of com bustion is to  an a 
lyse the  top gases. F o r o rd inary  p rac tice  th e  
CO con ten t m ay range  from  6 to  10 p er cent, 
or more, w ith  properly  controlled p rac tice  i t  can 
be b rough t down to  3 or 4 per cent, and , in  
certa in  practice, m ay be less th a n  2 per cent.

I t  will be appreciated  th a t  as th e  effective 
heigh t of th e  cupola increases so does th e  resis
tance  to  th e  b last increase, there fo re , th e re  is a 
lim it to  th is effective heigh t. In  cupola design 
i t  is usual to  calculate the  effective h e igh t on 
th e  basis of ra tio s to  th e  d iam eter of th e  fu rnace  
a t  th e  m elting  zone; these will range  from  4.1 
for small cupolas, to  as m uch as 6.1 o r more 
for la rg er sizes. The h e igh t from  th e  base p la te  
to  th e  charge door of m oderate-sized cupola 
should n o t be less th a n  five tim es th e  m elting  
zone d iam eter if one is to  ob tain  efficient 
practice.

D i a m e t e r  o f  She ll
I t  follows, as a  m a tte r  of course, th a t  the  

size of cupola one uses is alm ost en tire ly  
governed by th e  o u tp u t requ ired . In  ac tua l



fact, th e  la rger th e  d iam eter th e  b e tte r the  
results , o ther th ings being equal, and w ith the  
proviso th a t  all th e  m etal m elted can be handled 
w ithout recourse to  the  practice of p u ttin g  the  
b last on and  off, a  procedure which is fa ta l to 
good cupola operation.

I t  is generally advisable to  in s ta l a cupola 
which will perm it m elting of more iron per hour 
th an  th e  am ount actually  required, im m ediate 
requirem ents being controlled by increasing the 
thickness of th e  lining. Double the in itia l m elt
ing  requirem ents is a safe figure to  work to  in 
selecting a  su itably  sized furnace. I t  should 
not be more th a n  tw o and a half tim es the  
im m ediate capacity  required  per hour, otherwise 
th e  lin ing  will be so th ick  th a t  a  g rea t deal of 
ex tra  coke will be necessary in  the  bed and first 
few charges to  h ea t th is  lin ing, resu lting  in 
abnorm ally high carhon and possibly h igh sul
p h u r m etal. Moreover, such practice is not 
economically sound, and m ay react very defi
n itely  ag a in s t securing good castings.

Tuyeres
As to  the  position of the  tuyeres, the heigh t of 

th e  first—or ma3'be th e  only—row from the  base 
p late  will be largely governed by the  am ount of 
iron (if any) i t  is desired to  store in the  well. 
Two to  two and a half feet from the base plate 
represents average practice when a fa ir  storage 
is required , b u t in  receiver or continuous m elt
ing practice th is he igh t is usually much less and 
may only be a few inches. Considering the 
effects of tuyere  positions alone, low tuyeres in 
crease the  effective height of the  cupola and, 
of course, save bed coke. Furtherm ore , when i t  is 
realised th a t  th e  coke bed below the  tuyeres has 
no effect upon the  speed of m elting, and one 
can say th a t  th is  coke has no beneficial effect 
upon the  tem p era tu re  of th e  iron, i t  may have 
detrim en ta l effects; th en  for best results the 
tuyeres should be as low as is consistent w ith 
th e  am ount of m etal i t  is required  to hold in the 
well before tap p in g . The heigh t of the  tuyeres 
will determ ine th e  heigh t of the bed.
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M ost of the sta tem en ts ju s t  m ade re fe r to  a 
single row tuyere  condition, w hereas m odern 
practice employs two o r more rows of tuyeres.. 
There have been m any m odifications in  the 
design, num ber and positions of tuyeres. Two 
rows, th ree  rows and spirals of tuyeres, th e  las t 
system being first used about 1850-60, have all 
been employed to  a g rea te r or lesser ex ten t, b u t 
w ith th e  exception of one or two types of 
cupolas, these varie ties have died out, and  i t  is 
found th a t  the  o rd inary  tw o row tu y e re  design 
predom inates.

Sum m ing up th is question of “  one or two 
rows of tuyeres?  ”  the  au th o r would express th e  
opinion th a t  two rows of properly designed and  
positioned tuyeres will resu lt in m ore rap id  m elt
ing and h o tte r iron  th a n  is usually  th e  case if 
one row only is used.

The m ost su itab le  shape for tuyeres is a m a tte r  
which involves. m any opinions, b u t perhaps th e  
slightly  flared tuyere  of n o t too large dim ensions 
would m eet w ith general acceptance. By “  no t 
too large dim ensions ” is m ean t th a t  i t  is fa r  
be tter to  employ a  num ber of tuyeres of such size 
to have th e  desired to ta l a rea a t  th e  ou tlets 
than  to use only two or th r e e ; th is  is especially 
the case w ith flared tuyeres.

I t  is well known th a t  th e  to ta l cross sectional 
a rea  of th e  tuyeres should bear some definite 
re lationship  to  th e  area  of th e  fu rnace a t  the  
m elting zone. M any years ago Cook recom
mended th e  following, based on th e  type of 
castings produced : —

F o r soft castings, tu y e re  a rea  =  ^ of m elting  
zone area.

F o r general castings, tuyere  area  =  -J of m elt
ing zone area.

F o r cylinder castings, tu y e re  area  =  of 
m elting  zone area.

An A m erican au tho rity , Y. A. D yer, also some 
years ago, published th e  following recom menda-
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area  : —

F o r cupolas from  24 in. to  42 in. dia. = 1 : 5 .
F o r cupolas from  44 in. to  62 in. dia. = 1 : 6 .
F o r cupolas from  64 in. to 82 in. dia. = 1 :7
F o r cupolas from  84 in . to  90 in. d ia . =  1 : 8 to

1 :8.3.

U ndoubtedly, the  most successful practice 
which has incorporated  more th an  one or two 
rows of tuyeres is th a t  of the Balanced Blast 
system. Space will n o t perm it the  consideration 
to any ex ten t of th is  design and method of 
cupola operation , which was devised by F letcher, 
and which is pa ten ted  by the B .C .I.R .A . E. 
W harton , W. Y. B uchanan and the  au thor of 
th is P a p e r have dealt p re tty  fully w ith  the 
Balanced B last cupola system, and  those who 
a re  fu r th e r  in terested  are  referred  to  these 
Papers . 1 2 3 4

The rap id  and  continued success of F le tch er’s 
system is strik ing ly  illu stra ted  by th e  fac t th a t  
w ith in  th e  course of about six years something 
like 140 B alanced B last cupolas have been in
stalled, and the  to ta l hourly capacity  is over
1,000 tons. F u rth e r, th e ir  in stalla tion  has been 
w idespread, fo r besides m any which are opera t
ing  in  th is country, th e re  a re  also m any in use 
or in  course of insta lla tion  in  A ustralia, Ind ia , 
America, D enm ark, C hina, Czecho-Slovakia, 
G erm any and  F rance, etc. Surely, a  rem arkable 
achievem ent in a com paratively short space of 
tim e.

I t  can be s ta ted  w ithout fear of contradiction 
th a t  th is  success is due to the fac t th a t  F letcher 
was the  first to  realise th a t  to secure and m ain
ta in  a properly balanced atm osphere, would 
necessitate a specially designed cupola, 
particu la rly  re la ting  to  the tuyeres, and th a t  all 
these would require to be ad justable in  order to 
obtain  the  correct balance of a ir between the 
m ain  lower tuyeres and the auxiliary  upper 
tuyeres. F u rth e r , the  a tta in m en t of a correctly 
balanced atm osphere was worked ou t by F letcher
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on different lines from those previously ad o p te d ; 
in o ther words, the  princip le adopted by him , 
as a resu lt of investigation  and experience of 
m any types of m elting and sm elting furnaces, 
was th a t  the a ir  supply to  th e  lower p a r t  of the  
coke bed should be restric ted  so as to  lim it the  
am ount of free a ir  o r oxygen in  th is zone to

F i g . 1 .— M e t h o d  o f  H a n d l in g  R a w  M a t e r ia l s  at t h e  
A u t h o r ’s  F o u n d r y .

the  lowest p rac tica l lim it and, a t  th e  sam e tim e, 
m ain ta in  th e  m axim um  am ount of carbon mon
oxide in  these gases.

The carbon monoxide is la te r  b u rn t to  carbon 
dioxide by the  aux ilia ry  tuyeres. The p ractical 
resu lt is th a t , rap id ly  m elted, h igh  tem p era tu re  
and fluid iron free r from  oxidation , is obtained
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under economical conditions, and invariably  the 
Balanced B last system shows considerable savings 
in coke.

C h a rg in g
M echanical handling is rapidly  tak in g  the 

place of m anual labour and m odem  foundry

F i g . 2.— S h o w s  t h e  S l o p in g  B i n s  a n d  S p e c ia l  C o n t a in e r s  to  
H a n d l e  R a w  M a t e r ia l s .

stock-yards are usually equipped w ith overhead 
travelling  cranes.

F igs. 1 and 2 illu s tra te  the  method of raw 
m ateria ls handling a t  the foundries w ith which 
th e  au th o r is associated. The m aterials are 
loaded into sloping bins from which they  can be 
raked in to  specially designed containers which
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pass over w eighbridges in  order th a t  the  appro 
p ria te  am ount of each of th e  constituen ts of the  
cupola charges can be weighed to  w ith in  (reason
able lim its.

M echanical charging of cupolas is becoming 
more and more popular and is, in  fac t, alm ost 
a necessity fo r cupolas opera ting  large  m elts 
over long periods. There are , however, few 
mechanical chargers which do th e  job really 
efficiently, th e  most sa tisfac to ry  type , so f a r  as 
the au th o r is concerned, is th a t  em ploying th e  
“ drop bottom  ” bucket principle. The type  of 
bucket and m ethod of operation  a re  illu s tra ted  
by F ig . 3.

I f  the  installing  of a cupola p la n t and 
mechanical charger is contem plated , th en  a fa ir  
sized cupola p latfo rm  is recom mended as an 
investm ent well w orth while. F o r m echanical 
charging the  au th o r does n o t advise m ix ing  the  
coke w ith  the  m etal charge in  th e  buckets, but 
recommends th a t  a supply of coke and lim e
stone be kep t on the  cupola p latfo rm , and  th a t  
these are  weighed and charged in to  th e  fu rnace  
separately , preferab ly  by th e  m an hand ling  the  
bucket hoist if th is  be th e  system  employed.

So fa r  as hand  charg ing  is concerned, too 
much stress cannot be laid  on th e  fac t th a t  to  
charge a cupola correctly  in  o rder to  o b ta in  
un iform ity  of m elting  does requ ire  some care and 
though t. To p u t any sort of labourer to  “  throw  
in ” the  charge is a g re a t m istake. I t  is well 
w orth while m aking sure th a t  charg ing  is carried  
out correctly, and even w ith  m echanical m eans 
some considered a tte n tio n  m ust be given if th e  
best results a re  to  be obtained.

B lo w in g  U n i t s
The cen trifugal fan  has come to  be accepted 

as an  efficient m eans of supplying th e  a ir  blast. 
I t  is cheaper and less costly to  m a in ta in  th an  
the positive blower of the R oots type , and since 
the elec tric  c u rren t consumed is p roportional to 
the volume of a ir  used, the  power costs are  also 
less. The delivery of a ir  is more au tom atically



605

and simply controlled w ith the  fan  blower, for, 
since the  q u an tity  of a ir  delivered varies w ith 
the resistance m et, control of a ir volume can 
easily be obtained by operation  of a b last gate 
fitted directly  in  the  m ain blast pipe. F or these 
reasons a variab le  speed m otor is not necessary.

F a n  blowers are much more sensitive to  fu r
nace varia tions, such as obstructions, slagging 
of tuyeres, etc., th an  are  positive blowers.

F i g . 3 . — S h o w i n g  D r o p  B o t t o m  T i t e  
B u c k e t  u s e d  f o r  M e c h a n ic a l l y  
C h a r g in g  a C u p o l a .

A nother po in t of in te rest w ith regard  to  the 
la t te r  is th a t  usually a more uniform  volume of 
blast resu lts th a n  from a fan,  especially when 
the equipm ent is new or k ep t in  first-class con
dition.

I n  U .S.A. there  are m any cupolas receiving 
th e ir  a ir  supply from  Roots type blowing plants, 
This is probably because of the much larger size 
of cupola th a n  is  custom ary in th is country, and. 
pbviously, w ith  such furnaces the  resistance
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offered by the  charges is very considerable. How
ever, even in  these cases th e  fan  is rep lacing  the  
positive blower.

Considering fans and  blowers purely from  a 
point of view of efficiency of cupola control, 
the  au th o r has no definite opinion or recom
m endation to  offer. H e is inclined tow ards

F i g . 4 .— B l a s t  P r e s s u r e  C h a r t ; B a l a n c e d  
B la st  C u p o l a .

favouring  the  positive blower, and  some of the  
advantages of th is m ethod of supplying a ir, 
which have been referred  to, namely, th e  g rea te r 
tendency to  a more un iform  a ir  volume and less 
susceptib ility  to  fu rnace  conditions, have in 
fluenced the au th o r in th is direction . D uring  a 
recent v isit to  m any G erm an foundries the
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au th o r was very in terested  by the  fa c t th a t  the 
positive blower was being used exclusively.

C o n s t a n t  V o lu m e  Essentia l
In  modern cupola practice i t  is recognised th a t  

pressure is only of secondary im portance com
pared  to  the  volume of a ir en tering  the furnace.

F i g . 5 .— B last P r e s s u r e  C h a r t ; B alanced 
B la st  C u po la .

The b last should, therefore, be regu lated  to keep 
a constan t volum e; w ith  a positive blower regu 
la tion  th is is controlled by varying the speed 
of the  d riv ing  m otor. I t  is advisable w ith fan 
blowers to  regu la te  the volume by a  blast gate 
in  the  m ain which is now the recognised prac
tice. F an  blowers should be so equipped th a t
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they can be driven a t  such a speed th a t  sufficient 
volume is available a t  the  h ighest pressure likely 
to  be encountered. Good p ractice  should aim  a t  
contro lling  the  volume of a ir  fo r small and 
m edium  sized furnaces, w ith in  plus o r m inus 5 
to  73, per cent, of th e  a ir  requ ired  p er m inute, 
and w ithin 10 per cent, for large cupolas.

W hilst volume is of first im portance, pressure 
conditions and control should also be tak en  in to  
account. As is well known, th e  pressure of th e  
blast required usually increases w ith  increase in 
d iam eter. The tendency to  blow a t  h igh  pres
sures was associated w ith  th e  tim e when positive 
blowers were more popular th a n  they  a re  now.

The positive blower, as its  nam e im plies, a 
positive pressure, b u t as previously s ta ted , in 
the case of the fan  the  ind ica ted  pressure de
pends to  some ex ten t on the  resistance offered 
by the  charges in  the  fu rnace  and  any obstruc
tions a t  th e  tuyeres. F o r th is  reason, knowledge 
of th e  volume of a ir  delivered to  th e  cupola per 
u n it tim e becomes of increasing im portance. 
R eliable in s trum en ts can now be purchased to  
m easure and  record b last volume and pressure.

I f  founders a re  seeking correct a ir  control in 
conjunction w ith  the  proper m easuring  in s tru 
m ents the  following w arn ing  is given. M ake 
sure th a t  the  cupola is reasonably a ir t ig h t a t  
the tuyeres, connections, e tc ., and  th a t  welded 
and o ther types of jo in ts in  th e  delivery pipes 
and a ir  belts have no t cracked o r w arped, o ther
wise the  figures as to a ir  supply will be errone
ous and consequently very m isleading.

The au th o r’s p ractice  is to  blow w ith  as low 
a pressure as is consistent w ith  ob ta in ing  the  
required  a ir  volume and m elting  ra te , o ther 
th ings being equal. F o r a 27-in. m elting  zone 
d iam eter cupola 7.5 ozs. was th e  average pres
sure used, w hilst i t  was found th a t  in  th e  case 
of B alanced-B last cupola p ractice  th e  pressure 
could be as low as 5 to  6 ozs. and  s till become 
very hot and  fluid iron. F igs. 4 and  5 show 
blast pressure charts  of a B alanced B last cupola 
which was operated  under these conditions.
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A c tu a l  R e q u i r e m e n t s  o f  A i r
To calculate the  am ount of a ir  required  a 

p rac tica l figure of 140 cub. f t .  per pound of 
coke can be used when th e  coke contains 92 per 
cent, carbon. Using th is  figure and a m etal 
to  coke ra tio  of 10 :1 , i t  is found th a t  224 lbs. 
of coke and 31,350 cub. f t .  of a ir  will be required 
per ton  of m etal. M ultip ly ing  th is  figure by the 
hourly m elting  ra te  of th e  cupola gives the 
am ount of a ir  requ ired  per hour. H . Y. Craw
ford has clearly shown th a t  th e  q u an tity  of a ir 
required  m ay vary  from  approxim ately 30,000 to
20,000 cu. f t .  per ton  of iron  depending upon 
varia tions in  atm ospheric conditions, and th a t  
fo r correct p ractice th e  a ir  should be m easured 
by w eight and no t by volume, in  order th a t  the 
am ount of oxygen shall be constant. Space 
prevents detailed  consideration of th is  in te re s t
ing  and im p o rtan t phase of cupola p ractice, and 
th is section of the  subject will be concluded by 
strongly recom m ending th e  use of a somewhat 
lower volume of a ir— about 5 per cen t.—than  
the  calculated requirem ent. I t  is, in  any case, 
advisable to  employ th e  m inim um  ra th e r  than  
the m axim um  qu an tity .

L in ing  t h e  C u p o la
The m ost modern procedure is to  line th e  fu r

nace w ith  siliceous m ateria l which, a f te r  being 
suitably  prepared, is ram m ed between th e  shell 
of th e  furnace and a tem pla te  or form er. The 
au th o r has no criticism  to  m ake of th is  method 
provided th a t  th e  lin ing  m ateria l is correctly 
p repared  and applied, and proper a tten tio n  is 
given to  the  drying out. I t  is, however, correct 
to  s ta te  th a t  unless one tre a ts  a monolithic 
lin ing  when it  is first p u t in  like a raw  fireclay, 
by giving i t  a very careful drying and  firing 
ex tending  over several days before being pu t 
in to  practice, fa ilu re  is sure to  result.

Personally , th e  au th o r prefers to  use good 
firebricks—not too hard , and contain ing about 
30 per cent, of alum ina. One reason fo r th is  is 
th a t  the  operation  of the  C rane foundries does

x
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not perm it the  tim e fo r in sertin g  m onolithic 
linings. A 3-in. layer of g an is te r  is always 
placed on a new brick lin ing  from  base p la te  to 
well above the  tu y e res ; th is  gives good p ro tec
tion  to  the  brickw ork d u ring  th e  first m elt a f te r  
lining. Such a lin ing  will las t over 11 to  12 
m onths, which i t  is fe lt is good considering the  
cupolas operate  fo r 10  to  1 1  hours each day 
and have annual o u tp u ts  of 8,000 to  10 ,000  tons 
of m etal.

The daily patch ing  p rac tice  consists of using 
first quality  gan ister, to g e th er w ith  1 -in. fire
bricks ; a few full-sized firebricks a re  required  
two o r th ree  tim es a week in  th e  m elting  zone.

S tan dard ised  Patching
A t th is stage an im p o rtan t po in t in  regard  

to the in te rn a l d iam eter of th e  cupola should be 
m entioned. I t  is a simple m a tte r  to  calculate 
th e  m elting ra te  of a  p a rt ic u la r  d iam eter, since 
any correctly  opera ted  cupola will m elt 10  to  
1 1  lbs. of iron per hour per square inch of area  
a t  the  m elting zone ; an a lte rn a tiv e  figure of 
0.75 ton  per hour per square foot of bore a rea  
a t  the  tuyeres can be used. Obviously, th en , if 
the  d iam eter is allowed to  vary  m uch from  the  
correct diam eter, e ith e r by being m ade sm aller 
or larger, i t  will seriously affect th e  o u tp u t. 
P robably m any cases of troub le could be traced  
to large varia tions in th e  d iam eter of the  fu r 
nace a f te r  patch ing . To obviate such troubles 
th e  cupola should be patched each day  to  a 
stan d ard  diam eter, and  i t  is advisable to  in s is t 
th a t  th e  furnacem an  uses a gauge stick  c u t to 
the  dim ensions of th e  d iam eter requ ired . I t  is, 
of course, necessary to  see th a t  w here patch ing  
finishes shelving o r sudden tap e rs  in  th e  g an is te r 
are avoided, otherw ise “  hanging  ”  o r “  scaffold
ing ”  will occur.

To force a given d iam eter fu rnace  to  give a 
much g rea te r o u tp u t th a n  is th e  correct o u tp u t 
for th a t  size by blowing h a rd  is bad practice , 
as i t  is likely to  cause oxidised iron  and  a 
severely cu t lining.



Sand  B o t to m  a n d  T a p  H ole
Considerable care is necessary in  m aking the 

sand bed or b o tto m ; the  ta p  hole and also the 
slag hole, if sound and trouble free practice is 
to  be obtained. Good sand, yet no t too strong, 
m ust he used for the bottom , and i t  m ust he 
well ram m ed, h u t no t too hard . F a ilu re  to 
observe these precautions will resu lt in either 
m etal possibly leaking th rough  the  bottom  doors 
or considerable difficulty in g e ttin g  the sand 
bottom to  drop away when the  doors a re  re 
leased a t  the  end of a m elt.

There are. a num ber of well-established ways 
of form ing th e  ta p  hole, b u t where i t  is required 
to stop th e  flow of m etal a fte r  the required 
am ount is draw n off, th e  au tho r prefers to  use 
a ta p  hole brick. This consists of a tapered  
brick carry ing  a tapered  2J in. to  3 in. diam eter 
hole th rough  the  c e n tre ; th e  ta p  hole proper— 
usually £ in . to  § in. in d iam eter and about 3 in. 
in length—-is form ed round a wood peg pa tte rn .

I f  foundry conditions are such th a t  a continu
ous supply of m etal can be tak en  care of 
th roughou t the m elt w ithout resorting  to  stop
ping the  ta p  hole, then  a ta p  hole brick is a 
necessity. I t  should be about 3 or 4 in. th ick  
and have two ta p  holes s itua ted  in it, one being 
about 2 to  2 |  in. above the  o th er; then , if  for 
any reason the lower hole seizes up, the  top one 
can be opened.

As to  the  d iam eter of ta p  holes for continu
ous operation , a |- in . hole will deliver about 
5 tons of m etal per hour, w hilst f  in. and J  in. 
will give 10 and 15 tons per hour respectively. 
Consideration of the  above will indicate th a t  
carefu l a tten tio n  m ust be paid to the  size of the 
tap  hole when the m etal is ru nn ing  continuously 
from th e  cu p o la ; fu r th e r, it  is no t advisable to 
adopt such practice unless the  foundry can take 
care of a t  least 5 to  6 tons of m etal per hour.

Slag  S e p a r a t in g  Devices
Slag separa ting  devices are  associated w ith  the 

tapp ing  equipm ent, particu larly  in  continuous
x 2
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tapp ing  practice. A simple form  of slag se p a ra t
ing spout is illu s tra ted  in  F ig . 6 . As th e  spout 
is filled w ith m etal, th e  slag is held back by the 
bridge (m ade of firebrick) and  passes off a t  r ig h t 
angles to  the  flow of the m etal. A t th e  end of 
the heat the  m etal le ft in lowest regions of the  
spout is tapped  off th rough  a side hole.

An anonymous w rite r in  a recen t issue of the  
A merican jo u rn a l “ The F o u n d ry ,”  gave some 
very in te re stin g  observations and  recom m enda
tions ap p erta in in g  to  fro n t slagging spouts. 
These followed on th is  w rite r’s a tte m p t to  design 
a  slagging and  tap p in g  spout which would not 
“ blow ”  a t  the  fro n t. The following, ex trac ted  
from th e  artic le  in  question, sum m arises the  
m a tte r  very w ell:

F i g . 6 .— A  S i m p l e  F o r m  o f  S l a g  
S e p a r a t in g  S p o u t .

“  Successful app lication  of a' f ro n t slagging 
spout depends en tire ly  on th e  courage displayed 
by th e  foundrym an in  m aking  th e  spout so th a t  
the iron will ru n  uphill. In  m any instances the  
fro n t slagging spout has been a fa ilu re  because 
the  foundrym an will n o t m ake th e  difference in 
elevation sufficient to  seal th e  ta p  hole. To 
p reven t a ir  an d  slag from  blowing th rough  th e  
tap  hole th e  s ta tic  head of m etal in  th e  spout 
m ust be g rea te r th a n  th e  pressure in  the  
cupo la .”

Obviously, th en , dim ensions which app ly  to  
th e  head of m eta l in th e  spout canno t be fixed 
for any given s p o u t; i t  will vary  w ith  th e  pres
sure in  th e  cupola. F ig . 7, tak en  from  the  
a rtic le  re fe rred  to, shows th e  vary ing  dim ensions



necessary fo r th e  spout, and , also diagram - 
m atically, illu stra tes a  slagging and tapp ing  
spout based on th is  principle.

The m ost obstinate  “ h a rd  ”  ta p  hole can be 
opened w ithou t the  risk  of badly dam aging it  
by heavy ham m er or chisel blows and  re su ltan t 
accom panying dangers and troubles for the 
rem ainder of th e  m elt. The equipm ent needed 
comprises a  w elder’s burner, oxygen and acety
lene gas and a piece of f-in . or J-in . gas pipe. 
To open the  hole h ea t i t  w ith the  bu rner till the  
set m etal commences to  run,  then  quickly
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Dimension X
14  ozs 4 '
16 4 * "
/8 5 ’
7 0 5 Ï

F i g . 7 .— S h o w s  t h e  v a r y in g  D im e n 
s io n s  f o r  t h e  S p o u t , a n d  a S l a g 
g in g  a n d  T a p p in g  S p o u t .

remove the  bu rner and, having previously con
nected th e  gas pipe to  a cylinder of oxygen, 
tu rn  on the gas and force th e  pipe—which will 
commence to  bu rn—into  the  hole u n til it  is 
freed, an operation  which will only tak e  a few 
m inutes in  all.

T h e  C o k e  Bed
C orrect he igh t and a  properly prepared and 

conditioned coke bed is essential. M ake a  point 
of s ta r tin g  off w ith a p roper coke bed and the 
foundation  for a successful m elt is established. 
I t  is well known th a t  th e  am ount of coke for the 
bed is decided by th e  heigh t required and not
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by w eigh t; i t  is weighed only for recording how 
much coke is  used, for th e  purpose of costing 
and  stock records. Once a  fire is s ta r te d  the  
coke should no t be forked on ju s t  anyhow, b u t 
added in com paratively sm all lo ts a t  a' tim e  and 
in  the  places where previous add itions have 
b u rn t th rough . The aim  should be to  build  up 
a  level and solid bed. To m ake su re  th a t  the  
coke does n o t “  hang  ” in  any p a r t  of th e  bed 
i t  is recommended th a t  th e  lower tuyeres  be 
poked a t  several in tervals d u rin g  th e  m ak ing  up 
of th e  bed.

The a u th o r’s p ractice  is to  build  up  th e  bed 
to  w ith in  3 or 4 in . of the  requ ired  h e ig h t and 
to  burn  th is  th rough  till a ll th e  coke is a  b rig h t 
red, th en  50 to 75 lbs. of lim estone a re  added 
and th e  rem ainder of th e  bed coke added, a f te r  
which charg ing  commences, and  “  blowing ” 
s ta r ts  im m ediately a fte rw ards. The ta p  hole 
is le f t open t i ll  th e  m etal is seen to  pass th e  
tuyeres, which usually  occurs in  5 to  6 m in ., th en  
i t  is stopped w ith floor sand. F o r  reg u la r 
“ b o tting  ” o r stopping th e  ta p  hole, a m ix tu re  
of strong  clay m ixed w ith  a  l i t t le  coal d u st is 
used.

A very useful way of checking th e  bed con
d ition  and th e  work of th e  fum acem an  in  th is  
connection, is to  analyse th e  first few ladles 
tapped'. I f  th e  to ta l carbon and  su lp h u r are 
h igher th an  th e  resu lts obtained when th e  bed 
conditions a re  standard ised , i t  is safe  to  con
clude th a t  th e  bed was e ith e r too  h igh  or no t 
b u rn t th rough  uniform ly o r sufficiently. On the 
o ther hand , lower carbon, silicon, and  maybe 
sulphur, indicates th e  reverse conditions.

C h a rg es
All m ateria ls—pig, scrap, coke and lim estone -- 

com prising th e  charge should be weighed and  
scales dem anding th e  use of loose w eights should 
be avoided, as invariably  some of th e  w eights ge t 
lost and cause m any inaccuracies to  arise.

The w eight of th e  charges have considerable 
influence on the  w orking of th e  fu rnace . R eason
ably heavy m etal charges rap id ly  absorb h ea t
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from  th e  fu rnace  gases and so tend  to  increase 
th e  therm al efficiency by reducing the  lost heat 
un its , and  also m inim ise the  escape of CO. 
F le tcher has shown th a t  lig h t m etal charges 
sandwiched between shallow coke charges give 
rise to  oxidised m etal and  require  more coke per 
charge to  m ain ta in  the  required tem pera tu re . 
On th e  o ther hand , if th e  w eight of th e  charge 
be too g rea t, then  dull m etal is possible, because 
the bed m ay be b u rn t too low before i t  is 
replenished by the  coke charge. To avoid these 
troubles i t  is recommended th a t  the  w eight of 
the m etal charge be equal to  about one-eighth of 
the  hourly m elting  ra te  of th e  cupola.

S ubject to  the  above factors being taken  into 
p rim ary  consideration, th e  w eight of th e  charges 
should also bear some definite re la tion  to the 
well o r capacity  of th e  furnace. A useful figure 
to bear in  m ind in  regard  to th is is th a t  one 
cubic foot of well space will hold approxim ately 
two cwts. of iron.

Again, w ith in te rm itte n t tap p in g  practice, it  
is a good plan—subject to  previously sta ted  con
ditions—to arran g e  th e  w eight of m etal tapped 
to bear some re la tion  to  the  w eight of the 
charges. The a u th o r’s practice in  one foundry 
is th a t  the  am ount of m etal per ta p  is approxi
m ately equal to  th e  w eight of one m etal charge. 
I t  was found th a t  by doing th is a very uniform  
run  of chemical composition can be obtained over 
the whole m elt, which is essential fo r th e  success
ful production of cupola b lackheart malleable. 
An endeavour is made to  standard ise  and syn
chronise as fa r  as possible all th e  steps in charg
ing and  tapp ing . The well carries m olten m etal 
a t  least equal to  two charges, so th a t  the  m etal 
is always covered w ith  a layer of slag, and when 
slag has been flowing freely from  th e  slag hole 
for a m inute o r so, th e  fu rnace is tapped . Occa
sionally the  m etal is raised  in  the well so th a t  a 
little  passes o u t of th e  slag ho le ; th is  ensures 
th a t  the  slag is no t build ing up  to  too g rea t an 
am ount and  so reducing the  m etal carry ing capa
city of th e  well.
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H a n d l in g  T a p p e d  M etal
The m etal carry ing  capacity  of th e  well of any 

cupola can, of course, be varied  to  su it p a rtic u 
lar requirem ents. S torage in  th e  well has the  
advan tage  th a t  the  m etal tem p e ra tu re  is m ain 
ta ined  fo r a m uch longer period th a n  is th e  
case w ith ex te rna l sto rage in  th e  form  of re 
ceivers. On the  o ther hand , th e  use of a receiver 
perm its a shallower well and  a lower coke bed.

W here a foundry  is producing large o r m edium  
castings, receiver p ractice  can be very suitab le , 
but where high pouring  tem p era tu res  a re  re 
quired, the  use of the  o rd in ary  type  of receiver 
may resu lt in  th e  tem p e ra tu re  being too low. 
To coun terac t th is , m any m odem  receivers are  
independently  heated  by gas o r oil. T here are  
no t so m any of th is ty p e  of receiver in  th is 
country, b u t they  are  fa irly  common in  G er
many.

In  a m echanised foundry , especially of th e  re 
petition  production  type, where th e  m etal m ust 
and can be handled  quickly, a  very  convenient 
way of handling th e  m etal is to  ta p  in to  a large 
tea-pot ladle, such as shown in  F ig . 8 . The 
ladle illu s tra ted  holds abou t 1,000  lbs. of m etal, 
sufficient to  supply five pouring  and  d is trib u tin g  
ladles, also shown.

L im e s to n e  A d d i t io n s ,  S u lp h u r  a n d  C a r b o n  
Pick-up

A lthough su lphu r is n o t now regarded  as 
in ju rious as i t  was a t  one tim e, and  th a t  fo r cer
ta in  purposes a som ewhat h igher am ount th a n  
usual m ay even be beneficial, in  general, th e  
properties of th e  m eta l a re  enhanced if inclu
sions of any k ind—such as m anganese sulphide 
—are  k ep t to  a reasonable m inim um  am ount.

A good basic slag is a  sure  m eans of keeping 
su lphu r absorption  by th e  m etal as low as pos
sible ; to  ob ta in  such a slag, adequate  lim estone 
additions m ust be used. An am ount equal to 
30 lbs. p er 100 lbs. of coke charged  is n o t exces
sive, and will give a  good desu lphurising  and 
fluid slag. I f  th e  scrap and steel scrap used be
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ra th e r  d ir ty  or ru s ty , th en  more lim estone should 
be used. A m oderate am ount of fluorspar in 
add ition  to  the  lim estone is very often  advan
tageous ; about one-fifth of the  limestone quan
t i ty  is ample.

F i g . 8 .— A  L a r g e  T ea- p o t  L a d le  o f  S p e c ia l  
V a l u e  to  M e c h a n is e d  F o u n d r ie s .

The m ain factors which affect the  carbon pick
up are : —

(1) Type and composition of m ixture.
(2) R eactiv ity  of coke.
(3) H eigh t of coke bed.
(4) V aria tions in  coke bed height.
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(5) T em perature  of m elting zone.
(6) A ir volume and pressure.

A num ber of au tho rities  have investiga ted  the 
problem of carbon control and  p ick -u p ; among 
recent investigations and published in fo rm ation  
may be m entioned those of B am ford5, P a rk es5, 
Johnson6, M ackenzie6. All these investiga
tors agree th a t  th e  g rea te s t am oun t of 
carbon pick-up occurs in  th e  m elting  zone and  
th a t  th ere  is no m ateria l increase in  carbon con
te n t of m etal le ft in  th e  well of th e  cupola, 
which is con tra ry  to  th e  commonly held view. 
The h igher the  tem p era tu re , th e  g re a te r  th e  ca r
bon absorption, and  hence, o ther fac to rs being 
equal, th e  h igher th e  m elting  zone tem p era tu re  
the h igher the  carbon pick-up.

The reac tiv ity  of coke is shown to  have an 
effect in  th a t  dense cokes, hav ing  low reac tiv ity , 
give lower carbon absorption  th a n  th e  lig h t open 
cokes of h igh reactiv ity .

W hilst i t  has been shown th a t  ra is ing  the 
height of th e  tuyeres has li tt le , if  any, effect 
upon carbon pick up , ra is ing  or low ering th e  
effective coke bed heigh t (i.e ., th e  h e ig h t from  
the  tuyeres upw ards), m ate ria lly  affects th e  
carbon conten t of th e  m etal, as is well known. 
The exp lana tion  is, th a t  th e  h igher th e  bed the  
g rea te r th e  am ount of incandescent coke 
th rough  which th e  iron  has to  pass and , in 
general, th e  g rea te r th e  absorption  of carbon 
and, of course, vice versa.

Sum m arising th e  above in  the  lig h t of p rac tica l 
requirem ents, i t  can be s ta ted  th a t  to  produce 
m etal of a requ ired  carbon con ten t and  to  keep 
th is elem ent as constan t as possible, one musf>— 
assum ing th a t  a su itab le  m ix tu re  be used and 
th a t  the  coke is in  line w ith  the  requirem ents 
given above—carefully  control th e  h e ig h t and 
conditions of th e  coke bed, so th a t  i t  varies as 
li tt le  as possible th ro u g h o u t th e  m elt. L inked 
w ith  th e  control of coke bed will be th a t  of a ir 
supply, which im plies th a t  which has already
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been m entioned, namely, correct and constant 
volume a t  the  correct pressure.

In  concluding th is P ap er, a tten tio n  is drawn 
to  a procedure in itia ted  only a  few years ago, 
of m ain ta in in g  fine control, as i t  were, of the 
m etal composition by the  add ition  of the  m etal 
charges of ferro-silicon b riquettes, and also 
b riquettes contain ing  m anganese. I t  is a 
p ractice which th e  au th o r has used alm ost since 
th e  b riquettes were first p u t on the  m arket, 
and he would say w ithou t hesita tion , th a t  the 
procedure is th e  most economical, safe and 
efficient way of m aking  silicon and manganese 
adjusm ents. Anyone who may be fu rther 
in terested  is referred  to  an excellent P ap er by 
J .  H . W illiam s,7 which deals w ith these addi
tions, a p a r t from  o ther m atte rs  of v ita l in terest 
to th e  m etallu rg ist and foundrym an. Additional 
fine ad ju s tm en t of composition can be carried 
ou t if necessary by small additions of ferro- 
silicon a n d /o r  ferro-m anganese to  th e  ladle.
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Scottish Branch

P a p e r  N o . «23 GA TES A N D  RISERS FO R LARGE N O N -  
FER R O U S C A S T IN G S

By A. D U N L O P  (A s so c ia te  M e m b e r )

The p rim ary  concern of every foundrym an is 
the production  of sound castings. The soundness 
of castings is determ ined by several factors, 
such as m etal composition, m elting  conditions, 
casting  tem pera tu re , quality  of m oulding 
m ateria l, m ethod of m oulding, g a tin g , e tc ., all 
of which require a tten tio n  if good resu lts a re  to  
be obtained.

G ating is a very im p o rtan t fac to r, involving 
the  determ ination  of th e  location, size, shape 
and num ber of runners and risers requ ired  to  
produce a good casting. M uch consideration 
should be given to  the  runners and risers since 
th e ir  size, shape, position and num ber m ay each 
be deciding factors in  th e  successful p roduction  
of castings. The m ethod of ga tin g  to  be applied 
to any casting  is m ainly governed by two th ings, 
the design of the  casting  and th e  characteristics 
of th e  alloy to  be used. W hen considering non- 
ferrous alloys, one is im m ediately confronted  
w ith the  m any different and complex alloys in 
use, and i t  is only proposed to  deal in  th is  
P ap e r w ith two types of alloy, nam ely, bronze 
and high-tensile brass, and to discuss u n d er 
these headings, principles and m ethods of g a t
ing as applied to  some large castings.

B ro n z e  Alloys
As the  properties of th e  alloy used m ust be 

kept in  m ind, i t  is proposed to  survey some of 
the peculiarities of the  bronze alloys. The 
copper-tin  system forms the basis of th is  class 
of alloy. The alloys which find use in engineer
ing practice contain  up  to  16 per cen t, of tin



with vary ing  am ounts of zinc, lead o r phos
phorus. Some castings are  made in  the  simple 
b inary  alloy if th is  includes the copper-tin  alloys 
which contain  a small am ount of phosphorus. 
By fa r  the  la rg er num ber of bronze castings, 
however, are made from  alloys contain ing zinc 
and sometimes lead. M any specifications for th is 
type of alloy a re  in use, in  m any cases differing 
from  one ano ther in  m inor respeots. In  a 
recen t R eport of the N on-Ferrous Sub-Committee 
of the  In s titu te  of B ritish  Foundrym en i t  is 
s ta ted  th a t  37 specifications in cu rren t use are 
covered by th e  following range of com position: 
Cu, 82 to  93; Sn, 4 to  9 ; Zn, 1 to  8 ; and Pb, 
0 to  7 per cent. Perhaps the  most widely used 
bronze is the  88 per cent, copper, 10  per cent, 
tin , 2 per cent, zinc A dm iralty  m ixture.

In  considering the principles underlying 
m ethods of g a ting  large castings in th is  type of 
alloy, some of the  defects associated w ith fau lty  
m ethods will be discussed, together w ith gating  
m ethods which help to minim ise these faults. 
Such defects may be conveniently discussed 
u nder th ree  headings : — (1) Shrinkage and con
trac tio n  defects; (2) d irty  castings; and (3) mis- 
ru n  castings. The above defects, however, are 
not always due to incorrect ga ting  practice.

S h r in k a g e  an d  C o n t r a c t i o n  D efec ts
There are th ree  varieties of shrinkage in  the 

cooling of m olten bronze—liquid, solidification 
and solid. The most critical period is the  soli
dification stage, th a t  is, th e  tran s itio n  from 
liquid to  solid. A prevalen t defect in bronze 
is lack of density— not blow holes and large 
shrinkage cavities, e tc .—b u t general lack of 
density  giving poor castings and had physical 
properties. Some ligh t can he throw n on th is 
type  of defect by a study of the  constitu tional 
d iagram  for copper-tin  alloys, p a r t of which is 
shown on F ig . 1. A lthough th is is the diagram  
for th e  simple b inary  alloys, i t  is qu ite  applic
able to  those bronzes contain ing zinc. Zinc has 
a somewhat sim ilar effect to  t in  in th e  constitu
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tion  of the copper-tin  alloys, in  th a t  beyond the 
lim it of the  alpha solution, i t  increases the  
am ount of delta  presen t. F o r p rac tica l p u r
poses zinc is equ ivalen t to  ha lf its  am ount of 
t in  in  th e  production  of th e  delta  constituen t. 
On re fe rring  gunm etals to  th e  copper-tin  con
s titu tio n a l d iagram , i t  is necessary to  convert 
the  zinc and t in  contents to  the  ap p a ren t tin  
content.

The constitu tiona l d iag ram  is of th e  solid 
solution type. The u pper line A B, know n as 
th e  liquidus, ind ica tes th e  tem p e ra tu re  a t  which 
solidification commences, while th e  line A C D , 
known as th e  solidus, ind icates th e  tem p e ra tu re  
a t  which solidification is com plete. This shows 
th a t  th e  copper-tin  alloys freeze th ro u g h  a  tem 
p era tu re  ran g e  which, in  th e  case of an  alloy 
having a  t in  equ ivalen t of 10  p e r cen t., is 
approxim ately  200 deg. C. The effect of phos
phorus, in  am ounts such as a re  usually  m e t w ith  
in  o rd inary  phosphor-bronze, is to  low er both 
the  tem p e ra tu re  of th e  beginning and  of th e  end 
of freezing. F o r  exam ple, 0.1 per cen t, of phos
phorus added to  a  bronze co n ta in ing  10  p e r cen t, 
of t in  lowers th e  com m encem ent of freezing  by 
abou t 25 deg. C. and  lowers th e  te m p e ra tu re  of 
final solidification by abou t 150 deg. C. A phos
phor-bronze w ith  10  p e r cen t, t in  and  0 .1  p e r 
cent, phosphorus has a  freezing  ran g e  of app rox i
m ately 325 deg, C ., and  is  th e re fo re  cas t a t  a 
lower tem p era tu re  th a n  s tra ig h t bronze.

M etallic solid solutions do n o t usually—and  th e  
bronzes a re  no exception—crystallise from  a  
single cen tre  ou tw ard  uniform ly , b u t grow fa s te r  
in c e rta in  d irections th an  in  o thers, re su ltin g  in 
a dendritic  form ation . Since, d u rin g  th e  freez
ing process, bronze con trac ts  considerably, each 
dendrite  occupies less volum e th a n  th e  liquid  
from  which i t  is form ed, and  consequently tends 
to  leave a  space around  i t .  Because th e  alloy 
has such a  long freezing range, th e  am o u n t of 
m etal in a  p a rtly  frozen condition  is  la rge , and
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being traversed  by a  mass of dendrites, th e  feed
ing liquid has difficulty in  filling up the  cavities 
and  so producing sound casting.

The m ain  fac to r is th e  period of solidification ; 
th e  longer th is period, th e  m ore likely is th e  den
sity  to  be low. The period of solidification is con
tro lled  to  a c e rta in  ex ten t by th e  composition 
and  tem p era tu re  of th e  m etal and by th e  th ick 
ness of section. The h igher the  casting  tem pera-

°c

P C H l t N  T At C Of TIN
F i g . 1 .— C o n s t it u t io n a l  D ia g r a m  o f  

C o p p e r - T i n  A l l o t s .

tu re  and th e  g rea te r th e  mass, the  lower the 
density  is likely to  he. The earlie r solidification 
of a  th in  section of a  casting  may prevent the 
feeding of an adjoin ing th ick  portion, which, 
owing to  its mass, m ust solidify la te r, and unless 
fed w ith  liquid  m etal will be unsound.

V arious methods may be adopted to  overcome 
th is  difficulty. By adm itting  the  m etal a t  a  th in



section, th e  continued flowing of fresh  m etal 
superheats th is p a r t  of the  mould w ith a conse
quen t delay in the ra te  of cooling, a t  the  same 
tim e com paratively cold m etal is supplied to  the  
th ick  section w ith  a- subsequent speeding up in 
the  ra te  of cooling. I n  th is  way a m ore even 
cooling down of th e  m eta l in  th e  various sections 
of a casting  is prom oted. A lternatively , a large 
ru n n er may be employed, leading in to  th e  heavy 
section, the  ru n n e r keeping liquid  long enough 
to provide feeding m e ta l; th is  m ethod has a 
lim ited application  for large castings.

A nother m ethod of prom oting an even cooling

B
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F i g .  2 .-—M e t h o d  o p  G a t i n g  a n d  P o u r i n g  
2 2 - f t . l o n g  L i n e r s ,  c a s t  H o r i z o n t a l l y .

in sections of differing thickness is to  increase 
the therm al conductiv ity  of th e  mould a t  the  
thick section, by using a m etal chill, or, in  a 
m ilder form, by sprigging the  mould face a t  
th a t  point. I t  would be advantageous if  m eans 
could be devised to  control the therm al conduc
tiv ity  of th e  m oulding sand, when sand of com
paratively  high therm al conductiv ity  could be 
used to  ram  the  p a rts  of the  mould of th ick  
section while sand of lower therm al conduc
tiv ity  is used for th e  th in  sections. Should 
none of th e  above m ethods be su itab le , th e  heavy 
section should be connected to a feed ing  riser.

I t  will be seen th a t  the  ideal process of solidi-
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fication should commence a t the  furtherm ost 
p a r t of the  casting  and continue progressively 
tow ard th e  feeding points where the  final liquid 
shrinkage can he compensated by liquid m etal 
from the risers. Such risers m ust therefore he 
large enough to  rem ain  liquid u n til th e  p arts  to 
which they  a re  a ttached  have solidified, unless 
some artific ia l means is employed to  prevent th is 
p rio r solidification. Solidification of th e  m etal 
in  the  riser may be re ta rd ed  by rod feeding, in 
which method a preheated  w rought-iron or mild- 
steel rod is moved up and down th rough  the 
gate  in to  the  casting. The solidification of the

F i g .  3.-—A 30-f t . l o n g  L i n e r  W e i g h i n g  
o v e r  6  TONS.

m etal in  the gate  being re tarded , the  m etal in 
the  riser is allowed to feed down in to  the cast
ing. Skill is required  in  th e  m anipulation  of 
the feeding-rod fo r careless movements of the 
rod when the  m etal is becoming pasty will 
cause a porous area in the casting below the 
riser.

A prevalen t cause of cracks and ho t tears, 
o ther th an  those caused by unyielding cores, etc., 
is the  contraction  stresses set up by varying 
ra tes of cooling in  different p a rts  of the solid 
casting. M uch can be done in  th e  way of 
equalising the ra te  of cooling by applying the
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ru n n er gates to  the lig h te r portions, and  thus 
superheating  these ligh te r sections. I t  is also 
essential th a t  the  mould be evenly filled w ith 
molten m etal, otherwise cooling will commence 
a t  different tim es a t  various p a rts  of th e  cast-

F ig . 4.— M e t h o d  o f  G a t in g  L i n e r s , 
o a s t  V e r t i c a l l y .

ing, w ith th e  resu lt th a t  con trac tion  stresses 
are set up. The aim in  all m ethods of ga tin g  
should be to fill th e  mould cav ity  w ith  m olten 
m etal in such a m anner th a t  solidification takes 
place from  rem ote p a rts  of th e  casting  tow ards
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th e  feeding points and th a t  the  subsequent cool
ing of th e  solid casting  is as uniform  as possible.

D ir ty  C as t in g s
By d ir t  in  castings is m eant foreign inclu

sion, such as sand, slag, oxide, etc. All sand 
holes in  castings are  n o t due to  fau lty  mould-

F i g . 5 .— V e r t ic a l l y - c a st  L i n e r  w i t h  
G a t e s  a n d  R i s e r s  A t t a c h e d .

ing  sand ; th e  defect may arise when using the 
best moulding sand by the use of fau lty  methods 
of ga tin g  and careless p repara tion  of gates and 
pouring basins. A large g a te  playing on one 
p a r t  of the  mould or core may resu lt in  a scab, 
while, if th e  m etal had  been adm itted  a t  two or 
more points, the  trouble  would have been 
avoided. The ru n n e r gates should be so arranged
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th a t  the  m etal has an  u n res tric ted  flow in to  the 
mould cavity, and should n o t im pinge on any 
projection of the  mould o r core, b u t should flow 
as gently  as possible w ith the  m inim um  of tu r 
bulence and splashing. W hen deep work is 
being ru n  from  th e  top , th e  first m etal should 
serve as a cushion for the  rem ainder, otherwise 
erosion of the mould may occur and resu lt in 
a d ir ty  casting.

W henever sand holes are  found in  a casting , 
these a re  usually associated w ith  a scab, b u t 
often no scab can be found. A likely cause of 
the trouble is sand washed in  from  the  pouring

F i g . 6 .— C o n d e n s e r  D o o r  C a s t i n g  W e i g h 
i n g  3 0  c w t .

basin. The sand of which the  pouring  basin  is 
composed should receive as m uch .care  and t r e a t 
m ent as th e  facing  sand which lies aga in s t the  
p a tte rn , b u t q u ite  often  th is  is n o t so, and  any 
kind of sand is th o u g h t good enough fo r a pour
ing basin.

In  some cases the  d ir ty  areas are  due to  slag 
poured in  w ith th e  m etal. M any types of skim 
m er and s tra in e r  gates have been devised to  
minim ise the am ount o f d ir t  en te rin g  the  m o u ld ; 
these gates a re  designed to  ta k e  advan tage  of 
th e  difference an specific g rav ity  betw een th e  
m olten m etal and  th e  inclusions, o r th e  cohesion
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which holds foreign m ateria l in contac t w ith the 
sand of the  mould. One of the  best methods of 
ensuring  th e  delivery of clean m etal to  the  
mould is to  provide a good pouring basin. By 
pouring  rap id ly , a  reservoir of m etal is formed 
in  th e  b a s in ; th e  d ir t  being ligh te r th a n  the  
m etal, rem ains on top , while clean m etal is fed 
in to  th e  g a te  o r gates from  the  bottom . Actual 
sizes and shapes of pouring basins will be dis
cussed when th e  methods of ga ting  actua l cast
ings a re  considered.

One of th e  functions of a  riser is to  lead d irty  
or drossy m etal from  the casting. A rise r placed

F i g . 7.-— T h e  C a s t in g  s h o w n  i n  F i g . 6. 
T h e  S e c t io n  T h i c k n e s s  i s  -¡% i n .

a t th e  h ighest p o in t of a mould, such as on the 
edge of a  flange o r boss, fac ilita tes th e  escape 
of dross from  th e  mould. Dummy or blind risers 
are  o ften  used fo r th is  purpose on the  top  edges 
of castings, p reven ting  th e  form ation of gas 
pockets and  ensuring clean edges by leading from 
th e  casting  any dross which m ight collect a t  these 
points. A nother method of elim inating  dross and 
sluggish m etal is to  fix the  ou ter orifice of the  
rise r a t  a  slightly  lower level th an  th e  level of 
th e  m etal in  the  pouring basin, and when the 
mould is full, pouring is continued u n til one or 
two cwts. of m etal has been run  off a t  the  riser.
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M isrun  C a s t in g s
I t  is essential th a t  th e  pouring  ga te  o r gates 

should be so arranged  as to  deliver m etal to  all 
p a r ts  of th e  mould a t  th e  sam e tim e. W ith  work 
of th in  section th is  is especially im p o rtan t. I ts  
neglect may lead to a  m isrun  casting  or to  th e  
less obvious b u t equally fa ta l defec t known as a

F i g . 8 .— P o u r in g  B a s i n  f o r  t h e  C a s t in g  
s h o w n  i n  F i g s . 6  a n d  7.

“ cold sh u t.” I t  can be easily appreciated  th a t  a 
th in  stream  of m eta l hav ing  to  trav e rse  a  large 
mould area  will quickly become chilled. W hen 
two such stream s m eet th ere  is always a possi
bility  of com plete fusion n o t ta k in g  place. I t  is 
therefore  desirable to  re s tr ic t th e  a rea  of mould 
served by one gate , th e  a rea  depending, of 
course, upon th e  thickness of m etal. The volume
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of m etal which a g a te  supplies to a  casting 
depends upon its  cross-sectional a rea  and shape. 
A round  g a te  w ill pass more m etal th a n  a rect
an g u la r one of sim ilar area. The in -gate  a rea  is 
governed by such factors as th e  composition of 
the  m etal, th e  a rea  of th e  mould surface and

F i g . 9 .— A  25-c w t . Ce n t r if u g a l  P u m p  
C o v e r .

w eight and section of th e  casting, b u t the  gate 
area- m ust be large enough to prevent m isruns or 
cold shuts, b u t no t so large th a t  difficulty is 
encountered in keeping th e  head up in the pour
ing  basin during  th e  teem ing of the  mould.

W hen i t  is found necessary to  increase the 
volume of m etal en tering  th e  mould, th is  is best
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done by increasing th e  num ber of gates ra th e r  
th an  increasing the  area  of th e  ex is ting  ones. 
This method reduces th e  danger of th e  g rea te r 
flow of m etal eroding th e  mould face.

While th e  foregoing are  some general p rin 
ciples governing th e  sa tisfac to ry  app lica tion  of 
gates and risers, th e ir  ac tu a l design is also 
determ ined to  a g re a t e x te n t by the  design of th e  
casting. A few typ ical exam ples of m ethods of 
ga tin g  actua l castings will now be discussed.

M any tons of gunm etal are  m ade in to  liners 
which vary  in leng th  from  a few fee t to  over 
30 feet, a large proportion  of the  liners made 
being used on propeller shafting , etc. These 
castings are m achined all over, and  have usually 
to pass a hydraulic te s t to  ensure freedom  from  
porosity. L iners are  cast e ith e r in  a horizontal 
or vertical position, th e  la rg e r ones being m ade 
horizontally, the  o thers vertically . The firm with 
which the au th o r is associated cast liners up  to 
22 feet long in  a vertica l position, and  F ig . 2 
indicates the  m ethod of g a tin g  and  pouring  
liners cast horizontally . D iagram s A and B 
are elevation and p lan  respectively of a liner 
w ith the  gates a ttached . In  th is  casting  tw elve 
runners were used w ith  a rise r a t  e ith e r end, 
the  ou ter orifices of th e  risers were so placed 
th a t  when the  mould was filled, a few cwts. of 
m etal could be ru n  off. D iagram  C is a p lan  
view of the pouring basin and rise r heads, while 
D is a section th rough  X  Y. By pouring  th e  
m etal rap id ly  in to  th e  wide cen tra l section of 
the  pouring basin a  reservoir was quickly form ed 
from which th e  tw elve gates were supplied w ith  
clean m etal. The heads made as shown a t  e ith e r 
end of the casting  collected th e  m eta l which 
was run  th rough . F ig . 3 shows a 30-foot long 
liner weighing over 6 tons, and  tw elve 1 -inch 
d iam eter gates were used to  ru n  th e  job.

F ig . 4 illu s tra tes  the  m ethod of g a tin g  liners 
cast in a vertical position. Sketch (a) shows the  
top end of the liner in th e  casting  position. A 
th ree -q u arte r c ircu lar connecting gate , B, joins 
the m ain dow<n-gate, A, to  fou r in-gates, C,
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while E  is the feeding head. As a fu r th e r  safe
guard  tow ards ob tain ing  a sound top end to the 
liner, an ex tra  3 or 4 in. was added, which 
tapered  outw ards to increase the  mass and pro
long the period of solidification tow ards the  to p ; 
a t  the same tim e it  collected any dross which 
form ed on th e  surface of the m etal as i t  rose 
in the  mould. Sketch (6) is a section through 
the head box, illu s tra tin g  the  pouring basin 
and feeding riser. A cast-iron plug was used 
tem porarily  to  close the down-gate u n til the 
basin was filled, a f te r  which the plug was w ith
draw n and th e  pouring regulated  to  keep the 
basin full'; th is ensured the  delivery of clean

F i g . 1 0 .— A 1 0 -f t . m a . T u b e  P la te  
C a s t i n g .

m etal to  the mould. Rod feeding was applied to 
the riser to  prolong the  solidification of the 
connecting ga te  u n til the top of the casting had 
become solid. F ig . 5 illustrates the end of a 
vertically  cast line r w ith the gates and feeding 
head attached .

Two views of a condenser-door casting are 
shown in Figs. 6 and 7. This casting  weighs 
30 cwts., and the  average thickness of section is 
tk  in. F o u r l j - in .  diam eter down-gates run  the 
casting  from  the bottom  flange. Three risers 
were taken  off the  m ain branch flange and one 
rise r from  th e  sm aller flange. Two dummy 
risers were fixed on the  body of the  casting a t 
the junctions of the  streng then ing  ribs. The



pouring basin for the casting  is shown in F ig . 8, 
the  photograph hav ing  been tak en  before the 
ga te  pins had been w ithdraw n. As in th e  case 
of liners cast in  horizontal position, the  m etal is 
poured rap id ly  in to  the  basin to  form  a reser
voir which supplies clean m etal to the  fou r down- 
gates.

A 25-cwt. cen trifuga l pum p cover is shown in  
Fig. 9. F ive g-in. dia. down-gates ran  the 
casting  a t  the  jo in t of the  mould. Two of these

F i g . 11.— M e t h o d  o f  G a t in g  t h e  C a s t i n g  
s h o w n  i n  F i g . 10.

gates were broken off in  s trip p in g  th e  casting , 
but th e ir  position on the  casting  can be seen. 
A. sim ilar type of pouring  basin to  th a t  used for 
the condenser door casting  was employed to  
supply th e  m eta l to  the  five down-gates. Three 
risers were fixed on the  top  edge of th e  flange 
and were rod fed.

A 10-ft. d iam eter tube  p la te  w ith th e  gates 
a ttached  is shown in  F ig . 10. The m ethod of 
ga ting , however, is  b e tte r  illu s tra ted  in F ig . 11,
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Two down-gates A A, 2 in. d iam eter, were con
nected by a curved ru n n er, 2 in. broad by j  in . 
th ick , to  four in-gates, w hilst th e  two down- 
gates were supplied w ith  m etal from  a common 
pouring basin 7 im. wide and 9 in . deep. B B 
are risers or flows connected to  th e  casting by 
gates as shown. The ou ter orifices of these risers

F i g . 1 2 .— M e t h o d  o f  C a s t in g  a P r o p e l l e r  
B l a d e .

were 1  in. h igher th a n  the  bottom  of the  pouring 
basin, and  were connected to  a  trench  in  the 
floor. W hen the  mould was filled, 2 o r 3 cwts. 
of m etal was flowed through , and ru n  off a t B B.

H ig h -T en s i le  Brass
The high-tensile b rass alloys, or, as they  are 

m ore com m only called , th e  m an g an ese  bronzes, is
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a class of alloy extensively used in  engineering . 
C astings varying in  w eight from  a few ounces up  
to  m any tons are  m ade in  th is  type  of alloy. 
The alloys a re  essentially  h igh zinc brasses to  
which small additions of various o th e r elem ents 
bave been made. The chief m etals used fo r these 
additions are m anganese, a lum inium , iron , tin  
and nickel. The composition of h igh-tensile 
brass is usually w ith in  th e  following lim its : — 
Cu, 50 to  60; Sn, 0 to  1.5; Fe, trace  to  2 .0 ; Al, 
trace  to  3.0; M n, trace  to  4 .0 ; N i, 0 to  3.0, and 
Zn, rem ainder.

F ig . 13.— A 15-ft . dia . F our-bladed 
P ropeller after R emoval from t h e  
P it .

The successful m anu fac tu re  of castings in  th is 
series of alloys requ ires g re a t care and  consider
able experience. A lthough these alloys have  a 
lower m elting  po in t th a n  th e  bronzes a lready  dis
cussed, they a re  considerably m ore difficult to  
cast, th e  m ain obstacles to  the  production  of 
sound castings being the  g re a t tendency  of the  
m olten m etal to  oxidise and  form  dross, coupled 
w ith a m uch g rea te r shrinkage. B oth  of these 
characteristics necessita te close a tte n tio n  being 
paid to  ga tin g  practice.

G reat care has to  be exercised in  fixing th e  
ru nner gates to  overcome the  tendency of the
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m etal to  oxidise and form  dross. Splashing of 
th e  m etal in to  th e  m ould m ust be avoided and 
any g a te  which allows th e  m etal to  fall vertically 
to  the  bottom  of th e  mould is useless. Bottom  
pouring, therefore, is essential, and  th e  gate  
should lead the  m etal to  th e  bottom  of th e  mould, 
whence i t  can en te r th e  mould cavity  gently. 
The use of sm all gates which widen tow ards the 
casting  fac ilita te s  th e  qu ie t en try  of th e  m etal, 
while th e  g rad u a l w idening of th e  g a te  as it  
nears th e  casting  reducing th e  velocity of the

F i g . 1 4 .— D e t a il 3 o p  o n e  o f  t h e  D o w n  
G a t e s  a n d  I n - g a t e s  f o r  a P r o p e l l e r .

m etal. W henever possible, th e  ru n n e r gates 
should be so located th a t  th e  m etal has a  good 
flow before being in te rru p ted  by cores or pro
tru d in g  sections of th e  mould, th e  stream  of 
m etal being continuous and  unbroken. A gita
tion  of th e  m etal in  passing th rough  th e  mould 
m ust be avoided, since th is  creates scum or dross 
th a t  m ay lead to  defects in  th e  casting. W hen 
pouring, th e  down ru n n er should be kep t fu ll of 
m etal to  exclude a ir .

A d ir t  t r a p  or sum p m ade a t  th e  bottom  of 
the down ru n n e r is adv isab le ; th is  takes th e  first
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rush  of th e  m etal and  tr a p s  th e  dross form ed 
by th e  drop of th e  in itia l en try , a t  th e  same 
tim e help ing to  p reven t splashing of th e  m olten 
m etal as th e  alloy en te rs  th e  ac tu a l mould. I t  
is advisable when pouring  large  castings to  use a 
pouring basin of such a  capacity  as to  hold a t  
least one-quarter of th e  m eta l requ ired  fo r th e  
casting. The basin should he used in  conjunction

F ig . 15.— P otjhing B a sin  for t h e  P ropeller show n  in  F ig . 13.

w ith ball-plugs to  close th e  ru n n e r  o r run n ers  
tem porarily  u n ti l th e  basin  is filled. The advan 
tages of th is a rran g em en t are , firstly , only clean 
m eta l en te rs  th e  mould and , secondly, th e  down 
runners a re  k ep t fu ll, g iv ing un ifo rm  pouring  
w ith th e  m inim um  of turbu lence.

To com pensate fo r th e  large  liqu id  shrinkage, 
proper feeding is im p o rta n t to  avoid unsound
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ness. L arge feeding heads or chills should be 
used over changing and th ick  sections. The use 
of chills, however, m ust be m ade w ith  caution, 
since th e ir  app lication  may only remove the 
shrinkage defect to  some unexpected place. I t  
is n o t advisable to  use chills when i t  is possible 
for feeders to  be effectively employed. I t  is

F ig . 16.— A H alf-sphere Casting 5 ft . d ia . and W eighing 
NEARLY 2 TONS.

false economy to  reduce the  num ber or size of 
feeding risers when working w ith  th is class of 
alloy. W henever possible, moulding should be 
done in  such a  way th a t  the heavy sections are 
placed in  th e  u pper p a r t  of the  mould, these 
heavy sections being connected to  a good feeding 
riser. The risers should be appreciably th icker



a t th e  to p  th a n  th e  th ick est section of th e  cast
ing, to  p reven t th e  possibility of th e ir  p rem a
tu re  se ttin g  before the  casting  is  com pletely fed. 
In  some large castings rod-feeding has to  be 
resorted to , while periodically ho t m etal is added 
to the  riser. F o r exam ple, in large castings such 
as propellers of from  8 to  12  tons w eight, th e  
feeding heads should rem ain  liquid  for two hours 
or m ore a f te r  pouring.

The m ethod of casting  a propeller blade illus
tra te s  most of the  points discussed, th e  proce
dure being shown in  F ig . 12. The b lade was cast 
u p rig h t and was ru n  from  th e  tip . A pouring  
basin of am ple capacity  was used and  th e  down 
ru n n e r closed w ith  a plug. W hen th e  basin  was 
filled, th e  plug was w ithdraw n and  th e  pouring  
regu la ted  to  keep th e  basin fu ll. W hen th e  m eta l 
reached th e  level o f th e  to p  of th e  ru n n e r , pour
ing was stopped. Sand  was th row n  on top  of 
the end of th e  ru n n e r in  th e  pouring  basin , and 
a w eight was th en  placed on top . The feeding 
head was th en  filled w ith hot m eta l from  the  
ladle and rod feeding applied  to  keep th e  head 
open. The following a re  some figures re la tive  
to  a blade which weighed 35 cwts. when dressed. 
The w eight of th e  feeding head was 12 cw ts., 
the  d iam eter of the  dow n-gate was 2 in ., and 
for 8 in. the  in -gate  d iam eter was 1 J  in ., th en  
gradually  opening o u t to  th e  mould, w here the  
dim ensions were 4 in. by 1J in . This g a tin g  
a rrangem ent ensured th e  qu ie t en try  of th e  
molten m etal in to  th e  mould.

F ig . 13 shows a 15-ft. d iam eter four-bladed 
propeller, im m ediately a f te r  lif tin g  from  th e  
casting  p it. The to ta l w eight of th e  casting , as 
cast, is over 10  tons, the  feed ing  head alone 
weighing about 2 tons. The feeding head and 
th ree  of the  fo u r run n ers  can easily be seen. 
F ig . 14 gives details of one of th e  dow n-gates 
and in-gates. The pouring  basin  of th is  p ropeller 
is shown in  F ig . 15. The arm , A, ca rried  the  
m olten m etal to  th e  fou r ru n n ers  in  th e  c ircu la r 
basin around th e  feeding head, and  th e  ru n n ers  
were closed w ith  plugs u n ti l  th e  basin  was filled.



Sufficient m etal was poured into the casting to 
about th ree -q u arte r fill th e  feeding head. In  the 
ac tua l propeller illu s tra ted  the feeding head 
th u s  formed was rod-fed for nearly  am hour, 
when 10  cwts. of hot feeding m etal was added 
and the  rod feeding continued for ano ther hour.

A half-sphere casting  w ith gate  and risers 
a ttached  is shown in  F ig . 16. This casting is 
about 5 ft. in d iam eter, weighs nearly  2 tons, 
and,  when bolted to  another half-sphere of the

F i g . 17.— S e c t io n  t h r o u g h  t h e  M o u l d  o r t h e  
C a s t in g  s h o w n  i n  F i g . 16.

same type to  form  a complete sphere, has to 
w ithstand  an  in te rn a l hydraulic pressure of 
600 lbs. per sq. in . The casting was ru n  from 
the  bottom  by a 2-in. d iam eter down-gate, which 
passed th rough  the cen tre  of th e  core, and was 
fed by increasing the  thickness of the  flange. 
F ou r risers a re  shown fixed to the feeding head 
p ro p e r; these were not intended for feeding 
purposes, b u t were used as a means of centring  
the  core- Three of these risers were blocked up,



while the fou rth  merely acted as a ven t and 
indicated  when the  mould was filled. F ig . 17 is 
a section th rough  th e  mould, illu s tra tin g  the  
pouring basin employed ; a plug was again  used 
to  close the  down-gate u n ti l  th e  basin was filled. 
I t  will be noted th a t  th e  ru n n e r opens o u t in to  
a cone prio r to  en te rin g  th e  ac tua l m ould, and 
th is a rrangem ent p revented  a draw  form ing in 
the casting  a t  its junction  w ith th e  ru n n er.

In  conclusion, th e  au th o r desires to  express his 
thanks to  th e  m anagem ent of Steven & S tru th e rs  
for perm ission to  read th is P ap e r, and to  M r. 
Jam es Steven for his help and encouragem ent.
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R U N N E R S  A N D  RISERS FOR GREY IRON P a p e r  N o .  624 

C A S T IN G S

By J.  L O N G D E N  (M e m b e r )
The ru n n er arrangem ents for grey iron cast

ings m ust be related  to  certa in  elem entary and 
im p o rtan t principles. The ru n n er basin, down- 
g a te  and  any in-gates provided are  p a r t of a 
single system, which m ust be viewed as a whole.
F or work of im portance, the  ru nner basin should 
have a capacity  of a t  least 400 cub. in. for each 
scp in. of cross-sectional area of the down-gate, 
bu t even where th is  proviso is m et, its effect 
can be negated by the  fau lty  shape of the runner 
basin. Long, narrow  and shallow basins, as de
picted in  F ig . 1, should be avoided, for dross 
ga thers over the  down-gate and is easily sucked 
in to  the  casting. The type of basin shown in 
F ig . 2 is much more satisfactory , for the cur
ren ts set up  tend  to  bear dross away from the 
dow n-gate, besides. which the g rea te r depth of 
basin tends to ensure th a t  only clean m etal 
enters the down-gate. An undesirable form of 
basin is shown in F ig . 3, where the sloping fron t 
reduces the  basin capacity  and results in m etal 
being flung ou t of the  basin whilst the  m an pour
ing is struggling  more or less ineffectively to 
keep the basin full.

F o r heavier work, where two or more down- 
gates e n te r one basin, the rec tangu lar basin is 
to  be p referred , w ith, if possible, a length  of 
about one and a-half to  twice the  breadth , and 
a dep th  of a t least one-third the length  of the 
down-gate. The cu rren ts set up in such a basin 
a re  depicted in F ig . 4, and the dross is drawn 
away from  the  down-gates. F or some classes of 
work, the shape of the basin m ust perforce be 
irreg u la r, b u t the  same general principles apply.
Im p o rtan t work of more th an  a few hundred
weights should have all down-gates ball-plugged.
For sm aller work, covering the  gate w ith a per
forated  t in  disc is satisfactory.

. y 2
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F or small work, the tun -d ish  basin shown in 
Fig. 5 is often used, b u t is only suitable fo r 
hand-ladle castings, small down-gates m aking i t  
possible to keep d ir t ou t of the  mould. W ith  
any b u t a small ga te  i t  is alm ost impossible to  
keep d ir t  out. The tun-d ish  types shown in  
Figs. 6 and  7 are b e tte r, b u t have li tt le  to  com
mend them . This type of basin is particu la rly  
objectionable in  crane-ladle work, where, owing 
to the  size and shape of th e  basin, th e  stream  
of m etal may be d irected  s tra ig h t in to  th e  down- 
gate, as shown in F ig . 8, resu lting  in  a severe 
cu ttin g  and s tra in in g  action in th e  region of 
the in-gate. The dow n-gate in  any basin  should 
be kep t to  one side, so as to  avoid th is  possi
bility. In  a green-sand mould, th e  sand g ra in s 
are bonded w ith moist clay, th e  m echanical 
stren g th  of which is incapable of w ithstand ing  
the d irec t im pact of a stream  of m etal fa lling  
from any considerable height. This is less tru e  
of dry sand and loam, b u t is still significant.

F u n d a m e n ta l  F a c to r s
Factors influencing the  speed and com plete

ness w ith which m olten grey iron fills a mould 
a r e :—(1) I ts  pouring te m p e ra tu re ; (2) the  
velocity a tta in ed  in  descending the  d o w n-ga te ;
(3) the  degree of fric tiona l resistance set up  by 
the  walls of the m ou ld ; and (4) th e  degree of 
freedom from  change in  the  d irection  of trav e l. 
These factors m ust all be considered in relation  
to size and position of gates. A p rim ary  ques
tion i s : How fa r will m olten grey iron  ru n  P 
Briefly the  answer is th a t  i t  will con tinue  to  ru n  
from a h igher to a lower level, to  any distance 
from the po in t of en try , as long as i t  rem ains 
liquid. H av ing  regard  to  a tta in ab le  tem pera
tu res  for cupola m elted m etal, and  to  rad ia tio n  
and conduction losses suffered by th e  m etal as it 
travels in  a mould, th ere  is a lim it in  p ractice.

Grey cast iron, dependent upon its  composi
tion , ceases to  be wholly liquid  a t  tem pera tu res  
rang ing  from  1,230 to  1,240 deg. C. A t tem pera
tures below th is, particles begin to  solidify, and
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the m etal becomes rapidly more and more inert. 
The m oulder recognises readily  th ree  ranges of 
tem p e ra tu re ; dull, hot and “  damned h o t.” 
The last condition is recognisable by the  will-o’- 
the-wisp blaze on the clear surface of the m etal, 
undoubtedly  due to  a flame burn ing  the  carbon 
to  its  oxide. A higher tem pera tu re  still is indi
cated  when a  black smoke or fum e rises from 
the m etal. To the  tra in ed  eye, the  surface of 
cupola m elted iron bears a useful indication of 
its tem pera tu re . F rom  diffident estim ations 
m ade by the  w riter w ith an optical pyrom eter, i t  
is suggested th a t  when the “ blaze ” becomes 
in te rm itten t, slowly giving place to  the 
characteristic  surface “ b reak ,” the tem pera tu re  
has fallen to  about 1,350 deg. C. This tem pera
tu re , affording over 100 deg. C. superheat, gives 
a useful da tum  line for visual judgm ent of the 
su itab ility  of iron tem pera tu res for given jobs, 
and is probably the  best tem pera tu re  a t which to 
pour castings having to w ithstand pressure tests.

Lower tem pera tu res, except where general sec
tion  thicknesses are heavy, lead to  trouble. Very 
ligh t castings, such as th e  guard  casting shown 
in  F ig . 9, a re  best cast w ith the “  bl-ze ” still 
on.

R unning  a  G u a r d  C ast ing
The guard  casting affords an illu stra tion  of 

the  necessity of placing gates to  obtain  quick 
d is tribu tion  of the  m etal th roughout the  mould 
and in such a m anner as to  avoid d istortion  of 
the casting. I ts  a rea is considerable, having 
reg ard  to  its general thickness, which is j  in. 
In  filling the  mould, the stream s of liquid 
m etal are  subject to  fric tional hindrance above 
and below. Therefore, the  gates m ust be well 
d is tribu ted , so th a t  the  stream  of m etal from 
any one gate has not fa r  to  go before i t  joins 
w ith  the others. This casting can be cast quite 
well w ith  a spray  ru n n er along the  s tra ig h t edge 
of th e  casting, supplem ented by two groups of 
drop-gates a t  th e  rear, as seen in  the sketch. 
U nfortunate ly , the  spray  ru n n er bends the 
s tra ig h t edge, since th is is made the ho ttest p a rt
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of the  casting. In  any casting , th e  heavier 
parts , or, a lte rnative ly , th e  h o tte r p a rts , cool 
last. This m eans th a t  they  con trac t last. I f  
the  las t p a r t to  con trac t is tie d  to  a body of 
m etal which cannot con trac t w ith i t ,  i t  m ust 
bend or break the casting . This is dem onstrated  
in the phenomenon of cam ber, the  break ing  of 
pulley arm s, etc. The casting  shown in  F ig . 9 
comes o u t quite  s tra ig h t if poured th rough  four 
groups of th ree  |  in. dia. drop gates, as shown 
in the sketch.

In  m aking ligh t castings, much use is m ade of 
the drop gate , which is o ften  wedge-shaped, 
narrow  and long where i t  jo ins th e  casting . The 
jo in t spray  is also much used fo r heav ie r as well 
as lig h t castings, and often  affords th e  best 
means of ensuring  satisfactory  d is tribu tion  and 
avoiding local “  ho t spo ts.” I t  m ust, however, 
be used w ith care. Usually, a dow n-gate from  
the ru nner basin is placed over a long or short 
channel cu t in  the  jo in t, from  which th e  sprays 
are cu t, of convenient size an d  spacing. I f  th e  
channel is long and deep, as is necessary in  the  
case of la rg er castings, w ith  fa irly  strong  sprays 
or in-gates, there  is sometimes danger of b reak 
ing  the  casting. I f  th e  ac tua l casting  in  the  
region of the ru n n e r cools last, no harm  will be 
done, b u t if the ru n n e r channel cools las t, i t  may 
te a r  a piece or pieces ou t of th e  casting . This 
can be obviated by break ing  u p  th e  sp ray  in to  
one cur more disconnected sections, fed from  
separate  down-gates.

C o m b in a t io n  D ro p  G a t e  an d  J o i n t  S p ra y

An exam ple of the  use of a com bination of 
drop gate  and jo in t spray  is shown in  F ig . 10. 
The general thickness of th is  casting  is § in . 
The down-gates are  grouped into one long ru n n er 
basin across th e  middle of the  top  p a rt. The 
common pipe, cast on the  flat, offers some v a ria 
tion  in the  arrangem en t of runners. S hort 
lengths of small d iam eter may be cast qu ite  well 
w ith runners as shown a t  A or B, F ig . 11.
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R unners a t one end of a 4-ft. pipe, as a t 
A, F ig . 12, a re  usually sufficient. F o r longer 
ones up  to 8 f t . ,  sim ilar runners a t each end 
are satisfactory . F o r still longer lengths, these 
runners are supplem ented by drop runners on 
the  body, as a t  B, F ig . 12, or by suitable sprays 
on the  jo in t, as a t A, F ig . 13. Large-diam eter 
pipes offer more difficulty. The types of ru nner 
detailed  above are  sometimes used fo r large 
pipes, b u t have little  to  commend them . The 
best ru nner for a large-diam eter pipe is as shown 
a t  B, F ig . 13. H ere th e  m etal has a free, un
in te rru p ted  sweep up th e  body of the  pipe, 
m aking for reasonable freedom from faults.

W hilst such a ru nner is quite  satisfactory  on 
a pipe or sim ilar casting, i t  would be qu ite  un 
suitable on the  bore, say, of a piston or slide 
valve cylinder cast on the  flat. There m ust be 
few castings, w hether made in green sand, dry 
sand or loam, in  which small or large portions of 
the  mould surface are  not detached owing to the 
scouring action of inrushing m etal. These 
pieces, sometimes only particles, aggregate 
usually a t  places not fa r  from the  in-gate, and 
gas bubbles, caused by turbulence, accum ulate 
there . Such patches on the  bore of a cylinder 
would make it  defective. F o r castings of th is 
type, in-gates m ust be a t  convenient places 
where e ither any small defects are not so 
dam aging, or dross can be conducted into a con
venient head. F ig. 14, showing a simple slide- 
valve cylinder, illu stra tes th is  point. The in 
gate A, ru nn ing  into the  flange of the steam 
chest a t the jo in t line, has th e  advantage of 
being well away from  the bore, bu t is no t good. 
A ru n n e r of th is  type makes for excessive tu r 
bulence in  the region of the in-gate, which in 
duces scabbing of the  mould and a fro thy  con
d ition  of the m etal. The in-gate a t B is much 
better, g iving a free ru n  fo r the  m etal to  the 
end of the  flange, w ith less turbulence. The 
small dross-head C, directly  above the poin t of 
en try , will take  care of any dross which may

Pipe and Cylinder Castings
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gather, and is easily cu t away. The fo un ta in  
gate  a t D is b e tte r still, as th e  m etal, welling 
up from below, is less scouring. Cylinders of 
th is type, up to a bore of 18 in ., have been made 
successfully in large num bers in  green-sand 
moulds, the larger ones being skin dried.

H eavy  C y l in d e r  P ra c t i c e

L arge num bers of heavy cylinders, made in 
dry sand, have been cast successfully horizon
tally . F ig . 15 shows one end flange of a' p iston 
valve cylinder, w ith dow n-gate and  in -gate , 
together w ith a form  of1 tr a p  ru n n er . The 
m etal falls down th e  ga te  D in to  cham ber A, 
from  th ere  passing in to  dow n-gate B. W here 
B leaves A , however, i t  is res tric ted  by the  
in troduction  of a slo t core a t  C, which reduces 
the  cross-sectional a rea  of th e  dow n-gate B a t  
th is  po in t to  some 75 p er cen t, of th a t  of down- 
ga te  D. The m etal there fo re  rides a li tt le  in 
cham ber A, where dross ten d s to  be held.

L arge cylinders a re  usually cast on end, w ith, 
if possible, a  su itab le  head above th e  bore. The 
best ru n n e r system is a  com bination of drop and 
bottom runn ing , and  th is  is shown in  F ig . 16. 
The in -gate  on th e  bottom  jo in t is placed so 
th a t  the  m etal en te rs  th e  mould tan g en tia lly , or 
i t  may be sprayed u nder th e  steam  chest. Only 
one down-gate, w ith  in-gate, is shown in  the  
sketch, b u t very large cylinders m ay need two 
or more, together w ith  gates providing e n try  
in to  th e  flange of th e  steam  chest, o r o ther con
venient po in t of en try , abou t half-w ay u p  th e  
mould. F u rth e r, w here possible, the  down-gates 
to th e  bottom  should be stepped, to  reduce the  
velocity a tta in ed  by th e  m etal on its en try  in to  
the  mould.

F ig . 16 shows, a t  the  top , a  p lan  of the  
ru n n er basin. The dow n-gate A is deflected a t  
th e  top , th e rea fte r  passing down to  th e  bottom  
jo in t. This ru n n er is ball-plugged a t  th e  basin 
en trance  and a t  B is a sh u tte r  which can be 
lifted  a t  will. The basin is con tinued  behind
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th e  sh u tte r  and contains the  drop runners, which 
are  also plugged. In  pouring, the  basin is filled 
and th e  dow n-gate A plug is draw n. W hen 
th e  bottom  of th e  mould is estim ated  to contain 
some six to  n ine inches of m etal, sh u tte r  B is 
lifted  o u t and, when th e  whole basin is again 
full, th e  plugs on th e  drop gates a re  lifted  out. 
P ou ring  is th en  completed. The drop runners 
a re  spaced some e igh t or nine inches ap a rt, all 
round th e  bore, excep t in th e  region of th e  ports, 
no ru n n e r being nearer a  po rt th a n  nine inches. 
The sh u tte r  is advantageous, for w ithou t i t  
th e re  is a  danger th a t  a trick le  of m etal will find 
its way u nder th e  plugs of the  drop gates, and 
will n o t drop s tra ig h t down, b u t creep down 
the walls of th e  ga te  and mould, becoming a 
s treak  of solid m etal on the  core o r mould wad, 
which m ay or m ay n o t be rem elted. In  any 
case i t  is oxidised and a source of danger.

L iners which have a  nest or nests of ports are 
usually cast sim ilarly. The first m etal passes 
down from  th e  basin th rough  a  ru n n e r along the 
jo in t to  a n  in-gate  a t  th e  bottom of the  mould. 
W hen th e  m etal reaches the  neighbourhood of 
th e  ports, drop runners  from  th e  top  a re  opened 
and pouring is completed. L iners w ithout ports 
are  best ru n  w ith  drop runners from  th e  top.

Any tru ly  cylindrical grey iron casting, having 
to  be m achined and pressure-tested, is most 
likely to  be sound if cast on end, w ith suitable 
provision of dross or feeder head. This gives 
the  sim plest form  of runner, i.e ., th e  s tra ig h t 
drop from  the  top. R unners of th is  type, the 
cross-section of which is rec tangular, should be 
located, and  so arranged  th a t  the stream s 
of m etal fall c lear of mould or core surface. 
This is difficult in  practice unless th e  m etal sec
tion  be th ick , and  i t  is necessary th a t  the mould 
be se t up  for pouring w ith  the  aid of a plumb- 
line to  ensure th a t  i t  is qu ite  vertical. Obvi
ously, the  longer th e  mould is, then  the less 
likely is i t  th a t  the  falling  m etal will no t h it 
core or mould surface somewhere before reaching 
th e  bottom .
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Fig . 17 shows the  a rran g em en t of ru n n ers  and 
basin for a  36-in. d ia . roller, 10 ft . long. The 
drop runners are six teen in  num ber, each 1 |  in. 
by -]% in. in cross-section. I t  is no t in tended  
here to over-emphasise the  re la tive  value of the 
rec tangu lar drop ru n n e r as com pared w ith the  
round one in such a case. I f  a ru n n er basin be 
made up having two gates, one rec tan g u la r and 
one round, of th e  sam e cross-sectional area, and 
if the  basin be set up in  such a  way th a t  th e  
m etal falling  th rough  th e  gates can be observed 
for a d istance of 3 or 4 f t . ,  i t  will be seen 
th a t , w hilst the  m etal from the  round gate  
keeps its  cylindrical shape, the  m etal from  the 
rec tan g u la r g a te  keeps th e  form  se t by the  ga te  
for only a  few inches and  th en  g radua lly  draw s 
together, so th a t , some 15 in,, below th e  gate , 
both columns of m etal a re  app aren tly  alike, 
i.e., cylindrical N evertheless, th e  tem porary  
fla tten ing  of the dow nward stream  will usually 
enable the  m etal stream  to  drop safely below- top  
flange fillets and the  like before broadening out. 
The narrow , rec tan g u la r ru n n e r m ay also be said 
to exercise a modified s tra in e r  effect.

Rollers, liners, ram s, pans, s tra ig h t hydrau lic  
pipes and sim ilar types of castings are  usually  
cast on end w ith  drop runners. In  th is  m ethod 
the heavy im pact w-ith which the  first m etal to 
fall is de trim ental strikes the  bottom  face of 
the mould. In  the case of a roller, of th e  type 
shown in F ig . 17, w ith  a  flanged bottom  face, 
th e  im pact is severe, b u t, a f te r  th e  first blow, 
the m eta l itself forms a cushion to  tak e  th e  im 
pact. The conditions are  d ifferen t in  the  case 
of, say, a hydrau lic  ram  or a  pan  where, as 
illu s tra ted  in F igs. 18 and  19, th e  first m etal 
drops on th e  spherical surface a t  th e  bottom  
and continues to  b a tte r  th e  sam e spots u n til the  
base of the  m ould is full. In  th e  case of th e  
hydraulic  ram  (F ig . 1.8) p len ty  of ru n n ers  w ith  
a correspondingly smali cross-sectional a rea  so 
as to reduce the  severity  of th e  im pact a t  any 
one spot m ust be provided, and th e  bottom  m ust 
be made in special m aterials to  re s is t th e  a ttack .

Roller Castings
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In  the case of pans, up to  5 cwts. of th e  type 
shown in  Fig- 19, where the  mould m ateria l is 
suitable, they  can be cast qu ite  well th ro u g h  a 
single ru n n e r going down th rough  th e  cen tre  of 
the  core in to  the  bottom  of th e  mould. L a rg e r 
pans, up to  25 cwts., can be cast w ith  th ree , 
four or five drop gates. L arger pans are  b e tte r  
w ith sim ilar runners spaced all round, as shown 
a t  A. W here such pans are  very heavy and  deep, 
the danger of fra c tu rin g  the  mould surface by 
drop runners is serious, and  an  a lte rn a tiv e  is 
sometimes used in  the  form  of th e  bottom  ga te  
shown a t  B, supplem ented by drop runners  from  
the top . A scabbed mould m akes the  bottom  of 
the pan unsatisfac to ry  for its  w ork, b u t th is  
bottom  ru n n e r is no t w ithou t its danger, for 
the stream  of m etal im pinges d irectly  on the 
rounded bottom  surface of th e  core. I n  th e  case 
of very heavy pans, the  mould is sometimes 
cast the  reverse way up. B ottom  ru n n ers  are  
then  sprayed in to  the flange, supplem ented by 
sprays a t  a  jo in t neare r th e  top.

A fu r th e r  consideration is th a t ,  when m olten 
iron falls from a heigh t, i t  splashes on im pact 
w ith the  bottom , form ing oxide-covered spots. 
Consequently i t  would be foolish to  ru n  th e  steam  
cylinder shown in  F ig . 16 w ith  drop gates only. 
Some oxidised particles, reac tin g  w ith  carbon in 
the  m olten stream  around  it , would be swept or 
splashed round un d ern ea th  the  ports, and a 
defective bore would resu lt. W ith  castings of 
s tra ig h t cylindrical form , however, th e  drop 
runners, if evenly spaced, effectively b rin g  from  
the  bottom  up in to  the  head any oxidised 
particles and dross.

M ach in e  T o o l  C a s t in g s
Probably the  p lain , cylindrical casting , poured 

on end, presents the  least difficulties in  ru n n in g  
of any of th e  heav ier castings. Bed plates, la the  
and o ther m achine tool beds and  castings hav ing  
large horizontal surfaces offer more difficulty. 
Bottom  ru n n in g  is always resorted  to , supple-
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m ented by in-gates a t  h igher levels where the 
depth of the  mould is considerable. The question 
again  arises : How fa r  should m olten grey iron be 
expected to  run  from  any one set of ga tes? In  
practice one sets a lim it; for any given degree 
of casting  tem p era tu re  and composition a th icker 
stream  of m etal will trav e l fa r th e r  th a n  one of 
th in  section, owing to  the  reduced fric tional 
hindrance. No difficulty is found in  ru n n in g  
from one end castings 14 ft . long, of a construc
tion  sim ilar to  th a t  shown in  F ig . 21, hav ing  a 
m etal thickness of f  in. w ith  iron  low in  Si and 
P. These are, however, inclined from  th e  ru n n e r 
for pouring, and one would h esita te  to  cast them  
from one end on the flat.

Recently the au th o r was privileged to  see some 
very fine m achine tool beds a t  C raven Bros. 
(M anchester), L im ited , including one 35 f t . long, 
weighing about 27 tons. This was cast th rough  
two sets of in-gates, one set a t  each end com
prising  four in-gates, each 5 in . by in ., placed 
a t the shear faces. The stream s of m eta l from  
each end m ust trave l 17 ft. 6 in. before m eeting. 
If  perfect coalescence is to  be obtained th e  two 
stream s on m eeting m ust be wholly liquid. This 
coalescence takes place on th e  shear faces, which 
are  heavy. W hen these are  full, however, th e  
metal m ust climb th rough  relatively  th in  sections 
and m ust have sufficient superheat to  enable i t  
to do so. A bed 41 ft. long was cast by th e  
same firm, h u t the  end runners were supple
m ented by add itional gates a t  abou t half-w ay 
along its length . These were opened when the 
mould was half full, to  liven up the  m etal a t  
th a t  spot. In  th is  case, therefo re , th e  m etal 
from each end bottom  ru n n e r had  to  trave l 204 
ft. before m eeting  th e  opposite stream . This 
distance probably rep resen ts the  lim it of 
distance a stream  of m olten grey iron  should be 
expected to  trav e l in  a mould.

W here large q u an tities  of m etal pass th rough  
a gate, the  region of the  mould in its  v icin ity  
becomes very hot. Consequently, in  such areas, 
difficulties m ay arise in respect of open g ra in
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or burn ing  on of chills, if used. F u rth e r , when 
m olten iron runs any considerable distance, the 
advancing spear-head of the  m etal m ust become 
oxidised a  litt le , collecting, as it  runs, small 
particles from  the  surface of the  mould. That 
spear-head, therefore, may form  a spongy spot 
a t  the  fa r  end, or where two stream s m eet, such 
spot being disclosed la te r under hydraulic or 
steam  tes t. In  the case of the  casting 14 ft. 
long run  from one end, referred  to above, provi
sion is made for the first 14 lbs. or so of m etal 
to be run  off through a channel in to  a chamber 
head.

A Pulley  C ast ing
A tten tion  is now directed to the 16-in. dia. 

pulley shown in  F ig . 20. M any thousands of 
these have been made by machine, jo in ted  and 
gated  as shown, w ith abnorm ally small scrap 
losses. A num ber of castings were re turned  
from  the m achine shop, however, a fte r the rim s 
had been tu rn ed , showing a rem arkable series 
of blow-holes ju s t below the jo in t, as shown in 
the  illu stra tion . This was puzzling, b u t inves
tig a tio n  showed th a t  the  moulder, for the first 
tim e, had cast them  w ith the deeper boss, A, 
down. The order was reversed and trouble 
ceased. I t  is w orth while to  consider th is 
exam ple. The pulley is norm ally cast w ith the 
shallow boss, B, down. In  pouring, the mould 
fills slowly till the  level of the arm s is reached, 
when m etal ru n s along them  into the  boss. The 
steady rise in the rim  comes to a halt, whilst the 
bottom boss fills and th e rea fte r the rise is 
slower w hilst the arm s and boss continue to  fill. 
The h a lt in the  rise of the level of m etal is
longer w ith the deep boss down than  w ith the
shallow. The m etal slightly oxidises around the 
o u te r edge of the  rim , and when the m etal again 
begins to  rise, i t  fails to li f t  a- m inute rim  of 
oxide, which, when the  molten m etal rises above 
it, reacts w ith carbon, leaving en trapped  bubbles 
of carbon monoxide.

A sim ilar instance is the  3j~ton casting, a
cross-section of which is shown in  F ig . 21. I t
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is a 10 ft . long steam  chest, th e  sem i-circulai 
undersurface of which is m achined and polished. 
The core is much in tersec ted  by strong long itu 
dinal and la te ra l webs. The mould is inclined, 
for pouring, from  the  runners, which are  a t  one 
end in the positions A and  B shown in  th e  
sketch. A large num ber of these castings have 
been made w ithout any trouble, b u t one, a f te r  
polishing, showed a fine h a ir  line, about 4 in. 
long, on the  surface a t  po in t C, a t  th e  end oppo
site the runners. There was no leak under w ate r 
or steam  tes t, b u t exam ination  w ith a high- 
powered glass showed the  line more clearly. I t  
was not a crack, b u t ap paren tly  a line of oxide, 
and th e  presence was disclosed, a t  in tervals, of 
a num ber of m inute  blow-holes, invisible to  the  
naked eye.

This case was diagnosed as being in  line w ith  
th a t of the pulley discussed above. W hen pour
ing begins, the lower p a rts  of th e  mould fill 
rapidly, bu t, when the  heav ie r p a rts  of th e  cast
ing are  reached, the  general rise is slower, and 
may m om entarily be s ta tionary . The two 
stream s rise and m eet a t  C. I f  th a t  m om ent 
should coincide w ith  a rap id  d ra in  of m eta l to  
fill up brackets a t th a t  level, w hat m ight be 
called the  lips of the converging stream s may 
hesitate in th a t  position. H esita tin g  and oxidis
ing, they fail to coalesce properly a t  th e  lips 
for a dep th  of, say, \  in .. b u t th e  oncoming 
m etal rides over the  top. This occurrence is 
explained by the  gas-producing reaction  which 
takes place. These castings are usually  poured 
in 70 secs, th rough  two in-gates, each 2J in . by 
i in. The casting  under discussion took 78 secs., 
owing to the  fac t th a t  the in-gates had  been u n 
w arran tab ly  constricted  in moulding.

This indicates th a t  th ere  are n a tu ra l lim its 
to the slowness in  pouring m ethods. A ttem pts 
have been made to ra tionalise  th is  question by 
the production of formulae re la ting  tim e  taken  
to pour to  the  w eight of m etal being poured. 
Such formulae, however, can have no general 
u tility , as they  can only be applied in  p a rticu la r
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circum stances. As a rule, large horizontal sur
faces should be covered as quickly as possible, 
though the  design of castings frequently  makes 
it  difficult to  determ ine suitable points of en try . 
W ith  vertically  cast moulds and small or lumpy 
castings g rea te r freedom is possible.

Slow P o u r in g  C o n d i t io n s
V ery slow pouring, in a few cases, is advan

tageous. The small gear blank shown in  F ig . 23 
is repeatedly cast cleanly and solidly through 
the pencil ga te  shown. This casting weighs 
•42 lbs. and takes 37 secs, to  pour. A comparison 
of th is w ith  the pouring tim e of the  casting 
shown in F ig . 17 shows th e  difficulty of sta ting  
any rule. One casting  is 173 tim es heavier than  
the  other, bu t only takes twice as long to pour. 
The blank illu s tra ted  in F ig . 24 is equally gopd 
if cast th rough  a disc-edge runner, though the 
pencil ru n n er fails. Slow pouring, w ith a view 
to avoiding draw  or porosity, is usually only 
successful if th e  m etal is poured a t a  tem pera
tu re  which barely enables the  mould to be filled.

In  some cases i t  is advantageous to make 
runners com parable w ith  those used in non- 
ferrous practice. In  F ig . 28 is shown th e  ru nner 
arrangem ent for a  small a ir  valve, while a  sec
tion  of the casting  is shown in  F ig . 29. An 
aw kw ard conjunction of body and bosses near 
th e  flange m akes i t  ord inarily  very difficult to 
get solidity for th e  valve seatings and tapped 
holes, b u t g a tin g  as shown in  the  sketch gives 
invariab le  freedom from  rejections.

In -ga tes
In -gates should be tru ly  in  line w ith the cast

ing sections en tered , w hether vertical or flat, 
so th a t  the liquid m etal does no t impinge 
d irectly  on the  mould or core surface a t  the 
po in t of en try . W here the  in-gate  en ters a t a 
c ircu lar flange, its en try  should be tangen tia l. 
Observance of these rules will elim inate many 
scabs and reduce turbulence, which makes for 
unsoundness. F ig . 22 shows the runner arrange-
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m ent for a double hydraulic cylinder w eighing 
about 2 f tons. I t  m ay be noted  th a t  th e  chief 
advan tage  of a tan g en tia l ru n n e r does n o t lie in 
its tendency to  give th e  m etal a revolving 
m otion, for th a t  is lost a few inches above th e  
ru n n er where i t  is ru n n in g  round a  core, b u t in 
the  fa c t th a t  th is  ty p e  of ru n n e r  has less te n 
dency to c u t th e  core surface and  m akes for 
b e tte r d is tribu tion . W here th e re  is no cen tre  
core, the tan g en tia l ru n n er will b ring  th e  dross 
to th e  centre, in  position fo r en te r in g  th e  head 
should one be provided.

F u n c t io n s  of a  Riser
Every casting  m ust have a  ru n n er, b u t not 

every grey iron casting  needs a riser, and the  
g re a t m ajo rity  of small grey iron castings made 
have no risers. C astings w ith pencil ga tes have 
no risers. The g uard  casting  shown in  F ig . 9 
has none. M any castings a re  definitely b e tte r  
w ithout a r i s e r ; bu t, nevertheless, th e  rise r has 
im p o rtan t functions in grey iron.

I t  is, however, a convenience to  know defin- 
n ite ly  when a large mould is filled, and  in  a 
mould of any considerable size which is cored, 
one or more risers should be provided in  o rder 
to  give an  o u tle t for gas bubbles which may 
accum ulate. Such risers should be in  th e  regions 
a t which bubbling m ay be suspected, and  on the  
h ighest p a rts  of the  mould. W hen th e  top  of a 
core or upstand ing  p a r t  of a mould is covered 
by m olten m etal, gas p ressure inside th e  core 
or mould p a r t  m ay rise very quickly, and u n til 
th e  head of m etal above th e  core is sufficient 
to counterbalance th e  gas pressure inside the  
core, gas will bubble th rough  th e  ris ing  m etal. 
I f  the  gas pressure inside a core rises too 
sharply (as is th e  case w ith  an insufficiently 
dried  o r badly vented  core) th e  m etal m ay be 
blown out of th e  mould, gently  or explosively. 
I f  a core continues to “  blow ”  when a  head of 
12 in. m etal is above it , i t  is c lear th a t  the  
gas pressure inside th e  core is m ore th a n  3 lbs. 
per sq. in. W hilst a  mould is filling, therefo re , 
some p a r t  or p a rts  of i t  m ay .b e  bubbling, and
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th e  m etal stream , passing on and upw ard, may 
carry  such bubbles safely away th rough  the  riser 
o r risers. M any difficult cored jobs have been 
sawed by th e  sim ple expedient of raising  the 
heigh t of th e  ru n n er and riser heads a few inches, 
th u s  providing th e  necessary head pressure to 
force th e  gases in  cores th rough  the vents.

The bubbles referred  to  above are not in 
quite  the same position as the  a ir  which is in the 
mould when pouring begins. The incoming 
m etal readily  displaces th e  contained q ir owing 
to  its  h igher g rav ity . This a ir  escapes easily 
th rough  th e  pores of a green-sand mould, though 
perhaps not so readily  th rough  the blacking 
skin of a dry-sand or loam mould. The last 
tw o types are, however, all more or less cracked 
owing to  vary ing  expansions, when drying, of 
mould and mould m aterials, and subsequent 
cooling du rin g  assembly of the  moulds does not 
close the  cracks. These, together w ith the 
n a tu ra l porosity of the sand, usually provide 
ample e x it channels for the  a ir  w ith which the 
mould is filled before pouring.

W histlers
The “  w histler ” is sometimes used to  facili

ta te  th e  escape of contained a ir from a mould 
d u ring  pouring, so as to  reduce th e  resistance 
offered to  th e  advancing m etal in th in , upstand 
ing  or isolated sections in  th e  top p art. I ts  
value is doubtful, for a small accum ulation of gas 
is o ften  found a t  its  base and  i t  has some of the 
disadvantages of th e  open riser. When a mould 
is filling, th e  contained a ir rises in tem pera
tu r e  and, if i t  cannot by sufficiently quick ex it 
find room for expansion, its  pressure rises. A t 
th e  same tim e, gas pressure and volume inside 
cores and  upstand ing  p a rts  of the  mould is 
rising. I f  the  gas pressure in th e  mould cavity 
is g rea te r th an  th a t  in  the  cores th e  gas of the 
la t te r  will pass o u t through  th e  vents. I f  i t  is 
less, some of th e  gas generated  in the mould or 
cores will pass in to  th e  mould cavity, and find 
ex it th rough  a riser or w histler. This pheno
menon has destroyed the  usefulness of many
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otherwise good moulds. In  green-sand moulds 
particu larly , a  rush of gas th rough  open risers 
breaks away th e  m ould surface in  th e ir  v icin ity , 
w hilst th e  loss of pressure in  th e  mould cav ity  
may induce a  pulling  down of p a rts  of th e  top, 
w here large surfaces a re  concerned. In  p ractice, 
therefore, risers are  k ep t closed on all b u t the  
ligh ter castings. The l i f t  of th e  ball, core or 
brick on th e  rise r indicates th a t  the  m ould is 
full.

I t  is "sometimes u rged  th a t  a rise r helps to 
rid  a casting  of d i r t  as well as bubbles, b u t th is  
is an illusion. D ir t usually rem ains firmly fixed 
to the first upper surface w ith which i t  m akes 
contac t, and no am ount of “ ru n n in g  th rough  ” 
will dislodge it. The w rite r has n o t y e t found 
a single instance in  which a riser, as d is tin c t 
from a head, has removed d ir t  from  a mould.

I t  often  happens th a t  th e  top  p a r t  of a mould 
has a num ber of protuberances in  th e  shape of 
bosses, lugs, brackets or flanges, and  i t  becomes 
im practicable to  p u t risers on all of them , and 
it  is often  useless and inadvisable to  do so for 
they a re  b e tte r  w ithout. In  such cases th e  
dummy riser is sometimes resorted  to , b u t its  
usefulness is very doubtful. I t  is n o t uncomm on 
to find a bubble of gas a t  th e  base of such a 
riser and in  th e  ac tu a l casting . The w rite r  has 
not ye t seen a dumm y which con tained  d ir t  or a 
bubble, excep t a t  its  base, w here i t  has failed. 
A riser also reduces th e  p ressure on th e  m o u ld ; 
th is may or m ay n o t be advantageous. C erta in ly  
the rise r can only reduce th e  p ressure in  th e  
mould if  its  level is lower th a n  th a t  of th e  head 
of the  ru n n e r basin.

An im p o rtan t use of th e  riser is for th e  purpose 
of feeding. In  m any cases an approx im ation  to 
non-ferrous and steel p ractice  obtains, i.e ., a 
heavy feeder head is provided which feeds 
natu ra lly . Exam ples are  shown in F igs. 16, 17, 
18, 19 and 22, and  every foundrvm an is ac
quain ted  w ith  sim ilar examples. In  th e  case of 
the double hydrau lic  cylinder shown in  F ig . 22, a 
feeder head is provided over each cylinder, and
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the risers a re  also rod fed. The practice of 
n a tu ra l feeding can sometimes be extended w ith 
advan tage  to  small eastings. Consider the  small 
a ir-cylinder piston shown in F ig . 26, which, as 
cast, has th e  form  shown in  F ig . 25. These have 
been made in  thousands w ithout a single rejec
tion  on the  following lines. They are  made eight 
in a box, and the  cen tre  ru n n er feeds a single 
spray to  each casting, each having a riser or 
head as shown. P ouring  is continued un til 
the  heads are full. W hen cold, each in  tu rn  is

slipped into a heavy cast-iron sleeve, leaving the 
head projecting , as shown in F ig . 27. The heads 
are broken off w ith a foreham m er, and the  cast
ings are then  throw n into the rum bler, a fte r  
which they  are  tu rn ed , bored, tapped and 
screwed w ithout disclosing any defect.

Rod-Feed ing
R isers for rod feeding often give disappoint

ing results, because they  are  made too small. 
A 7-in. cube cannot be fed th rough  a 1-in. dia. 
riser. Such a case would require a 2 |-in . dia. 
r ise r a t  least, bu t, given a  riser of the rig h t
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proportions, th e  feeding can be nugatory . I t  
is sometimes suggested th a t rod feeding simply 
consists in keeping open the riser so th a t  liquid 
m etal may d ra in  in to  the  cavities form ing be
low. This is qu ite  tru e  of the  ea rlie r stages of 
the  feeding, b u t the  really  crucial stage in  
feeding is when th e  m etal in th e  riser and ad ja 
cent casting  has en tered  the  pasty  range be
tw een liquidus and solidus. Feeding  is a t  all 
tim es hard  and exhausting  work, particu la rly  
on heavy jobs, and calls for a h igh degree of 
conscientiousness on the  p a r t  of th e  m an feed
ing. W hen the  pasty  range is reached, he is 
strongly tem pted  to  “  feed i t  u p ,”  b u t th is 
usually results in a p rem atu re  w ithd raw al of 
the rod by an inch or more a t  a tim e. V ery 
soon he finds himself feeding th e  rise r only, the  
m etal below being solid. The casting , however, 
which th e  rod has not fed is still liquid, and  a 
hole is le ft u n dernea th  th e  riser. The feeder, 
a t  the commencement, should dip his rod, 
usually, no t more th an  th ree  or fo u r inches 
into the casting  and keep i t  pum ping a t  th a t  
depth , not coming h igher u n til he has solid 
m etal below his ro d ; th en  he may w ithdraw  i t  
as the  solid grows below. I f  th is  p ractice  is n o t 
followed, gaps may be form ed when th e  m etal 
is in  the pasty  range, which are  bridged over.

A nother difficulty arises from the way the  
rod is used. The m an feeding m ay realise th a t  
the  hole m ust be k ep t as big as possible, and 
consequently works his rod round as shown in  
F ig . 30. The head rem ains quite  open a t  the  
top for a tim e, b u t soon, a t  th e  p o in t A 
where the rise r joins the  casting , he is try in g  to  
feed th rough  a hole little  b igger th a n  his rod. 
In  a case like th is, fresh supplies of hot m etal 
are of little  avail. The r ig h t m ethod is shown 
in  F ig. 31, the  rod being carefully  worked down 
the sides of th e  hole all round. Only th u s can 
the job be fed solid
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Newcastle Branch

F U R T H E R  D E V E L O PM EN TS W IT H  CO A L- PaperNo- 42S 
D U S T  IN M O U L D IN G  SA N D S

By B. HIRD (M e m b e r )

I n t r o d u c t io n
Since th e  first investigations in to  the action of 

coal-dust in  mouldings sands, eigh t years ago, 
the au th o r has from  tim e to  tim e made fu r th e r 
experim ents and prac tica l te s ts  w ith th is 
m ateria l. O ther investigators, notably H udson 
and W in terton , have also m ade valuable con tri
butions to  the  subject. The fu ll value of coal- 
dust add itions to  moulding sand has no t yet 
been thoroughly realised, and there  is scope for 
fu r th e r  investigation  and practical application 
of th is  m ate ria l in  the  foundry.

The first P a p e r f  by th e  au th o r dealt w ith the 
action  of coal-dust on th e  skin of grey iron cast
ings, and  gave a  few ten ta tiv e  rem arks on the 
appearance of th e  sand a fte r  the  casting  was 
removed from  the  mould. The fu r th e r  develop
m ents to  be outlined  deal m ainly w ith its effect 
on th e  properties of the  moulding sand.

D ealing first w ith th e  action of coal-dust in 
p reventing  the form ation of scabs on th e  face 
of castings the  th ree  most common are the 
“ solid scab,” the  “  blind ” or “ sand buckle 
scab,”  and the  “  scour or ru nner scab.”

T h e  Solid Scab
The solid scab is formed when a portion  of 

the sand from  the  mould face lifts, or buckles, 
e ither as soon as the  m olten m etal covers it , or 
im m ediately before the  m etal reaches it, due to 
the rad ia tio n  of hea t from  the  m etal. In  th is 
case the  sand floats on the rising m etal, and is 
deposited on th e  sides or top  of the  mould and 
forms shallow holes in  the  casting. The cause
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tr.ay be one of m any : a patch  of weak san d ; 
a w et spo t; a  h a rd  spo t; ram m ing too n ear the 
p a t te rn ; fau lty  p a tc h in g ; neglected or poor 
venting  or badly m ixed or unsu itab le  sand.

Blind o r  Sand  B uck le  Scab

The blind or sand buckle scab is very closely 
related  to  th e  solid scab, b u t occurs a t  a slightly 
la te r  period, d u ring  th e  filling of th e  mould, 
instead of being washed away by th e  flow of the 
m etal, i t  is now held in  its  place. Im ag ine  the 
tem pera tu re  of the  sand form ing th e  -face of the  
mould suddenly raised  to  a tem p era tu re  of 800 
or 900 deg. C. fo r a dep th  of about ^  of an 
in. This h igh tem p era tu re  causes the  g ra in s  of 
sand to  expand, and when certa in  conditions 
prevail, patches of sand  buckle up in to  the  
m olten m etal. A very th in  sk in , which will 
then  have form ed on th e  m etal, p revents th is  
sand from  floating away, b u t is n o t strong  
enough to  resist the  force of th e  pressure, 
causing the  buckle, w hich presses inw ards in 
the form  of an angle, th e  apex of which cracks, 
and allows m etal to  bleed in to  the  cav ity  formed 
th rough  the  crack as shown d iag ram m atica lly  in 
Fig. 1.

S c o u r  o r  R u n n e r  Scab

Scour or ru n n er scahs usually  form  a t  or near 
the  place where th e  m eta l from  th e  runner, 
en te rin g  th e  mould, strikes th e  mould face, or 
core. I t  is of th e  solid type and is due to  the 
breaking down of the  bond of th e  sand gra ins, by 
th e  cu ttin g  action of th e  fa lling  m eta l. Once 
the  surface gra ins give way th ey  crum ble rapidly 
u n til sufficient dep th  of m etal has form ed to 
protect them .

F or m any years foundrym en have known th a t 
the  add ition  of coal-dust to facing  sand helps 
to  prevent the  form ation of these scabs, b u t the 
reason is not well known. Investiga tions have 
led to  the  following conclusions:— The intense 
heat from  th e  m olten m eta l as i t  fills th e  mould 
first gasifies th e  partic les of coal th a t  a re  m ixed
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in the  sand form ing the mould lace, b u t the  coal- 
dust im m ediately behind th e  mould lace, being 
out of d irec t con tac t w ith the m olten m etal, p ar
tia lly  metam orphoses in to  a ta r  contain ing  gases. 
As these gases escape, due to  rapidly  increasing 
heat, they swell the small particles of ta r ,  and 
push them  in to  th e  pore spaces, and around the 
sand grains. This bonds the  g ra ins together 
much in  th e  same way th a t  flints covered with 
ta r  bond together in  asphalt or ta rm ac roads. 
This action forms w hat is best term ed a “ hot 
bond ” for th e  grains of sand, effectively pre
venting  them  from  slipping or buckling. As the

F i g . 1 ( R i g h t ) . — S e c t io n  o f  B l in d  S cab 
s h o w i n g  A n g l e  w h i c h  P h o v e s  E x p a n 
s io n  o f  S a n d , a n d  F i g . 2 ( L e f t ) , S e c 
t io n  o f  C a s t - I r o n  B l o c k  a n d  R i n g  c o n 
t a in i n g  S a n d .

tem p era tu re  increases, th is  ta r  cokes, and the 
sand gra ins a re  now held w ith a very strong 
bond.

I m p r o v e d  G re e n  Bond S t r e n g th
The au th o r has made a considerable num ber of 

experim ents definitely proving th a t  coal-dust 
additions to  m oulding sand creates green bond 
s treng th , and  a  practical application over a long 
period has confirmed the experim ents. These 
la tte r  were carried  out on two continuous casting 
tracks, m aking railw ay chairs. Incorporated  in 
the tracks was a continuous sand m ixing p lan t 
which operated  as follows t —A fter the castings
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were removed from  th e  m oulding boxes th e  h o t 
sand was knocked o u t over a g ra tin g , and fell 
011 to a  belt conveyor. I t  was th en  elevated in to  
a “  K e ttin g  ” mill. W hile th e  sand was in  the  
ou ter m ixing ring  2-| per cen t, of fine coal-dust 
was added, and 6 per cent, of w ater, and when 
mixed i t  was passed in to  th e  cen tre , and  milled 
for th ree  m inutes. F rom  th e  mill i t  passed 
th rough  a d is in teg ra to r and was th en  conveyed 
by overhead belts to  the  m oulding m achines. F or 
over two years no new sand was added, only the  
24 per cent, of coal-dust. Periodically , when the  
sand go t too strong, b u rn t old sand was added to  
bring down th e  s tren g th  to  th e  s tan d a rd  which 
was k ep t a t  14 to  16 lbs. to ta l load on a  2-in. by 
2-in. A .F .A . sample, o r 4 |  to  5 lbs. per sq. in.

S u m m a r y  o f  S o m e  C o a l -D u s t  B ond  E x p e r i m e n t s
F o r the  purpose of these experim ents, moulds 

were m ade from  a rec tan g u la r block, 12 in . by 
8 in. by 2 j in. th ick . E nough sand was mixed 
to  make one mould, w ith sufficient over to  allow 
for loss d u ring  subsequent re-m ixings. A fte r 
each cast, th e  mould was allowed to  cool down 
to  room tem pera tu re , before th e  casting  was re 
moved. Tests w ith  bo th  “  hand  m ixed ” and 
“ milled ” sands were m ade. The hand  m ixed 
sands were tu rn e d  w ith  a shovel, and  th en  p u t 
th rough  a ¿-in. sieve twice, to  ensure thorough 
m ixing. In  the  milled series, each re-m ix was 
milled for 3 m in. in a small double-roller pan  
mill. To concentrate on th e  bond, only stren g th  
te s t results are  given. These were ta k e n  on 
A .F.A . stan d ard  te s t piece 2 in . d ia . by 2 in . 
long, tes ted  on a sprimg-balance compression 
testing  m achine, and th e  to ta l b reak ing  load is 
given in  all tests.

The analysis of the  coal-dust used w a s : — 
V olatile, 30.6; ash, 10.4; carbon (by difference), 
59 per c e n t.; fineness, all th rough  a 90-mesh 
sieve. The m oisture of all m ix tures was between 
4 and 6 per cent.

The results of E xperim en t 1 a re  norm al, for 
the  stren g th  of the  sand decreases a f te r  each
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cast. I n  strik in g  co n trast, th e  milled series 
No. 2 show an increase of s tre n g th  a f te r  the  
first two castings. Obviously, the  sand is g a in 
ing bond from  some source o ther th a n  th e  clay 
bond or a lum ina in the  red  sand grains. M icro
scopic exam ination  of the  sand a f te r  the  fo u rth  
cast showed all the  g ra in s were covered w ith  a 
black carbon deposit, which m ust obviously 
destroy the  clay bond. T his suggested a bond 
created  by coal-dust, so fu r th e r  experim ents on 
the  same lines were m ade w ith  sharp  sand to 
prove th is.

The resu lt of th is  experim en t proved beyond 
doubt th a t  th e  t a r  from  th e  coal-dust libera ted  
by th e  h ea t of th e  m eta l when th e  m ould w a s  
poured was crea tin g  an  excellent bond, espe
cially a fte r  m illing. A nother experim en t w ith  
sharp sand plus coal-dust, b u t th is  tim e  hand  
mixed, proved th a t  m illing increases the  bond.

A lthough the  condition of th e  sand was b e tte r  
th an  th e  te s t resu lts show, th is  experim en t de
finitely proved the  benefit of m illing, to  produce 
th is bond from  the  coal-dust.

E xperim en t 5 was m ade th is  y ea r w ith  K in g ’s 
Lynn sharp  sand, and a fine coal-dust m ade by 
a  well-known firm of suppliers.

C astings made w ith  th is  sand were good, even 
the first one cast in  sharp  sand and  raw  coal- 
dust was free from  cuts, scabs and  pulling  down 
of the  top . This was unusual, fo r previously 
castings in  sharp  sand had shown some, o r all, 
of these defects. A fte r leaving coal-dust bond 
sand for a considerable tim e, and  a ir  d ry ing  i t  
to  powder, its orig inal bond s tre n g th  m ay be 
obtained w ithou t rem illing  by rem ix ing  w ith  5 
to  6 per cent, of m oisture.

Conclusions
I t  should be clearly understood th a t  raw  coal- 

d u st does no t crea te  th is  bond. I t  is th e  deposit« 
from  th e  coal when they  are  tran sfo rm ed  by th e  
hea t from  the  m eta l as i t  p en e tra tes  in to  th e  
sand of th e  mould du rin g  and  a f te r  pouring .
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These deposits coat some of th e  sand g ra in s  w ith  
a black sooty carbon and a c e rta in  am ount of ta r ,  
and i t  is th is  la s t p roduct which creates th e  bond 
which is p a rtly  fric tional, i.e ., g rip p in g  the  
lough  carbon surfaces, and  p a rtly  g lu tinous, 
i.e ., ta r ry  residue.

Microscopic exam ination  of th e  coated g ra in s 
and  a  simple experim en t confirm th is  theory . 
F o r th e  experim en t a sm all r in g  ab o u t 2 in . d ia. 
is m ade w ith  a  piece of -&-in. o r *-in. w ire. The 
cen tre  of th e  rin g  is firmly filled w ith  a  m ix tu re  
of sharp  sand plus 10 per cen t, of coal-dust, plus 
4 per cen t, of m oisture. A sm all block 2 in . sq.

Experiment No. 5.—King’s Lynn Sharp Sand.—Ten per 
cent, of coal-dust was added to the first mix, and 
3 per cent, after each cast.

Cast.
Coal- 
dust. 

Per cent.
Strength.

Lbs. Perm. Moisture. 
Per cent.

Milled— 
First mix 10 H 134
After 1st cast 3 5 i 93 5

„ 2nd „ 3 8f 70 5
,, 3rd ,, 3 12* 52 5
„ 4th „ 3 17 40 6
,, 5th ,, 3 18f 32 6
„ 6th „ ‘Nil 19* 30 6*

by 4 in . long is th en  cast, and  as soon as th e  cast
ing sets i t  is removed from  th e  mould and  th e  
rin g  filled w ith  sand is placed on th e  2 in . sq. 
end. W ith  carefu l observation sm all globules of 
t a r  will be seen pushing up  betw een th e  g ra in s  of 
sand (F ig . 2). O ther in te res tin g  points also 
confirming th e  presence of “  hot-bond ”  w ill be 
observed.

A study  of th e  h e a t pen e tra tio n  d iagram , F ig . 
3, b u ilt up from  resu lts tak en  by F . M ask an d  E . 
Piw ow arsky, and  applied approxim ately  to  the  
te s t  block, 12 in . by 8 in . by 2* in . w ill be found 
in te restin g . A ssum ing th e  mould is m ade of 
well m ixed sand  plus fine coal-dust, one can 
follow in im agination  th e  changes th a t  tak e  place
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in the  sand from the  tim e the  m etal en te rs  the  
mould u n til th e  casting  is cold.

As soon as th e  m etal en ters th e  mould the  p a r
ticles of coal on the  bottom  face give off th e ir  
volatiles in  th e  form  of smoke im m ediately in  
fro n t of th e  flowing m etal, th is  smoke is trap p ed  
between the  flowing m eta l an d  th e  m ould face, 
th e  action takes place very rap id ly  on the  bottom  
face, and  th en  on th e  sides as th e  m eta l rises. 
The coal-dust on th e  top  face gets the  full effect 
of th e  rad ia ted  h ea t from  th e  rising  m etal and 
th e  partic les of coal on th is  face have already  
liquefied to  t a r  before th e  m etal reaches them , 
and created  a  very effective ho t bond which p re
vents th e  sand from  draw ing down. The mould 
is filled in  a  few seconds, and  th e  h e a t from  th e  
m etal has s ta rte d  to p en e tra te  th e  san d ; th is  
takes place slowly as shown by F ig . 3. A t th e  
mould face th e  tem p e ra tu re  is approx im ately  
900 deg. C . ; as soon as th e  m eta l covers th e  
face th e re  is practically  no a ir  p resen t to  bu rn  
th e  coal-dust, so i t  m elts in to  th e  form  of a 
ta r , a t  th e  same tim e gases form  in  th e  t a r  and 
ex e rt a  p ressure try in g  to  escape, th is  pressure 
forces th e  t a r  in to  every available space between 
th e  sand gra ins, and  the  libera ted  gases a re  
forced back th rough  th e  still unaffected and  cool 
p a rts  of th e  mould, where any ta r s  they  con tain  
a re  condensed on to  th e  g ra in s of sand. This 
evolution of taa- and  gas continues in to  th e  mould 
as fa r  as th e  h e a t requ ired  to  cause i t  pene tra tes .
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Sheffield Branch

H E A T -T R E A T M E N T  O F STEEL C A S T IN G S

By R. H U N T E R , B.Sc., Ph.D.

Some form  of therm al tre a tm en t is given, to 
alm ost all steel castings p rio r to  delivery. The 
ac tua l tre a tm e n t given, of course, depends on 
th e  composition of the  steel and th e  purpose for 
which the  castings are  requ ired . I t  is intended 
in  th is P a p e r to  explain  why th is hea t-trea tm en t 
is necessary and to  describe the  various tr e a t
m ents given to  typical compositions. Some years 
ago th e  a tt itu d e  tow ards th e  hea t-trea tm en t of 
steel castings was ra th e r  mixed. On the  one 
hand, i t  was tre a te d  w ith a g rea t deal of secrecy 
and on the  o ther, i t  was assumed th a t ,  as long 
as th e  castings were heated  to  an undefined high 
tem pera tu re , th en  th e  hea t-trea tm en t require
m ents were fulfilled. In  recen t tim es, however, 
n e ith er of these a ttitu d e s  is to lerated , and the 
h ea t-trea tm en t of steel castings should be ju s t 
as carefully  and scientifically controlled as any 
o ther hea t-trea tm en t process.

The im portance of the  hea t-trea tm en t opera
tion  requires no em phasis or justification  in  a 
P ap er presented to th is  In s titu te , and suffice it 
to  say, therefore , th a t  in a sound casting  the 
h ea t-trea tm en t is largely responsible fo r the 
m echanical p roperties developed by it. The 
tren d  of modern tim es has been the insistence 
by engineers on h igh mechanical properties 
which can only be obtained w ith consistency by 
controlled h ea t-trea tm en t, and i t  is one of the 
purposes of th is  P ap er to describe how th is may 
be accomplished.

R easons  f o r  H e a t - T r e a t m e n t
I t  is n o t proposed to catalogue all th e  various 

steels and  th e ir  app rop ria te  heat-trea tm en ts, b u t

P a p e r  N o . 626
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to confine a tten tio n  to  qualities which a r e  p r i n 

cipally used fo r s tru c tu ra l o r general e n g in e e r 

ing purposes. The reasons fo r th e  h ea t- trea t-  
m ent of such steels may be briefly sum m arised as 
follow : —

(1) Release of in te rn a l stresses.
(2) To refine the  coarse “  as cast ”  s truc

tu re .
(3) F u r th e r  h ea t- trea tm en t to  th e  above 

may be given fo r following reasons : —
(a) In  low alloy steels, to  give best com

b ination  of s tren g th  and  toughness.
(b) In  stainless steels, to  develop best 

m echanical p roperties and  m axim um  re
sistance to  corrosion.

(c) In  high m anganese steels, to  combine 
w ear resistance w ith  toughness.

The h ea t-trea tm en t given to  a  casting  m ay 
resu lt, of course, in  the  fulfilm ent of several of 
the  above purposes. F o r convenience i t  is pro
posed to  consider each of th e  above subjects 
separately.

R elease  o f  I n te r n a l  S t r e s s e s
The m agnitude of th e  residual stresses in  a 

steel casting  is largely  dependent on the  
geom etry of the  casting  and  on th e  re s tra in in g  
influence to  its  con traction  offered by th e  mould 
and  the  cores. The existence of such stresses 
is, of course, only too well known in  th e  steel 
foundry, where hot te a rs  and  d is to rtion  supply 
irrefu tab le  evidence. B oth these facto rs will 
tend  to  decrease the  s ta te  of in te rn a l stress, b u t 
th e ir  influence is difficult to  eva lua te  because 
the  ho t te a rs  occur before th e  developm ent of 
any appreciable elastic ity , and  while th e  dis
to rtio n  m ay lessen th e  stresses in th e  m ain 
members of th e  casting , th is  will, no doubt, tend  
to  throw  fu r th e r  stresses on subsid iary  ones.

On the o ther hand , such visible signs of stresses 
m ay not be present, and yet th e  casting  may 
possibly possess a h igh degree of in te rn a l stress. 
The allotropie tran sfo rm ation  in  th e  steel which
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occurs on cooling down m ay give rise to fu rth e r 
residual s tre sses/ particu larly  when the  tran s
form ation does n o t occur a t the same instance 
th roughou t the  casting.

The effect of tem pera tu re  on the  release of 
in te rna l stresses has been studied  in deta il from 
m any points of view, b u t th e  investigations in 
d irect re la tion  to  steel castings appear to  be 
very m eagre, particu la rly  from  a quan tita tive  
standpo in t. F o r the  p resen t purpose, however, 
the  m a tte r  can be considered indirectly , and the 
deductions draw n therefrom  may be applied to 
steel castings w ith sufficient accuracy fo r prac
tica l purposes.

Benson and Allison2 have recently  published 
d a ta  on the  influence of tem p era tu re  on the 
stress relief of s trip s  of m ild steel which were 
given an in itia l skin stress of 5 and  10 tons per 
sq. in. respectively. F ig . 1 sum m arises th e ir  re
sults in  th is  connection, and shows th a t  a tem 
p era tu re  of a t  least 600 deg. C. is necessary in 
order to  render the  m ateria l p ractically  stress 
free. N a tu ra lly , the  soaking tim e a t  the  tem 
p e ra tu re  has an influence on the  release of the 
stresses, and F ig . 2 shows th is effect on a series 
of strips sim ilar to th e  above.

S tresses are  induced in steel on quenching and 
B iihler, Buchholtz and Schulz2 have made a 
very useful con tribu tion  to  the  knowledge on 
th is  subject by th e ir  investigation  on cylinders 
of Armco iron and 0.30 per cent, carbon steel. 
These were quenched in  w ater from 860 deg. C. 
and tem pered a t  an ascending series of tem 
pera tu res. F ig . 3 sum marises graphically  th e ir 
results , from  which i t  will be observed th a t  a 
tem p era tu re  of 600 to  700 deg. C. is required in 
order to  ren d er the  m ateria l v irtua lly  stress free.

W hen th e  stresses are  induced e ither by cold 
bending o r by h ea t-trea tm en t, they  may be, for 
all p rac tica l purposes, elim inated by tem pering 
a t  600 to  700 deg. C. I t  would appear, there
fore, reasonable to  conclude th a t  heating  a  steel 
casting  to  w ith in  the  same range of tem pera tu re  
would resu lt in  th e  rem oval of any residual
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stresses. This tem p era tu re  is lower th a n  th a t  
required  for g ra in  refinem ent, which will be 
considered la te r, so th a t  in  m ost instances th e  
rem oval of the  stresses does no t involve any 
special h ea t-trea tm en t. W hile th is  tre a tm e n t 
suffices in most instances, th e re  may be special 
cases where g rea te r freedom  from  stress is de
sired. W hen th is  is so, i t  is recom mended th a t  
a f te r  the  refining anneal, th e  castings be re 
heated  to  600 to  700 deg. C. for a su itab le  period 
and slowly cooled in  th e  fu rnace  therefrom .

Annealing Temperature 'C.

F i g . 1 .— 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 .

R e f in e m e n t  o f  C a s t  S t r u c t u r e

The cast s tru c tu re  of m etals and  alloys is a p t 
to be coarse re la tive  to  th a t  of th e  w rought 
m aterial of th e  sam e composition where the  
crystals have been elongated and  broken up  by 
hot or cold deform ation. I t  is n o t possible to  
refine the  cast s tru c tu re  of m any m etals and 
alloys by any form  of h ea t- tre a tm en t, and  in 
such cases th e  control of th e  g ra in  size is largely  
effected by the  ra te  of cooling from  th e  casting  
tem pera tu re .
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I t  is generally desirable to  have the  m aterial 
as fine-grained as possible, because in  th is con
d ition  th e  m axim um  degree of toughness is de
veloped, and th is  is usually required by engi
neers. I n  th e  case of steel, fo rtunate ly , i t  is 
possible by h ea t-trea tm en t to  refine the  grain . 
The explana tion  of th is, expressed in  as non
technical language as possible, is as follow s: — 
Iron  can ex is t in th e  range of tem pera tu re  which 
is now being considered in two forms. A t ordi
nary  tem pera tu res i t  exists as fe rrite  which, for

F i g . 2 .— E f f e c t  o f  S o a k in g  P e r io d  o n  
S t r e s s  R e l i e f .

all p rac tica l purposes, does no t dissolve carbon. 
A t elevated tem pera tu res iron changes to  a 
form  which does dissolve carbon, and the  solution 
so form ed is called “  au sten ite .”  The carbon 
in  steel exists as iron carbide (Fe,C ), which is 
culled cem entite. W hen the tem pera tu re  of the 
au sten ite  is reduced, th e  cem entite is na tu ra lly  
p rec ip ita ted , since i t  is insoluble in  the ferrite . 
The constitu tion  of the  iron carbon system is 
such, however, th a t  in the  case of mild steel 
castings no t cem entite alone, b u t an  in tim ate  
m ix tu re  of cem entite and fe rrite  in  a lam ellar
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form  is actually  p rec ip ita ted . This composite 
constituen t is called pearlite .

The tem p era tu re  to  which th e  steel m ust be 
raised to  accomplish th e  fo rm ation  of au sten ite  
depends on the carbon content. The iron-carbon 
equilibrium  d iagram  is of g re a t assistance in 
helping to  determ ine th e  m ost su itab le  tem p era
tu re  fo r various compositions. F ig . 4 gives one

F i g . 3 .— E f f e c t  o f  Q u e n c h i n g  o n  
I n t e r n a l  S t r e s s e s .

of the  la te st conceptions4 of th is  d iag ram  a t the  
corner in  which one is particu la rly  in te rested  
when dealing w ith m ild steel castings. To use 
th is d iagram  in te lligen tly , i t  is necessary to  
bear in m ind the  relationsh ip  betw een th e  ex 
trem ely pure iron-carbon alloys used in  its  con
struction  and th e  comm ercial steels, th e  heat- 
trea tm en t for which is being d ea lt w ith . In  
addition  i t  should be rem em bered th a t  the  
d iagram  refers to  equilibrium  conditions, a s ta te



of affairs seldom a tta in ed  perfectly in  commer
cial h ea t-trea tm en t practice. Above line GSE 
austen ite  exists, and the  carbon is in solution. 
In  area  G PS, iron and a solution of carbon in 
iron occur. Below line P S K  fe rrite  and pearlite  
exist.
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F i g . 4 .— I r o n -C a r b o n  E q u i l i b r iu m  
D ia g r a m .

A t present the  area  in  which steel founders 
a re  particu larly  interested  is th a t  above line 
G SE, as they  have to  heat the steel u n til the 
intersec tion  of the co-ordinates representing  car
bon conten t and  tem pera tu re  lies above th is 
line. N atu ra lly , the lowest possible tem pera tu re  
should be chosen, b u t, as indicated  above, the



diagram  professes to rep resen t equilibrium  con
ditions, and, consequently, an allowance m ust 
be made to  com pensate for th e  inheren t sluggish
ness of th e  steel in  changing from  one form  to 
another. Commercial steel also contains o ther 
elem ents, such as silicon, phosphorus and  m an
ganese, which cause a  d ep a rtu re  from  th e  ideal 
s ta te  envisaged by F ig . 4. The n e t re su lt is, 
however, th a t  a tem p era tu re  abou t 50 deg. C. 
over the  theoretical one is generally  suitable.

F ig. 5 shows the  typ ical coarse an g u la r cast
ing  s tru c tu re  p resen t before annealing . The 
white constituen t is fe r rite  and  th e  d a rk  pear- 
lite . One of the  m ost d istinctive characteristics 
of the s tru c tu re  is the  geom etrical reg u la rity  of 
the  o rien ta tion  of the  above constituen ts. This 
is due to  the  p rec ip ita tion  of the  fe r r ite  on cer
ta in  cleavage planes of th e  p a ren t au sten ite . 
The form ation  is cabled th e  W id m an sta tten  
stru c tu re , nam ed a f te r  W id m an sta tten  who 
observed i t  first in m eteorites.

By annealing  as indicated  above, re-crystalli- 
sation  takes place, and  refinem ent of th e  g ra in  
occurs as shown in  F ig . 6. The relatively  sm all 
crystals and the  un iform  dispersion of th e  pear- 
lite  will be observed.

H av ing  decided on the  tem p era tu re , th e  cast
ing  is slowly and uniform ly  heated  to  i t ,  and 
a f te r  soaking fo r a sufficient tim e, is cooled in 
th e  furnace. F o r m ild steel castings of norm al 
dimensions and thickness of section, a tem pera
tu re  of 900 to  950 deg. C. is sa tisfac to ry , w ith  a 
soaking tim e of 3 hrs. a t  th is  tem p era tu re  
range. F o r heavy castings th e  soaking tim e 
m ust be increased p roportionately , and th e  tem 
p era tu re  p referab ly  k ep t tow ards th e  to p  lim it 
of the  range ind icated .

I t  is outside th e  scope of th is P a p e r  to  dis
cuss the  various types of h ea t- tre a tm en t fu r 
naces suitable for steel castings, b u t the  p r in 
cipal requ irem en t is th a t  they  m ust be capable 
of giving a uniform  tem p era tu re  over th e  whole 
h ea rth  area. To ensure th a t  the  co rrec t tem 
p era tu re  is uniform ly m ain ta ined , i t  should be
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possible to  m easure th e  tem p e ra tu re  a t  rep re
sen tative points in  th e  furnace. S u itab ly  pro
tected  perm anent couples m ay be installed a t  
these points or provision m ade fo r th e  insertion  
where desired of a poker type therm o-couple.

A discussion of the  various types of pyro
m eters cannot be undertaken  here, b u t a few 
rem arks on th e  use of therm o-couples from  a 
practical aspect m ay n o t be o u t of place.

T e m p e r a t u r e  D e t e r m in a t io n

In  m easuring tem pera tu res by therm o-couples, 
the  lim ita tions of th e  m ethod should be appre-

F i g . 6 .— R e f i n e d  W id m a n s t a t t e n  
S t r u c t u r e  a f t e r  A n n e a l i n g . 

x  100.

ciated if the  resu lts a re  to  be in te lligen tly  in 
te rp re ted .

A pyrom eter m easures the  tem p era tu re  of the 
hot junction  of th e  couple, b u t th is  m ay o r may 
not be th e  same as th a t  of the  furnace. P re 
cautions should be tak en , therefo re , to  ensure 
th a t  the  hot junc tion  is rep resen ta tive  of the  
furnace. The relatively  large mass of the  cast
ings in  the  fu rnace  generally  resu lts  in the  
tem p era tu re  as recorded by a perm anen t couple, 
the  poin t of which is n o t a t  th e  cen tre  of the  
mass, being h igher th a n  th a t  of th e  actua l 
castings. The soaking tim e m ust, of course, be
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reckoned to  commence when th e  whole of the  
fu rnace  contents has reached the  desired tem 
pera tu re . The sam e rem arks apply to  th e  p o rt
able poker type  couple, a lthough perhaps to  a 
less ex ten t, as w ith  th is  ty p e  i t  is o ften  possible 
to  re s t the  ho t ju n c tio n  of th e  couple a t  the  
point where, to  the  eye, th e  fu rnace  is coolest. 
Sufficient has, however, been said to  em phasise 
the fac t th a t ,  while th e  pyrom eter is undoub t
edly an extrem ely reliable in s tru m en t for 
m easuring tem pera tu res a t  th e  range w ith  which 
th is P ap e r deals, due care m ust be tak en  to  
ensure th a t  the  tem p era tu re  recorded is tru ly  
represen ta tive  of th e  fu rnace  conditions. To 
check the correctness of the  annealing  of each 
heat of m ild steel castings, qu ite  a  p rac tica l te s t 
may be carried  o u t as follows: —

R epresen ta tive  pieces of ru n n ers  from  th e  same 
cast as is being annealed are  placed before-hand 
a t  selected points in  th e  fu rnace  and  subjected , 
therefore, to  the  sam e h ea t- tre a tm en t as th e  cast
ings. A fte r th e  completion of th e  annealing  
process, nicked fra c tu re  te s ts  are  p repared  by 
sawing th e  ru n n e r half way th rough , th e n  break
ing the  sam ple w ith  a forge ham m er. The g ra in  
size observed confirms th e  effectiveness o r o ther
wise of the  h ea t- trea tm en t. A fine g ra in  should, 
of course, be obtained from  all samples. A ddi
tional confirm ation m ay be ob tained  by th e  p re
p ara tion  of micro-sections, b u t as a ro u tin e  te s t 
the fra c tu re  should be sufficient indication . 
F ig . 7 is a photograph  of th e  f ra c tu re  of mild 
steel “ as c as t,”  and F ig . 8 shows th e  appear
ance a f te r  annealing.

In  o rder to  enhance fu r th e r  the  m echanical 
p roperties of m ild steel castings which have been 
subjected to  th e  g ra in  refinem ent tre a tm e n t, 
they  a re  frequently  norm alised. This consists of 
heating  th e  casting  to  a tem p era tu re  above GSE 
line in F ig . 4, b u t barely as h igh as th a t  neces
sary to  break up  the  cast s tru c tu re , and  cooling 
in  a ir  therefrom . F o r o rd inary  m ild steel cast
ings a tem p era tu re  of 880 to  900 deg. C. is su it
able. Of the  m echanical p roperties, those which
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are most im proved are the  yield ra tio  and the 
Izod im pact value.

H e a t - T r e a t m e n t  of  Low Alloy S tee l  C as t in g s
I n  addition  to  th e  refinem ent of th e  g ra in  by 

annealing  or norm alising, the  mechanical p roper
ties of steel castings can in  m any cases he en
hanced by fu r th e r  hea t-trea tm en t. Mild steel 
castings, owing to  th e ir  relatively low carbon 
conten t, do not readily  respond, and are, conse
quently , seldom delivered in the  hardened and 
tem pered condition. In  the  annealed or nor
malised s ta te  also they  generally possess suffi
cient duc tility  and toughness for most purposes.

On th e  o ther hand , when a h igher tensile 
s tren g th  th a n  is obtainable from  th is class of 
casting  is desired, a sacrifice in ductility  and 
toughness is inevitable if  a plain  carbon steel is 
still employed. F o r m any applications th is may 
no t m a tte r , as, fo r example, where resistance to 
w ear is th e  p rim ary  function . However, in 
m any instances, both  high tensile and  resistance 
to shock are  required , and th is  can only be 
obtained by fu r th e r  hea t-trea tm en t of th e  cast
ings.

One of the  m ost ou ts tand ing  developm ents in 
recen t tim es has been the  advancem ent made in 
the  production of alloy steel castings. To obtain 
the m axim um  benefit from  the  alloying elements, 
it  is generally  necessary to  subject the  castings 
to  a fu ll hea t-trea tm en t, and  i t  is th e  purpose 
of th is  section to  ind icate  how th is  may be 
carried  ou t.

The advantages accruing to th e  use of such 
alloy steels are  principally , firstly, th a t , com
pared  w ith  carbon steels heat-trea ted  to  the same 
tensile s treng th , th e  ductility  and toughness 
values are  g rea tly  increased) and, secondly, th a t  
th e  composition can be so ad justed  th a t  heavy 
sections can be made to respond uniform ly 
th roughou t the  thickness to the  heat-trea tm en t 
operation .

The h ea t- trea tm en t of bars and forgings has 
been common practice for m any years, and now
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presents few difficulties. On th e  o ther hand , the  
hea t-trea tm en t of steel castings still p resents 
m any problems, particu la rly  when th e  castings 
are  in trica te . This is n o t a difficulty w hich is 
likely to  be en tire ly  overcome in tim e, because, 
as foundry  technique is im proved, the  founder 
is called upon to  produce even m ore in tr ic a te  
types of castings. There is no reason, however, 
to  suppose th a t  the  technique concerning hea t- 
tre a tm e n t will not also advance o r th a t  composi
tions requ iring  sim pler h ea t- trea tm en t processes 
will no t be developed-

As in  foundry  practice  generally , h e a t- tre a t
m ent is facilita-ted by sym m etrically shaped cast
ings possessing as un iform  a  m etal thickness as 
possible. By th is  m eans th e  quenching opera
tion  is of equal in ten sity  th ro u g h o u t th e  casting , 
and consequently th e  d is to rtion  is reduced to  a 
minim um .

I t  is proposed to  consider first th e  principles 
underly ing  the  h ea t- trea tm en t of steel, and th en  
apply these findings to  typ ica l alloy steel cast
ings. F o r th is  purpose, one has again  to  re fe r 
to the  corner of th e  iron-carbon equilibrium  
d iagram  in F ig . 4. To ob ta in  a homogeneous 
austen ite  solution, th e  tem p e ra tu re  of th e  steel 
m ust be raised  above line GSE. A n allowance 
in tem p era tu re  m ust again  be m ade fo r th e  slug
gishness of th e  steel, bu t, generally  speaking, 
th is  need n o t be as g re a t as th a t  desirable for 
the grain-refinem ent opera tion  described in  the  
previous section. To ensure the  un ifo rm  d is tr i
bution of th e  carbide, th e  steel is th en  cooled 
quickly by quenching in  oil or w ater, a lthough 
w ith some compositions cooling in  a ir  m ay be 
sufficiently rap id .

In  the  quenched condition  th e  steel is generally  
too hard  and b rittle  fo r m ost purposes, and has, 
consequently, to  be tem pered  o r draw n to  re 
quirem ents. This is accomplished by re -hea ting  
the casting  to  a tem p era tu re  below line P S K . 
Sufficient tune  m ust, of course, be allowed a t  
each h ea t- trea tm en t tem p era tu re  to  ensure th e
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requisite soaking of heavy sections. I t  is diffi
cu lt to  enuncia te  definite rules regard ing  this, 
bu t, generally speaking, one hour per inch of 
thickness should he sufficient. F o r heavy sec
tions th is  would have to  be increased to  two or 
more hours per inch.

Owing to  th e ir  shape and varying thickness 
of sections, m any castings tend  to  re ta in  very 
h igh residual stresses on quenching. I t  is, con
sequently, advisable to  tra n sfe r such castings, 
while still w arm , from  the  quenching medium to 
the  tem pering  furnace. Cooling in  oil is in 
most cases p referred  to  quenching in  w ater, bu t, 
if th e  composition be such th a t  the  la t te r  method 
is essential, th e  severity  of the  quench can be 
grea tly  reduced by having the  w ater a t  as high 
a tem p era tu re  as is com patible w ith  th e  degree 
of quenching desired. On the o ther hand, the 
n a tu re  of the  casting  may preclude even quench
ing in  oil, and in such a case the  composition 
m ust be ad justed  to  give satisfactory  hardening 
by cooling in  still a ir or by an  a ir  blast.

I t  will be realised from  the  foregoing th a t  
th e  h ea t- tre a tm en t of castings is no t a s tra ig h t
forw ard process in  which a single composition 
and a stan d ard  h ea t-trea tm en t would be suitable 
fo r a ll castings requ iring  the  same physical pro
perties.

The composition selected depends largely on 
the size, shape and physical tests desired from 
th e  casting. The size influences the composi
tio n , because large castings will norm ally have a 
slower ra te  of cooling th a n  small ones, and con
sequently requ ire  a h igher percentage of alloy
ing elem ents. On the  o ther hand, the  shape in 
fluences th e  choice of quenching medium. W ater, 
as a ru le, cannot be used except for th e  simplest 
forms, and, therefore, more expensive composi
tions suitable for oil quenching or a ir  cooling 
m ay be required. The physical properties de
sired have n a tu ra lly  a large influence on the 
choice of steel, and, broadly speaking, the  higher 
th e  tensile s treng th  and the  g rea te r the  tough, 
ness desired, the  more expensive the steel will
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be because of the  increased proportions of alloy
ing elem ents which a re  then  necessary.

I t  is n o t possible in  th is  P a p e r to  consider 
all th e  various compositions of alloy steel cast
ings and th e ir  respective h ea t-trea tm en ts . Con
sequently, no a tte m p t is made to  catalogue such 
inform ation , b u t p a rticu la rs  a re  given of rep re 
sen tative compositions which have gained a 
c erta in  degree of popularity .

In  the  foregoing, the  au th o r has considered 
for convenience the h ea t- tre a tm en t of steel cast
ings on the  assum ption of F ig . 4 holding tru e . 
The various alloying elem ents influence to  some 
ex ten t th e  re la tive  positions of th e  various lines 
on th e  d iagram , b u t i t  is qu ite  outside the  scope 
of th is P ap e r to  discuss th e  effect of th e  d ifferent 
elem ents, e ith e r singly or in com bination, on th is 
aspect. Suffice i t  to say, therefo re , th a t  the 
tem pera tu res given hereafte r a re  in  conform ity 
w ith the  principles enuncia ted , and  have been 
found in  p ractice  to  give sa tisfac to ry  results .

NICK EL STEELS
L ow C a r b o n  2 p e r  c e n t .  N icke l  C a s t  S te e l

Low carbon 2 per cent, nickel is a  very popular 
composition fo r cast steel in  Am erica. I t  is 
recommended for locomotive fram es, castings for 
m ining, excavating  and  steel mill m achinery  and 
o ther p a rts  sub ject to  shock and  fa tig u e  stresses. 
The re ten tion  of im pact resistance and  duc tility  
a t  sub-zero tem pera tu res  m akes th is  composition 
p articu la rly  su itab le  for m achinery  o p era ting  
in cold clim ates.

Analysis.—C, 0.20 per cent. m a x .; Si, 0.15 per 
cent. m a x .; M n, 0.60 to  0.90 per c e n t . ; S, 0.05 
per cent. m a x .; P , 0.05 per cent, m ax ., and  N i,
2.0 per cent. m in.

Becom m ended H e a t-trea tm en t.—940 deg. C., 
2 hrs. per in. thickness, a ir  cool; 815 to  845 
deg. C., H  hrs. per in. th ickness, a ir  cool; 
595 to  680 deg. C., tem per, cool in  a ir  or fu rnace.

Table I 5 shows typ ica l te s t resu lts  obtained 
in the ord inary  course of p roduction  w ith  th is  
composition.
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M ed iu m  C a r b o n  2 p e r  c e n t .  N icke l  C a s t  S te e l
A m edium  carbon 2 per cen t, nickel cas t steel 

is used for castings dem anding h igher s tren g th  
and elastic p roperties th a n  those given by th e  
low carbon 2 per cent, nickel steel described 
above.

A nalysis.—C, 0.20 to  0.30 per c e n t . ; Si, 0.25 
to  0.40 per c e n t . ; M n, 0.70 to  0.90 p er c e n t . ; 
S, 0.05 p er cen t, m ax .; P , Q.05 per cent, m ax., 
and  N i, 2.0 per cen t. m in.

Recommended, H e a t-trea tm en t .—900 deg C., 
cool in  a i r ;  650 deg. C., tem per. Typical te s t 
resu lts obtained from  th is  composition a re  given 
in  Table I I . 9

C H R O M IU M  STEEL C A S T IN G S
In  chrom ium  steel only those castings of a low 

alloy con ten t generally  con ta in ing  1.0 to  1.5 
per cent, chrom ium  will be considered fo r th e  
mom ent. These castings m ay be h ea t- tre a ted  by 
quenching in  w ater, oil o r a ir, depending  on th e  
in tricacy , carbon co n ten t and  th e  du ties re 
quired  of th e  m ate ria l. A com position found 
suitab le  as an  inexpensive m edium  tensile  steel 
is as fo llow s:—C, Q.3Q to  0.40 p er c e n t.;  Si, 
0.50 per cent, m ax .; M n, 1.0 per c e n t.;  S, 0.04 
per cent. m a x .; P , 0.04 per cen t. m a x .; C r,
1.0 to  1.5 per cent. This qua lity  is found to  be 
q u ite  su itab le  for sm all and  m edium  size cast
ings and is generally  given th e  following hea t- 
t r e a tm e n t:—900 to  950 deg. C ., cool in  fu rn ace ; 
860 deg. Cl, cool in  a ir , oil o r w a te r; 660 deg. C ., 
tem per. A fte r th e  above h e a t- tre a tm e n t th e  fol
lowing m echanical values a re  o b ta in a b le : —M axi
m um  stress, 40 to  50 tons per sq. in ., associated 
w ith  20 to  25 per cen t, elongation.

Of th e  h igh carbon varie ties a  good h a rd  
w earing composition is one con ta in ing  0.80 to
1.0 per cen t, carbon. This quality , of course, is 
no t particu la rly  tough, and  consequently should 
n o t be used fo r p a rts  subjected  to  shock. F ig . 9 
shows a volute of a large sand pum p abou t 1 0  f t .  
in  dia. m ade of th is  ty p e  of steel. The heat- 
tre a tm e n t g i v e n  t o  th is  c a s t i n g  a f t e r  r e f i n e m e n t
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of the  g ra in  as above, consisted of cooling in  a ir  
from  860 deg. C. An a ir  b last was also d irected  
on th e  inside of th e  casing as th is  a rea  was 
w anted as hard  as possible in order to  resist 
abrasion,. The B rinell hardness of th e  casting  
a f te r  th is  h ea t- tre a tm en t was 280 to  300 and  a  
tes t-b ar h ea t- trea ted  along w ith th e  casting  gave 
th e  following resu lts : —M axim um  stress, 62 tons 
per sq. i n . ; elongation, 11.0 per cent.

N IC K E L -C H R O M E  C A S T IN G S

A wide range of compositions of nickel-chrom e 
castings is  available. The chrom ium  m ay vary  
from  small am ounts up  to  2 per cen t, an d  th e  
nickel up to  5 per cent. Likew ise th e  carbon 
con ten t m ay be up  to  0.60 p er cen t., although 
th e  range  0.20 to  0.40 p er cen t, covers m ost 
requirem ents. A typ ica l exam ple a t  th e  low end  
of th e  range is as fo llow s:—C, 0.30 to  0.40 per 
c e n t . ; Si, 0.50 per cen t. m a x .; M n, 1.0 per cent, 
m a x .; S, 0.04 p er cen t. m a x .; P , 0.04 per cent, 
m a x .; N i, 1.5 to  2.0 per cen t., and  Cr, 0.5 to  1.5 
per cent.

A suitable h ea t- tre a tm en t given to  th is  com
position is as fo llow s:—900 to  950 deg. C., cool 
in  fu rn ace ; 830 deg. C ., quench in  o il; 620 deg. 
C., cool in oil. A typ ica l te s t from  a batch  of 
castings given th e  above h ea t- tre a tm en t gave 
th e  following re s u lts :—Yield po in t, 36.0 tons per 
sq. in .;  m axim um  stress, 46.8; elongation , 20.0 
per c e n t. ; reduction  of area, 35 per c e n t . ; 
B rinell hardness, 197; Izod im pact, 34, 32, and 
36 ft.-lb .

The above are  exam ples of steel castings of 
com paratively low alloy con ten t which have been 
selected as rep resen ta tive  types. V arious o ther 
compositions are  frequently  used, such as nickel- 
chrome-molybdenum, n ickel-vanadium , nickel- 
molybdenum, nickel-m anganese, chrome-molyb- 
denum, m anganese, nickel-m anganese, etc. These 
by no m eans complete the  list of compositions 
which have been found to  yield sa tisfac to ry  cast
ings.
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C erta in  compositions have to  be cooled rapidly 
from  the  tem pering  tem pera tu re , otherwise, 
although the tensile figure may be satisfactory, 
th e  casting  m ay be b rittle . This phenomenon 
is called tem per b rittleness, and applies p rin 
cipally to  nickel-ehromium , manganese, and 
m anganese-nickel compositions. I t  is clearly re
vealed by th e  Izod im pact te s t, and, as th is  is 
no t regu larly  taken  on castings, i t  is conse
quently  a po in t which should no t be overlooked 
by th e  steel founder.

H e a t - T r e a t m e n t  o f  S ta in le s s  S tee ls
There have been so m any developments in  the  

h ea t- trea tm en t of stainless steels w ith in  recent 
years th a t  i t  is only possible to  m ention a few 
rep resen ta tive  types. F or use in  conjunction 
w ith super-heated  steam , and fo r conditions of 
rela tively  m ild corrosion, there  is still a con
siderable tonnage of castings produced of the 
o rig inal p la in  chrom ium  type.

The lim its of analysis may be a rb itra rily  set 
as fo llow :—C, 0.20 to  0.35 per c e n t.; Si, 0.50 
per cent. m a x .; M n, 1.0 per cent. m a x .; S, 0.03 
per cent. m a x .; P , 0.03 per cent. m a x .; N i, 1.0 
per cent. m a x .; and  Cr, 12 to  14 per cent. As 
a ru le, i t  is no t necessary w ith th is  composition 
to  subject th e  castings to a p relim inary  grain- 
refinem ent tre a tm en t. The hea t-trea tm en t 
generally  given to  them , therefore, i s : —950 deg. 
C., cool in  a ir  or o il; 750 deg. C., tem per, cool 
in  a ir.

I n  m ost cases, cooling in  a ir  is sufficient. As 
a ru le, i t  is n o t advisable fo r the chrom ium to 
exceed 14 per cent., otherwise difficulty may be 
experienced in  ob tain ing  satisfactory  g ra in  re
finem ent by h ea t-trea tm en t. I t  will also be 
observed th a t  th e  quenching and tem pering tem 
pera tu res , com pared w ith  those previously men
tioned , are  considerably h igher. This is due to  
th e  effect of chrom ium  in  raising  th e  critical 
range  of th e  steel. The m inim um  resistance to  
corrosion w ith  th is  quality  is found a fte r  tem 
pering  a t  550 to  600 deg. C .,7 b u t as the
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m echanical tes ts  obtained a f te r  th is  h ea t- trea t-  
m en t a re  n o t of any special significance, th is  
range  is in  any case seldom used.

A fte r th e  above h ea t- tre a tm e n t th e  following 
m echanical te s t  specification is readily  complied 
w ith : —M axim um  stress, 45 to  55 tons per 
sq. i n . ; elongation, 20 to  25 per c e n t . ; bend, 
180 deg. no t frac tu red .

Lower carbon alloys can  also be read ily  cast 
and a re  given a  sim ilar h e a t- tre a tm e n t to  th e  
above, bxce llen t m echanical te s ts  a re  aga in  ob
ta ined . The tensile  ran g e  is generally  abou t 
10 tons p er sq. in . lower and  th e  elongation  
abou t 5 per cent, h igher.

A com position possessing g re a te r  resistance to  
corrosion and particu la rly  su itab le  for use in  
con tac t w ith  brasses and  bronzes is th e  18: 2 
composition.

The analysis of th is  type  i s : —C, 0.10 to  0.25 
per c e n t . ; Si, 0.50 per cent, m a x ,; M n, 1.0 per 
cent. m a x .; S, 0.05 p er cent. m a x .; P , 0.05 per 
cent. m a x .; N i, 1.5 to  3.0 per cen t., and  C r, 
16 to  20 per cen t. E xcellen t castings can  be 
m ade from  th is  alloy, b u t a re  n o t q u ite  as ductile  
as th e  previous composition described.

The h ea t- trea tm en t given to  th e  castings of 
th is composition is as fo llow s:—950 deg. C ., cool 
in a i r ;  650 deg. C ., tem per, cool in a ir.

A fte r th is  h ea t- tre a tm e n t th e  following tes ts  
may be ex p ec ted : -—M axim um  stress, 50 to  60 
tons per sq. i n . ; elongation , 15 per cen t. m in.

Probably, however, th e  g re a te s t q u a n tity  of 
stainless steel castings produced a re  of th e  
au sten itic  v a rie ty , i.e ., sufficient nickel and  
chrom ium  a re  added to  depress the  c ritic a l ran g e  
so th a t  on quenching th e  au s ten itic  condition , 
stable a t  e levated  tem p e ra tu re s , is re ta ined .

A typ ica l com position is as follows :—C, 0.10 to  
0.25 per c e n t . ; Si, 0.50 per cent. m a x .; M n,
1.0 per cent, m ax .; S, 0.03 per cen t, m a x .; P , 
0.03 per cent. m a x .; N i, 14.0 per cen t., and  C r,
18.0 per cen t. To render th is  qua lity  completely
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austen itic , i t  is necessary to  quench the  castings 
in  oil or w ate r from  about 1,050 deg. C.

A fte r th is  h ea t- tre a tm en t th e  following range 
of m echanical te s t values a re  o b ta in e d :—M axi
mum stress, 30 to  40 tons per sq. i n . ; elongation, 
40 to  60 per cent. This quality , even in  th e  “ as 
cas t ”  condition, exhibits excellent ductility , and 
the  h ea t- tre a tm en t, therefore , is principally  car
ried  o u t in  o rder to  render th e  steel in  th e  best 
possible condition to  w ithstand  corrosion. 
N orm ally, if  th is  ty p e  of steel is slowly cooled 
th rough  the  range of tem pera tu res of 900 to  500 
deg, C., th e  chrom ium  carbides a re  p rec ip ita ted  
a t  th e  g ra in  boundaries. U nder corrosive con
ditions rap id  a tta ck  takes place a t  th is  point, 
and th e  casting  consequently quickly becomes dis
in teg ra ted . F ig . 10 shows th e  m icro-structure of 
d is in teg ra ted  m etal in which th e  broadened gra in  
boundaries will be observed. F ig . 11 shows the  
g ra in  boundaries a t  exceedingly high magnifica
tion  of 3,000 diam eters in which th e  p recip ita ted  
carbide partic les will be observed.

I t  should be m entioned, however, th a t  suitable 
compositions have now been developed which do 
no t ex h ib it th e  undesirable fea tu re  of in ter- 
g ra n u la r corrosion even a f te r  being subjected to  
the  above tem p era tu re  range. O ther alloys to  
those m entioned above are  also sometimes added 
to  m ake th e  alloy particu larly  suitable for w ith
stand ing  special corrosive conditions, b u t the  
h ea t- trea tm en t of such castings follows the 
principles ou tlined  above.

H e a t - T r e a t m e n t  o f  M an g an ese  S tee l  C ast ings

No review on the  subject of h ea t-trea tin g  steel 
castings would be complete w ithout reference to 
the  reasons underly ing th e  h ea t-trea tm en t of 
high m anganese steel castings for whose develop
m ent in d u stry  is indebted to  S ir R obert H ad- 
field, B t. By suitable ad justm en t of the  carbon 
and  m anganese contents i t  is possible by quench
ing from  the  correct tem pera tu re  to  re ta in  the 
high tem p era tu re  austen itic  phase. U nder the 
influence of cold work on the surface, th is  phase



changes to  extrem ely hard  w earing m artensite , 
and so the  com bination of th e  w ear resisting  su r
face and the toughness characteristic  of au sten ite  
is obtained.

F ig . 12 shows th e  approxim ate relationsh ip  
between the  carbon and m anganese co n ten t and
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F i g . 10.— D is i n t e g r a t e d  A u s - 
t e n i t i c  S t a in l e s s  S t e e l  w i t h  
B r o a d e n e d  G r a i n  B o u n 
d a r ie s . x 100.

the constituen ts present. This constitu tiona l 
d iagram  is based on th e  work of G uillet, b u t 
lines XY and  WZ have been added as th e  re 
su lt of more recent investigations. Betw een these 
lines pure austen ite  may be obtained by quench
ing in w ater from  abou t 1,060 deg. C. To th e  
left of line XY is the  zone of m artensitic  steels,
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and to  the  r ig h t of WZ steels are  found afte r 
quenching to  contain  free cem entite.

The composition which is generally adhered to 
lies w ith in  the  following lim its :—C, 1.0 to  1.4 
per c e n t.; Si, 0 .30  to  1 .0  per c e n t.; M n, 10 to 
14 per c e n t.; S, 0 .04  per cent, m ax .; and P , 
0.10 per cent. max.

F i g . 11. —  P r e c i p i t a t e d  
C h r o m i u m  C a r b i d e  P a r 
t i c l e s  i n  G r a i n  B o u n 
d a r i e s  o f  A u s t e n i t i c  
S t a i n l e s s  S t e e l ,  x  3,000.

In  th e  cast condition manganese castings are 
relatively  b rittle , partly  due to  the presence of 
free cem entite and partly  because, on slow cool
ing fro-m the  casting tem pera tu re , some of the 
austen ite  transform s to  troostite  or m artensite. 
To obtain  e  implete solution of the cem entite and
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to ob tain  the  steel in th e  au sten itic  condition, 
th e  castings a re  quenched in  w a te r from  9 5 0  to  
1,050 deg. C.

Owing to  th e  difficulty of p reparing , m echani
cal tes ts  are  no t regu larly  tak en  from  m an
ganese castings. The Birinell hardness can, how
ever, sometimes be conveniently  determ ined . 
In  the  quenched condition th e  B rinell hardness 
is generally 180 to  200.

A recen t developm ent8 of th is  quality  has been 
the add ition  of 3 to  5 p e r cen t, n ickel to  i t ,

Carbon, per cent

F i g . 1 2 .— C a k b o n - M a n g a n e s e  C o n s t i t u t i o n a l  
D i a g r a m .

whereby a  simple norm alising  tre a tm e n t is q u ite  
effective in producing the  austen itic  s tru c tu re . 
I t  also re ta in s  its  s tren g th  and  toughness b e tte r  
a t elevated tem pera tu res.

C o n c lu s io n s
In  th e  foregoing an  a tte m p t has been made 

to  give exam ples of th e  h ea t- tre a tm en t of steel 
castings of qualities which a re  m ost frequen tly  
m anufactured  fo r general eng ineering  purposes.



This P ap e r is no t intended to  sum marise all the 
various compositions and th e ir respective heat- 
trea tm en ts , b u t is in tended to  explain in as non
technical language as possible the principles 
underly ing  the  various h ea t-trea tm en t opera
tions. Once these are  grasped, i t  should n o t be 
difficult fo r th e  founder to  select the  most su it
able h ea t- trea tm en t tem pera tu res for his pu r
pose.

W hile, in  the  case of carbon steels, it  is cus
tom ary to  give the castings a p relim inary  grain- 
refinem ent tre a tm e n t before hardening  and tem 
pering, th is  is not always done w ith alloy steels. 
To ob tain  th e  best m echanical tests, th e  pre
lim inary  tre a tm e n t is recommended, particu 
larly  w ith  low alloy steels, b u t sometimes i t  is 
not considered th a t  the enhancem ent of proper
ties so obtained is justified on economic grounds.

The au tho r wishes to express his thanks to 
the d irectors of the  Clyde Alloy Steel Company, 
Lim ited, for permission to  publish th is P aper, 
and to  th e  various members of the staff of the 
same company who have assisted in  its compila
tion.
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D IS C U S S IO N  
M elt ing  F u rn a c es

M e. J .  R o x b u r g h  (B ranch-P residen t) said he 
himself was concerned w ith  iron foundry  p rac
tice, h u t he fe lt th a t  D r. H u n te r  had  d ea lt w ith 
the  technical aspect of th e  h ea t- tre a tm e n t of 
steel castings in  a very p rac tica l m anner. I t  
would appear th a t  th e  h ea t- trea tm en t of steel 
castings had been developed to  a rem arkable 
degree, and those who were engaged in th e  iron  
foundries could learn  m uch. The steel m eta l
lu rg is t seemed to  be able to  re fe r very frequently  
to his iron-carbon d iagram , b u t u n fo rtu n a te ly  in 
the iron foundry  a d iagram  fo r alm ost every 
composition of iron would be requ ired . In  
regard  to  th e  annealing  of steel castings and the 
length  of tim e involved, he w ondered in  the 
case, say, of an anv il block or a casting  of large 
section, how long i t  would be necessary to  anneal 
it. H e wished to  know w hat type  of fu rnace  
had been used for m elting  th e  various steels 
reviewed in the  P aper.

D r . H u n t e r  said i t  was difficult to  give a 
definite leng th  of tim e  for annealing  a casting  
up to, say, 2 f t . in  thickness, because i t  de
pended solely upon th e  n a tu re  of th e  casting .

In  regard  to  m elting  furnaces, alloy steels 
could generally  be m anufac tu red  in  th e  same 
type as used fo r m ild steel castings. The nickel 
and low-alloy steels w ere usually  m ade in  an 
open h ea rth  or e lectric  fu rnace , b u t th e  high- 
alloy chrom ium  compositions were practically  
always m ade in the  electric-are or high-frequency 
furnaces.

H e a t - T r e a t m e n t  of  C a r b o n  S tee ls
M r. T. R . W a lk er  asked fo r more in form a

tion , if possible, on the tre a tm e n t of carbon- 
steel castings. Some foundries did m ake m an
ganese steel, stainless steel, alloy or o ther steels, 
b u t most foundries m anufactu red  carbon-steel 
castings. H e would also like in fo rm ation  about 
the ra te  a t  which i t  was perm issible to  h ea t cast
ings fo r annealing. Time was money, and if
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tim e could be saved in the  hea t-trea tm en t of 
castings, so much the  be tte r. In  the case of a 
casting  of 4-in. section, a t w hat ra te  in degrees 
per hour would i t  be perm issible to  heat the 
casting? W as i t  advantageous to  soak the  cast
ing for th e  necessary tim e of one hour per inch 
of section, th e n  remove i t  from the  furnace, 
allow i t  to  cool to  400 or 450 deg. C., and p u t it  
back in  th e  furnace for tem pering? F u rth e r, 
supposing i t  was th en  heated  to 650 deg. C. for 
tem pering. I t  would, of course, have to  cool, 
and to w hat tem p era tu re  should i t  be cooled in 
the fu rnace before i t  could safely be tak en  into 
the shop? Should i t  rem ain  in  the  furnace to 
cool slowly u n til i t  was qu ite  cold, or could i t  be 
removed, releasing the fu rnace for something 
else? In  m any foundries the  h ea t-trea tm en t of 
castings was carried  ou t as a more or less con
tinuous process in  a three-cham bered furnace. 
The first cham ber was used for p reheating , the 
second for soaking, and  the th ird  for cooling off. 
Usually, and they  ought to be, castings were 
from the  same cast, or a t  least were of the same 
composition. I f  all th e  castings were given the 
same tre a tm e n t w hether they  were 1-in. sections 
or 4-in. sections, would i t  do any harm ? Would 
the tim e fixed for th e  1-in. section be inadequate 
for the 4-in. section?

T e m p e r  B r i t t l e n e s s
D r . H u n t e r  replied th a t  the ra te  of heating 

to be applied for a 4-in. section would generally 
be about one hour per inch of th ickness; i.e ., 
in a norm ally constructed furnace i t  would take  
about 4 hours to a tta in  the  necessary tem pera
tu re . U sually a foundry  was dealing w ith 3 or 
4 tons of castings a t  a  tim e, and i t  took about 
9 o r 10 hours to  a tta in  the  annealing tem pera
tu re . As a ru le, i t  was not convenient to charge 
the castings d irectly  in to  the  furnace a t  the 
annealing  tem pera tu re . He would not say there 
was a m axim um  ra te  of heating , beoause th a t 
depended so much on the  shape and composition 
of th e  easting. W ith  reference to  Mr. W alker’s

2a2



708

question of the air-cooling of a  casting  to  400 
or 500 deg. C. and th en  re tu rn in g  the  casting  
in to  th e  furnace, he saw no reason why th a t  
should n o t be done. The adv isab ility  of cool
ing in  the  fu rnace  from  th e  tem pering  tem p era 
tu re  depended on both the  composition and  the  
type of casting. C erta in  compositions m ust no t 
be cooled slowly in  th e  furnace'; fo r exam ple, 
nickel-chrome steel tended to  ex h ib it th e  unde
sirable fea tu re  of tem per-b rittle  ness. The 
advantage of cooling in th e  fu rnace  was th a t  
the casting  would be much free r from  stress 
th an  i t  would be by any o ther means. This 
m ight be an  im p o rtan t consideration . I f  a  
steel th a t  could be cooled in  th e  fu rnace  was 
w anted, one would have to  use a composition 
th a t  was no t subject to  tem per-b rittleness. R e
gard ing  th e  h ea t- tre a tm en t of castings of d if
fe ren t sections, th e  common practice  was to  give 
a casting  th e  h ea t- tre a tm en t necessary fo r th e  
th ickest section.

S t re ss  Relief
M r. R . C. T u c k e r  said he was in te re s ted  in  

the  tem per-brittleness of nickel-chrome steel cast
ings. H e had  had occasion to  te s t  some small 
castings supposedly of the  com position and  heat- 
tre a tm e n t m entioned by D r. H u n te r. H e c u t 
pieces from  these castings and  found Izod values 
of 1 ft.-lb . W hen he re jec ted  th e  castings he 
was told by the  steel founder th a t  a cast-on test- 
bar would have given good Izod values. H e 
m ain tained  th a t  th is  was n o t tru e , and  th a t  
where pieces could be trep an n ed  they  gave a 
much b e tte r ind ication  th a n  cast-on test-bars 
which often  cau g h t the  d ir t.

H e  was very m uch in te rested  in  D r. H u n te r ’s 
rem arks about stress relief, because m any  of the  
members p resen t w ere more concerned w ith  cast 
iron, which was a' b r ittle  m a te ria l a t  any tem 
pera tu re . I t  was a su rp rise  to  h ear th a t  steel 
a t h igh tem pera tu res  was ju s t as b r i t t le  as cast 
iron. Much work had been done on th e  b r i tt le 
ness of cast iron and steel d u ring  the  la s t fe>y
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years because of the  difficulty in which the steel 
founder found him self. The su rp ris ing  th ing  
was th a t  he was surm ounting  th e  difficulties so 
well.

They were forced to  th e  conclusion th a t  cast 
iron bore some re la tion  to  cast steel for i t  had 
been shown th a t  sim ilar tre a tm e n t would benefit 
both alloys. R egard ing  D r. H u n te r’s rem arks 
abou t the  physical condition of m anganese steel, 
he agreed th a t  th e  p repara tion  of test-pieces was 
an arduous procedure in  norm al machine-shop 
practice, b u t he saw no reason why manganese 
steel should no t be ground finished w ith the 
modern methods available in  industry,. If  m an
ganese steel was required  to  stand  certa in  tests 
more th a n  a B rinell hardness te s t should be 
dem anded, as th is was very deceptive on such 
steel. A certa in  am ount of ductility  should be 
asked for in  the  body of the  steel. M anganese 
steel was only a su itab le  m ateria l under abra
sive conditions. As regards mere fractional 
resistance, m anganese steel showed no advan
tage  over some of th e  o ther alloy steels m en
tioned by D r. H u n te r.

C a te r p i l l a r  Shoes
Dn. H u n t e r  was pleased to learn  th a t  M r. 

T ucker’s experience of stress relief w ith  cast 
iron had confirmed w hat he himself had m en
tioned. H e supposed th a t  steel and iron were 
re lated  in th a t  way, and th a t  i t  was the  carbon 
th a t constitu ted  th e  g rea test difference. For 
p ractical purposes, he though t, the  preparation  
of m anganese steel test-pieces was no t w orth the 
trouble. The B rinell te s t  was usually taken  to 
satisfy  the  inspector. I f  they  w anted to use 
manganese steel under conditions of severe stress 
then  a  tensile  te s t was justified, b u t as a  rule 
th is steel was w anted to resist abrasion accom
panied by pressure. A more practical te s t  would 
be to have some a rb itra ry  s tandard  wear test 
based on service requirem ents. In  regard  to a 
suggestion th a t  steel was too ductile, he sup
posed th a t  i t  was m eant th a t  i t  had too low a
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yield p o in t so th a t  in  service s tre tch ing  
occurred. T ha t m igh t ta k e  place, for in stance , 
in c a te rp illa r shoes, where th e  stre tch in g  m igh t 
throw  th e  shoes ou t of pitch.

A r t  o r  Sc ience  ?
M k . T u c k e r  asked D r. H u n te r  if he would 

say th a t  the h ea t- tre a tm en t of steel castings 
was ju s t  as much an a r t  as th e  founding  of steel 
castings-

D r . H u n t e r  said there  was no doubt th a t  the  
m anufacture  of steel castings was to  a  ce rta in  
ex ten t an a r t . I t  was an a r t  th a t  was controlled 
by science, b u t as fa r  as th e  h e a t- tre a tm e n t was 
concerned he would say th a t  i t  was essentially  
scientific, and in  his P a p e r he had sought no t 
only to  t r e a t  i t  from  th a t  angle, b u t also from 
a prac tica l po in t of view. The h ea t- tre a tm e n t 
process could be called an  a r t  because ce rta in  
castings were difficult to  h e a t- tre a t w ithout 
cracking. H e would say, however, th a t  as a 
ru le th e  steel founder tr ie d  to  avoid th a t  
trouble- G enerally speaking, he would use a 
more expensive composition to  overcome the  
difficulty. H e  would say th a t  th e re  was, if any
th in g , more science th a n  a r t  in  th is  aspect, b u t 
the po in t was ra th e r  debatable.

L arge  Anvil Block P ra c t i c e
D r . C. J .  D a d s w e l l , speaking in  reg ard  to 

the h ea t- trea tm en t of la rge  anvil-blocks, said 
th a t  the  very la rg est blocks of th e  so rt m ade in 
steel in  th is  country  weighed abou t 100 tons, 
and th a t  th e  average tim e  for annealing  and 
tem pering was abou t th ree  weeks. The castings 
were released from  th e  moulds in  abou t a week 
or te n  days a f te r  casting , when they  were a t  
about 500 to  600 deg. G. H e was n o t q u ite  sure 
w hether or n o t Dr). H u n te r  said th a t  th e  r a te  of 
heating  was im m ateria l, and  th a t  one could h ea t 
a t  the  h ighest ra te  possible in  going u p  to  th e  
annealing  tem p era tu re . A t one tim e  th e  anvil- 
blocks referred  to , which were abou t 10 or 11 ft. 
square and  6 ft . deep, were heated  a t  th e  ra te  
of 5 to  7 deg. C. an h r. and  th e  soaking tim e
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was between 50 and 60 brs. This m eant th a t  
the casting  was in the  furnace for over a m onth. 
In  these days one required  the maxim um  ou tpu t 
from  all p lan t including annealing  furnaces, 
although a t  the  sam e tim e one could no t risk 
any m ishap during  annealing  as the castings 
had to  be as stress-free as possible, owing to 
the n a tu re  of th e ir  subsequent life. M r. T. F . 
Russell, of the  research departm en t a t  the 
au th o r’s works, who was a member of th e  Iron 
and Steel In s titu te  Com m ittee on Alloy Steel 
Ingots, read  a P ap e r on th e  ra te  of heating  for 
large masses and he had calculated w hat the 
theoretical ra te  of heating  and soaking tim e 
should be for certa in  typ ical shapes, such as 
these blocks. The re su lt was th a t  the to tal 
tim e of tre a tm e n t was reduced.

Dk. H u n t e b , speaking in reference to  his 
previous rem arks about the  h ighest ra te  of h ea t
ing possible, said the ra te  of heating  was one 
hour per inch of thickness. This, he emphasised, 
applied to  o rd inary  castings, and as he had indi
cated, the  ra te  largely depended on the  type 
of castings concerned. In  regard  to  th e  length 
of soaking tim e in  re lationship  to  the thickness 
of th e  sections the  figures he had given were 
approxim ate ones which m ight be applied in 
o rd inary  circum stances, b u t w ith a special 
artic le  like an anvil block, which differed from 
the o rd inary  type of casting, i t  was permissible 
to  apply d ifferent ra tes. The question of de
creasing the  to ta l tim e  would depend on the ra te  
of heating , because if th e  heating  was slow 
there would n o t be a very g rea t lag in tem 
p era tu re  between th e  cen tre  and the outside of 
the casting . H e presum ed th a t  a m athem atical 
calculation could be applied so th a t  the  tim e of 
heating  m ight be reduced w ith safety above 
about 600 deg. C because steel exhibited a more 
plastic th an  elastic n a tu re  above th is tem pera
tu re , which womd resu lt in a lowering of the 
therm al stresses involved.

M r . T u c k e r  a s k e d  D r . H u n t e r  a t  w h a t  te m 
p e r a t u r e  th e y  sh o u ld  t e m p e r  m ild  s te e l c a s t in g s
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Dk. H u n t e r  replied  th a t  m any m ild steel 
castings could be s tra igh tened  a t red hea t and il 
i t  was considered necessary the  casting  could be 
re-annealed a f te r  s tra igh ten ing .

T h e r m a l  C o n d u c t iv i ty  of  A u s te n i t i c  S te e ls
M r. E. J .  B r o w n  re fe rrin g  to  previous 

speakers’ rem arks on th e  ra te  of hea tin g , sug
gested th a t  an im p o rtan t po in t was th a t  th e  
therm al conductiv ity  of au sten itic  steels was 
considerably less th a n  th a t  of carbon steels. H e 
believed th a t  in  th e  case of m anganese steel i t  
was abou t one six th . H e had  experienced less 
trouble  in  rolling m anganese steels if they  were 
charged in to  th e  annealing  fu rnace  w ith  a reserve 
of h ea t from  casting, as d is tin c t from  heating  
from  th e  cold. W ith  regard  to  specifications he 
would n o t like to  be a  p a rty  to  any retrogressive 
policy, b u t suggested th a t  a case could be m ade 
out for no t annealing  electr.ic-furnace mild- 
caibon steel castings, as evidenced by th e  fac t 
th a t  a 180 deg. bend could be com fortably 
obtained in  th e  “  as-cast ”  condition.

D r . H u n t e r  said th a t  as fa r  as the  castings 
dealt w ith  in  his P a p e r were concerned he had 
refrained  from the  m ention of h ea t conductiv ity . 
For one th in g , alloying elem ents undoubtedly  
decreased the  hea t conductiv ity . H e m entioned 
th a t  stainless steels as a ru le only had about 
half the  hea t conductiv ity  of o rd inary  carbon 
steels.

V o te  of T h a n k s
D r . J .  G. A. S k e r l  proposed a vote of thanks 

to D r. H u n te r, M r. C. D. P o lla rd  seconding, 
observed th a t  a lthough  D r. H u n te r  was a scien
t is t  he had given a p rac tica l P ap e r and had 
clearly dem onstrated  how science should be 
applied in  practice. The vote of th an k s  was 
carried  a n d  D r . H u n t e r  briefly replied.
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Im p ro v in g  F o u n d ry  T e c h n iq u e  to  M ee t  t h e  
C o m p e t i t i o n

By M a t th e w  Russell (A s so c ia te  M e m b er )  

F a b r ica t io n
As a method of construction, fabrication  has 

applications in m any respects because the 
fab rica ted  design is so simple, and cred it m ust 
be given to  the  designers on th is account. The 
designers of castings in most cases have no know
ledge of patternm akim g and m oulding methods, 
and th e ir  construction often leads to  prohibitive 
costs. F o r confirm ation of th is, one only re 
quires to  exam ine castings produced to drawing- 
office requirem ents.

This s ta te  of affairs has existed for so long 
th a t  th e  engineers now look upon the pa tte rn - 
shop costs as being too high on a com petitive 
basis, and in th e ir  search for cheaper substitu tes 
they are  adopting  weldings. In  doing th is the 
engineers are  compelled to leave th e ir designs 
in the  w elders’ hands. I f  one compares the 
design of an article produced by th is method with 
the orig inal design called for as a casting, i t  is 
often  found th a t  there  is a considerable saving 
in favour of the  welded m aterial, purely by 
simplified design alone.

This, surely, is not a fa ir comparison, as one 
may find th a t , merely by adopting the fab ri
cated  design, the  position could be reversed in 
favour of the casting, providing th a t  the  moulder 
and corem aker keep th e ir  product to the desired 
thickness, and do n o t add any th ing  up to  25 per

* This paper was awarded the “ John Surtees ” Gold Medal.
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cent, to  the  weights, owing to  the  fac t th a t  both 
th e ir  employer and them selves a re  being paid

C a st  I r o n  and  L o w e r  S k e t c h  “  as
M ade ”  by W e l d in o .

by weight., This , increasing of w eights may 
appeal to  the  founder as being good business, 
bu t it  is a very short-sighted  policy, and , «in
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fac t is c ra f t suicide in face of com petition with 
weldings.

A typ ical exam ple is shown in  F ig . 1 of a 
welded artic le  subm itted , as called for, as a cast
in g ; th is  shows th e  difference in design neces
sary when made as a welded job. The cost when 
fab rica ted  is equal to  th a t  of casting, which 
would include half p a tte rn  and half corebox, 
w ith  a lte ra tio n  pieces, i.e ., if  th e  same design 
were adopted. This illu stra tes how increased 
costs are b rough t about in  pa tternm aking  by 
having to  follow orig inal design w ith  large 
rounded corners, whereas if collaboration w ith 
the patternshop  were adopted, as was done in 
th is  instance, castings would be cheaper a fte r 
m aking one off, as subsequent castings would 
not carry  the  cost of the p a tte rn .

This illu s tra tion  and  comparison was based on 
estim ates tak en  from  several firms specialising 
in weldings, and a lte ra tion  in  design was neces
sary on all of them . H ad  a rounded-com er 
design been insisted upon, th e ir  price would not 
have been comparable w ith the casting- price, 
including p a tte rn , by 30 per cent. O ther illus
tra tio n s  will be given la te r  of altered  designs 
from the  pa tte rn m ak ers’ viewpoint, showing 
considerable savings which were only brought 
abou t by the  com petition of w eldings; all of 
these were produced as castings and were 
definitely com petitive. I t  m ight also be noted 
th a t  castings were desirable due to th e ir  having 
g rea te r rig id ity  and represen ting  a b e tte r job.

Designs
I t  is difficult to  understand how any designer 

can carry  ou t his work com petitively w ithout 
having a general knowledge of patternm aking  
and m oulding methods. This desirable condition 
of affairs, however, is more often found w anting 
th a n  existing . One can im agine the draugh ts
men declaring  th a t  i t  is impossible to  expect 
th is, b u t le t them  be assured th a t  i t  is now being 
done, and is showing exceptional advantages as 
regards reduction  of costs wherever adopted.
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Com parison of results obtained under the  best 
designed conditions, when the  patternshop  and 
foundry  methods were subjected to  proper 
planning before proceeding, have shown th a t ,  in 
th e  m ajo rity  of cases, th e  castings w'ere cheaper 
th an  weldings, and more satisfactory , being less 
liable to d istortion .

I t  is obvious in  m any cases th a t  th e  success 
of th is m ethod has been more or less b rough t 
about by th e  costly procedure of ob ta in ing  cast
ings, th a t  is to say, p rincipally  due to  th e  cost 
of p a tte rn s  where one-off jobs a re  concerned. No 
doubt m any, w-hilst agreeing in th is respect, do 
no t consider the possibility of any rem edy, bu t 
a personal recom m endation is to  specialise in  
design from  the  patternshop  and foundry  view
point, and th e re  will a t  once be exceptional 
savings.

Several typ ical exam ples are  shown in  F ig . 2, 
et seq., of ac tu a l work designed w ithou t the 
designer having shown any knowledge of o r given 
any th o u g h t to pattermmiaM ng and  foundry  
methods. I t  will also be noted  th a t  th e  a lte rn a 
tive designs show definite savings in  m anu 
fac tu re  w ithout any objectionable a ltera tions.

P a t t e r n m a k i n g
The same conditions ex is t w ith  the  p a tte rn 

m aker as w ith  the designer on account of his 
lack of knowledge of foundry  methods. H e is 
often  inclined to  make unnecessarily  expensive 
p a tte rn s  and coreboxes, w hereas, in  m any 
instances, shell p a tte rn s  or skeleton p a tte rn s  
w ithout coreboxes could be adopted . Typical 
examples a re  given in  th e  sketches already  sub
m itted , which show simplified designs and  a lte r 
native  m ethods of m aking p a tte rn s  w ith 
com parative costs.

B ear in g  B r a c k e ts
Fig . 2 shows bearing  b rackets as orig inally  

designed ; th e  general p rac tice  would be to  make 
two half p a tte rn s  w ith  p rin ts  shown etched and 
with separa te  cores for windows A, leaving end
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F i g . 2.— U p p e r  S k e t c h  “  As D e s ig n e d , ’’ 
and  L o w er  S k e t c h  “  As M a d e . ”

B to  be worked loose in  the mould, and with 
half m ain eorebox. The cost of th is  p a tte rn  
would be £9 10s., including tim e and tim ber.

BEARING BRACKET

BEARING BRACKET
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A n  a lterna tive  m ethod .—To sim plify the 
design make a half p a tte rn  and half corebox, 
and  cu t ou t a window on th e  p a tte rn  to  th e  
outside shape of th e  m ain  core. The cost of th is  
p a tte rn  including tim e and  tim ber would be £6, 
and no more tim e would be added to  the  m ould
ing cost. The only objection to  th e  ha lf p a tte rn  
would be th a t  m ost jobbing foundries m a in ta in  
they have not su itab le  p lan t. A m ethod of 
overcoming th is was in troduced  by th e  au tho r, 
and is w orking m ost sa tisfac to rily  (vide  illus
tra tio n  and comments under “  M oulding ” ).

B e d p la te  (Fig. 3)
The general p ractice fo r m aking  th is  bedplate 

would be to  have a p a tte rn  w ith  corebox owing

*  SECTION ON NE

F i g . 3 .— A  B e d pla te  C a s t in g . U p p e r , S k e t c h  
“ As D e s ig n e d , ”  an d  L o w e r  S k e t c h  “  As 
M a d e . ”

to the h igh sides A and  B, w hereas if  th e  design 
were made w ith  open sides, as shown a t  C and 
D, and  webbed, a shell p a tte rn  leaving its  own 
core would be m ade, thereby  enabling  the  
m oulder to  m ake g ra tings and  to  ram  up the  
side cheek cores in  place. A p a tte rn  of th is 
description could be produced a t  ha lf th e  cost 
of the  general p ractice type, and is, m oreover, 
sim pler to  mould.
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F o r th is axial casing the  usual method would 
be to  have two half p a tte rn s  and a half core
box, whereas the  a lte rn a tiv e  design was made

A x ia l  C a s in g  (F ig .  4)

F ig . 4 .—U pper S ketch “ As D esigned ,” 
and L ower Sketch “ As Made.”

w ith a half p a tte rn  and half corebox. By adopt
ing the  stra igh t-line  design instead of the stream 
line, the p a tte rn  was produced a t about one- 
th ird  of the cost, and no increase was made on 
the casting  cost.
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R u n n e r s  a n d  R is e r s  or

F ig . 1.— S teering B ox Castings F i g .  2 .— Sectioj 
s h o w i n g  V a

F ig . 5.— S uccesseul M ethod or R unning  
B racket Ca sting .

F i g . 6 . — E i
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[NG Box Castings F ig . 3.— A H eavier Type of S teering
Thic k n esses . B ox Casting .

: k e t  Castings . F ig . 7.— R e a r  Axle Cover Castings.
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F i g . 5.— L b e t -h a n d  S k e t c h  “ As D e s i g n e d , ”  
a n d  R i g h t -h a n d  “ As M a d e . ”

This p a tte rn  was p a rted  on line AB, and 
previously was a s tan d a rd  p a tte rn  w ithou t stools. 
The draugh tsm an  designed i t  as is shown, th a t  
is all cast as one and  embodying th e  top and 
bottom bearing. The a lte rn a tiv e  design shows 
the top and  bottom  bearing  w ith  the  stools cast 
separately, the  same p a tte rn  being used fo r both 
stools w ith  increased bottom  base flange, thus

P u m p  C a s in g  w ith  C a s t -o n  S t o o ls  (F ig .  5)

m aking a very much sim pler casting . As the  
com ponent is now in  th ree  pieces, should th ere  be 
a defective p a r t , th e  cost of replacem ent would 
be considerably reduced. P n tte rn m ak in g  costs in 
this instance were reduced by 50 per cen t., and 
the casting  ra te  for stools was also reduced 10s. 
per ewt. compared w ith the cost of th e  cen tre  
casting.

The au th o r lias studied  the  sim plicity  of de
signs for th e  last two’ years, and  the  fou r cases
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subm itted  are  represen tative of the hundreds 
th a t have been dealt w ith in th is m anner. If  
th is system were adopted in  general, there  would 
be no fea r of com petition from weldings, as the 
a u th o r’s firm are continually  tak in g  comparison 
costs, and can easily hold th e ir own com peti
tively. I t  m ust, of course, be realised th a t  the ir 
patternshop  lay-out is excellent, being considered 
in the  same m anner as in  general machine-shop 
practice.

The reason for the  adoption of fabrication  in 
a g re a t m any cases is n o t the  cost of the casting, 
b u t of the  p a tte rn . This is not surprising , 
as m any patternshops arc  being run  under 
the  same conditions th a t  have existed for 
the las t 50 to  100 years. V ery few firms give any 
th ough t to  the  patternshop  lay-out w ith a view 
to im proving these an tiquated  methods, although 
they spend thousands of pounds keeping the 
m achine shops modern and condemning pa tte rn - 
shop costs. W hy th is s ta te  of affairs should 
exist is beyond comprehension, as there  are 
specialists in  the  m anufactu re  of woodworking 
m achinery, although most of th e ir  products are 
being used in the  fu rn itu re  and building trades.

P a t t e r n s h o p  L ay-O ut
The first operation involved is to  secure and 

cu t the  tim ber. The wood rack is placed vertic
ally a t  the  extrem e end of th e  shop, and not 
horizontally, as is the  general practice. The 
reason fo r th is is th a t  the pa tte rnm aker can 
select th e  boards required w ithout incurring  the 
necessity of rem oving others. Alongside the 
wood rack, a cross-cut saw stands im m ediately 
behind a  long tab le  on which th e  tim ber to  be 
cu t is placed, and  the  saw is draw n forw ard by 
hand  th rough  the  tim ber w ith very little  effort 
on th e  p a r t  of the  operator. All the  machines 
are push-button electrically controlled, and self- 
contained. A fte r th e  tim ber is cu t to  length, 
the n ex t operation  in the  n a tu ra l sequence of 
w orking is to  reduce i t  to  the  desired w idth 
on the  saw bench. A machine of th e  la test type
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is placed ad jacen t to  the  cross-cnt saw and is 
su itab le  for dim ension saw ing, including 
ripp ing , m itreing , and an g u la r cuts and  bevels.

S till following th e  ac tua l progress of th e  work, 
there  is nex t th e  p lan ing  and  th icknessing of 
the tim ber. To do th is a su rfacing  m achine is 
installed nex t to  the ripp ing  saw for s tra ig h te n 
ing the  boards before they a re  p u t th ro u g h  the  
th icknessing m achine, which is ad jacen t to  the  
surfacer.

The n ex t m achines a re  two band  saws, one 
30 in . and one 24 in . The reason for th e re  being 
two is th a t  as blades ordered for th e  large 
m achine become shortened they  m ay be used for 
the  sm aller m achine, thereby  m aking  a  saving. 
These m achines are  placed a t  convenient p a rts  
of the  shop to  save th e  p a tte rn m ak e r w alking. 
There are  also a large double disc sander and 
a double bobbin sander, which a re  suitab le  for 
finishing work s tra ig h t from  th e  band  saw e ither 
hollow or round. In  add ition  th e re  a re  th ree  
12-in. portable sanders, a portable 12-in. cross-cut 
saw, and a portable band  saw ; all of these can 
be placed alongside a job em ploying several 
p a tternm akers, thereby  elim inating  w aste of the 
p a tte rn m ak ers’ tim e in  w alking abou t th e  shop. 
There a re  five6-in. electric  p lan ing  m achines which 
are  placed betw een each two operators, an d  these 
elim inate hand  planing, which would otherwise 
take  up a g re a t am ount of tim e. R o tax  drills 
placed on stands are  used as small verticals for 
boring screw-nail holes. P a tte rn s  produced 
under these conditions are  definitely m odern, and 
show a 60 per cen t, saving in  costs as com pared 
w ith general methods.

Moulding

The moulder, who is th e  v ictim  of circum 
stances so fa r  as design and construction  of 
p a tte rn s  are  concerned, is generally  blam ed for 
increased costs in  producing th e  castings, 
whereas if th e  orig inally  suggested m ethods of 
procedure were adopted , nam ely, collaboration 
w ith designer and pa tte rn m ak er, th is unsatis-
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factory  s ta te  of affairs would be elim inated. No 
doubt moulders will say “  not p rac tica l,” or 
“ we have no tim e for th is ,” bu t they are  assured

METHOD ADOPTED IH FOUMDY 
TO PRODUCE CASTING

F i g . 6 .— M e t h o d  a d o p t e d  b y  t h e  F o u n d r y  
to  P r o d u c e  R o t o r  C a s t i n g s .

th a t , like the  savings shown in the production 
of p a tte rn s , th is is a t  present being done in  a 
num ber of the  foundries w ith which the au thor
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is connected, to the  d e trim en t of th e  adoption 
of weldings in a g re a t m any cases.

R ecently  a system of record ing  any job which

F ig . 7.— U pper Sk etc h : S ection of M ould
SH O W IN G  ASSEM BLY OF C O PE  AND D R A G .
Th is  was made from S ervice P late,
W H IC H  ENABLES THE U SE OF H A L F  P A T 
TERNS o f  a  S y m m e t r i c a l  N a t u r e .

gives trouble  in m aking has been adopted, and 
th is has been found a g re a t advan tage  in 
e lim inating  defective castings. W eld ing
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specialists claim th a t  th e ir  m ethod of production 
involves no w aiting  for replacem ents, such as is 
associated w ith  castings, and one has to  adm it 
th a t  in  m ost cases the  chances of suqcess or error 
in  foundry  m ethods are considerable.

A typ ica l exam ple of the m ethod of recording 
is shown of a large ro to r (F ig . 6), from  which, 
p rio r to  the  adoption of th is method, six bad 
castings were made. Since adopting  the  newer 
methods th ere  have been no bad ones. The 
au th o r is also a strong supporter of having gates 
and risers fixed on p a tte rn s, as, by so doing, 
consistency of m ethod is assured.

R egard ing  the  adoption of half p a tte rn s, a 
sketch of th is  lay-out is shown in  F ig . 7, and 
th is has been used in  m any jobbing shops where 
the boxes were very d ilap idated , b u t i t  makes 
no difference if the p late  is s tra ig h t and of 
even thickness. This is th e  kind of gear th a t  
requires general adoption. The w rite r also does 
a, g rea t am ount of work having skeleton patterns 
w ithout coreboxes, the  cores being made from 
clayed thicknesses. This method is found to 
(have, g re a t advantages where one-off is w anted, 
and is definitely the  k ind  of procedure necessary 
to compete w ith  weldings.

Clay Thicknesses
I t  m ight be an advantage to explain briefly the 

method of clay thicknesses. The p a tte rn  is 
moulded in th e  usual m anner, and a flat board 
w ith  strips, -say, 8 in. a p a rt and about 12 in. 
long, equal to  the  thickness of m etal required, 
is ; u tilised  fo r rolling, out slabs of clay; these 
slabs are  then  p u t round the  moulds. I t  m ight 
be considered th a t i t  would be necessary partly  
to  bake the clay to ensure it  being strong enough 
to, .res is t the ram m ing of the  cores, b u t when 
one bec.oines accustomed to  the m ethod, th e  clay 
can be. m ade in  such a m anner as to  elim inate 
th is. A n y  p a rt th a t  may be carried  in design, as 
r e g a r d s  in te rn a l rings, is made of wood and 
placed.in .'the moulds. Core irons are then  placed 
in the  moirlds, which a re  used as substitu tes for
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eoreboxes. This procedure is being adopted in 
qu ite  a general way, and definitely shows con
siderable savings in  pa tte rn -m ak in g  costs where 
one-off is concerned. The m anner in  which m ost 
jobbing foundries a re  la id  out makes them  any
th ing  b u t desirable places in  which to  work, yet 
no trad e  has g rea te r possibilities for the  m an 
w ith in itia tive .

R egard ing  the  m echanisation of foundries, th is 
certa in ly  has been done, especially in  th e  m otor 
car and mass production  industries for which 
the au th o r has qu ite  a num ber of p a tte rn s  made 
in  the  block system, the  castings being m ade by 
semi-skilled labour. I t  is no t here  where the  
fea r of in terfe rence  from  the  welding producers 
can tak e  place, b u t in  general jobbing foundries, 
m any of w hich, like m ost pa tternshops, a re  w ork
ing in  much th e  same way as 50 and 100 years 
ago. By adop ting  m ethods on th e  lines 
suggested, and incorpora ting , on a sem i
mechanised basis, such departm en ts as sand 
handling and mould production , th e  operations 
run  in a sensible sequence, and the  stoppage 
of the  shop while the  cast is tak in g  place can 
be obviated.

W e i g h t  Sav ing
A large q u an tity  of work has been secured by 

welding m anufac tu re rs p rincipally  on saving of 
weight. This question is n o t being com petitively 
m et in  the  proper m anner by th e  designers of 
castings, as is illu s tra ted  by the  following 
examples.

Two large Diesel engines were being m anu
fac tu red  by a well-known firm on th e  C lyde; 
the  w eight of each engine was 100 tons, and 
the  welded p a rts  were given th e  c red it of having 
saved 40 tons per engine, a lthough  no c red it 
was claimed for reduced costs beyond th e  saving 
of p a tte rn  charges. The top  and bottom  fram ing  
was approxim ately  30 ft. long, and if m ade as a 
casting  would have been in  two pieces, each 
15 ft . long, and  bolted toge ther w ith in te rn a l 
flanges. On inqu iring  w hat thickness was
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allowed fo r the  casting  to  give th is enormous 
saving in  w eight in favour of the  weldings, the 
au th o r was inform ed 1] in ., which seemed quite  
reasonable for a casting  of th is size. On the 
o ther hand , why could not th is casting  have been 
made in  four pieces instead  of two, thereby 
reducing the  casting  thickness to  f  in. ? This 
would have reduced the w eight by 16 tons per 
set in o rd inary  irons. This saving could be 
fu r th e r  increased by the  adoption of M eehanite 
iron , th e re  being five processes of th is  excep
tional iron, the  price being controlled in accord
ance w ith  the  process required  to  su it conditions.

B asing the  process on the  cheapest class of 
M eehanite, which is superior in  stren g th  to 
o rd inary  iron, the  thickness of the  casting could 
be reduced 50 per cent. D isregarding the  full 
advan tage  of th is allowance, and instead of f  in. 
th ick , calling i t  i  in ., th e  w eight will be 
reduced by 22 tons per set. This w eight saving 
can still fu r th e r  be increased by adopting a com
bination  of M eehanite for the  bottom  fram ing 
and  silicon alum inium  for the  top fram ing, 
thereby  m aking th e  castings com petitive w ith 
welding in respect to  w eight and price, 
provided th e  designer, p a tte rnm aker and 
m oulder collaborate. The design could be made 
such th a t  one section of the  top and bottom  
fram ing , w ith modifications, could be used as 
th e  p a tte rn  for the o ther th ree  sections. The 
au th o r has qu ite  a num ber of combinations with 
brass and  silicon alum inium , also iron, all of 
which are  recognised by the  A dm iralty  on a 
w eight saving basis, and under these conditions 
welding cannot claim such large percentages of 
savings.

W ith  the  education of the  designer, p a tte rn 
m aker, and m oulder, by tak in g  advantage of the 
many tra in in g  facilities th a t  now exist, closer 
relationship such as takes place in  the  welding 
industry  will be possible. Provided these facili
ties are  extended to  the  draughtsm en and 
apprentices, one need have no fear of weldings 
beyond th e ir  acting  as a stim ulan t to force
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foundrvm en to  use th e ir  b ra in s for fu r th e r  de
velopm ent of the industry , to  the m u tua l ad 
van tage of all concerned.

D IS C U S S IO N
In  opening the  discussion the  C h a ir m a n  (M r. 

F . H udson) said th a t  personally he had  never 
been much pertu rbed  over the  problem of fa b r i
cation versus castings, as he considered the  pro
gressive foundrym an would overcome m ost of 
of the com petition if some th o u g h t and action 
were given to  th e  m a tte r . M r. R ussell’s P ap e r 
confirmed th is  sta tem en t and ind icated  in  a very 
prac tica l m anner the  m ethods to  he adopted.

In  any  investigations th a t  th e  speaker had 
conducted in to  welded s tru c tu res , particu la rly  
so fa r  as fusion welds made by the  electric arc  or 
the oxy-acetylene flame w ere concerned, he had 
always regarded the  m etal in the  weld as being 
essentially a  casting , and  from  th is  p o in t of 
view th e  m ajo rity  of welds were equ ivalen t to  
an  in fe rio r casting. The s tr ik in g  fe a tu re  of 
most welds was the  low d u c tility  of th e  m etal 
coup led . w ith  unsound s tru c tu re , cavities, oxide 
inclusions, etc. A good weld would only show 
7 per cent, elongation , w hilst an average weld 
m ight give 5 per cent, and a poor one nil. 
F u rtherm ore , fa tig u e  tests ind icated  th a t  the 
m etal in  the  weld had only abou t a q u a rte r  of the  
value of the  steel itself. W elded stru c tu res  
could not possibly compete w ith  castings, p a rt ic u 
larly  grey iron, so fa r  as w ear and  corrosion 
resistance were concerned. K eeping these facts 
in m ind i t  should no t be difficult for the  founder 
to  replace welding by th e  exercise of in itia tiv e  
along th e  lines suggested by M r. Russell.

The m anufac tu re  of castings was an  old-estab
lished industry , probably the  oldest in d u s try  in 
the  world, and M r. H udson asked himself 
w hether foundrvm en were tak in g  th ings for 
g ran ted , and  philosophically to le ra tin g  th e  more 
aggressive tac tics of th a t  young offspring. 
“ fab ric a tio n .”  In  m ost iron  castings th e  design 
was e ith e r an tiq u a ted  or factors of safety  were
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used th a t  were u n fa ir  considering the  g rea t 
strides which had been made in im proving cast 
iron d u ring  recen t years. On the  o ther hand, 
those responsible fo r th e  production of fabricated  
s tru c tu res  by welding were up to  da te  in  method 
and had no old-fashioned practices to  live down. 
O ften a job was changed to  welding to  lighten  
or cheapen it , b u t very often  if, in  its  new 
design, i t  was presented  to  th e  founder and 
cast w ith  one of th e  improved irons, i t  would 
probably cost less to  m ake and  be stronger and 
more robust. I t  was therefore  a m a tte r  for the 
founder to  change design as illu s tra ted  by M r. 
Russell, and  to  show enough aggressiveness to 
have his im proved design accepted by the 
engineer.

In  the  discussion which followed Messrs. D. 
Sharpe, J .  Cam eron, J u n r . ,  J .  M. P rim rose, J .  
A rno tt, A. Law rie, A. M arshall and R . D. 
L aw rie took p a rt.

T h e  C h a i b m a n  expressed the  thanks of the 
m eeting to  M r. Russell for his in form ative and 
in te resting  P ap er, and the  m anner in  which he 
had d ea lt w ith  th e  discussion.
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Birmingham Branch

„  R U N N E R S  A N D  RISERS O N  SM ALL STEEL 
P a p e r  N o . ¿28. M ULTIPLE C A STIN G S*

By H. T . L ang ley  (A s s o c ia te  M e m b e r )

A g re a t m any points have to  be considered 
before deciding where to  ru n  and feed a steel 
casting. Steel has ce rta in  characteristics which 
cause i t  to  be a very difficult m etal in  which to  
make clean, sound castings free from  d isto rtion , 
such as components fo r th e  m ass-production 
m achine shop.

There is a high liquid con traction , causing 
large cavities in  the  heavier sections unless 
properly fed ; th e  solid contraction  is very high, 
and the  steel itself, in  cooling, passes th rough  
a range of tem p e ra tu re  a t  which i t  is very 
weak. In  consequence, any th ing  holding the 
casting, and  p reven ting  easy con trac tion , will 
resu lt in  cracks and, if held enough, large tears.

The n ex t source of troub le  is scabs and  th e  
resu ltan t non-m etallic inclusions in  the  casting , 
which cause so much troub le in  th e  m achine 
shop th rough  the  breakage of tools and  brings 
the tool room m anager to  the  foundry  to  make 
m any no t very fla tte ring  rem arks. The chief 
cause of th is trouble is th a t  the  m olten steel, 
because i t  has such poor flowing p roperties, has 
to be forced in to  the  mould as fa s t as possible, 
and m is-runs and cold shuts a re  n o t unknow n 
even then . This leads to  an  abrasive action  on 
the mould and a re frac to ry  suitab le  for m ould
ing has n o t yet been discovered, which will w ith 
stand  th a t action a t  th e  very high tem p era tu re  
of m olten steel, which m ust be about 1,600 
deg. C.

These, briefly, are  the  causes of m ost of the 
trouble in  the  steel foundry , and u n til an alloy

* ,See also pp. 720 and 7?1.



733

is discovered which gives the  same streng th  a t 
the same cost, b u t w ithout these failings, the 
foundry executive staff will have to  keep devis
ing  ways of overcoming them .

O v e rc o m in g  Fluid C o n t r a c t io n

For the  fluid contraction , risers are cast over 
the heavier sections to ac t as reservoirs to  supply 
the cooling casting  w ith  liquid m etal. This in
volves much w aste m etal, as th e  feeder obviously 
m ust be la rg er th an  the  sections to  he fed, or 
i t  would freeze first and he useless. There is 
also considerable expense cu ttin g  them  off, and 
they  certa in ly  do no t im prove the  appearance of 
the  casting. I t  is therefore  w orth serious con
sideration  to  reduce them  as fa r  as possible.

M uch can be done in  th is direction by using 
denseners in th e  form of horse-nails or cast chills 
w ith spikes cast in them  to  hold them  in  posi
tion , b u t m oderation is necessary or complete 
fusion between chill and casting will not take  
place, and when m achined i t  will show as a fine 
crack which m ay resu lt in th e  rejection of the 
casting  a f te r  m uch expensive m achining.

Solid  C o n t r a c t io n
F o r the solid contraction  proper ram m ing is 

necessary, care1 being taken  to ensure th a t  the 
face of th e  mould is hard  enough to  w ithstand 
th e  flow of m etal, and the  body of th e  mould 
soft enough to give to the cooling casting. This 
can often  be done b e tte r  by ram m ing up blocks 
of wood between pro jecting  parts , and draw ing 
them  out, leaving a space for th e  rest of the  
mould to  break  into. This can, of course, be 
done w ith machine-m ade moulds, where difficulty 
may be encountered in obtain ing uneven ram 
ming.

The runners and risers should be placed, if 
possible, in  such a m anner as not to  pull against 
each o ther, and  to be well clear of any bars in 
the  boxes. In  addition , i t  is frequently  necessary 
to  have bars ready and to  loosen all round as 
soon as the  mould is poured,
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P erhaps the  m ost difficult problem is to  g e t a 
clean casting , as when tak en  in  conjunction  
w ith soundness, the  two a re  nearly  always in 
opposition to each o ther. The au th o r knows of 
no sand su itab le  for green-sand casting  which 
will w ithstand  th e  m etal being poured a t  the  
top of th e  casting  w ithou t scabbing. Therefore, 
one has to resort to ru n n in g  m ost jobs a t  the  
lowest po in t and  forcing th e  m etal up th e  mould. 
This certa in ly  gives a much cleaner casting , 
bu t i t  h as the g rea t d isadvan tage  of hav ing  the  
h o tte s t m etal a t  the  bottom  of th e  casting , 
whereas for feeding purposes i t  is required  a t  the 
top. W ith  very small castings th is  does not 
appear to m a tte r , b u t as th e  castings ge t la rger 
i t  is very noticeable, and hot m etal m ust be 
in troduced in to  the  feeders. This can be done 
qu ite  sa tisfac to rily  in  m any cases by hav ing  
branches off th e  dow ngate in as m any places as 
required . This m ethod is m uch quicker th an  
filling the  risers when th e  mould is a q u a rte r  full, 
as is usual w ith very big castings.

T h e  T im e  F a c to r
The tim e fac to r is of g re a t im portance in  steel 

casting. T here is only about 100 deg. C. d if
ference betw een really  h o t and  cold m etal, and 
all m etal has to  be poured when ready. T here
fore, one has to  cast in  batches, depending on th e  
size of th e  furnace. This m akes i t  very difficult 
to  determ ine  th e  size of the  ru n n er when m aking  
large q u an titie s  of very small castings, and the  
ru n n er which is too small on one h ea t m ay be too 
large on another, or a t  th e  beginn ing  of the  
c a s t ; b u t in  p rac tice  th e  difficulties can usually 
be overcome, and  th e  au th o r has cast over 200 
sprays of castings w ith  one h e a t from  a one-ton 
converter.

I t  is proposed to  show how, in  th e  a u th o r’s foun
dry, th e  m anagem ent has e lim inated  m any risers, 
and produced steel castings su itab le  for mass- 
production machine-shop practice  w ith  an 
appearance which a few years ago was th o u g h t to 
be impossible.

F e e d in g  D if f ic u lt ie s



Fig. 1 shows a box of steering  boxes, each 
easting  weighing 5f lbs. When delivered to the 
machine shop, they m ust be clean, sound and 
tru e  to  p a tte rn , as they are all m achined in a 
jig , and cross-joints or scabs would throw all 
the  holes ou t of place.

There are  e igh t holes drilled in  th is box, and 
each one involves a boss, which is a potential 
home for a draw  cavity. Horse-nail chills are 
used to help to overcome th is difficulty, and, cast 
as shown, there  are very few re tu rn s, b u t if cast 
too hot, the boss nearest the ru nner will require 
welding in  the corner nearest the  runner. The 
solution of th is has not yet been found.

I t  will be noticed th a t  the dow ngate is very 
long to  give height. This is im portan t in order 
to  get the  top boss solid. By th is method the 
risers have been reduced to a pencil thickness, 
so th a t  they  are easily cu t off’, save m etal, and 
do not spoil the  look of the casting. These 
dumm ies are by no means m eant to feed the 
casting, b u t allow the gas to escape readily, 
m inim ising the  possibility of a blow hole in the 
top. By th e ir  use the top boss is also more 
clearly defined, the m etal running  over ju s t a 
little  more readily.

F ig . 2 shows four sectioned steering boxes 
m achined to indicate how the  sections vary, and 
to show th a t  they really are solid. Two are the 
same as are shown in F ig . 1, and the  others 
have an additional p late  w ith two fairly  large 
bosses a t  each corner. This p late is -fs in. thick 
and the  bosses in. long and 1 in. dia. The 
method of runn ing  is the same, b u t two dummies 
are cast over the ex tra  bosses, and are |  in. dia. 
No trouble has been encountered since th is addi
tion was made, except th a t  care m ust be taken 
in the  fe ttlin g  shop, or they will be distorted.

F ig . 3 shows a different type of steering  box 
which weighs 9 lbs., and from a steel founder’s 
point of view can only be described as a nasty 
piece of work. U nfortunate ly  the  illustration  
does not show to  advantage all the  bosses and 
corners, which are the founder’s n ightm are, bu t



i t  is ap p aren t how th e  section varies from  in. 
on the  wall of th e  box to  § in . on th e  holding- 
down flange. There is ra th e r  a heavy boss on 
the  side and  a heavy lum p inside. These were 
first cast w ith  th e  ru n n e r r ig h t a t  th e  bottom , 
and the  resu lt was a clean casting , b u t a t  every 
corner was a deep pull. The ru n n e r  was th en  
cu t as shown, and  the castings were g rea tly  im 
proved so fa r  as pulls w ere concerned, b u t they  
cracked round the  shoulders, where th e  small 
brackets are  shown. These w ere p u t on a f te r 
wards and th is  stopped the cracking. A nother

F i g . 4 .— B r a c k e t  C a s t i n g s .

com plaint was a scab about th e  same place, which 
still persists unless very carefu l sand control is 
exercised. No risers are  used, and horse-nails 
a re  used where necessary. The ru n n e r  is again 
brought up well above the  top of th e  castings.

F ig . 4 shows a b racket which weighs 4J lbs. 
I t  is 10 in. long and 4J in . wide, and  th e  p late  
p a r t is only ^  in. th ick . I t  is necessary to 
pour these castings w ith  very ho t m etal. They 
were first ru n  d irectly  in to  the  bottom  bosses, 
and the castings so secured had a good ap p ea r
ance and  m achined perfectly , except a t  th e  bosses 
where the  ru n n e r was s itu a ted . There was a 
draw  where th e  boss jo ined th e  p la te ; nails a t 
th a t  poin t would he useless, as the  force of the
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luetal would ju s t wash them  away. To provide 
a large feeder was im practicable owing to  the 
cost, and th e  d isto rtion  of the  casting in  re 
moving them , so th e  ru n n er wras moved to  the 
th in  p la te , as shown. The resu lt was a sound 
casting  as fa r  as pull was concerned, b u t i t  was 
found impossible to  stop the th in  p late  from 
scabbing. This spoiled the  appearance of the 
casting, and th ere  was the risk of broken or 
b lun ted  machine tools, so another runner was 
tr ied .

F ig . 5 shows th e  ru n n er cu t w ith  a right-angle 
tu rn  in to  th e  side of the bosses; the  result 
justified  itse lf and  the  castings were qu ite  sound. 
The tu rn  in  the  ru n n er apparen tly  stops the 
lower portion  of the  ru n n er pulling from the 
casting. The two pieces shown are cu t from  the 
same casting, and show how relatively thick 
sections cast in to  the  th in  section and give no 
trouble. They also show how difficult i t  was to  
find a  really  satisfactory  place for the  runner.

In  F ig . 6 a re  shown th ree  engine brackets. 
Of th e  top  two, the  sm aller one weighs 8 lbs. 
and th e  la rg e r 14 lbs. They have a solid boss 
w ith  a groove in i t  3 in . long by 2 in. dia. 
These grooves m ade th e  feeding of the  bosses 
a difficult m a tte r consistent w ith reasonable 
fe ttlin g  costs, and i t  was found best to  cast them  
on end, as shown. N ot only was fe ttling  sim
plified, b u t the larger casting im pa rticu la r was 
much cleaner, as, when cast flat, the top  plate 
p a r t was generally d irty .

The b racket a t  the  bottom  of the illu stra tion  
d id  n o t a t  first seem to offer any particu la r 
trouble, b u t th is  was not the  case. The first 
few were cast flat, th e  opposite way u p  to  th a t 
shown in  F ig . 6, the m etal being run  in with 
two small gates. A small scab, however, would 
persist in appearing  where the  wash of m etal 
took place. The n ex t sample was cast the other 
way up, which gave rise to  ano ther tro u b le ; th is 
tim e pulling and cracks occurred in the  fairly  
th ick  section where th e  bearing joins the  plate, 
and holes were found in the two corners.

2 b
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The nex t samples were cast in th e  m anner 
illu stra ted , and  were very sa tisfactory . As can 
be seen, they  are  cast on th e ir  side ; th e  p a tte rn  
is placed diagonally across th e  box and  th e  m etal 
in troduced a t  th e  lowest po in t and  flows off a t  
the  o ther end. R ound chills a re  cast in  each boss 
and afterw ards drilled out. These chills m ust, 
of course, be sm aller th a n  th e  required  hole, to 
ensure m achining away any p a r t  where in
complete fusion betw een chill and casting  m igh t 
occur.

Since th is  photograph was taken , th e  m anage
m ent has been m aking  these b rackets two in a 
box, one above the  o ther, th u s  effecting a saving 
in m etal and moulding costs, w ith  equally good 
results.

The re a r  axle covers, shown in  F ig . 7, are  
9 in. d ia ., w ith  a |  in. th ick  outside p late , and 
w here m achined, rg in . th ick  on th e  cen tre  p a rt. 
These castings a re  tes ted  w ith  paraffin and th e  
sm allest scab is sufficient to  cause rejec tion . 
W hen cast fla t much difficulty was found th rough  
scabbing and  various run n ers  were tr ie d , b u t by 
fa r  th e  best resu lts  w ere obtained by casting  
them  as shown. A t first some troub le  was experi
enced th rough  th e  casting  swelling and a  ra th e r  
la rger ru n n e r and rise r w ere used to  ta k e  th e  
s tra in  off th e  mould, th is  m ethod being m uch 
easier th an  packing th e  moulds w ith  p lates.

In  F ig . 8 is shown an  axle tu b e  which weighs 
84 lbs. I t  is fu ll of p o ten tia l sources of troub le , 
for i t  is 4 f t . long, th e  flange a t  th e  end  is 
1 f t . 2 in. d ia. and  th e  m etal th ickness ru n s from 
\  in. a t  th e  flange end to  § in. a t  th e  sm all end. 
The ball race (which can be plain ly  seen) is § in . 
thick and there  is no possible way of feeding th is  
p a r t  of th e  casting  except by th e  use of den- 
seners. A t first these axle tu b es w ere poured 
from both ends, b u t th e  experim en t was a  com
plete fa i lu re ; th e  casting  to re  nearly  in  two, 
apparen tly  th rough  th e  two run n ers  pulling  
aga in s t each o ther, and  the  small end  was very 
d irty  th rough  scabbing.

In  the  nex t a tte m p t the  tu b e  was cast as
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shown, and although the m etal had to be poured 
much h o tte r  th e  casting  was cleaner and free 
from  large cracks. The brackets seen on the 
side were th en  p u t on and a  green-sand top-half 
core used instead  of an all-dried core. The top 
was also lifted  off as soon as possible, th e  sand 
eased all round and the  core knocked out. This 
was done w ith all the  successive castings. Con
siderable d isto rtion  was found to  occur in  th is 
casting, and th e  s trip  ru nn ing  the  en tire  length

was p u t on to  p revent th is. The arrangem ent 
was successful enough to  w arran t its  being con
tinued , b u t most of the  castings still require 
se tting , which is done when they are  w ithdraw n 
from  the  norm alising furnace. The small flow- 
off a t  the  end was th e  cure for a small gas hole, 
apparen tly  caused by the a ir not escaping suffi
ciently  quickly.

In  conclusion the au tho r wishes to thank  all 
members of the A ustin Foundry for th e ir ready 
co-operation and assistance, and the Austin 
M otor Company for th e ir permission to  present 
this P ap e r and foi the illustrations.

2 b 2
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V o te  o f  T h a n k s
Mr . H . G. H all, in  proposing a vote of th an k s  

to th e  lec turer, said th e  lec tu re r had  been deal
ing w ith  one of th e  m ost difficult problems m et 
w ith in  ferrous m etallu rgy , th a t  of founding a 
m ateria l possessing a high liquid shrinkage. H e, 
him self, had to  deal w ith a m ateria l possessing a 
sim ilar com plication, v iz ., malleable cast iron. 
One of th e  problems was due to  sand, which 
should be studied  more intensively. I f  a  sand 
could be found which would rem ain  rig id  u n ti l 
th e  casting  was solid and th en  break  up , g re a t 
progress would have been made tow ards solving 
m any of th e  problems encountered  in  ferrous 
founding. I t  was ra th e r  in te restin g  to  note th a t  
M r. Langley did not blam e the  m eta llu rg ist for 
th e  crack ing  of his castings.

M r . G . R .  S h o t t o n , who seconded th e  vote of 
thanks, said th e  P ap e r d ea lt w ith  a prob
lem in  which all foundrym en were in terested , 
and  he was sure  th a t  th e  lectu re  had 
been m ost helpful. One in te res tin g  fea tu re  
was th a t  of th e  steering  box cover, and 
he was struck  by the  fac t th a t  very li tt le  feed
ing was used, reliance being placed chiefly on the  
use of denseners. In  o rder to  make a sim ilar 
casting  in  w hite iron , one would need to  use 
heavy feeders on the  boss.

T e m p e r a t u r e  a n d  S h r in k a g e
M r. W . L a v e r t o n , speaking w ith  reg a rd  to  

the short ru n  question, said one m ust rem em ber 
th a t  the h igher the  tem p e ra tu re  of pouring, the 
more would be the shrinkage. H e th o u g h t th a t  
M r. Langley, by using  1,600 deg. C ., was using 
the proper tem p era tu re  for such castings. H e 
would like to ask if any pyrom eter was used.

H e would also like to  know w hat M r. Langley 
though t was th e  maxim um  m oisture con ten t for 
green sand work. M r. L angley th o u g h t th a t  
vertical ru n n in g  was very good, and should be 
th e  first m ethod to be tr ied , as i t  gave a b e tte r  
casting. H e (the speaker) was ra th e r  in terested  
in the  b racket castings, as no chills were used.



W ith regard  to the  axle covers, he would suggest 
th a t  money m ight be saved by using curved chills 
to su it th e  rad ii of the  casting, as th is would 
produce a much nicer job.

Fusing of D e n se n e r s
M r . E .  W .  W y n n  said th a t  he would like 

to know if the  nails used as denseners were fused 
in to  the  m etal. In  his experience, they did not 
fuse, and a hole was left. T urn ing  the  runner 
ga te  away from  th e  casting ra th e r  th a n  le tting  
m etal en te r d irect on to a . flat surface of cast
ing was good practice, as also was the running  
in  a t the  th in  portions of th e  casting. H e was 
surprised  a t the low liquid shrinkage as shown 
by th e  ru n n e r hushes; he recollected th a t in  
m aking w hite iron castings for b lack-heart m al
leable iron the  bushes had  a  big sink. In  iron- 
foundry  practice, the  use of in te rna l chills 
changed the  s tru c tu re  from  the centre to  the 
edge of the  casting, and caused a more dendritic 
s tru c tu re  to  be formed.

W h e r e  S c ience  E luc ida tes
M r. J .  J .  S h e e h a n  congratu lated  M r. L ang

ley on his P a p e r ; th e  only criticism  he had to 
offer was th a t  i t  was too Short. M r. Sheehan 
said th a t  th e  m eta llu rg ist could produce good 
m etal to  exact analysis; science could produce a 
good sand to  make the  moulds, b u t i t  required 
the  a r t  of th e  foundry  forem an to  produce sound 
castings by the proper application of gates and 
risers, denseners and chills, and i t  was only the 
in tu itio n  of an a r t is t  th a t  could locate these 
details w ith  success. The only alternative  to 
th is a r t ,  said M r. Sheehan, was tiresom e and 
uneconomic tr ia l and erro r. F ig. 4 showed two 
unsuccessful methods of ga ting  a th in  bracket 
weighing 4J lbs., being 10 in. long and 4J in. 
wide, and  F ig . 5 showed the  successful method 
described by M r. Langley, as follow s:—The 
ru n n er was cu t w ith a r ig h t angle tu rn  into the 
side of th e  bosses; the  resu lt justified th is, as 
the castings are quite sound—the tu rn  in the
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ru n n er apparen tly  stopped th e  lower portion  of 
the  ru n n er pulling  from  th e  casting . A rt 
in itia ted  th is m ethod, continued M r. Sheehan, 
and science explains i t  by po in ting  o u t th a t  by 
simply changing th e  d irection  of th e  isotherm al 
lines in  the ru n n er, rap id  freezing is obtained 
over a small a rea  (i.e ., a t  th e  angle) and  the  
casting  cannot feed back. O ther exam ples occur, 
th e  m an who first used coal dust in  m oulding 
sand for cast iron  was certa in ly  an  a r t is t ,  and 
scientists still find much pleasure in explain ing  
its function , a lthough  th e  c red it still belongs to  
an  unknow n a rt is t .

M r. G. M. C a l l a g h a n  said th a t  he was 
in terested  to  h ear M r. L angley sa,v he “  banged ” 
the  m etal in to  th e  mould. All th e  castings he 
had seen made were bottom  poured. H e was also 
impressed by th e  num ber of nails used. H e 
himself had a g re a t deal of troub le  th ro u g h  the  
nails showing up on m achining. H e would like 
to know if M r. Langley had found a good coat
ing for chills. H e had  used blacking, b u t found 
th a t  i t  tended to  give discoloration on dry ing .

M r. H . G. H all  rem arked  th a t  no one would 
dispute  th a t  cracks were g rea tly  increased if  the  
m etal were in  an oxidised condition. M r. H all 
asked th e  lec tu rer if he used any special de- 
oxidiser and w hether he had used alum inium  and 
and the  alloy of alum inium , calcium  and  silicon.

A u t h o r ’s Reply

In  reply to  Mr. S ho tton ’s rem arks, the 
L e c t u r e r  s ta ted  th a t  th e  steering  boxes were not 
tested  w ith  paraffin, b u t were thoroughly  tested  
by o ther methods, and except in  isolated cases 
the  denseners were found to have been fused 
in to  the  m etal. H e expressed th e  opinion th a t  
th e  exceptions were those cast w ith  th e  la s t and 
coldest m etal.

M r. L averton  had said th a t  con traction  
troubles were the  cause of a large percen tage of 
his scrap, b u t he (M r. Langley) found th a t  the 
largest portion  of th e  scrap was due to  m isruns.

W ith  regard  to  the type  of fu rnaces used and
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th e  m oisture con ten t of the  sand, Mr. Langley 
explained th a t  he was m aking very small cast
ings, and  the  steel, although obtained h o tte r than  
in m ost foundries, was g e ttin g  cold by the  tim e 
he was finishing casting. The furnaces used 
were 1 ton  Stock converters. H e used a sand 
w ith  a m oisture content of 3 per cent, as he 
considered th a t  the  d rie r sand gave b e tte r cast
ings, and th ere  was less liab ility  of gas holes or 
d isto rtion  being formed.

Mr. L averton had been surprised  a t  the  absence 
of chills, and  in  reply he would say th a t  he con
sidered the use of chills a bad hab it, as they 
tended  to  move troubles from  one place to 
ano ther ra th e r  th a n  elim inate them .

R eplying to M r. H all, th e  au tho r said th a t  
the best pig-iron, low in  sulphur and phosphorus, 
was used. Silicon and  m anganese were, of 
course, added a t  th e  finish of th e  blow, as was 
alum inium . Usually 4 lbs. a lum inium  per ton  of 
m etal was used. H e had tr ied  silicide deoxiders, 
bu t found them  of insufficient benefit to  w arran t 
th e ir  continued use. The proportion  of spongy 
m etal was less th an  ^ per cent., and the chief 
cause of th is was due to  carry ing  the  ladle from 
one end of the  foundry  to  the  other. In  such 
cases a shell was p resen t in  the  ladle, and tended 
to  oxidise th e  nex t m etal received. H e usually 
added a litt le  alum inium  between each ta p  in 
such cases.
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Newcastle-upon-Tyne Branch

P a p e r  N o . 62». E ST IM A T IN G  FOR T H E  F O U N D R Y

By C. M. W i g h t  (A s so c ia te  M e m b e r )

E stim a tin g  is th e  predeterm in ing  of th e  con
ditions connected w ith th e  production of work 
and is carried  ou t p rincipally  for p ro tection  
aga in s t accepting  orders a t  a  price which would 
not be a comm ercial proposition.

An estim ate may be divided in to  two sections, 
one being simple a rith m etic  and th e  o ther a 
m a tte r  of judgm ent. In  th e  form er section a re  
placed th e  p rim ary  factors, viz.. : —The w eight 
and value of m a te ria l requ ired  and  W'ages for 
each operation  th rough  which the  work m ust 
pass. The la t te r  division covers th e  secondary 
factors or those considerations which affect th e  
resu lt ind irectly , such as : — The leng th  of tim e 
th a t  floor space o r p it  a rea  is occupied com pared 
w ith the  value of the  w o rk ; e x tra  tack le  re 
quired ; the  am ount and  position of m achining 
re la tive  to  th e  position of casting  w here diffi
culty  arises in clearing  deposits from  im p o rtan t 
m achined faces while pouring , and  risks of 
rejection  due to  aw kw ard coring, troub le  from  
uneven section, and fa ilu re  to  w ith s tand  speci
fied tests.

Some foundries are  m ore favourably  placed 
for dealing w ith  these  factors, and  i t  becomes 
obvious th a t  no ru les for price  fixing can be 
m ade th a t  would apply equally to  all foundries, 
so th a t  various m ethods of e s tim ating  have been 
adopted. The resu lts produced by these systems 
a re  widely d ivergen t and  a re  to  some ex ten t, 
although n o t fully, responsible for th e  difference 
in quoted prices. The varia tions in  prices are  
more noticeable in  work th a t  is n o t th e  general 
type handled by a  foundry  or d is tr ic t where 
prices have autom atically  become standard ised .
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B uyers of castings occasionally find the 
h ighest ten d er to  be as much as double th a t 
of the  lowest price offered, which is a source of 
wonder to  both the prospective buyer and those 
who a re  also com peting. I f  th e  reasons for the 
differences in prices be investigated  i t  will 
invariably  be found th a t  all cases of extrem ely
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F i g . 1 .— C h a b t  s h o w in g  t h e  I n f l u e n c e  o f O v e iih e a d s  o n  S e l l in g  P k ic e  
a t  I n c h e a s in g  W ag e  R a t e s .

low prices a re  due to  fau lty  judgm ent or errors 
in  calculation, w hilst those which are  high may 
also be due to  th e  same reasons, or i t  may be 
th a t  owing to  com m itm ents for any particu la r 
class of work, a g rea te r q u an tity  cannot be pro
duced w ithou t increasing the  facilities for pro
duction and  working overtim e, which reflect in 
a h igher selling value.
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M eth o d s  of E s t im a t in g  E x a m in e d
An investigation  of some of th e  m ethods 

applied to  foundry  estim atin g  shows th e  follow
ing : — (o) An estim ate  is based on a cursory 
glance a t  th e  p a tte rn  or draw ing, and  a price is 
quoted according to  w hat th e  estim ato r assumes 
th e  o rder for th e  castings will be placed a t, or 
use is made of a  previous selling price for 
sim ilar w o rk ; (6) castings a re  classed by w eight 
considerations only, and prices quoted in inverse

F i g . 2 .— T h e  S i x  C y l i n d e r  B lo c k  ta k e n  
a s  a n  E x a m p l e .

proportion  to  the  w e ig h t; (c) castings are  classed 
according to  type  and w e ig h t; (d ) estim ates are 
based on previous orders for sim ilar c a s tin g s ; 
(e) estim ates a re  fully  considered and  prepared  
from the  calculations of w eights, and wages for 
each process in the  course of production.

The first of these m ethods is guess-work and 
for obvious reasons should be discouraged. The 
second m ethod is b u t li tt le  im provem ent on the 
first, as casting  w eights canno t in them selves be 
a gu ide to  a  selling price. The th ird  and  fou rth  
methods are nearer to  approx im ating  a tru e  sell
ing  price, b u t are  com plete only so fa r  as sim ilar
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work is concerned, and difficulty arises when no 
precedent is available.

In  foundries where paym ent by result is on 
the  basis of fixed ra te s  per cwt. fo r various 
classes of castings, th e  system of quoting on type 
and w eight is more fully justified, if  considered 
w ith o ther conditions of m anufacture.

W hen basing selling prices on previous records, 
changes in the  method of production, ra tes of 
labour and cost of m ateria l m ust be tak en  into 
account. Old records should be used w ith 
caution , and a knowledge of the  circumstances 
under which the work was previously executed 
is essential. The la s t method (e) is recommended 
for the  reason th a t  all points affecting the  final 
price are  considered.

H a n d l in g  a n  In q u i ry
On receip t of an inquiry, the  specification is 

first exam ined for clauses th a t  a re  difficult to 
meet, care being taken  to  see th a t no clause is 
so worded th a t  the  founder is liable fo r inci
den tal or consequential damages in case of any 
fa ilu re  of the casting  when in  working position, 
or for unavoidable suspension of delivery.

The nex t step is to  exam ine the draw ing, and 
if th is  is deemed suitable for m anufacture , a 
check on the difficult points and a calculation 
of the w eights are made. The method of mould
ing and the  tackle required  is also exam ined ; 
then  the  mould and core wages can be deter
m ined. In  the  case of large jobs, these figures 
a re  probably best arrived a t  by dividing the job 
in to  sections and allocating so much per man 
per day. The wages for small work are on the 
basis of the num ber of castings made in a stipu 
lated  tim e. To th e  above wages m ust be added 
the  dressing charges and war bonus.

O v e r h e a d  C h a rg es
The nex t factor is overhead charges. I t  is not 

in the scope of th is P ap er to  recap itu la te  in de
ta il th e  different methods by which overhead 
figures are ob ta in ed ; perhaps i t  will suffice to
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point ou t th a t  there  are various methods, each 
equally good, of allocating  overhead charges. 
F or exam ple, overheads may be based on to n 
nage o u tp u t ; on mould and core labour ; on so 
much per hour for each operation  ; on a percen t
age on wages fo r each operation  ; on th e  to ta l 
over the  whole foundry , and, finally, so much 
on shop on-cost, tak in g  all wages aga in s t pro
duction and adding a percen tage for s tand ing  
charges, which covers ra tes and taxes, executive 
staff, office and sales expenses.

ITxg. 3 .— S e c t i o n s  o e  t h e  C a s t i n g  
s h o w n  i n  F i g . 2.

Any one of these m ethods may su it a  p a rtic u 
la r foundry  b e tte r  th a n  ano ther, b u t th e  decid
ing fac to r is w hether the  overheads are  absorbed 
or otherwise. Therefore, i t  is only possible to 
decide on figures from  “ costs ” and  experience 
of th e  ac tua l w orking of the  foundry  in  ques
tion . I t  m ust be assumed th a t  th e  overhead 
figures have been compiled from  an  efficient 
costing system, and can be used w ith confidence 
by th e  estim ator.

The estim ato r in tu rn  has b u t litt le  control in 
the  m an ipulation  of the  overheads, as he does not
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decide the  type of work for which inquiries are 
received. Only one th in g  is certa in , th a t  over
heads can only be allocated to the work accord
ing to its type. F o r instance, ordinary  plain 
firebars are  sold a t  7s. to  9s. per cwt. for the 
reason th a t  th is  class of work need not carry 
more th an  60 to  70 per cent, of the  overhead 
costs, w hilst jobs weighing 20 to  30 tons would 
require to  carry  150 to  200 per cent, overhead, 
so th a t  the  estim ato r m ust decide on suitable

F i g . 4 .— S e c t io n s  oe t h e  C a st in g  
s h o w n  in  F i g . 2.

overheads for each type of job and quote accord
ingly, keeping in  mind the  fac t th a t  small cast
ings, such as firebars or brake blocks, do not 
need the handling or the use of cranes such as 
are required on large castings.

The price of m etal can only be obtained from 
actual m elting costs, which are influenced by 
such factors as the efficiency of the cupola or 
furnace in use; handling charges before m elt
ing'; overheads, and the percentage of good cast
ings delivered per ton  of m etal melted. The 
figure for th is would probably be between 60 
and 75 per cent.
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M etal  C o s t s
The method of ob tain ing  m etal costs is given 

as follows: —

1 ton of metal charged at, say .. 3 15 0
Cost of melting ..  .. . .  0 15 0

Making a total of .. . . £ 4 1 0 0
Allowing 5 per cent, loss, then 

weight of metal is 19 cwts., and 
the cost equals . .  . .  . . 4 15 0 per ton.

For each ton of metal melted assume 
14 cwts. of good castings are de
livered and 6 cwts. of scrap credited 
at, say, 3s. . .  .. . .  0 18 0

F igures which a p p e rta in  to  one foundry  are  
rarely  of use o r in te re s t to  o thers, as in  both 
cases of overhead and m etal costs, so m any 
varia tions occur th a t  each foundry  m ust se ttle  
these questions in  accordance w ith  its  own re 
quirem ents.

A djustm ents to  accom modate varia tions in  the 
cost of labour o r m ateria l can  easily be an tic i
pated , once ac tua l figures fo r overheads and 
m elting have been proved.

A résum é of the  foregoing rem arks shows th a t  
the th ree principal item s are  as follow: —

£ s. d.

£3 17 0

which is equivalent to . .£5 10 0 per ton.

s. d.
mould . .  5 6 \  6s. 6d. =  3s. 3d.
core . . 1 0 f  (2 cwt.)

war bonus 2 0
Overheads a t 100 per

cent. .. 10 0
Metals a t 5s. 6d. cwt. 11 0

31 0

In  the  first column are  placed wages, over
heads, and m e ta ls ; th e  wages in  th e  second 
column have been sub-divided and  values for
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overheads and m etal have been allocated. In 
column 3, assumed values have been placed 
against each item , and th e  to ta l value divided 
by the  delivered w eight, which in th is case is 
2 cwts. and gives a ra te  of 15s. 6d., to  which 
m ust be added the  carriage ra te  and profit.

T a b l e  I .—Influence of Overheads on Estimated Selling 
Price.

Overhead, per cent.

Mould and core 70 100 150

s. d. s. d. s. d.
Wages, per cwt. 1 0 — —
Dressing 0 9 — —
War bonus 0 5 — —

Total 2 2 2 2 2 2
Overhead 1 6 2 2 3 3
Metal 5 6 5 6 5 6

9 2 9 10 10 11
Profit, 10 per cent. 0 11 1 0 1 1

S e l l in g  P r ic e 10 1 10 10 12 0

Mould and core ____ — —

Wages, per cwt. 5 0 — —
Dressing 0 9 — —
War bonus 1 4 — —

Total 7 1 7 1 7 1
Overhead 5 0 7 1 10 7
Metal 5 6 5 6 5 6

17 7 19 8 23 2
Profit, 10 per cent. 1 9 2 0 2 4

S e l l in g  P r ic e 19 4 21 8 25 6

This is a typ ical example of the  general type 
of estim ate  where no contingency or ex tra  tackle 
are  required.

I t  will be observed th a t  the  "overhead cost 
figure covers all sundry labour, and the  war 
bonus is based on piece work rates.
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A tten tion  is draw n to  the  figure of 3s. 3d. on 
the extrem e righ t-hand  side of th e  Table. This 
is obtained by d iv id ing the mould and  core wages 
by the  w eight in  cwts, and is termed) the  
m oulding ra te . This figure is to  some ex ten t a 
check on th e  estim ated  wages and  can be used 
to fac ilita te  fu r th e r  calculations as follows: —

L et i t  be assumed th a t  the  m oulding ra te  is 
Is. in  one case and  5s. in  ano ther, and proceed 
to  ob tain  equivalent selling values for each a t  
70, 100, and  150 per cent, overheads. This is 
set ou t in  Table I.

U se  o f  S t a n d a r d  G r a p h

In  column 2 a re  shown wages and bonus, also 
dressing, which has been tak en  a t  an  average 
of 15s. per ton  piece price, and a norm al profit 
of 10 per cent, is included. I t  is now an easy 
m a tte r to plot these points and  ob tain  curves 
from which any selling value can he determ ined, 
and F ig . 1 shows a set of curves determ ined 
from th e  previous figu res; i t  will he seen th a t  
the figure of 3s. 3d. referred  to  previously is 
equivalent to  a selling value of 17s. These curves 
can he extended  to  accom modate alm ost any sell
ing price and a p a r t from  saving a  sep ara te  cal
culation fo r each item  the  resu lts a re  au to 
m atically checked. F u r th e r  reference to  the 
curves shows to  w hat ex te n t a difference in 
w eight or wages affects the  final price.

L e t i t  be assumed th a t  the  estim ated  w eight 
of a casting  is 20 cwts. and  th e  wages fo r mould 
and cores is £4  10s.; th en  the  m oulding ra te  is 
4s. 6d. per cw t., which is equ ivalen t to  a selling 
value of 20s. 4d. per cwt. I f  i t  should happen 
th a t  th e  ac tua l cast w eight was 18 cw ts., th e  
wages being as before, th e  m oulding ra te  would 
then  he equal to  5s. and th e  equ ivalen t selling 
price would equal 2 1s. 8d., which absorbs 6|  
per cent, of the  estim ated  10  per cent, profit.

On the  othgr hand , if the  wages be u n d er
estim ated and a price of £5  has to  be paid , then  
the  m oulding ra te  is 5s., which is equivalent 
to a reduction in w eight to  18 cwts. I t  is, th ere -
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fore, obvious th a t  close a tten tio n  m ust b e  given 
to  both w eights ai id m oulding wages. This es
pecially applies to  ligh t work and  low ra te s  of 
labour where th e  increase of say Id . on 9 lbs. is 
Is. Ojd. per cwt., and would raise a selling price 
of 24s. to  26s. 9d. per cwt.

A p p r e n t i c e  L a b o u r
W hen dealing w ith low ra te s  of labour, such 

as boy or semi-skilled labour, th e  overhead

F i g . 6 .— T h e  C a s t in g  fo r  w h ic h  an  
E s t im a t e  i s  s h o w n  i n  F i g . 5.

charges should be ad justed , as i t  is ap p a re n t 
th a t  a  norm al overhead ra te  charged on Id . or 
2d. per casting  would n o t con tribu te  m u c h  to  
the  foundry  expenses. To m eet th e  case the  
overhead cost is increased pro ra ta  to  th e  
wages saved. F or instance, if a m an ’s wages 
were £ 1  and  overheads were £ 1 , th e  to ta l is £ 2 . 
A boy’s wages a t  7s. would requ ire  first 100 per 
cent on 7s., th a t  is, a to ta l of 14s. and 100 per 
cent, overhead on wages saved would equal 13s., 
m aking a to ta l of £1 7s., aga in s t £2  a t  full 
ra te .

In  the  case of estim ates fo r castings which cap
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be machine-moulded, the first considerations ar« 
the  size of casting  and num ber off. The first 
item  decides the  num ber which can be obtained 
per box, and th e  num ber required determ ines 
w hether o r n o t th e  am ount of work in setting  
up w ill be repaid  by the reduction in moulding 
wages.

No useful purpose will be served by endeavour
ing to  define exactly  the  minim um  num ber or

F irm ’s N am e

D esc rip tio n

D rg . N os.

N o. O ff  No. M ad e

P a tte rn  No.
W e ie h l C w ts Q r* L b *

E stim ate

D elivered

M o u lds

C o re s

T o ta l

£ S. d.

M ould  R a te /C w t. 

C o s t p e r  C w t 

S e llin g  P r ic e

F i g . 7 .— T y pe  o r  R ecokd  fo r  F il in g  ror F u tu r e  
Q u o t a t io n s .

type of casting th a t  can be economically m anu
fac tu red  by machine-m oulding processes, as each 
estim ate  m ust receive consideration in relation 
to the  n a tu re  of th e  castings to be produced. 
G enerally speaking, not less th an  th ree  large 
castings, say of about 3 cwts. each, o r ten  of a 
sm aller type, each sufficient to  fill a 16 in. box, 
could be m achine moulded economically.

The ideal condition for machine moulding is 
where several hundred castings are  required, 
when the  p a tte rn  costs per casting a re  negligible. 
The difference in  wages should be in  the ra tio  of
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one fo r m achine m oulding to  between th ree  to 
five fo r hand m oulding. This ap p a ren t saving 
on prim e cost of production  m ust therefo re  be 
ad justed  in th e  estim ate to  provide for upkeep, 
power and depreciation  of the  machine.

An exam ple of m achine m oulding is given in  
F ig. 2. The casting  is a m otor six-cylinder 
block, and weighs 63- cwts. In  th is  case the  
difference between machine- and hand-m oulding 
wages is 1 2 s. 6d. per casting , or a ra tio  of one 
to two machine to  hand m oulding. P erhaps a 
g rea te r saving would have been expected, b u t 
the  finishing, coring, and  closing were fa irly  
heavy item s, which will be apprecia ted  on exam 
ining F igs. 3 and 4. In  the  r ig h t top  co rner of 
F ig. 2 is a half mould, and below i t  is the  
machine la y -o u t; and on top  left-hand  side is 
the casting.

E s t im a t in g  f o r  H eav y  C a s t in g s
For heavy work th e  method and  basis of an 

estim ate  are  the  same as for ligh t work, except
ing for some additions. To illu s tra te  these 
points fully, i t  is assumed th a t  an inqu iry  has 
been received for a cylinder to  a d raw ing such 
as is shown in  F ig . 5, and to a specification 
which only called for norm al tensile and 
hydraulic tests, and was clear of all b inding 
clauses.

E xam ining  the  draw ing, i t  is qu ite  obvious 
th a t  the cylinder should be m oulded on end, and 
th a t  a head or p a r t head will be requ ired  to 
preven t a draw  a t  th e  change of section under 
the top heavy flange .and to  carry  away dross, 
etc.

The thickness of th e  cylinder body is 2j- in. 
finished and o ther scantlings as I f  in ., so th a t  
u nder these conditions the  ja ck e t cores should 
not p resen t any difficulty, especially as th e re  are 
ample ven ting  facilities. I t  will n ex t be seen 
th a t  draw-backs will be required  to  form  the  
two sides of the  mould carry ing  th e  valve ports 
and a t  the  fro n t and back fo r th e  foot. This 
will involve a m a tte r  of 2J tons of tack le  in th e
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form  of binding plates, and i t  will be necessary 
to mould in a p it of 11 ft . 6 in. by 8 f t . 6 in. 
by 9 f t . 6 in. deep m inim um  size. The mould 
and core wages can now be ascertained and tim es 
allocated, as follow: —

Hrs.
Preparing bed and setting boss . . 24
Ramming up to top joint 70
Finish draw-back joints 20
Draw-back left-hand side 68

,, ,, right-hand side 30
,, ,, head . . . . . . 18

Ram top 38
Finish ready for dryers 62
Close and cast 62

392

This figure represents approxim ately the nor
m al tim e in which the mould could he made, so 
th a t  for the  to ta l of 392 hours a t  th e  standard  
ra te  of 48s., i t  gives the equivalent of £20 wages.

The price for th e  cores was m ade up  in a 
sim ilar m anner and  am ounted to  £12 (235 hrs.). 
The e x tra  cost of special tack le  was £4. This 
gives a to ta l of £36 and a calculation of the 
w eight gave 174 cwts. plus 12 cwts. of head. 
The m oulding ra te  is £36 divided by 9.3 tons, 
which equals 3s. 10 |d . per cw t., and represents 
a selling price of 20s. 8 |d . per cw t., when carry 
ing 133 per cen t, overheads and using m etal a t  
5s. 6d., which is calculated on the  delivered 
w eight of th e  casting.

A com parison of the  w eight of th e  job w ith the 
length  of tim e th a t  a  p it should be occupied 
was in  th is case norm al, and therefore does no t 
affect th e  price.

To th is  price m ust be added allowances for the 
fo llow ing:— (1) Tackle m ate ria l; (2) p a tte rn  
boards and  a tten tio n  of pa tternm aker during 
moulding and closing; (3) sundries, and (4) con
tingency.

The tack le  is calculated a t  £4 per ton , which 
allows lo r scrap value on th e  m etal re turned  
and m akes an addition  of Is. Id . per cwt.
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P a tte rn  charges are  a t  Is. per cw t., and sundries 
a t  3d. per cwt.

The contingency allowance is, of course, purely 
an a rb itra ry  fac to r. In  th e  case u n d er con
sideration  th e  risk  o f loss was only norm al, and 
as th e  work on th e  whole d id  n o t present 
ap p a ren t difficulties a  contingency allowance of 
5 p er cen t, was assum ed and the  price now

F i g . 8 .— E x c e p t io n a l l y  H e a v y  
T y p e  o f  C a s t i n g .

am ounts to  20s,. Sr, d . plus 2s. 4d. plus 5 per 
cen t., or a to ta l of 24s. 2d. per cwt. This figure 
is still fu r th e r  modified by tak in g  in to  account 
th e  head, which gives 25s. 8 |d . as th e  final 
result.

F ig . 6 shows th e  cylinder casting  ready  for 
d e livery ; th e  head was stopped off in  way of 
th e  steam  ports, and  th e  jo in ts  of the  draw 
backs down th e  sides can also be clearly  seen.
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These draw -backs were divided in to  sections over 
th e  length  of th e  cylinder.

I t  is of in te res t to  note th a t  th e  weight of the 
casting  was 9 tons 5 cwts. 1 q tr ., w ith  a  deduc
tio n  of 7 cwts. for th e  head re tu rned , which 
gives a ne t w eight of 8 tons 18 cwts. 1 q tr ., 
aga in s t th e  estim ated  w eight of 9 tons 6 cwts 
gross and  8 tons 14 cwts. ne t, which was to 
the benefit of th e  job.

U n k n o w n  F a c to rs
In  the earlie r p a r t  of th is  P ap er reference was 

made to  th e  judgm ent acquired a f te r  th e  a rith  
m etical side of th e  estim ate  is finished. This 
covers th e  factors in  th e  la t te r  p a r t of the  ex
am ple which has ju s t been considered. I t  is, 
generally  speaking, n o t possible to  forecast a t 
th e  e s tim ating  stage th e  class of p a tte rn  th a t  
may be received, particu larly  from a new cus
tom er, also the  exac t am ount of wages for 
p a tte rn  a tten tio n , and the  to ta l am ount of new 
gear necessary, especially in  a jobbing foundry, 
where th e re  is a continual varia tion  in the  work 
undertaken .

The selling price to  be quoted may not alto
gether be com parable w ith th a t  estim ated, for 
i t  is an im p o rtan t condition th a t  the  estim ator 
should have a  complete knowledge of the  m arket 
value of th e  work passing th rough  his hands 
and  be in  a  position to  tak e  advantage of the 
best te rm s th a t  can be obtained.

C o m m e r c ia l  C o n s id e ra t io n s
I t  m ust be borne in mind when deciding on 

the  selling price th a t th e  full loss on defective 
castings cannot be charged up to  th e  customers, 
so th a t  if th e  capacity  or equipm ent of a foundry 
is such th a t  a  price could be quoted for any p ar
tic u la r class of work which is well below th a t of 
com petitors in the  d is tric t, th e  estim ator has 
th e  opportun ity  of counter-balancing possible 
losses on o ther sections of work, and ought to 
m ain ta in  a price ju s t sufficiently low to  obtain 
th e  order. In  an estim ating  departm en t records
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which a re  easily and quickly accessible a re  essen
tia l, as a- custom er may requ ire  a price quickly 
for a rep ea t of an order, or a sim ilar casting  
based on a previous job.

I f  reference again  be m ade to  F ig . 5, an 
exam ple of such a record is given. This figure 
was reduced from  th e  custom er’s p r in t on to  a 
loose leaf sheet of squared paper m easuring 
10 in. by 8 in. Only th e  p rincipal dim ensions 
and thickness a re  included, to g e th er w ith  the  
full particu la rs  of th e  estim ate  and final costs.

Only a  sho rt tim e  is requ ired  fo r a ju n io r em 
ployee to  m ake th is sketch, and  i t  is well com
pensated for in  th e  saving of storage space for 
draw ings, etc. These records are  only m ade for 
w hat a re  considered to  be o u ts tand ing  jobs of 
high to ta l selling value. They also serve as a 
check on fu tu re  estim ates for sim ilar work.

F o r th e  sm aller class of work w here a large 
num ber of different p a tte rn s  is in  operation , 
records are also k ep t of each job, b u t only con
sist of w ritten  p articu la rs  such as shown in 
Fig. 7. A card  on which these deta ils are 
p rin ted  is issued to  th e  foundry  forem an fo r all 
jobs, large or small, and th e  piece price for 
mould and cores toge ther w ith  the  estim ated  
w eight is ind icated .

I t  is the  fo rem an’s du ty  to  m ake th e  best 
term s possible w ith his m en and  fix prices which 
are  to  th e ir  satisfaction , as well as his firm ’s, 
b u t not to exceed th e  figures given w ithou t 
special permission,. The final prices a rranged  
are  en tered  on each card , which is re tu rn ed  to 
th e  office for inspection and com pletion, and  filed 
as a record. I t  will be observed th a t  all re fe r
ences to  prices have dealt w ith  piece work, b u t 
th e  principles of estim ating  are  th e  sam e for 
tim e work w ith the  ad ju s tm en t fo r an  increase 
of w ar bonus.

I t  is n o t in tended  in  th is  P a p e r to  discuss the 
com parative m erits of piece and tim e work, b u t 
so fa r  as estim ating  is concerned, it  is a definite 
advan tage  to  have an agreed price fixed in the 
early  s ta g es  of th e  work, for the  approxim ate



cost is ap p a re n t as soon as th e  piece price is 
fixed. I t  may happen th a t  although every care 
has been taken  in  preparing  an estim ate an 
unexpected difficulty may arise, perhaps in  the 
way th e  p a tte rn  is m ade or some difficulty 
peculiar to  a  pa rticu la r type  of casting  which 
only becomes ev iden t from  experience. I f  i t  be 
seen th a t  the job will n o t be a  profitable pro
position, th e  best term s possible can be made, 
while there  is still tim e to  make some saving 
on th e  work.

The work of estim ating  for a foundry making 
practically  all classes of castings rarely  becomes 
monotonous, for th e  inquiries change from  day 
to day, and although castings may be grouped 
in to  types, or classed in some convenient m anner, 
the re  is invariably  some po in t which calls for 
separa te  consideration.

Inqu iries for a cast-iron bar weighing a few 
pounds o r a  casting  such as th a t  shown in  F ig . 8 
may be received. The estim ate for the  la t te r  was 
m ade up in  a  corresponding m anner to  the 
exam ple already given, w ith the  exception th a t 
no heads were required. The w eight of th is  cast
ing  was over 30 tons, and i t  was poured from 
th ree  different points on the mould. A t the 
stage w hereat all th e  w eights and wages are 
settled , th e  e stim ato r’s work on th a t  job is 
finished u n til th e  actual w eight and wages are 
checked up and  records completed.

Inciden tally , if i t  happens th a t  a m istake be 
m ade in  th e  m oulding of any casting, which 
causes a  w aster, i t  is impossible for the  estim ator 
to assist. N either is i t  possible for the  foundry 
to make an under-estim ated job pay.

N o  Sw ings o r  R o u n d a b o u ts
I t  is sometimes argued th a t gains on one class 

of work compensate for losses on an o th e r; this 
m ay be so, b u t from  the estim ating  point of 
view such an  idea should not be en terta ined . 
Each job should stand alone, both in  the case 
of wages paid and final costing. In  poor tr a d 
ing periods, prices are cut, and there  is a ten 
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dency to  accept work a t  low figures and to  fill 
the  foundry w ith work to  help the  overheads. 
This is a procedure which should only be fol
lowed w ith caution . The am ount by which a 
norm al selling price can be reduced depends, of 
course, upon th e  corresponding reduction  in 
overhead charges.

As p a r t  of the  overheads are  directly  work 
charges, fluc tua ting  w ith production, only 
general charges a re  to  be considered. There
fore, th e  price can only be reduced to  such level 
as will cover all works costs and possibly a per
centage only of the  s tand ing  charges.

T h e  B uyer
W hile the  buyer, ju stly  or otherw ise, com

plains of the  v a ria tion  in  th e  prices quoted by 
the  foundries, i t  is often  in his power to  a lte r  
th is  condition. F o r instance, if an inquiry  be 
sent ou t which does no t con tain  sufficient in for
m ation to  enable the  estim ato r to  a rr iv e  a t  a 
definite conclusion as to  the  ac tu a l requ ire
m ents, i t  is obvious th a t  a careful e s tim ato r will 
cover for a much h igher contingency factor. 
Also, in  cases where th e  draw ing is such th a t  
a w eight cannot be calculated, i t  is impossible 
for the  estim ato r to  offer th e  lowest price.

Telephoned inquiries should only he for re 
peat, or sim ilar jobs, and be very carefully  
confirmed in  case of v a ria tio n  if the  o rder should 
m ature, for i t  may happen th a t  a f te r  quoting  a 
price for ce rta in  castings, the  order is received, 
and if i t  does no t comply w ith  the  quotation , 
the whole question has to  be reviewed, w ith the 
a tten d in g  annoyance and waste of tim e.

In  the  N orth -E ast Coast a rea , one of th e  most 
common verbal inquiries is for propellers. The 
particu lars given a re  generally  th e  d iam eter and 
pitch, from  which th e  estim ato r m ust assume 
the w eight, irrespective of th e  fa c t th a t  for, 
say, a 10-ft. d ia. propeller w eights of ac tu a l jobs 
have varied from 29 to  47 cwts., and  a price has 
to be decided on, which would cover th e  w orst 
case.
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The buyer can also help to  obtain a speedy 
reply to his inquiry  by giving the  weights of the 
castings when these are available. I t  has 
already been pointed out how the w eight in 
fluences the  price, so th a t  i t  is necessary to 
calculate each w eight fa irly  accurately, and 
when a num ber of estim ates are in hand a t one 
tim e, w ith perhaps an average of six castings 
each, a good deal of tim e could be saved.
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London Branch— East Anglian 
Section

P a p e r  N o . i3 0 . TIM E C O N T R O L  IN T H E  M A N U F A C T U R E  
O F REPETITIVE C A S T IN G S

By B e r n a r d  B ro w n ,  B.Sc. ( M e m b e r )

D efin it ion  of T im e  C o n t r o l
The phrase “ tim e  control ”  m eans simply 

labour control or m anagem ent m ethods fo r ensur
ing a  fa ir  d ay ’s work fo r a  fa ir  day ’s pay. This 
s ta tem en t m ay sound controversial, b u t th ere  
appears to  be no o ther tru e  way of s ta tin g  th e  
facts. W hatever opinions may be possessed on 
the  subject, th ere  m ust be agreem ent th a t  some 
form of labour contro l is essen tia l to  any factory  
or foundry. There are  th ree  m ain m ethods of 
doing th is.

Day-work paym ent is usually m ade a t  such 
a level as to m a in ta in  good re lations betw een the 
men and the d irec to ra te  of th e  com pany, and  the  
forem an has his own p a rticu la r m ethods of m ain 
ta in in g  discipline. This system is sa tisfac to ry  if 
exactly  th e  r ig h t type  of forem an is available, 
bu t th is  is not easy, especially when m any fore
men have to be engaged to  cover th e  ac tiv ities of 
hundreds, and sometimes thousands, of opera
tives. F o r th e  men th e  system  is n o t so sa tis
factory, since, however h a rd  they work, they  are 
paid  th e  same, and fu rtherm ore , they  are  sub
jected  to  th e  w him sicalities of th e ir  forem an.

The second m ethod of control is th a t  commonly 
known as incen tive paym ent or paym ent by 
results. This enables th e  m an to  e a rn  m ore 
money if he produces fa s te r, though  n o t always 
in  equal proportion . Piecew ork, prem ium  bonus 
of its  various types, the  Rowan system, tonnage 
bonuses, etc., all come w ith in  th is  category . I t  
may be wondered why a system of incentive pay-
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m ent can be regarded as a method of tim e con
tro l, and i t  m ay be argued  th a t  i t  is introduced 
to  allow the  m an to  m ake more money if he cares 
to  work harder. This is definitely no t the 
m odern conception of incentive paym ent. Piece
work, or bonus, when set, m ust be earned , and 
the am ount earned or lost forms the m eans of 
tim e control.

The th ird  system is th a t  where men are paid 
high day-work ra te s  and m ust m ain ta in  a defi
n ite  level of o u tp u t, any fall of production m ean
ing a. reprim and .

Im p o r ta n c e  of T im e  C o n t ro l
The im portance of tim e control in any foundry 

depends na tu ra lly  upon the ra tio  of labour cost 
to production  cost. I t  m igh t be contended th a t  
in  ce rta in  classes of work, where th e  average 
w eight per casting  is a  ton  or more and the class 
of moulding relatively  simple, tim e control 
m atte rs  very little , since i t  is completely over
shadowed by th e  cost of pig-iron and scrap. To 
a ce rta in  e x te n t th is  is tru e , h u t for the  purpose 
of th e  p resen t P ap e r consideration is only given 
to foundries producing a ligh t type of casting 
(averaging, say, te n  pounds each) in large 
quan tities, bu t of such varying types as to 
render w hat m ight he term ed continuous produc
tion  nearly  impossible. In  th is case the labour/ 
m ate ria l ra tio  m ight be of the order of one to 
one, th a t  is to  say, labour is equally im portan t 
as m ateria l. N evertheless, i t  m ust be borne in 
m ind th a t , no m a tte r  how small labour may 
appear as compared w ith m aterial, i t  is im por
ta n t ,  since, more often  th a n  not, i t  is the  one 
fac to r u nder the  d irect control of the m anage
m ent. Raw m ateria l prices are controlled by 
m arket conditions, and, although an astu te  
buyer m ay economise by a  fraction  of 1 per 
cen t., th is  becomes increasingly difficult.

In d u s t r ia l  P o s i t io n  o f  T im e  C o n t ro l
Time control was first used in  the old-time 

piecework gangs where a m aster moulder was
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paid so much p e r  job and  engaged his own 
labour, n a tu ra lly  re ta in in g  as much of th e  pro
ceeds as possible fo r himself. Besides th is, th ere  
were innum erable bonus schemes based on to n 
nage. In  exp lana tion  of T aylor’s system , it  
m ay be s ta ted  th a t  Taylor refused  to  guess or 
evalua te  by experience the  tim e which u ltim ate ly  
controls profits, which should be allowed for a 
p a rticu la r job, an d  instead , devised m eans for 
m easuring it. T aylor’s experim ents have been

F i g . 1..— S i m p l e  M o u l d  P h o d u c e d  o n  a 
P n e u m a t ic  M o u l d in g  M a c h in e .

the  basis of form idable ram ifications of tim e 
and m otion study  from  which have been evolved 
conveyors and  recorders, m icro-m otion study  
and slow m otion cine-cam era work. M ost a c ti
v ity  along these lines has been displayed in 
America, where q u an tities  a re  high, as also a re  
labour ra tes. In  G rea t B rita in , tim e study  was 
firs t adopted  by th e  new er industries, such as 
autom obile and the  ligh t elec trical eng inering  
companies, though now i t  is commonly encoun
te red  in alm ost every branch of industry . In  the
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opinion of the w riter, i t  may be regarded as 
perhaps the g rea test advance in  industria l or
ganisation .

R ationa l  R a te  S e t t in g
The most elaborate methods of determ ining a 

tim e are made w ith  the  single object of fixing 
a p a rticu la r ra te  of working fo r an operative. 
The old-tim e forem an se t his ra tes or prices by

F i g .  2 .— M o u l d  P r o d u c e d  o n  a M o u l d i n g  
M a c h i n e  u s i n g  S n a p  F l a s k s  a n d  
V i b r a t i n g  P a t t e r n  P l a t e s .

his experience of w hat he th ough t was accom
plished. F o r example, he knew th a t  one opera
to r  always produced six ty-three 16 in. by 12 in
boxes a  day, and he therefore  set his piecework 
price per box.

A modern tim e-study man w ith his stop-watch, 
perform ance and fa tigue  curves arrives a t  a ra te  
of working which should be achieved by a man 
of average intelligence and average application 
to  his job. By various devices he endeavours 
to e lim inate  from his calculations the hum an 
factors of the  particu la r individual, working 
only, for th e  average. He endeavours to measure
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the energy required fo r the  perform ance of a 
pa rticu la r operation  and to  tra n s la te  th is in to  a 
tim e or piecework price. N either of these 
methods is correct. The old-tim e forem an only 
knew w hat had  been achieved, n o t w hat should 
have been done, and he au tom atically  m ade his 
price so th a t  i t  com pensated fo r w aiting  fo r 
m etal and the  like during  a  norm al day. On 
the  o ther hand, the too scientific tim e-study  m an 
frequently  makes so m any corrections fo r the  
innum erable faotors ap p e rta in in g  to  th e  perform 
ance of work th a t  he often  dares n o t subm it his 
findings w ithou t ob tain ing  some confirm ation 
from  the forem an.

Good ra te  fixing, which is n o t too often  en 
countered, is a com bination of scientific obser
vation and common sense. The ac tua l tim e of a 
job is, obviously, the  tim e  which th a t  job takes, 
yet the re  are men who argue  for hours on how 
long a p a rticu la r operation  would tak e , avoid
ing for th e ir  own obvious reasons an  ac tua l 
tr ia l aga in s t tim e.

Q uite a common s ta tem en t is th a t  all types of 
work cannot be tim ed, b u t the  au th o r has not 
encountered  any jobs upon which a tim e cannot 
be set, though  n o t always w ith  advan tage  under 
the p a rticu la r ex is ting  circum stances. I f  a tim e 
canno t be se t reasonably easily on th e  m ajo rity  
of rep e titio n  jobs, i t  m ay be tak en  as fa irly  
ind icative th a t  th e re  is som ething radically  
wrong w ith  th e  m ethods employed. F o r ex
ample, if a  d rilling  operation  is being  tim ed 
and  th e  opera to r spends tw enty  m inu tes a t  the  
stores in  ob ta in ing  a f t h  ream er, i t  is fa irly  
ap p a ren t th a t  som ething is amiss w ith  the  
system and m ust be corrected  before one m akes 
any fu r th e r  effort a t  se ttlin g  ra tio n a l ra tes.

The au th o r contends th a t  foundry  work can be 
rate-fixed by norm al engineering  m ethods em 
ploying th e  stop-w atch. F rom  th e  view point of 
the ra te  fixer or tim e-study m an, the foundry 
presents ce rta in  difficulties, as, for exam ple, the 
wide divergence of operative d ex te rity  between 
different moulders, b u t these a re  no t insuperable
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barrie rs  to reasonable accuracy. The foundry 
does have some advan tage  in  th a t  the basic 
m ateria ls  used are  simple and not likely to cause 
trouble. Thus, give a  moulder a p a tte rn  plate, 
boxes and sand, and he will produce moulds, but 
in o ther engineering  shops m any th ings may go 
wrong.

T im e  C o n t r o l  F u r t h e r  E xp la ined
I t  m ust be pointed  ou t th a t  tim e control is 

alm ost invariab ly  associated w ith incentive pay
m ent. W hen reference is made to  piecework or 
bonus actually  a labour tim e is m eant. Time 
control i s : (1) th e  se tting  of a tim e  by ra te  fix
ing, and  (2) th e  recording of the  tim e the 
opera to r or m oulder has taken  w hilst on th e  job 
and  a check of the  am ount of work, i.e., the  
num ber of castings produced.

In  m any factories i t  is found th a t one elem ent 
of tim e control is in  operation  w ithou t th e  other. 
Sometim es there  is an elaborate rate-fixing 
departm en t which sets tim es very accurately, 
w hilst the  o rganisation  takes no particu la r care 
th a t  these tim es are m et or th a t  there  is an 
ex ac t co u n t of the  p arts  produced. In  ju s t  the 
same m anner there  wdll be found factories with 
clocking-in systems and rig id  rules against la te 
comers and  sim ilar delinquents and complete 
omission to check th a t  men are working whilst 
in  the building. I t  is sometimes said th a t the 
cost of ru nn ing  an elaborate piecework system 
m ay more th an  offset the  economies thereby 
introduced, b u t th is  need no t be regarded 
seriously.

The type of incentive w ith which th is P aper 
is principally  concerned is th a t  known as the 
“ s tan d a rd  tim e ” o r “  tim e piecework system ,” 
which, in  th e  experience of the author, is the 
sim plest, m ost d irect, easiest-applied and of 
w idest application . The standard-tim e system is 
sim ilar to  th e  prem ium  bonus scheme in so fa r 
th a t  a tim e is set for every job and the operator 
gains by th e  am ount he is quicker th an  the  set 
tim e. However, the operator gains th e  to tal 
am ount in stead  of a fraction  as in  the case of

2c
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the  prem ium  system. This is simply tim e-piece- 
work, a p a rticu la r tim e  a t  a  p a rt ic u la r  ra te  per 
hour being allowed for a p a rticu la r job. Obvi
ously 15 m inutes a t  Is. a n  hour = 3d., which is 
equ ivalen t to  a  price  piecework.

I t  may n o t im m ediately  be ap p a re n t why a 
tim e is p referred  to a price when they  am oun t 
to  the  same th ing . A litt le  consideration  will 
show th a t  tim es possess num erous advantages. 
F o r exam ple, those fam ilia r w ith  piecework 
system s know th e  troub le  ensu ing  when a job 
w ith a piecework price designed fo r a boy has 
tem porarily  to be done by a senior g rade  of 
labour. In  foundry  work th is  is p a rticu la rly  
noticeable. Sometim es graded  piecework prices 
are  set to  be applicable according to  th e  age or 
experience of the  labour, b u t really  each p a r t i
cu lar job should have its  assigned grade  of 
labour. In  th e  s tandard -tim e  system, however, 
a job may be tran sfe rred  from  one o pera to r to 
ano ther w ith  perfec t fairness, since th e  tim e 
allowed per job is tak en  a t  th e  ra te  of th e  opera
to r. This does no t mean th a t  a forem an may 
change th e  g rade  of labour on the  job ju s t  as he 
pleases, for, on the  con trary , the  grade of labour 
to  be used on the  job is specified, a convenient 
one being “  ju n io r ,”  “  m edium  ”  and “ sen io r,” 
though some firms grade much m ore finely, de
pending upon the  size of the  concern and  the  
num ber of men available. I t  is n a tu ra lly  no t 
w orth while g rad ing  closely when one employs 
only a few dozen hands.

A fu r th e r  advan tage  accru ing  to  th e  use of 
tim es is th a t  one is enabled to  pay fo r a ra te  of 
work ra th e r  th a n  for the  com pletion of a p a r
ticu la r job. S tudy ing  the question logically, i t  
is ev iden t th a t  the  employer, in  in troduc ing  an 
incentive system, is endeavouring to  “ speed 
up  ” production, or, in o ther words, m ake his 
employees work fas te r, and , as an  inducem ent, 
he is w illing to  pay them  more money fo r in 
creased effort. I t  is obvious th a t  he is n o t ex 
pecting them  to speed up one job, slow down
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on the  nex t and  so o n ; nor is he expecting them  
to speed up on piecework jobs and immediately 
slow down when a certa in  am ount of day-work 
has to  be booked. I t  is absurd to  pay piece
work on the  job, and  instead i t  should be paid 
upon a sum m ation of the  jobs tak en  over a 
period such as a week. A t th e  beginning of the 
nex t week an operator s ta r ts  afresh, and is not 
perpetually  in  debt. The standard -tim e system 
makes it  possible for th is sum m ation of jobs to 
be carried  ou t extrem ely quickly and simply in 
the  pay-roll departm en t, as will be explained 
l a t e r . . The s tandard -tim e system also simplifies 
the p lanning of work. I f  th e  piecework price 
of a job is, say, 2d., i t  is difficult to  convert 
th is cash am ount into num ber of boxes per hour. 
F inally , the  d irect use of tim e as a m easure
m ent of work is so obvious and logical as to 
appeal to anyone if only by v irtue  of its  ex
trem e directness and sim plicity.

H o w  a  S t a n d a r d  T im e  is Se t
There is a vast difference between a correctly 

set s tan d ard  tim e an d  a simple floor to  floor
stop-w atch reading. In  the  first place, the u n 
tra in ed  observer is incapable of determ ining 
how long even the  simplest job should take, 
though  he uses the  most accurate stop-watch. 
I t  would be ou t of place in th is P ap er to  de
scribe the various methods adoDted in deter
m ining the  correct floor to floor tim e of an 
operation. N evertheless, i t  may be said th a t  a 
short series of stop-watch observations, modified 
by th e  experience of the  rate-fixer, form its 
basis. An experienced rate-fixer can usually
determ ine in  ord inary  foundry work a suffi
ciently accurate tim e by a series of no t exceed
ing th ree  observations, providing, of course, he 
has previously logged certain  fundam ental times 
applicable to the p a rticu la r foundry. I t  is p ar
ticu larly  to  be emphasised th a t  the  tim e 
observed, say, for the  m oulding of a box is not 
necessarily the one used in the setting  of a



stan d ard  tim e, since the  m oulder may be slow or 
superlatively  fast.

In  norm al m achine shop practice, th ere  arc 
certa in  standards fo r the  usual m anual opera
tions which have been determ ined by m any h u n 
dreds of observations as applicable to  the 
average operator. Thus, fo r ex am p le :— (1) 
Reading a m icrom eter, 7 secs.'; (2) feed to  stop 
in small capstan  lathes, 4 secs.; (3) raise  tab le  
of m illing machine from  4 to  0 inches, 7 secs .; 
(4) index head of capstan , 3 secs.

In  th e  foundry , a lthough i t  m ay n o t im me
diately  be evident, a sim ilar set of constan ts 
m ay be obtained. F o r exam ple, some of them  
a r e :— (1) Place a 16 in. by 10 in. box on two 
dowels on m achine, 11 secs.; (2) dust average 
p a tte rn  w ith  p a rtin g  powder, 4 secs. ; (3)
w eight down boxes, 5 secs.; (4) m ake ru n n e r  or 
ven t hole 1 in. d iam eter, 11 secs.; (5) place and  
position core up  to 3 in. by 3 in. in mould, 
16 secs.

The ac tua l tim e allowed for a job is a com
b ination  of average observed tim es like th e  above, 
modified by th e  observations tak en  by th e  ra te - 
fixer, and, as i t  were, bound to g e th er by his 
experience. H av ing  in  th is m anner determ ined 
the ac tua l or ne t floor to  floor tim e of th e  job, 
the  s tan d ard  tim e is p repared  as below.

Two fu r th e r  percentages a re  added, the  first 
being w hat may be called th e  bonus tim e which 
is determ ined by the percentage bonus which 
the  average m an is supposed to  e a rn  when work
ing norm ally. Usually, th is  varies from  between 
20 to  50 per cen t., though 25 per cent, is qu ite  
a common and recognised figure. The second 
addition  is the  contingency allowance. This m ay 
be tak en  to  cover fa tigue , tem porary  stops and 
absences, and  the  norm al tr iv ia l happenings 
which tend  to  cause lowering of a m an ’s ra te  
of work. If  a p a rticu la r job ac tua lly  takes 
1 m inute  to  produce, probably betw een 40 and 55 
will be produced in an hour, depending on th e  
type of job. All th is  has been d ea lt w ith m any
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tim es in  g rea t detail, and is applied most scien
tifically, notably in the  Bedaux system. Thus, 
the s tan d ard  tim e consists of the actual or floor 
to floor tim e plus a bonus tim e plus a contin
gency. Contingency allowance is usually ex
pressed in  the  form  of a so m any m inute-hour. 
Thug, for exam ple, in  the  foundry  the following 
figures have been found and proved by experi
ence to be suitable : —
(1) Snap flask work 011 hand, squeeze machine,

48 m inute-hour.
(2) H and  ram m ing w ith stripp ing  plate and

m etal boxes, 45 m inute-hour.
(3) P la te  m oulding 011 floor w ith boxes up to  a

size capable of being lifted  by two men, 
40 m inute-hour.

These figures are  respectively equal to one- 
fifth, one-quarter and one-third additions to  the 
ac tua l or n e t tim e.

F ig . 1 shows a simple type of mould made 
on a pneum atic Tabor type machine. I t  will be 
seen th a t  it  presents no peculiarities except th a t  
in p ractice the d irect squeeze was found insuffi-

T a b l e  I .—Standard Time, for a Simple Moulding 
Machine Job.

Min. Secs.
Net rate fixed time 1 7
Bonus (25 per cent.) 0 17
Contingency (48 min.-hour =  1/5) 0 13

1 37

cient, and a certa in  am ount of hand ram m ing 
had to  be employed. The tim e allowed for the 
perform ance of th is  job is shown in Table I, 
which also indicates how th is particu la r s tan 
dard  tim e was compiled.

A p p l ica t io n  in th e  F oundry  
Fig. 2 shows a sim ilar type of mould produced 

on  th e  fam iliar Farwell type of machine u tilising  
snap flasks, and v ibrated  p a tte rn  plates. The 
tim e study re la ting  to th is particu la r job is
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shown in  Table I I .  I t  will be seen th a t  the  
floor to  floor tim e is 185 secs., which, when the  
contingency and  25 per cen t, bonus a re  added, 
equals 4 m in. 30 secs. F o r convenience of tr a n s 
m ittin g  the inform ation  to  th e  m oulder, the  
tim e is frequently  converted in to  an o u tp u t of

T a b l e  I I .— Time Study for Moulding Mangle Top Sides.
Method :—Snap flask with pneumatic lift. 1 operator 

—medium.

Place bottom of box on table
Secs.

2
Assemble pattern plate 2
Clean off (air) 3
Assemble top of box on pattern plate 5
Dust with parting powder 5
Sieve facing sand 20
Assemble band 4
Shovel sand .............. 13.5
Ram down 10
Smooth off .. 3
Assemble bottom board 5.5
Turn over 2.5
Dust with parting powder 4-5
Assemble band 6
Sieve facing sand 14
Shovel sand 10
Smooth off .. 3
Assemble pressure board 5
Press in machine 8
Tap plate and remove 3
Make runner hole 3.5
Lift top (vibrator) 18
Tap and remove plate 14
Close up (and remove flask) 12
Place down .. 8

184.5

so m any per hour, in  th is case 16^ to  m ake 25 
per cent, bonus.

This exam ple shows, perhaps, th e  sim plest case 
of u tilising  tim e study and  standard -tim es in  
the foundry , as when applied to  a m oulder 
com pleting both p a rts  of a mould in  a single 
operation  and carry ing  his completed job and 
placing i t  ready fo r pouring.
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A more complex case occurs where a p a ir  of 
moulders are  employed working on the  respec
tive halves of a job, and Table I I I  shows first 
the rough conditions persisting  when the original 
tim e study was taken , where i t  was found th a t  
one m oulder was tak in g  71 secs, and  the  o ther 
47 secs. The tim e of production  of one com
pleted mould was obviously th a t  of th e  longer 
job, i.e ., 71 secs. A simple revision of the
operations of the two men combined and re 
sorted is shown in  the  second study  in  th e  lower 
p a rt of Table I I I ,  where i t  will be seen th a t  
these are  now more closely balanced. The th ird  
study shows a fu r th e r  reduction  due to  the  
elim ination  of unnecessary operations, b u t still 
exhibits the  loss due to  unbalance, which is an 
almost in h e ren t fe a tu re  of tw o-operator m achine 
m oulding.

I t  may be objected th a t  th is  is a  som ewhat 
obvious case and  th a t  skilled m en m ake th is  co l
lec tion  them selves. To a' c e rta in  e x te n t th is  is 
tru e  and the  au th o r has observed cases where 
men know ing no th ing  of stop-w atches or ra te - 
fixing have yet balanced th e ir  tim es very accu
rately . However, i t  m ust be po in ted  o u t th a t  
w ith  m achine m oulding and th e  g rade  of labour 
encountered , such refinem ents a re  n o t easily 
appreciated . Indeed, i t  is o ften  difficult to 
m ake one of a p a ir und ers tan d  why he should 
do a  certa in  am ount of work which ap paren tly  
belongs to  his neighbour.

So f a r  only those cases in  a  foundry  have been 
considered which m ay he regarded  as d irect 
labour, i.e ., m oulding. H owever, when one con
siders th e  to ta l foundry  costs i t  is quicklv 
a p p a re n t th a t  m oulding m ay rep resen t only a half 
of th e  norm al labour charges of th e  d epartm en t. 
A very im p o rtan t group is th e  pourers, and 
th e ir  work m ay be reduced to  a  s tan d a rd  
tim e basis in  a sim ilar m anner to  th a t  previously 
described. Owing to  the  fac t th a t  th e  pourers 
work as a  gang o r series of sm all gangs and  not 
as individuals, the  s tan d ard -tim e  se t would 
apply to  a group which is equ ivalen t to  group
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piecework. S e ttin g  rig id  tim es 011 moulders im
plies th a t  they m ust be supplied continuously 
w ith m etal, sand and a  service for the removal of 
the  castings. I t  is absurd to  operate a foundry 
w ith moulders 011 incentive paym ent and pourers 
on day-work, since, assum ing a lim ited supply of 
boxes or floor space, the  m oulder is en tirely  
dependen t upon pouring and floor clearance for 
th e  continuance of his activ ities. W ith in  the 
space available i t  is n o t possible to  p resent all the 
details of the  tim e studies which go to the deter
m ination  of th e  ac tua l tim e necessary for pour
ing a box. i t  may, however, be rem arked th a t 
all factors considered, it  was found possible to 
set s tan d a rd  tim es per box of a particu la r dim en
sion . Some stan d ard  tim es used are : —

(1) Average snap flask box on Farw ell machine, 
L min.

(2) Average 16 in. by 10 in. m etal boxes 011 
m echanised loop, 1 min. 40 sec.

(3) A verage large m angle bottom  side boxes, 
2 m in. 30 sec.

W hen the  investigation  of standard  tim es for 
pourers was made the  question of a bonus 011 
tonnage was considered. The facts, however, 
dem onstrated  irre fu tab ly  th a t th is would not be 
satisfactory . The tim es se t above are  allowed per 
box, and  they  em brace m etal carriers, ladle 
a tte n d a n t and crane driver. F o r example, if 
one hund red  13 in. by 9 in. snap flask boxes were 
poured, th is m ean t th a t  the tim e allowed was 100 
by 1 m in., which equals 1 h r. 40 min. divided 
between, say, one crane m an, five m etal carriers 
and one ladle a tten d an t. The division of pay
m en t a t  th e  end of th e  week takes place accord
ing to  th e  num ber of hours worked by each man 
and also according to  the  ra te  per man.

I t  is to  be emphasised th a t although th is is 
a group system of paym ent i t  is not in any sense 
of the  word a bonus scheme; i t  is direct-tim e 
piecework, and m ust be m ain tained  by the  fore
m an m an ipu la ting  e ither the  num ber of men 
wrorking or the hours they work, according to the 
fluctuation o f boxes produced.
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G e n e r a l  U se  o f  S t a n d a r d - T im e s  in t h e  F o u n d ry

The question of sand b last is som ewhat complex 
and unless the  foundry  is extrem ely large  i t  will 
usually be found b e tte r  to  pay th e  sand-b last 
operators a percentage of the  earn ings of th e  
fe ttlin g  shop which they  supply. G enerally 
speaking, i t  is found by norm al experience th a t  
for a  p a rticu la r sized foundry  one m ust have 
one, two, th ree  or more sand-b last opera to rs con
tinuously a t  work. I f  th e  num ber becomes con
siderably h igher, then  s tan d a rd  tim es fo r each 
casting  can be set in  exactly  th e  sam e m anner as 
for dressing or m oulding, though  n a tu ra lly  they  
will be lower and  will probably be expressed per 
100 castings,.

In  se tting  tim es for th e  p rep a ra tio n  o f sand 
and o ther foundry  m ateria ls, local conditions will 
determ ine th e  m ethod, though  th e  devices used 
a re  sim ilar to  those previously m entioned. There 
is n o t a job connected w ith  th e  foundry  which 
cannot be placed upon a reasonable incentive 
basis.

There is, however, one d is tin c t difference be
tw een th e  ind iv idual s tandard -tim e  se t fo r a 
m oulder as com pared w ith  th e  tim e  se t fo r a 
group of, say, pourers. The m oulder is, w ith in  
lim its, a  completely free  a g en t and  can con tinue 
w ith  his work so long as he has sand and  boxes, 
which m eans so long as th e  pouring  and  knock
ou t departm en ts a re  dealing sa tisfac to rily  w ith 
th e ir  sections of th e  work. I f  they  a re  not, the  
m oulder im m ediately com m unicates w ith  the  
office in  a  m anner la te r  to  be described, and 
books w aiting  tim e, which would be deducted 
from  the  bonus earn ings of th e  section causing  
his delay. In  th e  case of a  g roup  of m en such as 
the  pourers, no w aiting  tim e is allowed, and 
th is m eans th a t  to  ensure th e  men m ake money 
a t  th e ir  job th e ir  hours m ust be reg u la ted  by 
the forem an in  accordance w ith  th e  daily  o u tp u t 
of th e  foundry . I f  th e  num ber of m oulders be 
reduced while th e  num ber of pourers rem ains 
constan t, th e n  th e  pourers can n o t possibly e a rn  a 
bonus unless e ith e r  th e i r  num ber o r th e ir  hours
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be reduced. This is where th e  foundry  forem an 
should tak e  th e  necessary action  to  m a in ta in  cor
rec t labour balance.

T im e  R e co rd in g  and  C o n t r o l
As m entioned ea rlie r  in th e  P ap er, tim e  con

tro l consists not only of se ttin g  tim e by methods 
previously described, bu t also of checking or 
recording the  specified ra te  of work. A m oulder 
is paid  on the num ber of castings his moulds p ro
duce less those num ber scrapped due to  his own 
fau lts. Checking the  num ber of castings may 
conveniently take  place a f te r  fe ttlin g  and  before 
they  are passed to th e  casting  stores for 
despatch. Checking tim es, num bers, w eights, 
e tc., usually involve paper work, which is unde
sirable in any factory  d ep artm en t, especially a 
foundry. A lthough a1 certa in  ■ am oun t of paper 
work is necessary, m ost of i t  can be avoided, 
while all th e  necessary d a ta  m ay still be ob
ta ined . Only one p ap er form  need e n te r  the  
foundry, th e  rem ainder being k ep t in th e  offices, 
where they  may be su itab ly  handled. In  Table 
IV  is shown a' “  process lay -ou t.” Only th e  top  
section refers to  the  foundry , th e  lower ones 
being for use la te r  in  th e  stores and  m achine 
shops, and for the  p resen t purpose they  m ay be 
d isregarded. This lay-out combines in  itself the  
au thorisa tion  for th e  foundry  to  produce a  cer
ta in  num ber of a p a rticu la r casting . I t  is 
first rou ted  to  th e  p a tte rn  se tte r, who obtains 
and checks his p a tte rn s  and  then  passes th e  lay
o u t on to  th e  core shop, which commences work 
and prepares th e  necessary cores. The s ta n d a rd 
tim e is shown clearly on th e  lay-out. In  th e  p a r
tic u la r exam ple i t  will be seen th a t  34 secs, each 
is the standard -tim e for m aking the  green-sand 
cores and 7 secs, a re  allowed for dressing.

These cores should be ready  a t  th e  end of the  
day, when the p a tte rn  se tte r  p repares th e  m ould
ing m achine for th e  nex t day ’s work. The cores 
will be delivered w ith th e  lay-out to the  m oulder 
whose nam e has previously been w ritten  in  by 
the forem an allocating  the job. A fte r m ould
ing, the  castings are removed for sand blast,
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g rind ing  and  trim m ing  and eventually , still fol
lowed by the lay-out, a re  passed to  the  casting 
stores, where the num ber is checked. W hile the 
castings go to  the  stores the lay-out is re tu rned  
to  th e  pay-roll and cost departm en t. Actually, 
w ith  the  three-section type of lay-out shown, the 
top  section only is to rn  off, the  rem ainder being 
used for th e  re-issue of castings to the  machine 
shop when the  o ther standard-tim es, etc., are 
u tilised.

F i g .  3 .— T ime B ooking Centbe.

A t th is ju n c tu re  it  may well be re itera ted  
th a t  reference is being made to  the m anufacture  
of castings in  large num bers where runs do not 
usually  exceed a day, b u t are repeated a t fre 
quen t in tervals. The lay-out form  described thus 
constitu tes the order to the foundry, pa tte rn  
se tte r, core m aker, m oulder, dresser and also the 
receip t of the casting  stores for the good cast
ings. I t  is finally used not only for the pay
m ent of all these men, including pourers, cast
ing removers, etc., b u t also for costing purposes, 
and i t  is the only piece of paper which need 
e n te r th e  foundry.



Booking tim e in foundries is usually regarded 
as a difficult m a tte r , and is ra re ly  carried  ou t 
w ith any degree of accuracy, tim e sheets and 
the like being “ made up ” a t  the  end of the 
week w ith the usual com bination of im agina
tion  and optim ism . This difficulty m ay be elim i
nated  in  a very simple fashion. F ig . 3 shows 
the tim e booking cen tre  for a p a rticu la r factory 
embodying n o t only a fa irly  large foundry , bu t 
also m achine and assembly shops, wood-working 
departm ents, despatch and  the  usual subsidiary 
departm ents of a company producing a finished 
sales assembly. A t the  back of th e  room illus
tra te d  there  will be seen a loud speaker, and 
before the  g irl a microphone. T hroughout the  
factory are  a series of simple telephone booths, 
as shown in F ig . 4. By using one of these tele
phones in  any p a r t  of the  fac tory , con tac t is 
made w ith the cen tra l control tab le  where one is 
heard  th rough  the  loud speaker, com m unica
tion  th e  o ther way being established by th e  
microphone. The s ta r t  and finish of every job 
is repo rted  by each ind iv idual opera to r, except 
in the  case of line assembly, where th e  charge- 
hand speaks.

R ecording of these tim es takes place on cards 
which are  for convenience sake held in  folders 
where the sum m ation of th e  s tandard -tim es 
against the  tim es tak en  are  shown. I t  is to  be 
emphasised th a t  every ind iv idual on th e  factory  
has one of these tickets a t  the  cen tra l control 
table, and he reports  th e  lay-out num ber and 
operation  num ber of the  job on which he is 
s ta rtin g  and a t  the  same tim e m entions the 
s tandard-tim e. On the  completion of the job, 
he telephones th rough  and th e  tim e taken  is the 
difference between th e  tim es of his calls. Back 
booking is no t perm itted . On th e  com pletion of 
his job, he sta tes also th e  num ber of p a rts  which 
he m ain ta in s he has com pleted, which is la te r  
checked and usually am ended on th e  re tu rn  of 
the  lay-out w ith the  official num ber received by 
the stores m arked thereon. Inc iden ta lly , i t  is

Ï84
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to  be understood th a t  the finish of one job and 
the  s ta r t  of th e  nex t are  one and the same th ing , 
no gap being allowed. I f  an operator has no 
nex t job on which to  book, he telephones “ w ait
ing tim e ,” for which he is paid  day-work ra te . 
I f  he is w aiting  more th an  a q u a rte r of an hour

F i g . 4 .— A  T e l e p h o n e  B o o t h  i n  t h e  
F a c t o r y  f o r  C o m m u n ic a t in g  w i t h  
t h e  T i m e  B o o k in g  C e n t r e .

the  telephone is used to comm unicate w ith his 
forem an, and in any case the w aiting  tim e is 
booked against the departm ent, usually against 
the fo rem an’s bonus.

As a m a tte r  of in terest, th e  table illustrated  
in F ig . 3 each week handles some ten  thousand 
entries, and, in the  experience of the  author.
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a single table can usually handle all th e  tim e 
booking requ ired  for a facto ry  em ploying a 
thousand operatives, though  n a tu ra lly  th is  de
pends to  a ce rta in  ex te n t upon th e  n a tu re  o f  the  
work. The telephone system employed is, i t  is 
thought, unique and  embodies a  low-frequency 
amplifier and  no exchange. I t  would be possible 
for operators on all th e  telephones to  speak a t  
once, b u t in  p ractice  th is  does n o t occur. The 
norm al tim e fo r the  tak in g  of a read ing  is 
7 seconds. C ontrary  to  w hat m igh t have been 
expected, operators do no t object to  using  the  
telephone and in  a very sh o rt space of tim e 
become rem arkably efficient in  g iv ing th e ir  in
form ation.

The advantage of th is  system  is ev iden t, since 
it  keeps paper work in  the  offices. F u rtherm ore , 
all inform ation  is cu rren t, and th e re  is no ques
tion  of back booking or men w aiting  fo r m any 
hours. The depression of a bu tton  on the  tab le  
rings a bell in  the  p a rticu la r booth in  th e  shops 
and a t  th e  same tim e ligh ts a small bulb. I t  is 
thus possible for the  opera to r a t  the  cen tral 
control tab le  to  ring  to  each one of th e  d e p a rt
m ents, though th is  m easure is to  be regarded 
as an emergency and no t to  be norm ally fol
lowed. The system is definitely a special purpose 
one and does not in  any way replace normal 
in te r-departm en ta l telephones.

Planning Foundry O utput
Of the foundry producing large q u an titie s  o f  

castings, i t  may be said th a t  th e  daily o u tp u t 
as regards tonnage m ay be reasonably constan t, 
b u t exactly  when a p a rticu la r ba tch  of castings 
will be available is a m a tte r  which is usually  not 
capable of being predicted  too closely. W hen 
castings are supplied fo r th e  general tra d e  and 
ra il and road traffic may be blamed, th e  delay 
of a day o r so is no t a serious m a tte r , b u t when 
castings have to  pass th rough  one’s own m a c h i n e  
and assembly shops, the  m a tte r  becomes m o r e  
serious. In  the  p a rticu la r foundry  u nder c o n 
sideration  th e  following procedure is ad o p ted : —



787

On the first day cores are m ade; on the  second 
cashings are  produced; on th e  th ird  they are 
fe ttled  and passed to  sto res; on the fo u rth  they 
are m achined ; and on th e  fifth they  are 
assembled in  complete mechanisms w ith the ir 
attachm ents, pa in ted  and usually despatched. 
This somewhat rap id  progressing is not adopted 
m erely in  search of speed, b u t is necessitated by 
the  bulk of mechanism tu rn ed  out which renders 
i t  impossible to make d irect for stock.

A ctually, a t  the  end of each week, the orders 
for complete models—th a t is to  say in the  p a rti
cu lar instance, mangles, mowers, sports goods, 
scales, spring  balances, e tc .—are collected and 
com pared w ith stock position. From  a  considera
tion  of these two an assembly program m e for the 
whole week is prepared . From  the  assembly 
program m e is produced a m achining programme, 
and from  the  m achining program m e a foundry 
program m e, the  last m entioned being 5 days in 
advance of the  first. The foundry  program m e is 
na tu ra lly  sp lit in to  com ponent castings for each 
of which is issued one of the  lay-outs previously 
illu s tra ted  and described. These ai-e not, of 
course, typed out afi’esh each tim e, b u t are w ith
draw n from  files where they are held en bloc 
re la tin g  to  completed assemblies.

Thus, the  foundry m anager has in  hand a 
foundry  program m e shoxving w hat should be pi'o- 
duced each day, together w ith a q uan tity  of lay
outs holding all th e  inform ation for the produc
tion  of each casting. Each job m ust then  be 
allocated to  each m oulder thx-oughout the  week, 
so th a t  the  minim um  of tim e is wasted in  set
ups and errors, such as the  over-use of a par
ticu la r sized box in one day. The task  would, 
of coui'se, be simple providing i t  were possible 
to  in terchange jobs and moulders as desired, b u t 
in p ractice certa in  moulders can handle only 
pa rticu la r jobs w ith efficiency.

The best way of p lanning such a scheme is 
by means of the horizontal line chart shown in 
F ig . 5. Since standard-tim es are available,
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these may be used in showing exactly  how long 
a job should take. The small section of th e  chart 
shows the  whole of one week for a few 
moulders, b u t th is  can be extended to cover 
the  complete foundry for longer periods. The 
top line is th e  p lann ing  line, which shows w hat 
should be achieved, and the bottom line is drawn 
in afterw ards, showing the  actua l achievement. 
I f  th is  be less th an  the  stan d ard  tim e, steps 
m ust be taken , or otherwise the  program m e will 
break down. This p lanning may seem somewhat 
difficult in practice, bu t nevertheless the  foundry 
does work closely to  program m e.

I t  is usually easy enough to  keep a foundry 
busy when orders are  p len tifu l, b u t planning 
does more th a n  th is—it  makes th e  foundry pro
duce w hat is w anted  a t th e  correct tim e, m ean
while keeping the  men fully occupied. Some
tim es th e  assembly program m e demands the im 
possible, due to  a  peculiar com bination of mould
ing m achines or sim ilar factor. In  those cases 
as soon as the  e rro r is discovered the assembly 
program m e itself is modified.

S ta n d a rd -C o s ts  and  E s t im a te s
M uch has been w ritten  on the subject of 

foundry  costing, and it  is not proposed here to 
deal a t all fully w ith the subject. Some men
tion  m ust, however, be made of it, since the 
adoption of standard-tim es brings one inevitably 
to w hat are  known as standard-costs. So fa r as 
labour is concerned, and assuming errors to  be 
non-existent, a job will always cost the same 
when perform ed by an operator of the  same 
hourly ra te  m aking a  bonus. In  practice, how
ever, errors are  constantly  being made. In  the 
standard-cost system the actual cost of any 
artic le  is m easured by w hat may be called a 
v aria tion  or loss factor. Supposing a particu lar 
job takes exactly one hour to perform  and the 
ra te  is Is. per h r., then  unless som ething seri
ously goes wrong the  cost of th a t  job will be a 
shilling. However, the job may be moulded cor
rectly bu t spoiled in pouring, when obviously its
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cost m ust be h igher, since i t  has to  be done 
again.

In  standard -costing  th e  perfec t o r theo re tica l 
cost of every a rtic le  produced is know n clearly 
from the  tim es se t and th e  ra te s  employed. A 
simple clerical a rran g em en t m easures th e  to ta l 
labour losses of the  foundry  which consist of 
w aiting  tim e, lost tim e  th rough  opera to rs 
“  going down ” on th e ir  jobs, and  th a t  tim e 
devoted to  the replacem ent o r rem ak ing  of cast
ings spoiled in  th e  first place. This is consider
ably more sim ple th an  th e  usual m anner, since, 
fo rtunate ly , even in th e  w orst conducted foun
dries the  sum to ta l of scrap is less th a n  th a t  of 
good castings.

A simple exam ple of th e  standard-costs is 
shown in  Table V. This is m ade by com bining 
the  completed lay-outs previously described w ith  
the  completed tim e tickets . I t  will be noted  th a t  
a t  the  end of the  standard-cost th ere  is shown 
a labour loss fac to r of 5.81 p er cent. This 
la t te r  is determ ined by finding the  percentage 
of labour losses over to ta l labour. I t  will be 
noted th a t  th e  m a te ria l cost is shown as 
£5 8s. 6d. per ton , and th is  includes pig-iron, 
scrap iron, sand and  all d irec t foundry  m ateria ls  
together w ith m ateria l loss. There a re  logical 
reasons for th is  procedure which will no t be dealt 
w ith in the  p resen t P aper. The m ethod used in 
estim ating  follows very sim ilar lines to  th e  s ta n 
dard-cost, as m igh t be expected. Table V I shows 
an estim ate  of a simple casting . I t  w ill be noted 
th a t  core m aking, m oulding, pouring , removal 
and fe ttlin g  are  shown as d irec t tim es, and  also 
th a t  a  percentage is added to  core m aking  tim e, 
and to  the fe ttlin g  tim e. These percentages 
cover th e  oven a tte n d a n t in  th e  case of th e  core 
shop and the  sandblast operators in  th e  case of 
the  fe ttlin g  shop. F ixed  charges a re  expressed 
as £3 per ton , based on th e  average weekly 
tonnage.

This method of estim ating  may appear 
elaborate when com pared w ith  the  norm al method 
of adopting  a figure per hundredw eigh t depen
d en t upon the  type of casting . I t  is in te re s tin g

790
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to note th a t  checks on a num ber of cases show 
th a t  th is m ethod produces results practically 
iden tical w ith  those arrived  a t  by an experienced

T a b l e  V .— Foundry Standard-Cost for a Casting.

Description. Standard - 
Time.

Opera
tor’s
Rate.
Pence.

Standard- 
Cost. 

Pence.

Cores 0.34 6* 0.061
Oven a tten d an t: 17 per 

cent, of direct core
cost — — 0.010

Moulding 1.42 10* 0.298
Pouring (4 per box) .. 1.00 11 0.046
Removal 25.00 

per 100
10* 0.044

Foundry (indirect cost); 
15 per cent, of direct 
moulding, pouring

0.062and removal cost — —
Fettling 1.00 10 0.167
Sand blast ; 33 per 

cent, of direct fettling
0.056cost — —

Fixed charges a t £3 per
0.643ton — —

2 lbs. material, at
1.255£5 8s. 6d. per ton .. — —

2.642

Total standard cost =  2 .642d.
Actual cost—

Labour
5.81 per cent varia

0.744

tion 0.043
0.787

Material
1.43 per cent, varia

1.898

tion 0.027
- 1.925

Total actual cost .. . .  2.712d.

foundry estim ator. The advantage of the  sys
tem  is th a t  i t  can be handled by non-technical 
men and also th a t due to  being sp lit in to  a
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num ber of factors th e re  is less likelihood of error. 
F u rtherm ore , i t  is logical to  use th is method 
in connection w ith  th e  use of s tan d a rd  tim es 
and costs.

T a b l e  VI.—Foundry Estimate for a Casting.

Description. Standard-
Time.

Opera
tor’s
Rate.

Pence.

Standard- 
Cost. 

Pence.

Cores 0.40 7 0.078
Oven attendan t: 17 per

cent, of direct core
cost — — 0.013

Moulding 1.40 10* 0.291
Pouring (4 per box) 1.00 11 0.046
Removal 28.00 

per 100
10 0.047

Foundry (indirect cost);
16 per cent, of direct
moulding and re
moval cost — — 0.065

Fettling 1.10 10 0.194
Sand b las t; 33 per cent.

of direct fettling cost — — 0.065
Fixed charges a t £3 per

ton — — 0.643
2 lbs. material a t

£5 8s. 6d. per ton .. — — 1.255

2.697

Summary—
Labour .. .. 0.799
6 per cent, con

tingency ..  0.048 0.847
Material . . . . 1.898
1.5 per cent, con

tingency .. 0.028 1.926

2.773

Estimated cost . .  2.773d.

Relation of T im e C o n tro l  to  Mechanisation
Foundry  m echanisation  m ay be described as 

a specialised developm ent of th e  conveyor p rin 
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ciple of m anufactu re , in which, there are a 
ce rta in  num ber of men in  line perform ing pro
gressive operations which give a final product. 
A conveyor does two th in g s : (1) i t  provides a 
m eans of tran sp o rt, thus saving m anual labour 
and (2) by its  uniform  ra te  of trave l i t  m ain
ta in s  the  tim e factor and keeps work moving 
forw ard  a t  a predeterm ined ra te . Obviously, if 
the conveyor is properly designed i t  will perform 
the first function , b u t if a conveyor is to  show 
considerable economy in  labour the tim e of the 
various operations carried  o u t along its length 
m ust be approxim ately  balanced as regards time.

I f  along an assembly line (not in  a foundry) 
there are  six ty  people, some perform ing tasks 
which tak e  one m inute , some two m inutes, some 
th ree  m inutes, some four m inutes and some 
five m inutes, th en  the  to ta l labour loss of th a t  
line will be very high. E ach position along the 
line m ust be balanced to  w ith in  a few seconds, 
for i t  m ust be rem embered th a t  w ith a correctly 
balanced line, if an operator w aits for one m inute 
the whole line m ust w ait for an equal period. 
W hen balanced conveyor systems are running  
correctly they  can produce surprisingly  good 
results, bu t im m ediately they go wrong they can 
waste money fas te r th a n  any o ther device of 
m odern production. In  the mechanised foundry 
conditions are  ne ither so s trin g en t nor is correct 
balance so im portan t, b u t i t  m ust be borne 
in m ind th a t  unless th is principle of balance 
forms a basis of labour allocation then  the  avail
able economies will no t accrue.

E co n o m ic  V a lu e  of T im e  C o n t ro l
N oth ing  is more red u n d an t in industry  than  

technicalities for the  sake of being technical. 
C ard systems, microphones and stop-watches may 
all be useful, b u t how do they help the  m anu
fac tu re r?  Time control, per se, when properly 
carried  ou t will p revent waste labour and will 
thus autom atically  effect a cost reduction in 
any departm en t in to  which i t  is introduced. In 
the experience of the au thor, idle tim e w
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foundries is h igher th a n  in any o ther section of 
industry  so fa r  encountered.

Time control provides a m eans of g rad u a l 
though rap id —if the  paradox  be p erm itted— 
im provem ent. Every  tim e  a new m oulding m a
chine is in troduced  a fresh  series of stan d ard - 
tim es lower th a n  th e  previous ones is in tro 
duced. Each tim e a  p a tte rn  is changed to  effect 
sim plification, the  standard -tim e  is reduced. 
Since estim ates are  p repared  in a  sim ilar fashion 
the pa tte rn m ak er when p reparing  his p la te  
knows th a t  his object is to  lower th e  tim es set 
on the  estim ates. An aw kw ard m ethod of w ork
ing will raise the  standard -tim e above the  
estim ate.

The ac tua l m onetary  economies which m ay be 
achieved by the  fu ll adoption of s tan d ard -tim e  
control, w ith  the  fu llest possible suppo rt of th e  
foundry m anagem ent, forem an and  chargehands 
is very high indeed, b u t i t  m ust always be re 
membered th a t  paper systems, no m a tte r  how 
good, do not in themselves make profit, b u t only 
point the  way to  the  elim ination  of erro rs and 
waste.

A part from  the  profit-m aking view point 
standard -tim e control provides absolute u n i
form ity  of costs w ith  th e  provision aga in s t 
unstable labour ra te s  and raw  m ateria l prices. 
F u rth e r, i t  ensures fa r  b e tte r  th an  any o ther 
m eans a fairness of wage paym ent. R a te  fixing 
can be carried  o u t to  a degree when th e  “  good 
jobs ”  and the  “  bad jobs ” are  alm ost non
ex isten t. R ig id  tim e-control enables wages to 
bo raised  while still m a in ta in in g  an economic 
level of costs. M ost men will work h a rd e r when 
they realise th a t  ex tra  effort m eans e x tra  money 
a t  th e  end of th e  week, and th a t  they  a re  ne ith er 
being driven nor lured in to  g iv ing som ething for 
nothing.

Difficulties in t h e  I n t r o d u c t i o n  of T im e  C o n t r o l
The m ain difficulty experienced in  th e  in tro 

duction of tim e control in a foundry  is th e  per
sisten t belief in the  methods of one’s ancestors.



795

In  ce rta in  sections of industry , ra/te fixing and 
its accessories are regarded as essential to m anu
fac tu re , b u t in o ther sections, notably the heavy 
and basic industries, tim e control has yet to 
become an established p a r t  of rou tine. The 
average w orking man has a n a tu ra l objection 
to th e  tim e-study m an w ith his stop-watch, and 
the more skilled is the  m an the  g rea te r will be 
his objection. This has in the  first place to  be 
overcome by ta c t , firmness and a certa in  under
stand ing  on both sides. The au tho r has found 
th a t the average foundrym an understands fa ir
ness when he appreciates i t  as such.

The m ain difficulty in the introduction  of tim e 
contro l in  the  foundry  is to obtain  the  backing 
of the  m anagem ent, the foremen and the charge- 
hands. There is more th an  a tendency for them  
to believe th a t  principles which apply to 
m achine shops, assembly shops, electro-plating, 
cellulose spray ing , the  m anufacture  of biscuits, 
and  even die castings cannot possibly apply to 
the  o rd inary  foundry. To th is a ttitu d e  it  is 
definitely s ta ted  th a t  perform ance of work in a 
foundry  can be controlled ju s t as well as th a t  
in a m achine shop.

Before foundries can ran k  as a modern sec
tion  of industry , they  m ust study, appreciate 
and finally em brace tim e control as essential to 
th e ir  w orking. There is a vast scope for im
provem ent in  the  foundry in d u stry  to  be 
achieved by the  w hole-hearted adoption of tim e 
control. If , instead  of installing  an expensive 
m echanisation, foundrym en were to  spend a  few 
hundred pounds and th e ir earnest and active 
support in  the  r ig h t direction on tim e control, 
they  would in a few years’ tim e be able to 
m echanise w ithout a disastrous dra in  on the ir 
resources.

D ISC U SSIO N  

T im e  versu s  M oney A llow ance
A fte r Mb. C. H . K a i n  had  proposed a vote of 

thanks, M r. R . D t j n n e t t ,  who seconded it, re
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ferred to  the  difficulty of using a stop w atch 
in a foundry . In  his opinion and  experience, 
provided i t  was used with common sense there 
would be no difficulty or troub le  w hatsoever. 
H e did n o t agree th a t  the average m an resented 
being tim ed, and once the  employees appreciated  
they were being given a square deal, they  would 
give an honest re tu rn . Over a period of 10 
years, du ring  which his foundry  had been w ork
ing on tim e study, a feeling of confidence had 
been bu ilt up w ith  th e  men. In  connection 
w ith ob tain ing  s tan d a rd  d a ta , he had  reduced 
some 3,700 jobs to  a form ula which has been 
opera ting  for over two years and had been pro
ducing satisfacto ry  results. An im p o rtan t po in t 
in connection w ith foundry  control was th a t  
the men m ust, as fa r  as possible, be in te rchange
able and it  was necessary to have a reserve m an 
ready to  fill any vacancy which m igh t occur. 
M echanised foundry  piecework ra tes m ust in 
clude all operators in th e  shop, because each 
m an was so in te re la ted  in  th e  whole system 
th a t  any delay affected the  whole of the  shop. 
As regards the  system of paym ent, he person
ally p referred  th e  money-allowance ra th e r  th an  
the  time-allowance system, because i t  was easier 
for the  men to  unders tand  and  much sim pler 
for the  payroll d ep artm en t. M r. D u n n e tt 
favoured the  se ttlem en t of piecework a t  th e  end 
of each job. I f  loss was m ade on a p a rticu la r 
job, e ither th e  m achine or the  ra te  of w orking 
was wrong and if the  la tte r , some e rro r had 
occurred in the  tim e allowance.

W e e k ly  P a y m e n t s
Mit. B. B i i o w n , replying to  M r. D u n n e tt, said 

he had found th a t  th e  average m an resen ted  the  
stop w atch, b u t over a period of ten  years, 
alm ost any th ing  could be done by gradually  
building up confidence w ith  the  men. As regards 
paying jobs b}' th e  week, th is  depended to  a 
ce rta in  ex ten t on the  length  of the  job, though  
when there  were short runs, he much preferred  
paym ent by the  week, and over long experience,
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had found th is to  be the bette r method. H e dis
agreed w ith M r. D u n n ett and in his own ex
perience w ith a num ber of factories, tim e piece
work was fa r  sim pler th an  money piecework. 
H e also s ta ted  th a t  tim e piecework was capable 
of being operated  by no more th an  half the  staff 
requ ired  fo r money piecework.

M r. L. Tibbenham  then  read a comm unication 
from M r . V. D e l p o r t , chairm an of the  Costing 
Sub-Comm ittee.

M e th o d ic a l  R eco rd s  E ssen t ia l
M r. D elport w rote th a t  the  P ap er was of con

siderable in te re st to him  in  view of its relation 
to  the  proposed uniform  system of costing which 
the  Costing Sub-Comm ittee was endeavouring to 
establish. One of the principal recommendations 
of th e  system envisaged—and, in fact, of any 
costing system—was the  correct and m ethodical 
keeping of records, and w hilst tim e control was 
no t actually  a p a r t  of a costing system, a proper 
record of the  tim e taken  to  effect various jobs 
was essential. Labour costs constitu ted  one of 
the  p rincipal item s of expenditure , and whether 
they  were based on day work or piecetim e work, 
wages m ust have a d irec t re la tion  to  tim e.

One of the  principles of the  costing system 
about to be recommended by the Sub-Committee 
was th a t  overhead charges be allocated as a 
percentage of d irec t labour. W hen moulders 
were paid  piecework wages, i t  was necessary th a t 
those wages be correctly calculated, otherwise 
there  would be discrepancies in  the allocation of 
overheads ; in  such cases i t  was no t the costing 
system th a t  was to  blame, b u t the  m ethod of 
fixing the  wages. As there  should be a direct 
re lation  between the wages paid  and the  tim e 
taken  to  do a job, the  same argum ents would 
apply if  th e  costing system had for its principle 
the  allocation of overheads on a tim e basis. A 
personal opinion was th a t  if tim es were always 
correctly calculated and checked in  all foundries, 
the re  could be no objection to  allocating ovei- 
heads on a tim e basis.
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R eferring  to  M r. B row n’s sub-division of 
labour, the  lower ra te s  of wages paid  to  
apprentices in  a  foundry  m ust be tak en  in to  
account in allocating  overheads. I t  would be 
ideal if foundries w ere organised  in  such a way 
th a t  th e  simple and  cheap jobs could be given 
to  the  apprentices. In  p ractice, w here th ere  
was a  varie ty  of castings of d ifferen t shapes and 
sizes produced, th is  could no t be done 
system atically. The princip le  of p lann ing  the 
foundry o u tp u t in  advance was of in te re s t in 
connection w ith  th e  calculation  of overheads 
based on so-called norm al production .

W itn  reference to  th e  section headed 
“  S tan d ard  Costs and E stim a tes ,”  th e  au th o r re 
ferred  to  th e  replacem ent or rem ak ing  of spoilt 
castings or w asters. A ctually, i t  was th e  cost 
of m aking a w aster th a t  m ust be tak en  in to  
account, allowance being m ade for m etal re 
tu rn ed  to  scrap.

The w rite r could no t qu ite  follow th e  exam ple 
of s tan d a rd  costs cited  in  th e  P ap e r, as he had 
no t the  illu s tra tio n  available. W ith  reference to  
the method used in  estim ating , he agreed w ith 
the general p rincip le enuncia ted , b u t would ask 
on w hat basis th e  overhead percen tage  was 
arrived  a t where th e  au th o r said th a t  “  over
heads a re  expressed as £3 per to n  based on th e  
average weekly to n n ag e .” W as th e  percen tage 
based on labour or tim e? I t  was assumed th a t  
“ average weekly tonnage ”  m ean t th e  tonnage 
of good castings produced.

M r . B r o w n , i n  a  w r i t t e n  c o m m u n i c a t i o n ,  r e 
p l i e d  t o  M r. D e l p o r t ’s  d i s c u s s i o n  a s  f o l l o w s :  —

A llo c a t io n  o f  O v e r h e a d s
K eeping correct and m ethodical records was 

actually  th e  basis of the  system  described. 
Personal experience was th a t  piecework o r any 
system of incentive usually  failed lam entably  
when i t  was no t definitely associated w ith  a 
foundry order or lay-out. I t  would have been 
noted th a t  in  th e  s tandard -tim e  system  described, 
each m oulder was given a  lay-out which gave
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allowed, etc. These lay-outs were passed through 
w ith the job and finally re tu rn ed  to  the  office 
when they were used for costing purposes.

A lthough the  allocation of overheads was out
side th e  scope of the  present P aper, i t  could be 
s ta ted  th a t  in general the re  was no reason why 
overheads should no t be applied on d irect labour 
as was used commonly in the m achine shop and 
o ther m anu fac tu ring  departm ents. However, 
th is  depended largely upon the class of work 
undertaken  by th e  factory, and the overheads 
applied on a tonnage basis m igh t be quite  satis
facto ry  if the  class of casting  and weekly to n 
nage were reasonably constant.

So fa r  as overheads generally were concerned, 
the au th o r had  found th a t  i t  was essential th a t 
these be checked a t  least m onthly as otherwise 
it  was probable th a t  the  nom inal percentage 
would be applied month a fte r  month when actual 
conditions had changed so th a t  considerable 
errors were incurred .

The overheads of £3 per ton referred  to  were 
based on the average weekly tonnage, no per
centage being deducted, b u t the to ta l overheads 
of the  factory  were divided by the  average weekly 
tonnage giving a figure of £3. C ertain ly  the 
“ average weekly tonnage ” m eant the  tonnage 
of good castings produced. I t  was, of course, 
appreciated  th a t  th is  method m ight not be 
generally  applicable where th e  work varied con
siderably.

Considering the various in teresting  points 
b rought forw ard by M r. D elport, the  au thor re
g re tted  th a t  the  scope of his P ap e r did not 
em brace foundry  control generally instead of 
simply tim e or labour control.

T h e  M e ta l lu rg is C a n d  His M ix tu re  C os t
Mb. H . H . S h e p h e r d  said he could not allow 

the s ta tem en t th a t  a m etallurg ist was unable to 
reduce his m ix ture  cost to  rem ain unchallenged. 
He did not know any foundry where the metal
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m ixture had been standard ised  in  such a way 
th a t  the m eta llu rg ist could no t have m ade some 
saving, unless the  s tandard isa tion  had been 
brought about largely by him self. One could 
not standard ise  to any definite degree, although 
the m eta llu rg ist had certa in ly  to  bear in  m ind 
a num ber of factors which were no t always con
fined to  quality .

H e had seen a certa in  am ount of trouble 
caused by the  use of the  stop w atch. H e w anted
to m ake i t  qu ite  clear th a t  th e  whole
system of tim e control was useless if the 
hum an elem ent was not considered. This
was th e  only po in t he w anted to  stress.
The question of the  m an going in  fea r of losing 
his job did often arise, and m echanisation u lt i
mately m eant th a t  the  man in the foundry  had 
to be careful th a t  he did no t become replaced 
labour. This was a v ita l po in t to  foundrym en.

T im e  C o n t r o l ’s In f luence  on  A p p r e n t i c e  L a b o u r
M r . W .  L .  H a r d y  said th a t  he had  worked 

piecework for fifteen years, and  th e  m achine 
m oulder only worked on a piecework ra te  to 
increase his money. H e had found g rea t trouble 
in g e ttin g  lads to  en te r the  foundry , and if  th is  
m a tte r  of sp littin g  seconds was to  be pursued, 
there would be a still g rea te r shortage. As re
gards o u tpu t, any  practical m an could tell a 
m anager more accurately  how m any moulds 
could be made th an  a m an who had dealt only 
w ith m achine shops and th e  like, since the 
foundry could not be regarded  in th e  same way. 
P icking up sand was vastly d ifferen t from  pick
ing up a m icrom eter.

M r . B r o w n  said th a t  tim e control was essen
tia lly  fa ir  and any “  tw isting  ” would certa in ly  
fail. As regards reducing th e  m an ’s earn ings, 
he had always been able to  pay the  m an more, 
and, so fa r , had  reduced the price of th e  pro
duct a t  the  same tim e. I f  tim e contro l was 
properly applied, the m an worked h arder, b u t 
was paid  proportionally  more for doing so. The



801

m ain object was to elim inate delays, since most 
of the  w aste was not th a t  the m an did no t work 
hard  enough, b u t was idle a large p a r t of the  
tim e. H e disagreed w ith the  suggestion th a t 
the  practical m an knew more about o u tp u t than  
th e  tim e-study man or ra te -fix er; the  la tte r  
was a specialist in  his own class of work. He 
also emphasised the accuracy th a t  could be 
obtained in prese tting  tim es from bu ilt up con
stan ts.

W a i t in g  T im e

M r. S l a t e r  asked how th e  men could 
m ake a bonus if, as had happened, there  were 
five gangs of men and only one crane, as in th is 
case fou r gangs would have to  w ait to be able 
to  use it . There appeared to  be some difficulty 
abou t th is question, which i t  eventually  tran s
pired was connected w ith heavy castings in 
singles.

M r. T ib b e n h a m  explained th a t Mr. Brown’s 
P ap e r d ea lt only w ith  repetitive castings. M r. 
B r o w n , confirming th is sta tem ent, sta ted  th a t  
he could no t reply to  the  particu la r question, 
b u t in any case w aiting  tim e could not itself be 
cured by any paper work, b u t only by reorgani
sation of the  foundry itself. H e would sta te  
th a t  all w aiting  tim e  which was no t the fau lt 
of the m an would norm ally be paid for a t day
work ra te  and logged against the departm ent.

D a y - W o r k  R a te  G u a r a n te e d
Mr . MoI nnis inquired  w hether i t  was Mr. 

B row n’s experience th a t  in th is country the men 
were guaran teed  day-work ra te . In  America, 
day-work ra te  was not guaran teed , and there 
fore the men had even more incentive to work.

M r. B r o w n  replied th a t , generally speaking, 
in th is country the day-work ra te  was guaran 
teed, and he personally would no t subscribe to 
any system where day-work was not guaranteed .

M r. M cInn is  said th a t  if there  was a big 
variation  between the day-work rate and th e

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

M r . B r o w n  s a i d  t h a t  p i e c e w o r k  p r i c e s  w e r e  
s e t  f o r  a  m a n  t o  e a r n .  I f  h e  d i d  n o t  e a r n  t h e m ,  
h e  w a s  n o t  a  s u c c e s s .  T h e r e  w a s  a  c e r t a i n  c l a s s  
o f  m a n  t h a t  d i d  n o t  w a n t  t o  w o r k  a n d  w a s  s a t i s 
f ie d  w i t h  a  lo w  r a t e .

M r . T i b b e n h a m  s a i d  t h a t  i f  a n y o n e  q u e r i e d  
w h e t h e r  t h e  t e l e p h o n e  s y s t e m  i l l u s t r a t e d  w o r k e d  
m  p r a c t i c e ,  h e  w o u l d  b e  p l e a s e d  t o  s e e  t h e m  a t  
h i s  w o r k s ,  w h e r e  t h e y  c o u l d  s e e  i t  i n  o p e r a t i o n .
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